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OBJECTIVE METHOD FOR MEASURING THE LENGTH 
OF WEDGE-SHAPED SPECTRUM LINES*

Z. Sám soni** and Z. N a g y***
(**Institute fo r  Nuclear Research o f the H ungarian Academy o f  Sciences, Debrecen, and 

*** Central Research Laboratory o f  the M edical University, Debrecen)

Received D ecem ber 18, 1973

A novel m ethod and equipm ent h ave  been developed to measure accurately the 
leng th  of wedge-shaped spectrum lines. T he equipm ent, w hich contains two pho to ­
transisto rs in d ifferential connection, p erm its  a more accurate and objective m easure­
m ent of the length  of spectrum  lines. B y  m oving the spectrum  in front of the p ho to ­
detectors the end-point of a spectrum line is determ ined w ith  a zero-instrum ent con­
nected to  the detectors. The photographic densities of the line and  of the background 
in  a line-free section o f the spectrum are  detec ted  separately b y  the two p h o to tran ­
sistors. The end of a line is assigned to  th e  p o in t where th e  in strum en t returns to  the 
zero position. The leng th  of the shift can  he  read  directly on a  digital scale to  an accu­
racy  of 0.1 mm. E xperim ental errors in  line length  can he reduced to  7—9%  from  
1 3 -1 5 % .

T h e lo g arith m ic  sec to r m ethod  [1, 2 ] , w h ich  has long  been  used  in  spec- 
tro g ra p h y  and  th e  lo g a rith m ic  filte r m e th o d  developed  re c e n tly  b y  us [3] are  
read ily  applicab le  in  ra p id , o rien ta tiv e  an a ly s is . The sp e c tra  ob ta ined  u n d e r 
th ese  cond itions co nsist o f  w edge-shaped  lines p ro p o rtio n a l in  len g th  to  th e  
lo g arith m s o f th e  orig inal line in ten sities . R e la tiv e  in te n s itie s  or co n cen tra tions 
can  th e re fo re  he d e te rm in e d  very  s im p ly  b y  le n g th  m easu rem en ts . W ith  th is  
te ch n iq u e , how ever, th e  w edge-shaped lin e s , in s te a d  o f h av in g  sharp  b o u n d a ­
ries, d isap p ea r g rad u a lly  in  th e  b a c k g ro u n d  veil o f th e  p h o to g rap h ic  p la te , 
an d  th e ir  v isual e v a lu a tio n  is therefo re  su b je c t to  am b ig u ities , rendering  th e  
le n g th  m easu rem en t in a c c u ra te  [4—13]. T h e  e x p e rim e n ta l e rro r depends on 
v a rio u s  fac to rs  in c lu d in g  th e  physio logical s ta te  o f th e  o p e ra to r  an d  his eyes, 
th e  a c tu a l c o n tra s t-se n s itiv ity  of th e  l a t t e r ,  th e  illu m in a tio n  of th e  la b o ra ­
to ry , e tc .

I t  has been p o in te d  o u t in one o f  o u r  ea rlie r p ap ers  [14] th a t  th e  p e r­
fo rm an ce  o f th e  lo g a rith m ic  sector m e th o d  can  be g re a tly  im p ro v ed  b y  len g th  
m easu rem en ts  based  on pho toelec tric  e n d -p o in t de tec tio n . T h e  rap id  ad v an ce ­
m e n t in  th e  ap p lica tio n  o f  sem iconducto rs enab led  us to  design a re la tiv e ly  
sim ple device and  to  develop  a m e th o d  w h ereb y  th e  d e te rm in a tio n  o f line 
le n g th  can  su b s ta n tia lly  b e  increased  in  a c c u ra cy .

* Presented a t the X V II th  Colloquium Spectroscopicum  In ternationale , Florence, 
Sept. 16—22, 1973.

1 Acta Chim. ( Budapest) 84, 1975



2 SÁMSONI, NAGY: LEN G TH  OF W ED G E-SH A PED  SPECTRUM  LIN E S

1. P rincip les an d  design

T he e q u ip m en t consists o f  tw o  m ain  p a r ts :
(i) a p ro je c to r  ta b le , w h ich  c o n ta in s  th e  p h o to d e tec to rs  and  th e  m ean s  

fo r  le n g th  m easu rem en ts , an d  can  be m o u n ted  on th e  sp e c tru m  p ro jec to r , a n d
(ii) an  e lec trica l pow er su p p ly  an d  a ze ro -in s tru m en t connected  to  a n  

am p lifie r.
A m agnified  sec tion  o f th e  sp e c tru m  is p ro jec ted  o n to  th e  p h o to e lec tr ic  

d e te c to r  th ro u g h  a sm all c ircu la r d iap h ra g m , th e  line to  be m easu red  is m o v ed  
in  f ro n t  of th e  d iap h rag m  in  th e  d irec tio n  o f decreasing in ten s itie s , a n d  th e  
e n d  o f th e  line is lo c a te d  w ith  th e  a id  o f th e  ze ro -in s tru m en t a tta c h e d  to  th e  
p h o to e lec tric  d e tec to r . T he d is tan ce  b e tw een  th e  en d -p o in t th u s  o b ta in ed  a n d

Fig. 1. Electronic block diagram  of the LLL D ensitom eter

th e  base  of th e  line , i.e. th e  le n g th  o f th e  line, is d e te rm in ed  w ith  a m easu rin g  
th r e a d  w hich can  be m oved in  a d irec tio n  p e rp en d icu la r to  th e  line. T he th r e a d  
is  se t to  th e  base o f th e  line an d  th e  d isp lacem en t can be re a d  on a d ig ita l sca le . 
T h e  m easuring  a p p a ra tu s  is b u ilt  in to  th e  pane of th e  p ro je c to r  ta b le  f i t t e d  
to  th e  sp ec tru m  p ro jec to r. T he p h o to d e te c to rs  are p laced  below , an d  th e  c ir ­
c u la r  d iaph ragm s a d ju s ta b le  acco rd in g  to  th e  line w id th , above th e  p a n e .

The e lectron ic  b lock  d iag ram  o f th e  equ ip m en t is show n in F ig . 1.
P h o to tra n s is to rs  Т г an d  T 2 a c t  as p h o to d e tec to rs . C urren ts a n d  i2 

passin g  th ro u g h  th ese  d e tec to rs  an d  p ro p o rtio n a l to  th e  in ten s itie s  o f in c id e n t 
lig h t, are co n v erted  in to  v o ltag es  an d  U2, p ro p o rtio n a l to  th e  in te n s it ie s , 
u s in g  th e  cu rren t-v o ltag e  tra n sd u c e rs  Ci an d  C2. The d ifference in  v o lta g e  is 
p ro d u ced  b y  d iffe ren tia l am p lifie r A ,  a n d  m easured  w ith  m e te r  M , th e  zero  
p o in t o f w hich can  be se t b y  a d ju s tin g  th e  s ta tic  basis c u rre n t of tra n s is to r  T 2.

A fter its  p u rp o se , th e  device h as  been  nam ed  L L L  D en sito m ete r (L o g a ­
r ith m ic  L ine L e n g th  D ensito m eter).

The e q u ip m e n t has been  a d a p te d  to  a Zeiss SP-2 sp ec tru m  p ro je c to r , 
b u t  i t  can  be m o u n ted , of course, on a n y  o th e r ty p e .
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SÁMSONI, NAGY: LENG TH  OF W E D G E-SH A PED  SPECTRUM  LIN ES 3

2. Measurement of line length  w ith LLL Densitom eter

T he d ia p h ra g m  in  fro n t o f th e  p h o to d e te c to rs  is a d ju s te d  acco rd in g  to  
th e  line w id th s  in  th e  sp ec tru m  p ro jec ted  o n to  th e  m easu ring  tab le . T he in s tru ­
m en t is se t to  zero a t  a position  w here b o th  d e te c to rs  are exposed to  d ire c t 
ligh t, i.e. to  an  exposure co rresponding  to  th e  b ack g ro u n d  veil of th e  p h o ­
to g rap h ic  p la te . T h en  th e  h ead  enclosing th e  p h o to d e tec to rs  is tu rn e d  w ith  a 
hand le  in to  a p o s itio n  w here th e  m easu ring  d e te c to r  is exposed to  th e  p ro je c te d  
im age o f th e  line to  be m easured , a n d  th e  reference  d e tec to r to  a line-free  
section  o f th e  sp ec tru m . B y  m oving th e  sp ec tro g rap h ic  p la te , th e  v isu a lly  
observable en d  o f  th e  line is sh ifted  to  below  th e  p h o to d e tec to r . T he a rm  o f  th e  
ze ro -in s tru m en t d ep a rts  from  its  p o sitio n . T h e  line  is now  sh ifted  fu r th e r  to  
fin d  th e  p o in t w here  th e  arm  ju s t  re tu rn s  to  zero. (D uring  th is  o p e ra tio n  th e  
reference d e te c to r  is alw ays exposed to  a d ire c t lig h t w hich  corresponds to  th e  
p revailing  b a c k g ro u n d  veil.) T he e x te n t  o f  sh ift, i.e. th e  len g th  of th e  line  is 
de te rm in ed  b y  m ov ing  th e  m easuring  th re a d  su p p lied  w ith  a d ig ita l r e a d o u t 
to  th e  w ell-defined  base p o in t o f th e  line . T h e  eq u ip m en t perm its  th e  m easu re ­
m en t o f sp e c tra l lines a t  m ost 140 m m  in  le n g th  to  an  accu racy  o f 0.1 m m .

T he m e th o d  can  also be app lied  to  th e  e v a lu a tio n  o f densely  sp aced  
spectra  w here i t  c an n o t be ensured  th a t  th e  reference  d e te c to r  is alw ays exposed  
to  d irec t lig h t. In  such  cases th e  reference d e te c to r  is b a rre d  from  th e  in c id e n t 
ligh t, an d  a re fe ren ce  signal co rrespond ing  to  th e  b a ck g ro u n d  in te n s ity  in  th e  
v ic in ity  o f th e  en d  p o in t of th e  line is p ro d u ced  e lec tron ically . T he fu r th e r  
opera tions a re  th e  sam e as above.

3. Comparison o f measurements w ith a m m -scale and LLL D ensitom eter

R ecord ing  cond itions:
S p ec tro g rap h : Zeiss Q 24 
E lec tro d es : C/Fe
P la te :  A gfa G evaert Sciencia 23 D 50 a n d  23 D 56
L o g a rith m ic  f ilte r : 0.33 А/m m *, N i-C r m e ta l film  on a q u a rtz  lens o f  
f  =  200 m m
D iap h rag m s: 15, 25 and  50 pm  
E x p o su re : 1 0 —60 s
E x c ita tio n : A C-arc, 3 —5 A m p (h ig h -freq u en cy  ign ition)
Im ag in g : Zeiss, th ree -s tep  m ed ium  
D ev e lo p m en t: K O D A K  D-19, 4 m in  a t  20°C 

The p erfo rm ance  o f  th e  L L L  D en sito m ete r w as co m p ared  w ith  th a t  o f v is u a l  
ev a lu a tio n  u sin g  a m m -scale, for m easu rem en ts  on th e  sp ec tru m  o f iron .

* A  =  —log T
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4 SÁM SON I, NAGY: LEN G TH  OF W E D G E-SH A PED  SPECTRUM  LIN ES

The differences in  line len g th  w ere m easu red  on 10 m u ltip le t lines in  th e  
sp e c tra  betw een  316.1 an d  324.4 m m , w h ich  correspond  to  kn o w n  re la tiv e  
in ten s itie s . T he m easu rem en ts  w ere p e rfo rm ed  b y  tw o d iffe ren t person . 
A  th ird  person e v a lu a te d  th e  sam e lines w ith  an  L L L  D en sito m eter. T he re fe r­
ence  iron  line a t  321.7 fun , th e  in te n s ity  o f w hich  w as ta k e n  to  be 1.00, w as 
m easu red  te n  t im e s  in  all sp ec tra , th e  o th e r  lines w ere e v a lu a ted  o n ly  once. 
T h e  calcu la ted  av e rag e  differences in  line le n g th  along w ith  th e  co rrespond ing  
d ispersions of m easu rem en ts  (s) fo r th e  v a rio u s  in te n s ity  g roups are  g iven  in  
T ab le  I . The d a ta  inc lude  m easu rem en ts  on  10 iron  lines in  each  o f th e  51 
sp e c tra  ta k e n  on  12 p la tes.

Table I
Comparison o f  subjective and objective measurements o f line length

Wave­
length
(nm)

Line
intensity

Subjective 
visual evaluation

Objective
evaluation with LLLD

± s (mm) srel% ± s (mm) srel%

316.2 0,36 — 18,7 ±  1,1 5,9 — 15.5 +  0.9 5.8
317.8 0.52 — 14.3 +  0.8 5.6 — 11.7 +  0.8 6.8
316.1 0.63 — 8.4 +  1.0 11.9 — 6.8 ±  0.8 11.8
317.5 0.69 — 8.4 ±  0.9 10.7 — 6.3 ±  0.6 9.5

321.7 1.00 0.0 ±  0.0 0.0 +  0.0

32.05 1.34 2.7 +  0.9 33.3 5.6 ±  0.7 12.5
320.0 1.65 4.2 +  1.1 26.2 9.6 ±  0.6 6.2
324.4 1.93 8.0 ±  0.8 10.0 9.8 ±  0.7 7.2
323.9 2.22 10.3 +  0.1 9.7 12.8 ±  0.7 5.5
322.2 4.90 26.1 +  0.9 3.4 27.2 +  0.9 3.3

The d ifferences in  line len g th , ZlZ, m easu red  in  tw o w ays, a re  p lo tte d  
ag a in s t th e  lo g a rith m s  of re la tiv e  line in te n s itie s  in  Fig. 2.

Д1 mm

Fig. 2. The differences in  line length for the  m ultip let lines of the iron spectrum  (Fe line a t 
321.7 nm, I =  1.00), as a function of th e  relative line intensity . •  D ensitom etrie m easure­

ments; О visual evaluation
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F u ll circles in  th e  d iag ram  d en o te  d en sito m etric  re su lts , w hereas em p ty  
circles in d ica te  v isu a lly  o b ta in ed  d a ta . I t  can  be seen t h a t  th e  p o in ts  co rre­
spond in g  to  in s tru m e n ta l m easu rem en ts  lie closer to  th e  th e o re tic a l s tra ig h t 
line , an d  can therefore  be  regarded  m ore  accu ra te . A line is, in  general, m eas­
u re d  to  be shorter b y  th e  sub jec tive , v isu a l m ethod  th a n  w ith  th e  in s tru m e n t. 
T he d ispersion  ranges o f  ob jec tive  an d  su b jec tiv e  m easu rem en ts  are com pared  
in  F ig . 3, w here the  p e r  c e n t d ispersions assigned  to  th e  averages in  th e  various 
in te n s ity  groups are g iv en .

E m p ty  blocks in  th e  h istog ram  re fe r  to  in s tru m e n ta l, sh ad ed  blocks to  
v isu a l m easurem ents.

3
Fig. 3. D ispersion ranges (srei% ) of the differences in  line length  for th e  m ultiplets of the iron 
spectrum . E m pty  blocks: densitom etric m easurem ents; shaded blocks: visual evaluation

4. D iscussion

T he experience concern ing  th e  e q u ip m e n t and  th e  m easu rin g  m eth o d  can be 
su m m arized  as follows. I t  is im p o r ta n t to  use clean, d u s t-free  an d  u n sc ra tch ed  
sp ec tru m  p lates. To in c rea se  accu racy , th e  d iap h rag m  shou ld  be as w ide 
as possib le; spectra  sh o u ld  therefo re  be  ta k e n  p re fe rab ly  w ith  a s lit o f 25 pm  
o r g rea te r . W ith  d ense ly  spaced  sp e c tra  th e  use o f one p h o to tra n s is to r  and  
e lec tron ic  com pensation , w ith  lower line densities th e  use o f  tw o p h o to tra n s is ­
to rs  p ro v ed  to  be a d v an tag eo u s . F o r a n  o p e ra to r w ith  som e p rac tice , i t  tak es  
a b o u t 3— 4 m inutes to  e v a lu a te  10 lines.

A  com parison o f  th e  re su lts  in d ic a te s  th a t  th e  o b jec tiv e  m easu rem en ts 
w ith  L L L  D ensitom eter p rov ide  m ore a c cu ra te  re su lts  th a n  th e  sub jec tive
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6 SÁM SONI, NAGY: L E N G T H  O F W EDG E-SH APED  SPECTRUM  L IN E S

m e asu rem en t o f line  le n g th , since w ith  th e  use o f th e  e q u ip m e n t th e  re la tiv e  
d isp e rs io n  is d ecreased  on th e  av erag e  b y  ab o u t 30— 4 0 % .

The eq u ip m en t an d  th e  m easu ring  m eth o d  p e rm its  sim ple, fa s t a n d  
o b je c tiv e  ev a lu a tio n  o f  sp e c tra  ta k e n  w ith  th e  use o f a lo g a rith m ic  secto r o f  
lo g a rith m ic  f ilte r , because  th e  L L L  D en sito m eter a d a p te r  enab les to  d e te rm in e  
lin e  lengths an d  to  accom plish  q u a lita tiv e  ev a lu a tio n  in  one o p era tio n  s te p .
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IRREVERSIBLE STRUKTURVERÄNDERUNGEN 
VON H-FAUJASIT, H-MORDENIT UND H-KLINOPTILOLIT 

DURCH THERMISCHE BEHANDLUNG UND 
EINWIRKUNG VON WASSER

H. B e y e r , J. P a p p  und D. K alló

(Zentralforschungsinstitut fü r  Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am  12. März 1973

Die durch thermische V orbehandlung der NH4-Form en von Faujasit, M ordenit 
und  K linoptilolit erhaltenen H -F orm en  und  dehydroxylierten Zeolithe w urden nach 
u n te r verschiedenen Bedingungen vorgenom mener R ehydratisierung differential- 
therm oanalytisch , therm ogravim etrisch und z. T. röntgenograpisch un tersuch t. Es 
wurde festgestellt, daß die un ter W asserabspaltung verlaufende D ehydroxylierung hei 
allen drei Zeolithen ein irreversibler Prozeß ist und w ahrscheinlich schon m it gewissen 
G itterum lagerungen einhergeht. D ie dehydroxylierten Form en, insbesondere die des 
K linoptilolits, sind thermisch re la tiv  instabil. Die sauren Zentren von H -F au jas it 
werden bei E inw irkung von bei Z im m ertem peratur sorbiertem  W asser um gebildet, 
wobei ein noch die F au jas itstruk tu r zeigendes, therm isch aber außerordentlich in s ta ­
biles P rodukt erhalten  wird. Diese bei den H-Form en von M ordenit und K linoptilolit 
n icht zu beobachtende Reaktion w ird  au f ein Herauslösen des größten Teils des G itter­
alum iniums u n te r der Einwirkung der aus den eigenen P ro tonen  der H -Form  gebilde­
ten  H 30+ -Ionen  zurückgeführt.

In  der W assersto ff-F o rm  v o rlieg en d e  Z eolithe s in d  fü r  viele K o h le n ­
w asse rs to ffreak tio n en  au ß e ro rd en tlich  a k tiv e  u n d  in  v ie len  F ä llen  au ch  se lek tiv  
w irkende  K a ta ly sa to re n  (vgl. z. B . V e n u t o  u n d  L a n d is  [1]). E in  d ire k te r  
A u stau sch  der K a tio n e n  eines Z eo lith s  gegen W assersto ffionen  is t  a b e r  p r in ­
zipiell n u r  bei Z eo lithen  m it einem  h o h e n  S i/A l-V erhältn is m öglich, da n u r  diese 
gegen M inera lsäuren  genügend b e s tä n d ig  sind . Im  a llgem einen  w erden  d esha lb  
die W asse rs to ff-F o rm en  der Zeolithe d u rc h  therm ische  Z erse tzung  (D esam in ie­
ru n g ) d er A m m onium -F orm en  d a rg e s te llt . An die D esam in ie rung  sch ließ t sich  
he i höh eren  T e m p e ra tu ren  eine im  allgem einen  m it e in er V erm in d eru n g  d e r 
k a ta ly tisc h e n  A k tiv i tä t  e inhergehende, u n te r  W asse rab sp a ltu n g  v e rlau fen d e  
u n d  sich m eistens m eh r oder w en iger m it der D esam in ie rung  ü b e rlap p en d e  
R e a k tio n , die sog. D eh y d ro x y lie ru n g  an .

In  e rs te r L in ie  hab en  IR -sp e k tro p h o to m e trisc h e , th e rm o g rav im e trisch e  
u n d  d iffe ren tia lth erm o an a ly tisch e  U n te rsu ch u n g en  v o n  F a u ja s it  zu dem  a u f  
R abo  et al. [2] sow ie U y t t e r h o e v e n  et al. [3] zu rü ck g eh en d en  R e a k tio n s ­
schem a

Acta Chim. (Budapest) 84, 1975



8 B E Y E R  e t al.: IR R E V E R S IB L E  STRU K TU RV ERÄ N D ERU N G EN

/ \  
о  о

N H í N H Í

.0  y x
Al

0

\ 1
А

\ / ° ]
ä I

/  \ / \ /  \
о  0 0 0 0  0

V '

A
A

+2NH3

H H

XI

/ \  
о  о

AI
/ \  

О о

V
А

А1 
/ \  

о  о

\  /  
Si

л
о  о

Б (1)

V '  
/ \  

о  о

А1

о/Хо

©

N i ®

о/Х о

JX
А1

/ \  
О о

V '
А

с

fü r  die A m m oniak- u n d  W asse rab sp a ltu n g  ge fü h rt. D iese schem atische D a r­
s te llu n g  gibt se lb s tv e rs tä n d lic h  den  te tra e d risc h e n  A u fb au  d er S i0 4 2- bzw . 
A 104/2-G itte rb au ste in e  u n d  deren  räum liche  Z uordnung  zue inenander, die zu  
m eh re ren , sich d u rc h  ih re  Lage im  G itte r  u n te rsch e id en d en  A rten  von S au e r­
s to ffb rü ck en  fü h r t , n ic h t  w ieder.

Zw ar w ird d as  R eak tio n ssch em a  (1) in  d en  se ith er in  g ro ß er Z ahl ersch iene­
n e n  P u b lik a tio n en  im  w esen tlichen  a k z e p tie rt, ab er tro tz d e m  finden  sich in  d e r 
L i te ra tu r  sowohl v ie le  w idersp rüch lich  erscheinende exp erim en te lle  A ngaben , 
d ie  ab er heute w en ig sten s zum  Teil a u f  un te rsch ied lich e  A u stau sch g rad e  u n d  
S i/A l-V erhältnisse d e r  Z eo lithe  sowie a u f  n ic h t gleiche A rbe itsbed ingungen  b e i 
d e r  therm ischen  B e h a n d lu n g  zu rü ck g efü h rt w erden  k ö n n en , als auch v o n ­
e in an d e r abw eichende A uffassungen  ü b e r D eta ils  dieses R eak tionsschem as.

U n b estritten  i s t ,  d aß  die D esam in ierung  reversibel v e rlä u f t [3, 4, 5]. 
D agegen  is t die F ra g e  o f t  d isk u tie rt w orden , a u f  w elche W eise die W asserstoff- 
F o rm  zu form ulieren  sei. D a einerseits im  IR -S p e k tru m  n ic h t die fü r H 30  + 
ch a rak te ris tisch en  B a n d e n , ab er zwei V alenzschw ingungsbanden  bei etw a 3545 
u n d  3650 cm “ 1 a u f tr e te n , die a u f an  versch ied en en  G itte rs te lle n  lo k a lisie rte  
sa u re  S iO H -G ruppen  [S tru k tu r  В im  R eak tio n ssch em a (1)] zu rü ck g efü h rt w u r­
d en  [3, 4, 6, 7], a n d e re rse its  aber diese B an d e n  reversibel m it ste igender T em ­
p e ra tu r  schw ächer w e rd en  [8], u n d  sich  be i R eso rp tion  v o n  N H 3 die A m m o-
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n iu m -F o rm  zu rü ck b ild e t bzw . bei S o rp tio n  von  P y rid in  [4, 6] die fü r  das 
P y rid in iu m io n  c h a ra k te ris tisch e n  B a n d e n  zu b eo b ach ten  sind , w urde das 
G leichgew icht

H1 H H®

y ° \  / ° ч А/ ° ч _  \  У Ч \  X ° \ / cAl oder Si Al U — Si AI oder Si Al
/ \ /  V /  \ Л  /  \ /  \ /  \0 0 0 0 0 0 O O  0 0 0 0 0 0

angenom m en  [3, 4, 8 ], d a s  sich  m it s te ig en d en  T e m p e ra tu ren  n a c h  rech ts  v e r­
sch ieb t. B e n e s i [9] w ied eru m  g ib t an , d a ß  sich die IR -B a n d e  bei 3650 cm -1  
au c h  d ire k t der re in en  B rö n sted säu re  a u f  der rech ten  Seite  d e r G leichung (2) 
zu o rd n en  lasse. Ol so n  u n d  D e m pse y  [10] hab en  sp ä te r  an  H a n d  von  R ö n tg en ­
d iffrak tionsm essungen  gezeig t, daß  die A l-A tom e des d esam in ie rten  Z eoliths 
eben fa lls  te traed risch  v o n  v ie r S au ersto ffa to m en  um geben  sin d , so d aß  S choon- 
h e y d t  u n d  U y t t e r h o e v e n  [11] die im  R eak tio n ssch em a  (1) angegebene 
schem atisch e  S tru k tu r  В annehm en .

D u rch  IR -sp e k tro p h o to m e trisc h e  U n te rsu ch u n g en  v o n  an  H -Z eo lithen  
so rb ie rtem  N H 3 [3] b zw . P y rid in  [4, 6, 12, 13] w urde  fe s tg e s te llt, d aß  m it 
s te ig en d er V o rb eh an d lu n g stem p era tu r, besonders a u sg ep räg t im  T e m p e ra tu r­
b e re ich  ü b er 500 °C, d ie L ew is-A cid itä t, von  einem  seh r geringen  W ert aus­
g ehend , a u f  K osten  d e r K o n z e n tra tio n  d e r  B rö n sted -Z en tren  an s te ig t. E s m uß  
a b e r  b e to n t w erden, d a ß  sich  die in  A bh än g ig k e it von  d e r V o rb eh an d lu n g s­
te m p e ra tu r  e rm itte lte n  A bso lu tw erte  fü r  die K o n z e n tra tio n e n  d er Lewis- u n d  
B rö n sted -Z en tren  in  d en  A rbeiten  d er e inzelnen  V erfasser b e trä c h tlic h  u n te r ­
sche iden  u n d  lediglich —  ab er auch  n u r  in n erh a lb  gew isser T e m p e ra tu rb e re i­
che —  die Tendenz ih res  V erlaufes ü b e re in s tim m t.

E in  d e ra rtig er V e rla u f  der B rö n sted - u n d  L ew is-A cid itä t is t  n u n  ohne 
w eite res m it der D eh y d ro x y lie ru n g  des H -Z eo liths gem äß  dem  zw eiten  S c h ritt 
des R eak tionsschem as (1) zu  erk lären . F ü r  diesen R e a k tio n sc h r itt  sp rich t auch , 
d a ß  in  dem  T em p era tu rb e re ich  über 500 °C th e rm o g rav im e trisch  eine G ew ichts­
ab n a h m e  festzuste llen  i s t ,  die der n a c h  d e r S töch iom etrie  des R eak tio n ssch e­
m as (1) zu e rw arten d en  W asserm enge e n tsp r ic h t, u n d  ein schw ach  en d o th e rm er 
P e a k  in  der D T A -K urve a u f t r i t t  [6, 14].

E s m uß  nun  b e m e rk t w erden , d aß  sich  alle b ish e r a n g e fü h rte n  A rbeiten  
aussch ließ lich  au f den  Z eo lith  F a u ja s it (M olekularsieb Y ) bez iehen  u n d  ü b er 
d e ra rtig e  U n te rsu ch u n g en  an  anderen  Z eo lithen  auch  n u r  seh r w enige P u b li­
k a tio n e n  vorliegen. Ca n n in g s  [15] h a t  v e rsu ch t, die K o n z e n tra tio n e n  von  
Lew is- u n d  B rö n sted -Z en tren  des bei versch iedenen  T e m p e ra tu re n  im  V akuum  
au sg eh e iz ten  H -M orden its aus den IR -B a n d e n  von so rb ie rtem  P y rid in  abzu ­
sch ä tzen . D anach  b e g in n t die A nzahl d e r  B rö n sted -Z en tren  bei 400—500 °C 
ab zu n eh m en , w ährend  d ie  zunächst w esen tlich  geringere K o n z e n tra tio n  der
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L ew is-Z en tren  bei 500 °C d u rch  ein M axim um  geh t. B em erk en sw ert is t, d a ß  
B a n d e n  bei 1462 u n d  1455 cm -1  zwei versch iedenen  A rte n  v o n  L ew is-Z en tren  
zugeschrieben  w erd en , u n d  zw ar der S tru k tu r  C im  R eak tio n ssch em a  (1) 
(s ta rk e  Z entren) u n d  d e r a u f  d er lin k en  Seite d er G leichung  (2) angegebenen  
S tru k tu r  (m itte ls ta rk e  Z en tren ). I n  e iner e ingehenderen  U n te rsu ch u n g  s te llte  
K a r g e  [16] dagegen  fe s t, d aß  H -M o rd en it —  im  G egensatz  zum  F a u ja s it  —  
sc h o n  von v o rn h ere in  die gleiche A nzahl von  B rö n sted - u n d  L ew is-Z en tren  
(b e s tim m t aus d er In te n s i tä t  d e r IR -B a n d e n  von  so rb ie rtem  P y rid in ) e n th ä lt .  
D ie  K o n zen tra tio n  b e id e r Z e n tre n a rte n  n im m t ü b er 500°C ab , die des B rö n sted - 
T y p s  allerdings schneller. Z ur E rk lä ru n g  w ird  angenom m en, d a ß  eine th e rm isc h  
a k tiv ie r te  S o rp tion  v o n  P y rid in m o lek ü len  an  d re ifach  k o o rd in ie rten  A l-A to- 
m e n , wie sie a u f  d e r lin k en  S eite  d er G leichung (2) sch em a tisch  d a rg es te llt 
s in d , vo r sich gehen  k a n n . D a m it e rsche in t ab e r au c h  v o m  k a ta ly tisc h e n  
S ta n d p u n k t aus die re in e  W assers to ff-F o rm  von Z eo lith en  in  einem  a n d e ren  
L ic h t als b isher, d a  m an  n u n m e h r au ch  bei diesen —  u n d  zw ar abhäng ig  v o n  
s tru k tu re lle n  G egebenheiten  des Z eoliths u n d  der chem ischen  N a tu r  des 
R e a k ta n d e n  —  m it L ew is-Z en tren  rechnen  m uß.

Es liegt a u f  d e r H a n d , d aß  sich au fg ru n d  der d a rg e leg ten  V o rste llungen  
b e i versch iedenen  T e m p e ra tu re n  th e rm isch  v o rb e h a n d e lte  N H 4-Zeolithe a u s ­
gesp rochen  fü r die U n te rsu c h u n g  der Rolle von  B rö n sted - u n d  L ew is-Z en tren  
b e i k a ta ly tisch en  R e a k tio n e n  eignen  so llten , u n d  es fe h lt au ch  n ich t an  d e r ­
a r tig e n  U n te rsu ch u n g en  (z. B . T uricevich  u n d  Ono  [17 ], W a r d  [6]). V on 
d iesem  S ta n d p u n k t aus is t es n u n  von  a u ß e ro rd en tlich em  In te resse , inw iew eit 
die S tru k tu r  C des R eak tio n ssch em as (1) s tab il is t bzw . ta tsä c h lic h  v o rlieg t 
u n d  ob bzw. inw iew eit der D eh y d ro x y lie ru n g ssch ritt rev e rs ib e l v erläu ft. E s  sei 
v o rau sg esch ick t, u n d  in  d er D iskussion  w ird  d a ra u f  n ä h e r  eingegangen, d aß  in  
d e r  L ite ra tu r  in  b ezu g  a u f  diese fü r  die D eu tu n g  k a ta ly tis c h e r  V ersuchsergeb ­
n isse  so w ichtigen  F ra g e n  vö llig  w idersp rechende A n g ab en  zu  fin d en  sin d .

U m  zur K lä ru n g  dieses S ach v erh a lte s  b e iz u tra g e n , h ab e n  w ir die b e i 
versch iedenen  T e m p e ra tu re n  v o rb e h a n d e lte n  N H 4-F o rm en  v o n  F a u ja s it ,  M or­
d e n it  und  K lin o p tilo lit au ch  n a c h  der R eso rp tio n  v o n  W asser th e rm o g rav i-  
m e trisch  u n te rsu c h t, d enn  b ish e r liegen n u r  am  F a u ja s i t  au sg efü h rte , zu d em  
n ic h t  sehr e ingehende u n d  n ic h t m it der th e rm o g ra v im e trisc h en  M ethode v o r ­
genom m ene U n te rsu ch u n g en  ü b e r die R ev e rs ib ilitä t des D e h y d ro x y lie ru n g s­
sc h r it te s  vor.

1 0  B E Y E R  e t al.t R R E Y E R S IB L E  STR U K TU R V ER Ä N D ER U N G EN

Material und Methode

Die U ntersuchungen erstreckten  sich auf folgende Zeolithe:
1. Fauj asit

a) Na20 .A l20 3.5,6 S i02; m ikrokristallines Pulver, H ersteller: Farbenfabrik  W olfen, 
D D R  H andelsbezeichnung: Zeosorb У50, im weiteren als Fau jasit-W  bezeichnet.

b) Na20 .A l20 3.4,3 S i0 2; m ikrokristallines Pulver, sowjetisches Erzeugnis, im w eite­
re n  als Faujasit-SU  bezeichnet.
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2. M ordenit
N a20 . A120 3.10,5 S i0 2; m ikrokristallines Pulver, H ersteller: N orton Chemical Process 

Prod. Div. H andelsbezeichnung: Zeolon 100.
3. K linoptilolit

a) ein in  U ngarn  natürlich vorkom m endes Gestein, das zu etw a 70%  aus K linoptilolit 
besteh t und daneben noch Feldspat, C ristobalit und einen am orphen A nteil en thält. Das 
S i0 2 : Al20 3-Verhältnis be träg t 10.26. H andelsbezeichnung: Klinosorb.

b) ein in B ulgarien in einer R einheit von etw a 60%  vorkom m endes K linoptilolit- 
Mineral. D a sich dieses Material — abgesehen von dem etw as geringeren K linoptilolitgehalt 
und  einer wesentlich geringeren Festigkeit des Gesteines — ebenso wie der ungarische K linop­
tilolit verhielt, wird darau f im w eiteren n ich t gesondert eingegangen.

Die Zeolithe w urden durch Ionenaustausch  m it N H 4C1 und  Auswaschen bis zur Chlorid- 
Freiheit in  die entsprechenden A m m onium -Form en überführt und  als solche un tersucht. 
D er NH4-Gehalt der Zeolithe wurde b estim m t, indem  das beim  E rh itzen  der Zeolithe au f etw a 
650 °C in Freiheit gesetzte N H 3 im  Stickstoffstrom  in Schwefelsäure überführt und  diese 
zu rück titriert wurde. D er A ustauschgrad betrug  78% bei Faujasit-W , 69% bei Faujasit-SU , 
90%  bei M ordenit u n d  etw a 85% bei K linoptilolit.

Die therm ogravim etrischen (TG) un d  differentialtherm oanalytischen (DTA) Messun­
gen w urden m it dem  »Derivatographen« der Fa. MOM bei Aufheizgeschwindigkeiten von 
5,3—5,8 °C/min und  m it der Zeit p rak tisch  linearem  T em peraturanstieg  ausgeführt. Die 
Zeolithe wurden in etw a 1 mm starker Schicht auf als P robebehälter dienende Pt-Teller auf­
geschüttet. Das K linoptilolitgestein w urde pulverisiert m it K orndurchm essern u n te r 0,1 mm 
eingesetzt.

Die Versuche w urden im allgem einen in Sauerstoffatm osphäre ausgeführt. D er bei 
der endotherm en Zersetzung der NH4-F orm  der Zeolithe entstehende Ammoniak w ird un ter 
diesen Bedingungen — wahrscheinlich ka ta ly tisch  an den aus P la tin  bestehenden Probebehäl­
te rn  — verbrannt, so daß dieser S chritt an  einem stark  exotherm en Peak in der DTA-Kurve 
gu t erkannt werden kann .

In  allen Fällen w urde zunächst der allergrößte Teil des physikalisch adsorbierten 
(»zeolithischen«) und  kristallw asserartig gebundenen Wassers durch eine 90-minutige isotherm e 
Ausheizung bei 180— 190 °C entfernt, u n d  ers t danach wurde die Probe m it der vorgegebenen 
Geschwindigkeit w eiter aufgeheizt. D urch  diese isotherm e V orbehandlung, bei der nur im 
Falle des Faujasits auch schon eine — allerdings geringfügige — Zersetzung der N H 4-Form  
zu beobachten ist, w ird eine zu starke Ü berlappung der Abgabe des zeolithischen W assers 
m it der Freisetzung des N H 3 verm ieden.

Thermische V orbehandlungen der Zeolithe wurden ebenfalls im D erivatographen 
und un ter gleichen B edingungen vorgenom m en. Die Proben w urden also ebenfalls 90 M inuten 
bei 180—190 °C ausgeheizt und danach m it der vorgegebenen Geschwindigkeit bis auf die 
gewünschte V orbehandlungstem peratur aufgeheizt und  sofort aus dem Ofen entnom ­
men. Von einem Teil dieser Proben w urden  auch R öntgendiffraktogram m e aufgenommen.

Da sich der A usgangszustand der Zeolithe infolge der leichten Abgabe eines Teils des 
physikalisch adsorbierten Wassers u n d  einiger nicht oder nu r schwer einzuhaltender Ver­
suchsbedingungen (Luftfeuchtigkeit, A nfangstem peratur des Ofens u.a .) n icht genau festlegen 
läß t, wurde in dieser A rbeit das Gewicht des bis 1000 °C flüchtigen Zeolithanteils (zeolithisches 
W asser, Ammoniak, S trukturw asser) au f das Gewicht des bei 1000 °C geglühten, praktisch 
strukturw asserfreien u n d  bereits am orphen Zeoliths bezogen und  in  den Abbildungen und 
der Tabelle I in mg/g angegeben. In  den A bbildungen sind ebenfalls die sich aus dem gesondert 
bestim m ten N H 4-G ehalt der Zeolithe un d  der Stöchiometrie des Reaktionsschem as (1) erge­
benden Mengen an S trukturw asser (un tere  gestrichelte Linie) und  N H 3 +  S trukturw asser 
(obere gestrichelte Linie) angegeben.

Ergebnisse

Die bei der U n te rsu ch u n g  d es  M ordenits  e rh a lten en  E rgebn isse  sind  in  
A bb. 1 u n d  T ab . I zu sam m en g efaß t. N ach  90 m in u tig e r  iso th e rm er V o rb eh an d ­
lung  bei 180 °C e n th ä l t  M orden it, w ie au s  K u rv e  I h erv o rg eh t, noch  etw as 
zeolith isches W asser, dessen D e so rp tio n  sich  in  der T G -K u rv e  m it der A bgabe 
des bei e tw as h ö h e ren  T e m p e ra tu re n  in  F re ih e it g e se tz ten  N H 3 ü b erlag e rt.
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D ie se lb stv e rs tän d lich  en d o th e rm e  N H 3-A b sp a ltu n g  is t a b e r seh r g u t an  dem  
a u f  d ie  k a ta ly tisch e  V erb ren n u n g  des A m m oniaks zu rü ck zu fü h ren d en  ex o th e r­
m en  P eak  der D T A -K u rv e  zu erkennen . B eide K u rv en  zeigen, d aß  bei einer

200 300 400 500 600 700 800 900 1000 
°C

Abb. 1. DTA-Kurven (oben) und  therm ogravim etrische K urven (unten) von N H 4-Mordenit 
n ach  90-minutiger iso therm er Ausheizung bei 180 °C. I: ohne w eitere V orbehandlung; II: 
n ach  Aufheizen auf 570 °C u n d  nachfolgender R ehydratisierung bei 20 °C; III: nach Aufheizen 

auf 760 °C u n d  nachfolgender R ehydratisierung bei 20 °C.

th e rm isch en  V o rb eh an d lu n g  bis 570 °C die re ine  W assers to ff-F o rm  des M orde- 
n i ts  e n ts te h t. Bei n o c h  höh eren  T e m p e ra tu ren  se tz t d an n  die A b sp a ltu n g  von  
S tru k tu rw asse r  (D eh y d ro x y lie ru n g ) ein.

B e n e si [9] h a t  b e i der th e rm o g rav im e trisch en  U n te rsu ch u n g  von  N H 4- 
M orden it keine g e tre n n te n  S tu fen  fü r  D esam in ie rung  u n d  D eh y d ro x y lie ru n g

Tabelle I

Wassersorptionskapazität in  mg/g bei Zimmertemperatur

Vorbehandl.- 
Temp. °C Mordenit Klinoptilolit

*ОCO 114 60
570 190 67
760 174 52
880 148 —

1000 13** —

* NH4-Form 
** Röntgenam orph
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e rh a lte n , die K u rv en  fü r  F a u ja s it zeigen  aber den  g leichen  V erlau f wie die, 
die in  dieser A rbeit w e ite r  u n te n  m itg e te ilt  w erden. D a B e n e s i  einen  p ra k tisc h  
N a +-freien , also zu 100%  au sg e ta u sc h te n  M ordenit (ebenfalls Zeolon 100) v e r­
w en d e t h a t, is t es m öglich , d aß  ein b e s tim m te r  A nte il an  M eta llionen  —  ähn lich  
w ie beim  F au ja s it [13, 14, 18] —  die S tru k tu r  des H -M o rd en its  s tab ilis ie r t.

Die bis 570 °C v o rb eh an d e lte  N H 4-F o rm  des M o rd en its , also die W asser­
sto ff-F o rm , reso rb ie rt bei Z im m e rte m p e ra tu r  —  wie aus T a b . I  zu ersehen  is t —  
w esen tlich  m ehr W asser als die N H 4-F o rm . D as is t  d a m it zu  e rk lä ren , d aß  in n e r­
h a lb  des G itters n u n m e h r auch  der g rö ß te  Teil des R au m es fü r  die A d so rp tion  
zu r V erfügung s te h t, d e r v o rh e r von  im  V ergleich zum  P ro to n  v iel g rößeren  
NFl4-Io n en  eingenom m en w urde. A us d e r th e rm o g ra v im e trisc h en  U n te rsu ch u n g  
d e r re h y d ra tis ie rten  H -F o rm  (K u rv e  I I )  fo lg t, d aß  n a c h  d e r iso th e rm en  V or­
b eh a n d lu n g  bei 180 °C n och  die re la t iv  große W asserm enge  von  18 m g/g im  
M o rd en it verb le ib t, w o rau s geschlossen w erden  k a n n , d a ß  die B in d u n g  des 
zeo litischen  W assers in  d e r H -F o rm  s tä rk e r  als in  d er N H 4-F o rm  is t. D ie TG- 
K u rv e  oberhalb  550 °C, also die A bgabe des S tru k tu rw a sse rs , d eck t sich m it 
d e r d e r N H 4-Form .

N ach  einer th e rm isc h e n  V o rb eh an d lu n g  bis 760 °C, n ach d em  also bere its  
e tw a  70%  des S tru k tu rw a sse rs  abgegeben  sind, u n d  an sch ließ en d er W asser­
re so rp tio n  bei Z im m e rte m p e ra tu r  is t  n u r  eine geringfügige A bnahm e der 
S o rp tio n sk ap az itä t fü r  W asser fe s tzu s te llen  (Tab. I) . D ie T G -K u rv e  ( I I I )  zeigt 
je d o c h  einen  ganz a n d e re n  V erlau f als d ie  d e r N H 4- bzw . H -F o rm , w oraus fo lg t, 
d a ß  die D ehydroxy lie rung  u n te r  diesen B ed ingungen  d er R e h y d ra tis ie ru n g  ein 
irrev e rs ib le r V organg is t.

B ei höheren V o rb e h a n d lu n g s te m p e ra tu re n  is t eine A b n ah m e der Sorp­
tio n sk a p a z itä t  fü r W asser u n d  zugleich —  wie aus den  in  A bb . 2 in  F o rm  von

d Г Al

Abb. 2. In tensitä ten  der H auptlin ien  der R öntgendiffraktogram m e von therm isch vorbehan- 
deltem und  bei 20 °C rehydratisiertem  N H 4-M ordenit.
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S tric lid iag ram m en  angegebenen  In te n s i tä te n  d er R ö n tg en d iffra k tio n sb a n d e n  
zu  ersehen  is t —  ein V erlu s t an  K ris ta ll in itä t  fe s tzu s te llen . D er bei 1000 °C 
g eg lü h te  N H 4-M orden it is t  rö n tg en am o rp h .

Bei der U n te rsu ch u n g  des K linop tilo lits  w u rd en  w eitg eh en d  analoge 
E rg eb n isse  e rh a lten , die in  A bb . 3 u n d  T ab . I  angegeben  sind . A n dieser S telle

°c
Abb. 3. DTA-Kurve (oben) und therm ogravim etrische K urven (unten) von N H 4-K linoptilolit 
n ach  90-minutiger isotherm er Ausheizung bei 180 °C. I : ohne w eitere V orbehandlung; I I : 
n ach  Aufheizen auf 570 °C und nachfolgender R ehydratisierung bei 20 °C; I I I :  nach A uf­
heizen auf 760 °C und  nachfolgender R ehydratisierung bei 20 °C.

sei n u r  v e rm erk t, d aß  die Z erse tzung  der N H 4-F o rm  u n d  die D eh y d ro x y lie ru n g  
w en iger scharf vo n e in an d e r g e tre n n t u n d  bei u m  30— 50 °C n ied rigeren  T em p e­
r a tu re n  verlau fen  als im  F a lle  des M ordenits. W e ite rh in  e rg ib t sich aus d en  
W a sse rso rp tio n sk ap az itä ten  in  T ab . I  u n d  aus den  R ö n tg en d iag ram m en  in  
A b b . 4, daß  d ek a tio n is ie rte r  K lin o p tilo lit w eit w eniger th e rm isc h  stab il is t  als 
d ek a tio n is ie rte r M orden it.

Die m it F a u ja s it  e rh a lten en  E rgebnisse  sind  in den  A bb . 5 — 7 d a rg es te llt. 
D ie  T G -K urven  d er N H 4-F o rm  b e id e r u n te rsu c h te r  F a u ja s ite  (K u rv e  I  in  den  
A b b . 5— 7) zeigen den  gleichen ch a rak te ris tisch en  V e rla u f w ie im  F alle  des 
M orden its oder K lin o p tilo lits .

Die du rch  th e rm isch e  V o rb eh an d lu n g  bis 500 °C e rh a lte n e  W asserstoff- 
F o rm  des F a u ja s its  re so rb ie rt bei Z im m e rte m p e ra tu r  —  ebenso  wie die des 
M orden its u n d  K lin o p tilo lits  —  m ehr W asser (350 m g/g), als bei der v o ra n ­
gegangenen  iso th e rm en  D eso rp tio n  bei 180 °C v o n  d er N H 4-F o rm  abgegeben  
w urde  (289 m g/g). B ei der nach fo lgenden  A ufheizung  (K u rv e  IV  in  A bb . 5 
u n d  6) w ird ab e r im  G egensatz  zu  den m it M orden it u n d  K lin o p tilo lit e rha l-

Acta Chim. (Budapest) 84, 1975



B E Y E R  et al.: IR R E V E R S IB L E  STRU K TU RV ERÄ N D ERU N G EN 15

(1)
1

NHt ~ Klinoptilolit

(1) Feldspat
(2) Cristobalit 

(2) (3) Quarz
|<3)
11 11 ll ll 1

"il

570°C

t
_______ Ll______1_____

( 2 )

i l l

760°C

d [Á]
Abb. 4. In tensitä ten  der H auptlin ien  der R öntgendiffraktogram m e von therm isch vorbehan­
deltem  und  bei 20 °C rehydratisiertem  N H 4-Klinoptilolit. Angegeben is t ebenfalls die jeweils 

intensivste Linie der drei Begleitm inerale.

Abb. 5. Therm ogravim etrische K urven  von N H 4-Faujasit-W  nach 90-m inutiger isotherm er 
Ausheizung bei 180 °C. I: ohne w eitere V orbehandlung; II : nach Aufheizen auf 500 °C, N H 3- 
B ehandlung bei 20 °C und nachfolgender H 30-Sorption  bei Z im m ertem peratur; I I I :  nach 
Aufheizen au f 500 °C, H 20-Sorption  bei Z im m ertem peratur und N H 3-B ehandlung bei 20 °C 
nach 24-stündigem Stehen; IV: nach A ufheizen auf 500 °C, H 20-S orp tion  bei Z im m ertem pe­
ra tu r, 24-stündigem Stehen und Aufheizen au f 180 °C; IV/a.: wie K urve IV, nu r noch an­
schließende B ehandlung m it N H 3 bei 20 °C; V : nach Aufheizen au f 500 °C und Resorption

von W asser bei 180—190 °C.
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te n e n  Ergebnissen n ic h t  w ieder die ch a rak te ris tisch e  D ehyd ro x y lie ru n g sstu fe  
d e r  W assersto ff-F orm , sondern  eine m o n o to n  ab fa llende  K u rv e  e rh a lten . 
Im  V erlaufe der a u sg e fü h rte n  O p era tio n en  m u ß  also eine irreversib le  s tru k ­
tu re lle  V eränderung  e in g e tre te n  sein.

°c
Abb. 6. DTA-Kurve (oben) und  therm ogravim etrische K urven  (unten) von N H 4-Faujasit-SU  
n ach  90-minutiger iso therm er Ausheizung bei 180 °C. I: ohne w eitere Vorbehandlung; II : 
n ach  Aufheizen au f 500 °C, N H 3-B ehandlung hei 20 °C und nachfolgender H 20-Sorption  
bei Z im m ertem peratur; I I I :  nach Aufheizen auf 500 °C, H 20-Sorp tion  bei Z im m ertem peratur 
un d  N H 3-Behandlung bei 20 °C nach 24-stüdigem Stehen; IV: wie K urve I I I ,  nur ohne

N H  3 - В eha n dl u ng.

Um zu k lä re n , w an n  u n d  u n te r  w elchen  V ersuchsbed ingungen  diese 
V eränderungen  v o r  sich  gehen u n d  w elcher N a tu r  sie sin d , w urde  eine R eihe 
v o n  V ersuchen v o rg en o m m en . D ie ch a ra k te ris tisch e  D eh y d ro x y lie ru n g sstu fe  
t r a t  auf, w enn die d u rc h  th e rm isch e  V o rb eh an d lu n g  bis 500 °C zu e rh a lten d e  
W assersto ff-F o rm  u n te r  A ussch luß  von  W asse rd am p f a u f  Z im m e rte m p e ra tu r  
ab g ek ü h lt oder be i T e m p e ra tu re n  von  180 190 °C (K u rv e  V  in  A bb. 5) bzw .
130 °C m it W a sse rd a m p f g e sä ttig t  (21 bzw . 77 m g/g) u n d  ansch ließend  das 
T herm ogram m  au fg en o m m en  w urde. Die s tru k tu re lle n  V erän d eru n g en  k ö nnen  
so m it n u r in  G eg en w art v o n  W asser u n d  bei T e m p e ra tu re n  u n te r  130 °C ein- 
tr e te n , und  som it l ie g t d er Sch luß  n ah e , d aß  d a fü r eine v o lls tän d ig e  A usfüllung 
des in n erk ris ta llin en  P o ren rau m es m it W asser eine no tw en d ig e  B ed ingung  is t.

Um eine Z e rs tö ru n g  d er W assers to ff-F o rm  w äh ren d  des A ufheizvo rgan ­
ges auszuschließen, w u rd e  d er en tsp rech en d  v o rb eh an d e lte  H -F a u ja s it  v o r der
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th e rm o g rav im e trisch en  U n te rsu ch u n g  in  eine N H 3-A tm o sp h äre  g eb rach t. 
D a d u rc h  w erden  die n a c h  d er V o rb eh an d lu n g  noch  in ta k te n  Z en tren  d er 
H -F o rm  in  die N H 4-F orm  ü b e rfü h rt u n d  som it gew isserm aßen  »fixiert«.

W ird  die W assersto ff-F o rm  e rs t  einer N H 3-A tm o sp h äre  au sg ese tz t 
(R ü ck b ild u n g  der N H 4-F o rm ), u n d  lä ß t  m an  e rs t d a n a c h  W asser so rb ieren , 
so e rh ä lt  m an  bei d er nach fo lgenden  th e rm o g rav im e trisch en  U n te rsu ch u n g  
e rw artu n g sg em äß  nah ezu  den gleichen T G -K u rv en v e rlau f (K u rv e  I I  in  A bb . 5 
u n d  6) w ie im  F alle  des u rsp rü n g lich en  N H 4-F a u ja s its , n ic h t ab e r d an n , w enn

200 300 400 5 0 0 6 0 0 700 8 0 0 900 1000 
°C

\

Abb. 7. Therm ogravim etrische K urven von N H i-Faujasit-W  nach 90-m inutiger isotherm er 
Ausheizung bei 180 °C. I: ohne w eitere V orbehandlung; I I : nach Aufheizen au f 705 °C, H 20 - 
Sorption bei Z im m ertem peratur und  nachfolgender Behandlung m it N H 3 bei 20 °C; I I I :  

nach  Aufheizen auf 705 °C und  nachfolgender Resorption von W asser bei 180 — 190 °C.

die W assers to ff-F o rm  v o r der N H 3-S o rp tio n  du rch  20 -stünd iges S tehen  ü b e r 
3 0 % ig er Schw efelsäure bei Z im m e rte m p e ra tu r  m it W a sse rd a m p f g e sä ttig t 
(K u rv e n  I I I  in  A bb. 5 u n d  6) oder v o r d er A m m o n iak b eh an d lu n g  a u f  180 °C 
au fg eh e iz t w ird  (K u rv e  IV a  in  A bb . 5).

A us dem  V erlau f d ieser K u rv e n  g eh t h ervo r, d aß  be i Z im m e rte m p e ra tu r  
die W asse rs to ff-F o rm  des F a u ja s it-W  w eniger s ta rk  als die des F a u ja s it-S U  
d u rch  k a p illa rk o n d en sie rtes  W asser angegriffen  w ird, d aß  a b e r bei e rh ö h te r  
T e m p e ra tu r  auch  im  F alle  des F a u ja s it-W  eine T G -K urve  e rh a lte n  w ird , die 
die D eh y d ro x y lie ru n g sstu fe  n ic h t m eh r erk en n en  lä ß t. E in  d e ra rtig e r  F a u ja s it  
w eist n och  eine W asse rso rp tio n sk ap az itä t von  205 m g/g a u f  u n d  zeig t n u r  einen  
te il w eisen  V erlu st an  K ris ta ll in itä t  (A bb. 8).

A us A bb. 7 is t zu ersehen , d aß  die D eh y d ro x y lie ru n g  au ch  im  F a lle  des 
F a u ja s its  e in  irreversib le r P rozeß  is t. D er b is 705 °C e rh itz te , schon  w eitgehend  
d eh y d ro x y lie rte  N H 4-F a u ja s it-W  k a n n  —  wie K urve  I I I  ze ig t —  d u rch  W asser-
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d am p fso rp tio n  bei 180— 190 °C bis zu r S ä ttig u n g  n ic h t w ieder in  die H -F orm  
ü b e r fü h r t  w erden , obw o h l d ie so rb ierte  W asserm enge v o n  30 m g/g d a fü r a u s ­
re ic h e n d  w äre. B ei 400 °C w ird  aus einem  be i Z im m e rte m p e ra tu r  m it W asser­
d a m p f  g esä ttig ten  G a ss tro m  n u r  sehr w enig  W asser (2— 3 m g/g) re so rb ie rt. 
D iese Menge is t  schon  au s s tö ch iom etrischen  G rü n d en  n ic h t fü r  eine R ü c k ­
b ild u n g  der H -F o rm  au sre ich en d . W asse rso rp tio n  bis zu r S ä ttig u n g  bei Z im ­
m e rte m p e ra tu r  fü h r t  eb en fa lls  zu k e iner R ü ck b ild u n g  d e r W assers to ff-F o rm , 
v ie lm eh r w erden  d ab e i au ch  noch hei d er V o rb e h a n d lu n g s te m p e ra tu r  v o n  
705 °C in ta k t  geb liebene Z en tren  der H -F o rm  angegriffen  (K u rv e  I I  in  A bb. 7).

Abb. 8. In tensitä ten  der H aup tlin ien  der R öntgendiffraktogram m e von N H 4-Faujasit ohne 
V orbehandlung und nach  A ufheizen auf 500 °C, Sorption von W asser bei Z im m ertem peratur 

u n d  nachfolgendem Aufheizen auf 180 °C.

D iskussion

Die D esam in ie ru n g  der in  dieser A rb e it u n te rsu c h te n  N H 4-Zeolithe is t  
—  wie fü r N H 4-F a u ja s i t  schon  festg este llt w urde  [3, 4 , 5] —  reversibel.

Die D esam in ie ru n g  is t  ein en d o th e rm er P rozeß  [14, 19]. Die ex o th erm en  
P e a k s  in  den D T A -K u rv e n  in  A bb. 1 u n d  3 sind  a u f die V erb ren n u n g  des in  
F re ih e it gese tz ten  N H 3 zu rü ck zu fü h ren . V e n u t o , W d u n d  Cattanach  [20] 
u n d  H o pk ins  [21], d ie  be i der D esam in ierung  im  N2-S tro m  einen  ex o th erm en  
P e a k  erh ielten , d ü rf te n  w ahrscheinhch  n ic h t u n te r  v o lls tän d ig em  A usschluß  
v o n  S au ersto ff g e a rb e ite t  haben .

H ick son  u n d  Cs ic s e r y  [19] sch ließen  aus D TA -M essungen, daß  die 
D esam in ierung  v o n  N H 4-F a u ja s it in  dre i S tu fen  (M axim a bei 275, 370 u n d  
430 °C) vo r sich g e h t. T h erm o g rav im etrisch  k o n n te  die A bgabe von  chem i- 
so rb ie rtem  N H 3 in  zw ei S tu fen  b e o b a c h te t w erden  [5, 22].

V e n u t o , Wu u n d  Cattanach  [20] sow ie B olton  u n d  L a n e w a l a  [14] 
h a b e n  fü r N H 4-F a u ja s i t  au ß erd em  noch  einen  ex o th e rm en  D T A -P eak  bei e tw a
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550 °C gefunden , d e r jed o ch  m it d er D esam in ie rung  n ic h t in  einen  d ire k te n  
Z usam m enhang  g e b ra c h t w erden  k a n n , da  diese b e re its  bei 400 °C abgesch los­
sen is t. Bei un seren  V ersuchen  (s. A bb. 6) w u rd e  ein solcher ex o th e rm er P e a k  
n ic h t festgeste llt.

U nsere  V ersuche lassen  auch  kein en  Sch luß  d a rü b e r zu, ob im  F alle  des 
F a u ja s its  die N H 3-A bgabe in  m eh reren  S c h ritte n  erfo lg t, da  diese sich m it der 
D eso rp tio n  des zeo lith ischen  W assers ü b e r la p p t u n d  ein Teil des N H 3 schon 
w äh ren d  der iso th e rm en  B eh an d lu n g  be i 180 °C in  F re ih e it g e se tz t w ird . Im  
F alle  des M ordenits u n d  K lin o p tilo lits  k ö n n te  aber der v o r dem  —  in  S au er­
s to ffa tm osphäre! —  ex o th e rm en  H a u p tb e rg  liegende P eak  m it einem  M axim um  
bei e tw a  300 °C (A bb. 1 u n d  3) d a ra u f  h in d e u te n , daß  die B indungsenerg ien  
(G itte rp lä tze) n ich t fü r  alle N H 4-Io n en  gleich sind.

D ie c h a ra k te ris tisch e  D eh y d ro x y lie ru n g sstu fe  in  den  T G -K u rv en  w ird  
s te ts  —  wie im  F alle  des F a u ja s its  schon  m ehrm als fe s tg es te llt w urde  [6, 14, 
19, 21] —  von  einem  schw ach  e n d o th e rm e n  D T A -P eak  b eg le ite t. B eim  M orde­
n it  u n d  K lin o p tilo lit sch ließ t sich d iesem  en d o th e rm en  P e a k  so fo rt, u n d  zw ar 
noch  im  B ereich d er D eh y d ro x y lie ru n g , e in  ex o th erm er an.

Es soll b e m e rk t w erden , d aß  b e i F a u ja s it  die D eh y d ro x y lie ru n g  m it 
einem  schw ach p o s itiv en  D T A -P eak  e in h erg eh t, w enn N H 4-F a u ja s it n ic h t in  
1 m m  s ta rk e r  S ch ich t a u f  T ellern , sondern  in  e tw a 12 m m  s ta rk e r  S ch ich t in  
einem  T iegel e in g ese tz t w urde. V erm u tlich  h a t  diese E rsch e in u n g  ih re  U rsache 
in  dem  zu r A usb ildung  des sog. » u ltra s tab ilen  F au jasits«  fü h ren d en  »deep-bed«- 
E ffek t [23— 26]. M cD a n ie l  u n d  Ma h e r  [18] h ab en  im  gleichen T e m p e ra tu r­
bereich  ebenfalls e in en  schw ach ex o th e rm en  P eak  festg este llt, m achen  a b e r 
keine A ngaben  ü b e r die Sch ich td icke  u n d  andere  in  d iesem  Z u sam m en h an g  
in te ressie ren d e  V ersuchsbed ingungen .

E s g ib t m ehrere  H inw eise d afü r, d aß  d eh y d ro x y lie rte r F a u ja s i t  th e rm isch  
re la tiv  in s ta b il is t. D ie G esam tzah l d er sau ren  Z en tren  b e g in n t z. B. n ach  
W a r d  [6] bei 550 °C, n ach  H u g h es  u n d  W h ite  [12] bei 600 °C schneller 
abzu n eh m en , als n a c h  R eak tio n ssch em a  (1) zu e rw arten  w äre, w as a u f  einen  
b eg innenden  G itte rzu sam m en b ru ch  oder eine G itte ru m lag eru n g  h in d e u te t. D ie 
d eh y d ro x y lie rte  F o rm  g eh t schon bei n ied rigeren  T em p era tu ren  als K a tio n e n ­
fo rm en  in  den  am o rp h en  Z u stan d  ü ber. A us D T A -K urven  w urde  ein G itte r ­
zu sam m en b ru ch  be i 850 °C [27] fe s tg e s te llt. Es m uß ab er b e m e rk t w erden , 
d aß  die In te n s itä te n  d e r  R ö n tg en in te rfe ren z lin ien  schon bei w esen tlich  n ie d ­
rigeren  T em p era tu ren  ab zu n eh m en  beg innen . In  der U ite ra tu r  fin d en  sich au ch  
H inw eise d arau f, d a ß  d as  G itte r  schon bei T em p era tu ren  u n te r  600 °C zu sam ­
m en b rich t [3, 18].

D as G itte r  des d e h y d ro x y lie rten  M ordenits is t o ffensich tlich  w esen tlich  
th e rm o sta b ile r  als das des F a u ja s its . D ie K ris ta llin itä t —  u n d  d a m it p a ra lle l 
die S o rp tio n sk a p a z itä t —  n im m t zw ar m it dem  F o rtsch re iten  d er D eh y d ro x y ­
lierung  e tw as ab, a b e r  noch  bei 880 °C is t  die K r is ta lls tru k tu r  w eitgehend
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e rh a lte n  (Abb. 2). A llein  m it dem  höh eren  Si : A l-V erhältn is is t  diese T herm o- 
s ta b i l i tä t  wohl n ic h t zu  e rk lä ren , denn  d eh y d ro x y lie rte r  K lin o p tilo lit is t bei 
e in em  Si : A l-V erhältn is v o n  ebenfalls 5 w esen tlich  in s ta b ile r  (A bb. 3).

B ei einer G eg en ü b erste llu n g  der T e m p e ra tu rb e re ic h e , in  denen das G it­
t e r  zusam m en b rich t, m u ß  m an  se lb s tv e rs tän d lich  berü ck sich tig en , d aß  die 
th e rm isch e  S ta b ili tä t  a u c h  w eitgehend  v o m  A u stau sch g rad  a b h ä n g t u n d  som it 
V ergleiche n u r b e d in g t m öglich  sind . B eim  K lin o p tilo lit is t noch  zu b e a c h ­
te n , welche an d eren  K a tio n e n  im  Z eo lith  ve rb lieb en  sind , da nach  un seren  
U n te rsu ch u n g en  die E rd a lk a lim e ta ll-F o rm en  des K lin o p tilo lits  —  insbesondere  
d ie Ca-Form  —  ü b errasch en d erw eise  w esen tlich  in s ta b ile r  sind  als die dehy- 
d ro x y lie rte  F o rm .

Die D etails d e r s tru k tu re lle n  V erän d eru n g en , die bei der D eh y d ro x y lie ­
ru n g  du rch  das H e rau slö sen  eines G ittersauerS to ffs  a u f tre te n , sind  n och  n ic h t 
g e k lä r t. D a e inerse its  M orden it u n d  K lin o p tilo lit n a c h  dem  E inse tzen  des 
D ehydroxy lie rungsp rozesses einen ex o th e rm en  D T A -P eak  zeigen, an d ererse its  
a b e r  besonders b e im  M o rd en it e rs t bei h ö h eren  T e m p e ra tu ren  m erk liche V er­
än d eru n g en  in  d en  R ö n tg e n d iffra k to g ra m m en  u n d  im  d er S o rp tio n sk a p a z itä t 
fe stzuste llen  sind , v e rm u te n  w ir, d aß  sich  die S tru k tu r  Cim R eak tionsschem a
(1) so fo rt oder doch  seh r b a ld  d u rch  eine U m lagerung  des d re ifach  k o o rd in ie rten  
A l-A tom s —  in d em  dieses v ie lle ich t d u rch  die E bene  d er drei v erb lieb en en
O -A tom e h in d u rch sch w in g t u n d  in  eine en erg e tisch  g ü nstigere  P osition  k o m m t 
— stab ilisé rt. Bei h ö h e re n  T em p era tu ren  u n d  m it fo rtsch re iten d er D eh y d ro x y ­
lie ru n g  b rich t d an n  sch ließ lich  das Z e o lith g itte r  in  einem  b es tim m ten , v o n  der 
S tru k tu r  des Z eo liths ab h än g ig en  T e m p e ra tu r in te rv a ll n a c h  u n d  n ach  zu sam ­
m en .

Sollte die S t ru k tu r  C (R eak tio n ssch em a 1) e x is te n t sein, so w äre eine 
R ev e rs ib ilitä t der D eh y d ro x y lie ru n g  zu  e rw arten , au ch  w enn der A b s tan d  
zw ischen den b e id en  d re ifach  k o o rd in ie rten  Z e n tra la to m e n  etw as g rößer is t. 
E in e  Irre v e rs ib ilitä t w äre  dagegen bei e iner U m lagerung  des A l-A tom s im  
G itte r  leicht zu e rk lä ren . S om it k o m m t d er —  im m er n och  u m s tr it te n e n  —  
F rag e , ob bzw. inw iew eit d er D ehydro x y lie ru n g sp ro zeß  reversibe l is t, n ic h t n u r  
h in sich tlich  der V erw en d u n g  der Z eolithe als K a ta ly sa to re n , sondern  au ch  vom  
th eo re tisch en  S ta n d p u n k t aus eine große B ed eu tu n g  zu.

W a r d  [6, 8] sow ie H u g h es  u n d  W h it e  [12] h ab en  aus der In te n s i tä t  
d e r IR -B an d en  v o n  a n  sau ren  Z en tren  so rb ie rtem  P y rid in  geschlossen, daß  
d ie  im  V erlaufe d e r D eh y d ro x y lie ru n g  g eb ild e ten  L ew is-Z en tren  du rch  W asser 
w ieder in  B rö n s ted -Z en tren  ü b e rfü h rt w erden . D as sp ric h t ab er n ich t n o tw e n ­
digerw eise fü r  eine R e v e rs ib ilitä t des im  R eak tio n ssch em a  (1) angegebenen  
D ehydroxy lie rungsp rozesses, da  die e rh a lte n e n  B rö n sted -Z en tren  q u a lita tiv  
a n d e re r  N a tu r sein  k ö n n en . O ffensich tlich  is t  das au ch  d er F a ll, denn  die fü r  
zeolith ische S iO H -G ru p p en  ch a rak te ris tisch e , in  der H -F o rm  g u t ausgeb ildete  
B a n d e  bei 3640 c m -1  w ird  d u rch  W asser n ic h t rü ck g eb ild e t [4, 6, 12].

Acta Chim. (Budapest) 84, 1975



B E Y E R  e t al.: IR R E V E R S IB L E  STR U K TU R V ER Ä N D ER U N G EN 21

B e n e s i  [9] n im m t ebenfalls an , d aß  die D eh y d ro x y lie ru n g  rev ersib e l is t , 
da nach  R e h y d ra tis ie ru n g  von  M ordenit bzw . F a u ja s i t  (d eh y d ro x y lie rt be i 700 
bzw. 800 °C) die w ä h re n d  der D eh y d ro x y lie ru n g  v e rlo ren  gegangene k a ta ly t i ­
sche A k tiv i tä t  fü r  die S p a ltu n g  von  n -B u ta n  bzw . D isp ro p o rtio n ie ru n g  v o n  
Toluol v o lls tän d ig  bzw . teilw eise zu rückgew onnen  w ird . D ie nach  der R e h y d ra ­
tis ie rung  fe s tz u s te lle n d e n  S e le k tiv itä tsv e rä n d e ru n g e n  sp rechen  aber au ch  in  
diesem  F alle  d a fü r, d a ß  n ic h t die u rsp rü n g lich e  H -F o rm  zu rü ck erh a lten  w ird . 
D urch  R e h y d ra tis ie ru n g  eines bei 690 °C d e h y d ro x y lie rten  K linop tilo lits  lassen  
sich n u r  3 %  des w ä h re n d  der D eh y d ro x y lie ru n g  e in g e tre ten en  A k tiv itä tsV er­
lustes (k a ta ly tisc h e  K rack u n g  von P ro p an ) rü ck g än g ig  m achen , w obei au ch  
S e lek tiv itä tsv e rsch ieb u n g en  zu b eo b ach ten  sin d  [28].

B olton  u n d  L a n e w a l a  [14] v e r tre te n  ebenfalls die M einung, die D e h y ­
droxy lie rung  sei rev e rs ib e l, u n d  zw ar d an n , w enn  ein bei600°C  d e h y d ro x y lie rte r  
F a u ja s it b e im  A b k ü h len  a u f  400 °C —  also in  dem  T em p era tu rb ere ich , in  dem  
die D e h y d ro x y lie ru n g  v o r sich g eh t —  einer W asse rd am p f e n th a lte n d e n  
A tm osphäre  au sg e se tz t w ird . Diese A n n ah m e b e ru h t  a u f  der ex p erim en te llen  
F ests te llu n g , d aß  d u rc h  diese B eh an d lu n g  die N H 3-S o rp tio n  u n d  die Io n e n ­
a u s ta u sc h k a p a z itä t te ilw eise  re s ta u r ie r t  w ird . A bgesehen  d avon , d aß  d iese 
zwei E ig en sch aften  n ic h t spezifisch fü r  die u rsp rü n g lich e  H -F o rm  des F a u ja s its  
und  som it w enig  geeignet fü r d e ra rtig e  R ev e rs ib ilitä tsu n te rsu ch u n g en  s in d , 
k ann  die besch rieb en e  B ehand lung  des F a u ja s its  zu  einem  H erauslösen  v o n  
A l-A tom en aus dem  G itte r  fü h ren  [26, 29], w o d u rch  d er sog. u ltra s ta b ile  
F a u ja s it e n ts te h t.

In  d er vo rlieg en d en  A rb e it w urde gezeigt, d aß  aus den  drei u n te rsu c h te n  
d eh y d ro x y lie rten  Z eo lith en  die u rsp rü n g lich en  W assersto ff-F o rm en  w eder 
du rch  R e so rp tio n  v o n  W asser bei Z im m e rte m p e ra tu r , noch  du rch  E rh itz e n  
bis 400 °C in  einem  be i Z im m ertem p era tu r  m it W asse rd am p f g esä ttig ten  G as­
strom , noch  d u rch  B eh an d lu n g  m it e iner w äßrigen  N H 3-Lösung (in der die fü r  
eine ev en tu e lle  R ü ck b ild u n g  der N H 4-F o rm  e rfo rderlichen  Io n en  [N H 4] + u n d  
O H ~] in  au sre ich en d em  M aße e n th a lte n  sind) rü ck g eb ild e t w erden k ö n n en . 
D am it soll s e lb s tv e rs tä n d lic h  n ich t gesag t sein, d aß  die d eh y d ro x y lie rten  
Zeolithe m it W asser n ic h t in  irgende iner a n d e ren  W eise reag ieren  k ö n n en . 
Die oben b esp ro ch en en  V eränderungen  m eh re re r E ig en sch aften  sp rech en  
ebenso wie d er V e rlau f d er T G -K u rv en  d er re h y d ra tis ie r te n  Zeolithe fü r  eine 
solche R eak tio n , in  d e ren  V erlau f ab e r n ic h t die O b e rflä c h en s tru k tu r d e r 
u rsp rü n g lich en  W asse rs to ff-F o rm  zu rü ck g eb ild e t w ird .

Ca t t a n a c h , W u  u n d  V e n u t o  [5] geben  ebenfa lls an , d aß  alle V ersuche , 
die W assersto ff- oder A m m onium -F orm  aus d eh y d ro x y lie rtem  F a u ja s it d u rc h  
R eak tion  m it W asser be i höheren  T e m p e ra tu ren  oder d u rch  Zugabe von  N H 3 
und  H 20  bei Z im m e rte m p e ra tu r  z u rü ck zu e rh a lten , erfolglos verliefen  u n d  im  
allgem einen zu einem  völligen V erlu st der K r is ta l l in i tä t  u n d  der S o rp tio n s­
k a p a z itä t  fü h rte n .
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In  m eh reren  A rb e iten  f in d en  sich  H inw eise a u f die au ß e ro rd en tlich e  
In s ta b i l i tä t  des H -F a u ja s its  gegenüber W asser [5, 6, 23, 27, 30]. B isher is t 
a b e r  noch n ic h t n ä h e r  u n te rsu c h t w o rd en , u n te r  w elchen ex p erim en te llen  
B ed ingungen  diese zu einem  am o rp h en  P ro d u k t füh rende  R e a k tio n  m it W asser 
v o r  sich geht.

In  der vo rlieg en d en  A rbeit k o n n te  gezeig t w erden, d aß  die H -F o rm  von 
F a u ja s i t  bei 130—200 °C gegenüber bei d iesen  T em p era tu ren  so rb ie rtem  W asser 
v ö llig  s tab il is t. D agegen  sind die an  d e r c h a rak te ris tisch en  D e h y d ro x y lie ru n g s­
s tu fe  in  der T G -K u rv e  zu  e rkennenden  sa u re n  Z en tren  n ic h t m eh r festzu ste llen , 
w en n  die H -F o rm  be i Z im m e rte m p e ra tu r  o d er etw as d a rü b e r liegenden  T em pe­
ra tu re n  die m ax im ale  Menge an  W asse r au fn im m t. D as dabei e rh a lte n e  P ro ­
d u k t  is t noch w e itg eh en d  k ris ta llin  (A bb. 8), das G itte r is t ab er d e ra r t  th erm o - 
in s ta b il, daß  es schon  bei T e m p e ra tu ren  o b e rh a lb  250 °C zu sam m en b rich t. B eim  
E in b rin g en  dieses P ro d u k te s  in  eine N a -Io n e n  e n th a lte n d e  L ö su n g  w erden  
A l-Io n en  a u sg e ta u sc h t. Diese B efunde la ssen  sich g u t m it dem  v o n  K e r r  [23] 
f ü r  diese R eak tio n  angenom m enen  S ch em a  v e re in b aren , n a c h  dem  A l-A tom e 
—  ähnlich  wie bei den  zur B ild u n g  v o n  u ltra s ta b ile n  F a u ja s it  fü h re n d e n  V er­
fa h re n , aber in  w esen tlich  g rößerem  M aße —  du rch  H ydro lyse  v o n  Al— О —Si- 
B ind u n g en  aus dem  G itte r  h e rau sg e lö st w erden . Es is t j a  au ch  b e k a n n t, d aß  
F a u ja s i t  zunehm end  in s tab ile r w ird , w en n  m eh r als 50%  des G itte ra lu m in iu m s 
e n tfe rn t  w erden [31].

F ü r die S p ren g u n g  der Al О— S i-B in d u n g  is t ab er o ffensich tlich  n ic h t 
n u r  W asser erfo rd erlich , da bei h ö h e re n  T e m p e ra tu ren  u n d  im  so rb ie rten  
Z u s ta n d  in  au sre ich en d er Menge v o rlieg en d em  W asser keine H y d ro ly se  fe s t­
zuste llen  ist. W ir n eh m en  an, d aß  be i vö llig er A usfüllung des in n e rk ris ta llin e n  
P orengefüges m it W asser die P ro to n e n  d e r H -F o rm  H 30 + -Io n c n  b ild en  k ö nnen  
u n d  Al gew isserm aßen  durch  die so als w äßrige Säure fung ie ren d e  H -F o rm  
se lb s t aus dem  G itte r  herausgelöst w ird . D am it w äre auch  zu e rk lä ren , w aru m  
die  H -F orm  des an  Al ärm eren , also gegen Säure b es tän d ig e ren  F a u ja s it-W  
gegenüber W asser s ta b ile r  is t u n d  die H -F o rm e n  von M ordenit u n d  K linop tilo - 
l i t ,  deren  G itte r  säu reb es tän d ig  sind , be i S ä ttig u n g  m it W asser k e ine  V erän d e ­
ru n g e n  zeigen.
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BEITRÄGE ZUR KENNTNIS 
{DER KRACKREAKTIONEN, II

K IN E T IK  D E R  K ATALY TISCH EN  KRA CKU NG  VON PR O PA N  SO W IE 
re- U ND  i-BUTAN A N  H -K L IN O PT IL O L IT

H .  B e y e r

(Zentralforschungsinstitut fü r  Chemie der Ungarischen Akademie der Wissenschaften, B udapest) 

Eingegangen am  20. November 1973

Die kinetische U ntersuchung der katalytischen K rackung von P araffinen  ist 
äußerst problem atisch, da die zahlreichen Folgereaktionen der als prim äre R eaktions­
produkte auftre tenden  Olefine ein sehr komplexes Reaktionsgeschehen ergeben. Die 
dam it zusam m enhängenden Schwierigkeiten wurden um gangen, indem  die Versuche 
in  einem Z irkulationsreaktor ausgeführt und  die gebildeten Olefine aus der Gasphase 
des Zirkulationssystem s durch selektive Absorption ständig en tfe rn t w urden.

Als K ata ly sa to r wurde ein n a tü rlich  vorkommendes, zu etw a 61%  aus Klinop- 
tilolit-K ristaU iten bestehendes G estein verw endet. Der durch Ionenaustausch  in die 
N H 4-Form  überführte K linoptilolit w urde zwischen 460 und  690 °C therm isch vorbe­
handelt und gelangte so als H -K linoptilo lit m it unterschiedlichem  D ehydroxylierungs­
grad zur U ntersuchung. Mit zunehm ender D ehydroxylierung geht ein steigender Ver­
lu s t an K ris ta llin itä t der K linoptilo lit-K ristallite  einher, w ährend sich die »Sekundär­
struktur« des Gesteins n icht w esentlich ändert.

K rackung u n d  D ehydrierung der un tersuchten  Paraffine verlaufen stets, unab­
hängig von der V orbehandlungstem peratur des K atalysators, nach einer K inetik  erster 
O rdnung. Die scheinbaren A ktivierungsenergien der prim ären R eaktionen sind unab­
hängig von der V orbehandlungstem peratur und  fü r einen gegebenen R eak tanden  nahezu 
gleich. Krack- und  D ehydrierak tiv itä t des K atalysators gehen m it steigender Vorbe­
handlungstem peratur hei 500 °C d u rch  ein Maximum. Bei oberhalb des Maximums 
liegenden V orbehandlungstem peraturen t r i t t  eine Verschiebung der Selek tiv itä t zu­
gunsten der D ehydrierreaktion ein. D as V erhältnis der Geschwindigkeiten, m it denen 
die 1- und  2-Bindung von n-B utan gespalten  werden, ist unabhängig von der Vorbe­
handlungstem peratur. Der K ata ly sa to r w eist eine sterisch bedingte Selek tiv itä t für 
n- Paraffine auf.

Aus den experim entellen B efunden wird geschlossen, daß die D ehydrierreaktion 
und  die K rackreaktionen über einen gem einsam en aktiven O berflächenkom plex ver­
laufen, der durch Chemisorption des R eak tanden  an den bei der D ehydroxylierung 
entstehenden sauren Lewiszentren zustande kom m t, an der Spaltung von C—C-Bindun- 
gen aber noch ein in  N achbarschaft zum  Lewiszentrum befindliches saures Brön- 
stedzentrum  beteiligt ist.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 84 (1), pp. 25—43 (1975)

D ie U n te rsu ch u n g  d er K in e tik  d e r  p rim ären  K ra c k re ak tio n e n  s tö ß t  im  
a llgem einen  deswegen a u f  S chw ierigkeiten , weil die p rim ä r g eb ild e ten  O lefine 
zah lre iche  N eben- u n d  F o lg e reak tio n en  eingehen, w od u rch  das R e a k tio n s ­
geschehen  a u ß e ro rd en tlich  kom plex  u n d  k o m p liz ie rt w ird. D ie in  so lchen  F ä llen  
üb liche  A usw ertung  d e r k in e tisch en  K u rv e n  du rch  E x tra p o la tio n  a u f  die Z eit 
N ull f ü h r t  dabei n ic h t zu m  Ziele, d a  d ie  stö ren d en  F o lg e reak tio n en  m e is t um  
m eh rere  G rößenordnungen  schneller als d ie  p rim ären  K ra c k re ak tio n e n  v e rlau fen  
u n d  R e a k tio n sp ro d u k te  ergeben , die a u c h  bei den p rim ären  R e a k tio n e n  auf- 
t re te n .
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In  der ers ten  M itte ilu n g  d ieser R eihe [1] w urde  d a ra u fh in g e w iesen , d aß  
d iese  störenden  F o lg e re a k tio n e n  im  P rinz ip  au sg e sc h a lte t w erden k ö n n en , 
w en n  m it einem Z irk u la tio n s re a k to r  g ea rb e ite t w ird  u n d  die gebildeten  O lefine 
la u fe n d  aus der G asp h ase  e n tfe rn t w erden. A m  B eispiel d er K rackung  v o n  
P ro p a n  w urde eine M ethode  besch rieben , bei d er die als p rim äre  R eak tio n s­
p ro d u k te  geb ilde ten  O lefine in  e inem  in  dem  Z irk u la tio n sk re is  e in g eb au ten  
H y d rie rre a k to r zu d en  g e sä ttig te n  V erb indungen  a u fh y d r ie r t  w erden. E in  N a c h ­
te i l  dieses V erfahrens is t ,  d aß  d a m it die m it d er K ra c k u n g  s te ts  para lle l v e r ­
lau fen d e  D eh y d rie ru n g  des R e a k ta n d e n  n ich t u n te rs u c h t w erden  kann .

Bei den d er v o rlieg en d en  M itte ilung  zu g ru n d e  liegenden  U n tersuchungen  
w u rd en  die O lefine d u rc h  A b so rp tio n  in  S ilb e rsu lfa t ge löst e n th a lten d e r k o n ­
z e n tr ie r te r  S chw efelsäure  aus d er G asphase des Z irk u la tio n ssy stem s e n tfe rn t 
u n d  die K inetik  d e r  e inze lnen  p rim ä re n  K ra c k re ak tio n e n  a n h a n d  des zeitlichen  
V erlaufs der P a r tia ld rü c k e  der p ara ffin isch en  R e a k tio n sp ro d u k te  und  des geb il­
d e te n  W asserstoffs u n te rs u c h t . D a  ein noch  e in ig erm aß en  übersich tliches R e a k ­
tionsgeschehen  am  eh e s te n  bei d er K rack u n g  k u rz k e ttig e r  P a ra ffin e  zu e rw a r­
te n  is t, w urden die B u ta n e  u n d  P ro p a n  als R e a k ta n d e n  eingesetzt.

Bis vor e tw a  e in em  J a h rz e h n t fan d en  fü r  d ie  k a ta ly tisc h e  K rack u n g  v o n  
K ohlenw assersto ffen  fa s t  aussch ließ lich  am o rp h e  A lum o silik a te  als K a ta ly s a ­
to re n  V erw endung, se itd em  gew innen ab er Z eo lithe  w egen ihrer in  v ie len  
F ä lle n  au ß e ro rd en tlich  h o h en  A k tiv itä t  u n d  S e le k tiv itä t  a u f  diesem G eb ie t 
im m e r m ehr an  In te re s s e  u n d  B ed eu tu n g . A llerd ings b esch rän k en  sich b ish e r 
d ie  diesbezüglichen U n te rsu c h u n g e n  im  w esen tlichen  a u f  F a u ja s it  [z. B . 2— 10] 
u n d  M ordenit [z. B . 2, 3, 6, 9, 11]. D aneben  s ind  noch  v e re in ze lt einige an d ere , 
m e is t sy n th e tisch e  Z eo lithe  bei der K rack u n g  p a ra ff in isch er K ohlenw asser­
s to ffe  eingesetzt w o rd en , so z. B . E rio n it [12, 13], O ffre tit [2, 12, 14], G m eli- 
n i t  [2], C habasit [2 ], S tilb it [2] u n d  die Z eo lithe  T  [12] u n d  L [6] sow ie A 
u n d  X  [15].

Von den Z eo lith en , die in  der N a tu r  w eit v e rb re ite t ,  in  großen L ag ern  
u n d  in  re la tiv  h o h e r  R e in h e it V orkom m en u n d  som it au c h  vom  tech n isch en  
S ta n d p u n k t aus v o n  In te re sse  sind , is t K lin o p tilo lit n och  n ic h t näher h in s ic h t­
lich  seiner k a ta ly tis c h e n  E ig en sch aften  in  bezug  a u f  die K rack u n g  von  P a r a f ­
f in e n  u n te rsu ch t w o rd en .

N achdem  w ir in  frü h e ren  A rbeiten  [1, 16] gezeigt h ab en , daß  P a ra ff in e  
a n  H -K lin o p tilo lit k a ta ly tis c h  g e k ra c k t w erden , sind  in  d e r vorliegenden A rb e it 
d ie  bei th e rm isch er V o rb eh an d lu n g  dieses K a ta ly sa to rs  e in tre ten d en  s t r u k tu ­
re llen  V erän d eru n g en  u n d  die d a m it e inhergehenden  V erän d eru n g en  der k a ta ly ­
tisch en  E ig en sch a ften  G egenstand  der U n tersu ch u n g .

Apparatur und Versuchsausführung

Die in der vorangegangenen M itteilung [1] angegebene A ppara tu r und Arbeitsw eise 
w urden bis auf folgende M odifikationen beibehalten:

26 B E Y E R : B E IT R Ä G E  ZU R  K EN N T N IS D E R  K R A C K R E A K T IO N E N , I I
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1. Der H ydrierreak tor wurde durch ein Sorptionsgefäß ersetzt. Als Sorptionsm ittel 
wurde auf Bim sstein aufgebrachte konzentrierte Schwefelsäure verw endet. Um u n te r den 
Yersuchsbedingungen auch Ä thylen weitgehend (bis zu Partia ld rücken  von weniger als 10 ~2 
Torr) entfernen zu können, erwies es sich als notwendig, 20 Gew.%  Silbersulfat in der Schwe­
felsäure zu lösen und das Sorptionsm ittel auf 0 °C abzukühlen. Frisches Sorptionsm ittel wurde 
im  allgemeinen dann eingesetzt, wenn der Ä thylen-Partialdruck im  Z irkulationssystem  einen 
W ert von etwa 10 ~2 Torr erreichte. Propylen und  höhere Olefine w aren bei dieser V ersuchs­
führung in der Gasphase n icht nachw eisbar, d. h ., die P artia ld rücke lagen un ter 10 ~3 Torr.

2. Da keine H ydrierung der Olefine vorgenommen w urde, unterblieb  der Zusatz von 
W asserstoff zum R eaktanden.

3. Der aktive K atalysator wurde ebenfalls durch therm ische Zersetzung der N H 4- 
Form  eines in U ngarn natürlich vorkom m enden Klinoptilolits erhalten , die therm ische Be­
handlung wurde jedoch im  R eaktor selbst durch im allgemeinen 2stündiges Ausheizen im 
Y akuum  (bis zu einem D ruck von 10 ~3 Torr) vorgenommen. Die A usheiztem peratur wurde 
jeweils nach Beendigung der bei verschiedenen R eaktionstem peraturen  ausgeführten K rack­
versuche erhöht, ohne den K atalysator zu wechseln, d. h., daß dieselbe Probe, jedoch in zuneh­
mendem  Maße dehydroxyliert, zur U ntersuchung gelangte.

Y ersuchsergebnisse

Zur D em o n stra tio n  der bei E n tfe rn u n g  der o lefin ischen  R eak tio n sp ro ­
d u k te  zu erre ichenden  E rgebnisse  sind  in  A bb. 1 bei d e r K rack u n g  von P ro p a n  
an  einem  bei 543 °C im  Y ak u u m  ausgeheiz ten  H -K lin o p tilo lit e rh a lten e  K on-

Abb. 1. K rackung von P ropan an bei 543 °C vorbehandeltem  N H 4-K linoptilolit. Links: Reak- 
ta n d  und primäre R eaktionsprodukte. R echts: Sekundäre R eaktionsprodukte sowie C- und 
H -Defizit. Ausgezogene K urven: Verbleib der olefinischen R eaktionsprodukte im System. 
G estrichelte, m it OS gekennzeichnete K urven: Entfernung der olefinischen R eaktionsprodukte 

durch selektive A bsorption. Reaktionstem p.: 420 °C.
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v ersio n sk u rv en  des R e a k ta n d e n  angegeben u n d  die M engen d e r pro  g K a ta ly ­
s a to r  gebildeten  R e a k tio n sp ro d u k te  in  A b h än g ig k e it v o n  d e r  V ersuchszeit 
d a rg es te llt. Die g e s tr ic h e lte n  (m it OS gekennzeichneten) K u rv e n  w urden  bei 
E n tfe rn u n g  der o le fin ischen  R e a k tio n sp ro d u k te , die ausgezogenen  K u rv en  
b e im  V erbleib d er O lefine in  der G asphase des Z irk u la tio n ssy stem s e rh a lten . 
L in k s  sind die K u rv e n  fü r  den  R e a k ta n d e n  u n d  fü r  die zu e rw a rte n d en  p rim ä ­
re n  R e a k tio n sp ro d u k te , re c h ts  die fü r  die sek u n d ä ren  R ea k tio n sp ro d u k te  sowie 
d e r  zeitliche V erlau f des W asserstoff- u n d  K oh lensto ffdefiz its  angegeben.

W ie zu ersehen  is t ,  sind  bei E n tfe rn u n g  der O lefine —  v o n  einer seh r 
geringen  Ä th an m en g e  abgesehen  —  keine  sek u n d ären  R e a k tio n sp ro d u k te

s
Abb. 2. Krackung von n -B u tan  an bei 510 °C vorbehandeltem  N H 4-K linoptilolit und E n tfe r­

nung der olefinischen R eaktionsprodukte aus dem  System. R eaktionstem p.: 408 °C.

nachw eisbar. D ie K u rv e n  d er p rim ären  R e a k tio n sp ro d u k te  W assers to ff u n d  
M e th an  lassen sich  zu d em  d u rch  die G eschw ind igkeitsg leichung  e rs te r O rdnung  
g en au  beschreiben. W ä h re n d  der R e a k tio n  b le ib t der D ru c k  im  Z irk u la tions­
sy s te m  k o n s ta n t u n d  eine P ro d u k ta b la g e ru n g  is t in  Ü b ere in stim m u n g  m it 
frü h e re n  E rgebn issen  [1] n ic h t fe s tzuste llen . Im  K ra c k re a k to r  verlau fen  also 
p ra k tis c h  n u r die zu  M eth an  u n d  Ä th y len  fü h ren d e  K ra c k u n g  u n d  die W asser­
s to f f  u n d  P ro p y len  e rg eb en d e  D eh y d rie ru n g  von  P ro p an .

D agegen lau fen  b e im  V erbleib d er O lefine im  Z irk u la tio n ssy stem  u n te r  
so n s t gleichen V ersu ch sb ed in g u n g en  m eh rere  F o lg e reak tio n en  ab, die —  wie 
au s den  b e trä c h tlic h en  H - u n d  C -D efiziten  zu  ersehen is t  —  zu r A blagerung  
koh lensto ffre icher V erb in d u n g en  a u f  d er K a ta ly sa to ro b e rflä c h e  u n d  d am it zu 
e in e r schon n ach  re la t iv  k u rze r V ersuchsze it w a h rn eh m b aren  D esak tiv ierung  
des K a ta ly sa to rs  fü h re n .

P rinzip iell die g leichen  F es ts te llu n g en  w urden  au ch  b e i der K rack u n g  
v o n  n -B u tan  g e m a c h t. D u rch  E n tfe rn u n g  d e r O lefine k ö n n e n  zu  i-B u tan  u n d  
P ro p a n  füh rende  N eben- bzw . F o lg e reak tio n en  zw ar w eitg eh en d , aber doch 
n ic h t  — wie aus A b b . 2 zu  ersehen  is t  —  völlig  au sg esch a lte t w erden. A ußer
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den in  A bb. 2 angegebenen  R e a k tio n sp ro d u k te n  w u rd en  bei d iesem  V ersuch  
bis zum  V ersuchsende noch  0,28 ^iMol (0 ,4%  des G esam tu m satzes) i-P e n ta n  
u n d  0,1 jtiMol (0 ,14% ) n -P e n ta n  p e r  g K a ta ly sa to r  geb ilde t.

D a P ro p an  u n d  i-B u ta n , also d ie  P ro d u k te  d e r N eben- bzw . F o lg e reak ­
tio n en  (die P en tan e  s in d  wegen der se h r  geringen K o n z e n tra tio n e n  zu v e rn a c h ­
lässigen), u n te r  den  R eak tio n sb ed in g u n g en  ebenfalls —  w enn  au ch  la n g sa m e r—  
reag ie ren  u n d  M eth an  u n d  W asse rs to ff ergeben, s in d  die ex p erim en te ll b e s ­
tim m te n  P a rtia ld rü c k e  dieser V erb in d u n g en  zu k o rrig ie ren . Diese K o rre k tu r  
w urde zusam m en m it d e r A u sw ertung  der M eßw erte  m itte ls  e iner e le k tro ­
nischen  R echenm asch ine  au f fo lgende W eise vorgenom m en.

D ie K rack u n g  v o n  P ro p an  u n d  i-B u ta n  sowie die D eh y d rie ru n g  von  
P ro p an  verlau fen  k in e tisc h  — wie in  d ieser A rbeit n och  gezeigt w ird  —  n ach  
e rs te r O rdnung. F ü r  die D eh y d rie ru n g  v o n  i-B u ta n  k o n n te  zw ar die R e a k tio n s ­
o rdnung  n ich t genau b e s tim m t w erden , fü r  diese K o rre k tu rb e rec h n u n g e n  k a n n  
aber au ch  diese R e a k tio n  als in  e rs te r  N äh eru n g  n a c h  e rs te r  O rdnung  v e r­
lau fend  angesehen w erd en . Es gilt also

t

n i ( l )  =  h i  f  Pi ( * ) '
ö

wobei sich der In d e x  i a u f  die R e a k tio n sp ro d u k te  M ethan  u n d  W asse rs to ff 
u n d  der In d e x  j  a u f  die R e a k tan d en  b e z ie h t, die in  d iesem  F alle  P ro d u k te  von  
Folge- bzw . N eb en reak tio n en  der re -B u tan k rack u n g  sind . D ie d u rch  K rack u n g  
bzw. D ehydrie rung  d iese r P ro d u k te  g eb ild e ten  W assersto ff- u n d  M eth an m en ­
gen w u rd en  b e rech n e t, indem  die b e i d er n -B u ta n k ra c k u n g  ex p erim en te ll 
e rh a lte n e n  P a r tia ld ru c k —Z eit-K u rv en  v o n  P ro p an  u n d  i-B u ta n  n um erisch  
in te g rie r t u n d  die e rh a lte n e n  In te g ra lw e rte  m it d en  en tsp rech en d en  —  in  
g e tre n n te n  V ersuchen e rm itte lte n  —  G esch w in d ig k e itsk o n stan ten  k t j  m u lti­
p liz ie rt w urden . D iese W asserstoff- u n d  M ethanm engen  w u rd en  von  den  bei 
d er n -B u ta n k ra c k u n g  exp erim en te ll e rh a lte n e n  W e rte n  abgezogen. D ie sich 
au fg ru n d  d er S töch io m etrie  e rgebenden  u m g ese tz ten  P ro p an - u n d  i-B u ta n -  
m engen w urden  zu d en  exp erim en te ll e rh a lten en  W e rte n  a d d ie rt. In  A bb . 2 
sind  fü r  diese v ier V erb in d u n g en  die b e re its  k o rrig ie rten , sich  also n u r  a u f  die 
U m setzung  von  re-But a n  beziehenden  W e rte  angegeben.

B ei d ieser K o rre k tu r  w urde der E in f lu ß  des in  w esen tlich  höheren  K o n ­
z e n tra tio n e n  vo rliegenden  p rim ären  R e a k ta n d e n  (re-B utan) a u f  die K in e tik  
d er K rack u n g  u n d  D eh y d rie ru n g  der R e a k tio n sp ro d u k te  (P ro p an  u n d  i-B u ta n ) 
v e rn ach lässig t. Dies is t  zulässig, da  u n te r  den R eak tio n sb ed in g u n g en  die 
B edeckung  der ak tiv e n  Z en tren  —  w ie aus M assenbilanzen  h e rv o rg eh t u n d  
w o rau f au ch  die K in e tik  e rs te r  O rdnung  h in d e u te t —  seh r gering  is t.

D ie K rack u n g  d e r  1- bzw. 2 -B indung*  sowie die D eh y d rie ru n g  des

* U nter 2-Bindung is t die zwischen den C-Atomen 2 und  3 des n-B utans liegende B in­
dung, un ter 1-Bindung dagegen die zwischen den C-Atomen 1 und  2 bzw. 2 und  4 zu verstehen.
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n -B u ta n s  können b e i u n se re r  V ersu ch stech n ik  a n h a n d  der K u rv e n , die den  
ze itlich en  V erlauf d e r  M ethan- bzw . Ä th an - u n d  d er W a sse rs t off bil dung 
besch re iben , v erfo lg t w erd en . Diese R eak tio n en  v e rlau fen  —  u n a b h ä n g ig  von  
d e r V orbehand lung  des K a ta ly sa to rs  —  s te ts  n ach  e rs te r  O rd n u n g . N ach 5— 6 
o h n e  R egenerierung  au fe in an d erfo lg en d en  V ersuchen  is t  n och  keine ins G ew icht 
fa llen d e  V erg iftung  des K a ta ly sa to rs  fes tzu ste llen . Im  V erlaufe  d e r R eak tio n  
s te ig t der D ruck im  R e a k tio n ssy s te m  u m  e tw a  3 T o rr an , w as d a ra u f  zu rü ck - 
zu fü h ren  ist, daß  n -B u ta n  u n te r  den  V ersuchsbed ingungen  m erk lich , u n d  zw ar 
w esen tlich  s tä rk e r a ls d ie  le ich te ren  R e a k tio n sp ro d u k te , vom  S o rp tio n sm itte l 
g eb u n d en  und  m it A b n ah m e  des P a rtia ld ru c k e s  w ieder d eso rb ie rt w ird . D ie 
G esch w in d ig k e itsk o n stan ten  w urden  deshalb  in  diesem  F alle  n ic h t (wie in  [1]) 
au s  der S teigung d e r n a c h  der lin ea ris ie rten  F o rm  der G eschw indigkeitsg lei­
ch u n g  erster O rd n u n g  d a rg es te llten  G eraden , sondern  d u rch  g raph ische  D iffe­
re n tia tio n  der K u rv e n  e rm itte lt , die den  zeitlichen  V erlau f d er B ildung  der 
en tsp rechenden  R e a k tio n sp ro d u k te  besch re iben .

F ü r die B ild u n g  v o n  P ro p an  u n d  i-B u ta n  e rg ib t sich ein von  den  p rim ären  
K rack reak tio n en  abw eich en d es k inetisches B ild . Die B ildung  v o n  P ro p an  v e r ­
lä u f t  langsam er, d ie  v o n  i-B u ta n  schneller als n ach  einer K in e tik  e rs te r O rd ­
n u n g  zu erw arten  w ä re . H ierbe i sp ie lt ab e r offensich tlich  au ch  eine V erg iftung  
des K a ta ly sa to rs  bzw . e in  a u to k a ta ly tis c h e r  P rozeß  eine Rolle, d enn  bei den  
o h n e  R egenerierung  au fe in an d erfo lg en d en  V ersuchen  n im m t die geb ildete  
P ropanm enge  s tä n d ig  ab , die i-B u tan m en g e  dagegen zu.

Z unächst lie g t d e r  G edanke nah e , d aß  das geb ildete  P ro p a n  d u rch  H y ­
d rie ru n g  eines T eils des p r im ä r  g eb ilde ten  P ro p y len s noch  w ä h re n d  des D u rc h ­
gangs durch den  K ra c k re a k to r  e n ts te h t. D iese M öglichkeit m u ß  aber u . a . 
schon  deswegen ausgesch lossen  w erden , weil zw ar h in s ich tlich  d er P ro p a n ­
b ild u n g , n ich t a b e r  fü r  die D eh y d rie ru n g  des R e a k ta n d e n  eine V erg iftung  des 
K a ta ly sa to rs  fe s tz u s te lle n  is t. Bei der B ild u n g  des i-B u ta n s  sp ie lt ansche inend  
d e r P a rtia ld ru c k  des in  der G asphase des Z irk u la tio n ssy s tem s v e rb le ib en d en  
R estä th y len s eine R o lle . U n te rsu ch u n g en  ü b e r die zu r B ild u n g  von  P ro p a n  
u n d  i-B u tan  fü h re n d e n  N eb en reak tio n en  sind  G egenstand  der fo lgenden  M it­
te ilung .

W ird i-B u ta n  als R e a k ta n d  e in g ese tz t, so v e rlä u f t n u r  die M ethan  als 
p rim äres R e a k tio n sp ro d u k t ergebende K ra c k u n g  n a c h  einer K in e tik  e rs te r  
O rdnung . Die W a sse rs to ffb ild u n g  v e r lä u f t e tw as schneller u n d  is t k in e tisch  
n ic h t au sw ertb ar, d a  die M enge des g eb ild e ten  W assersto ffs bei d en  ohne R eg e­
n e ra tio n  au fe in an d erfo lg en d en  V ersuchen  v o n  V ersuch  zu  V ersuch im m er e tw as 
g rößer w ird. A u f die m öglichen  U rsachen  fü r  dieses v o n  P ro p a n  u n d  n -B u ta n  
abw eichende V e rh a lte n  w ird  sp ä te r  n och  e ingegangen . E s sei n och  v e rm e rk t, 
d a ß  ebenfalls w ie bei d e r n -B u ta n k ra c k u n g  N eben- bzw . F o lg ereak tio n en  a u c h  
z u r  B ildung von  P ro p a n  (3 —4%  des G esam tu m satzes), des iso m eren  n -B u ta n s  
u n d  von i-P e n ta n sp u re n  füh ren . D ie d u rch  W e ite rrea k tio n  d ieser S ek u n d ä r­
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p ro d u k te  en ts teh en d en  M engen d er auch  als p rim äre  R e a k tio n sp ro d u k te  au f­
tre te n d e n  V erb indungen  W asse rs to ff  u n d  M ethan  w u rd en  a u f  die bei der 
n -B u ta n k ra c k u n g  schon  d arg e leg te  W eise b e rech n e t u n d  b e i d er A usw ertung  
be rü ck sich tig t.

Abb. 3. Geschwindigkeit-konstanten der K rackung (CH4) und D ehydrierung (H 2) von Propan 
bei einer R eaktionstem peratur von 450 °C an deam m iniertem  N H 4-K linoptilolit (linke Ordi­
nate) und  K rackselek tiv itä t (rechte O rdinate) in A bhängigkeit von der Vorbehandlungs­
tem peratur. S trich-Punkt-K urven: nach  R ehydrata tion  des bei 536 °C vorbehandelten K a ta ­
lysators. Gestrichelte Geraden: nach R ehydrata tion  des bei 690 °C vorbehandelten K a ta ­

lysators.

In  A bb. 3 sind die e x p e rim en te ll e rm itte lte n  G esch w in d ig k e itsk o n stan ten  
der D eh y d rie ru n g  (H 2) u n d  K ra c k u n g  (CH4) von  P ro p a n  bei e iner R eak tio n s­
te m p e ra tu r  von 450 °C sowie die K ra c k se le k tiv itä t in  A b h än g ig k e it von  der 
V o rb eh an d lu n g stem p era tu r  des K lin o p tilo lit-K a ta ly sa to rs  d a rg es te llt. D er b is 
zu einer T e m p era tu r  v o n  690 °C ausgeheiz te  K lin o p tilo lit w u rd e  bei Z im m er­
te m p e ra tu r  m it W asse rd am p f g e s ä ttig t  u n d  nach  d arau ffo lg en d em  A usheizen 
bei 536 u n d  690 °C nochm als a ls K a ta ly sa to r  e ingese tz t. D ie bei diesen V er­
suchen  e rh a lten en  G esch w in d ig k e itsk o n stan ten  sind  in  A bb . 3 zu r K en n ­
zeichnung der Z usam m en g eh ö rig k e it d u rch  g estrichelte  G erad en  v e rb u n d en . 
D ie S tr ic h -P u n k t-K u rv e n  beziehen  sich a u f einen K lin o p tilo lit-K a ta ly sa to r , 
der zu n äch st bei 536 °C ausg eh e iz t u n d  dan ach  bei Z im m e rte m p e ra tu r  m it 
W asse rd am p f g esä ttig t w urde.

In  A bb. 4 sind  die G esch w in d ig k e itsk o n stan ten  d er D eh y d rie ru n g  (H 2) 
u n d  K rack u n g  von re-B utan (ausgezogene K u rv en : CH4 =  S p a ltu n g  der 1-Bin- 
dung ; C2H 6 =  S p a ltu n g  der 2 -B indung) sowie der K ra c k u n g  v o n  i-B u ta n
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(g e s tr ic h e lte  K urve) be i e iner R e a k tio n s te m p e ra tu r  v o n  450 °C in  A bhäng igkeit 
v o n  d er V o rb e h a n d lu n g s te m p e ra tu r  des K a ta ly sa to rs  d a rg e s te llt. A ußerdem  
s in d  n och  die S e le k tiv itä tsk u rv e n  fü r  die n -B u ta n re a k tio n e n  angegeben, die 
d e n  A n te il der b e id en  K ra c k re a k tio n e n  am  G esam tu m sa tz  bzw . den  A nte il

Abb. 4. Geschwindigkeitskonstanten der K rackung der 1-Bindung (CH4) und 2-Bindung 
<C2H 6) sowie der D ehydrierung (H 2) von n-B utan  und der K rackung  von  i-B utan  (CH4, 
gestrichelte K urve) bei einer R eak tionstem peratu r von 450 °C an  deam m inierten Klinop- 
tilo lit (linke O rdinate) und  K rackselek tiv itä t (rechte O rdinate) in  A bhängigkeit von der

V orbehandlungstem peratur.

A bb. 5. A rrhenius-D iagram m e fü r D ehydrierung (H 2) und  K rackung der 1-Bindung (CH4) 
und  2-Bindung (C2H e) von ra-Butan an bei 543 °C vorbehandeltem  N H 4-Klinoptilolit.

d e r  an  der 1 -B indung  an g re ifen d en  K rack reak tio n  an  d er d u rch  K rack u n g  
u m g ese tz ten  re-B utanm enge w iedergeben .

Die G esch w in d ig k e itsk o n stan ten  w urden  jew eils fü r  m eh rere  R eak tio n s­
te m p e ra tu re n  b e s tim m t u n d  d er A rrh en iu s-G leichung e n tsp re c h e n d  au fg e tra ­
gen . In  A bb. 5 sin d  als B eispiel die A rrhen ius-D iag ram m e fü r  die D ehydrie rung
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u n d  die K rack u n g  d e r beiden  K oh len sto ff-B in d u n g en  des ra-B utans an  einem  
bei 543 °C v o rb eh an d e lten  N H 4-K lin o p tilo lit  w iedergegeben. Aus diesen D ia ­
g ram m en  w urden  die scheinbaren  A k tiv ie ru n g sen erg ien  d e r einzelnen P a ra lle l­
re a k tio n e n  m it e iner G enauigkeit v o n  im  allgem einen 1— 2 kcal/M ol e rm itte lt .  
I n  T ab . I  sind die fü r  die sch e in b aren  A k tiv ie rungsenerg ien  der e inzelnen  
R e a k tio n e n  e rh a lte n e n  W erte  an g e fü h rt.

Tabelle I
-------------------1

Vorbehandl.-
Temp.

Aktivierungsenergie in kcal/Mol

Reaktand
Dehydrierung

Krackung

1-Bindung 2-Bindung

462 3 7 ,6 3 4 ,4

494 3 4 ,3 3 3 ,0

532 36,6 3 4 ,3

581 3 3 ,7 32,3

624 3 3 ,4 31,7

'c3h 8 690 3 2 ,0 33,4

536* 3 3 ,9 31,1
690* 3 3 ,0 32,5

496** 3 4 ,8 32,1

536** 3 4 ,1 32,8

543 29,1 26,8 27,0

587 28,5 26,9 26,0

ti-C4H 10 635 28,0 27,2 26,3

660 29,2 27,2 27,3

543 21,2

587 n ich t 19,4

Í-C4H 10 635 bestim m bar 20,2

660 20,8

* N ach Ausheizen bei 690 °C, nachfolgender W asserdam pfadsorption bei Zim m ertem ­
p era tu r und erneutem  A usheizen bei der angegebenen Tem peratur

** Nach Ausheizen bei 536 °C, nachfolgender W asserdam pfadsorption bei Zim mer­
tem p era tu r und erneutem  Ausheizen bei der angegebenen T em peratur

D as als K a ta ly s a to r  verw endete  K lin o p tilo lit-G este in  e n th ä lt  an  k r is ta l­
lin en  K o m p o n en ten  —  w ie die R ö n tg e n d iffra k to g ra m m e  zeigen —  neben  
K lin o p tilo lit noch geringere  M engen v o n  Q u arz , F e ld sp a t u n d  C ristoba lit. 
M on tm o rillo n it is t o ffensich tlich  n ic h t o d er n u r  in  geringen  M engen zugegen, 
d a  d e r d a fü r c h a rak te ris tisch e  d iffuse, b re ite  P eak  bei k le in en  R eflex ions­
w ink e ln  n ic h t zu b eo b ach ten  ist.
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D er M in d estg eh a lt des G esteins an  K lin o p tilo lit k a n n  ab g esch ä tz t w er­
d en , w enn m an a n n im m t, daß  der be im  A u stau sch  gegen N H 4-Io n en  m ax im al 
zu  erreichende A u s ta u sc h g ra d  von  1,64 m V al pro  g w asserfreie  deam m in ierte  
S u b stan z  einem  1 0 0 % ig en  A u stausch  e n tsp r ic h t u n d  das G estein  —  w ofü r 
die R ö n tg en u n te rsu ch u n g en  sprechen —  a u ß e r K lin o p tilo lit k e ine  ins G ew icht 
fa llen d en  M engen io n e n au s tau sch en d er B eg le itm inera le  e n th ä lt .  U n te r Z ugrun-

Abb. 6. E lektronenm ikroskopische Aufnahme der Oberfläche von therm isch nicht vorbehan­
deltem N H 4-K linoptilolit.

delegung der F o rm e l M e20  • A120 3 • 10,8 S i0 2, die aus d er chem ischen Z u sa m ­
m ensetzung  eines p ra k tis c h  reinen K lin o p tilo lits  e rh a lte n  w urde  (siehe [17]), 
e rrech n e t sich so m it d e r  K lin o p tilo lit-G eh a lt der w asserfreien  N H 4-F orm  zu  
e tw a  61% .

D as K lin o p tilo lit-G este in  is t  —  wie die in  A bb. 6 w iedergegebene, n a c h  
dem  K o h leh ü lleab d ru ck v erfah ren  an g e fe rtig te  e lek tronenm ik roskop ische  A u f­
n ah m e der N H 4-F o rm  erkennen  lä ß t  —  ein A gglom erat v o n  m eist län g lich en , 
unregelm äßigen  K ris ta ll i te n  m it T e ilchengrößen  von  e tw a  0,05 bis 1 /xm. M it 
ste igender Y o rb e h a n d lu n g s te m p e ra tu r , also zu n eh m en d er D eh y d ro x y lie ru n g  
w erden  zw ar die E c k e n  und  K a n te n  d er K ris ta llite  zu n eh m en d  u n sch ä rfe r , 
G röße u n d  V e rte ilu n g  dieser A gglom erat-T eilchen  än d e rn  sich ab er n ic h t 
w esentlich . D as i s t  au s  der in  A bb. 7 als B eispiel w iedergegebenen  e le k tro n e n ­
m ikroskopischen  A u fn ah m e der be i 700 °C v o rb eh an d e lten  N H 4-F o rm  zu  
erkennen .

In  Ü b e re in s tim m u n g  d am it is t  die m it einem  Q u eck silberpo rosim eter 
gem essene M ak ro p o ren v erte ilu n g  ( in te rk ris ta llin es  P orenvo lum en) p ra k tis c h  
unab h än g ig  v o n  d e r V o rb eh an d lu n g stem p era tu r . D u rch  T em pern  d er N H 4- 
F o rm  bei 700 °C w ird  das M axim um  d er P o ren v e rte ilu n g sk u rv e  lediglich v o n  
210 Á au f e tw a  240 Á  (P o rendurchm esser) verschoben .

Die bei — 196 °C aufgenom m enen K ry p to n -A d so rp tio n siso th e rm en  ä n d e rn  
sich  —  wie aus A b b . 8 zu ersehen is t  —  ebenfalls n ich t w esen tlich  m it d er V o r­
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b e h a n d lu n g s te m p e ra tu r . D ie aus d iesen  Iso th e rm en  n a c h  B E T  b e rech n e ten  
O berflächengrößen  liegen zw ischen 39,8  u n d  31,4 m 2/g . D a  K ry p to n  bei 
— 196 °C n ic h t in  das In n e re  der K lin o p tilo lit-K ris ta llite  e in zu d rin g en  v e rm ag ,

Abb. 7. E lektronenm ikroskopische A ufnahm e der Oberfläche von bei 700 °C vorbehandeltem
N H 4-K linoptilo lit.

Abb. 8. K ryp ton- (links) und Stickstoff-A dsorptionsisotherm en (rechts) an  bei verschiedenen 
T em peraturen  vorbehandeltem  N H 4-K linoptilo lit. A dsorpt-.Tem p.: —196 °C.

h a n d e lt es sich  h ierbei u m  die O b erfläch e  des M akroporenraum es, also h a u p t­
säch lich  u m  die äußere O berfläche d e r  K lin o p tilo lit-K ris ta llite .

D ie b e i — 196 °C au fgenom m enen , in  A bb . 8 ebenfalls w iedergegebenen  
N 2-A d so rp tio n siso th e rm en  zeigen den  f ü r  die A dsorp tion  in  Z eo lith en  c h a ra k ­
te r is tisc h e n  V erlauf. D ie S o rp tio n sk a p a z itä t  n im m t m it s te ig en d er V o rb eh an d ­
lu n g s te m p e ra tu r  s ta rk  ab , was eine Z e rs tö ru n g  der K lin o p tilo li t-S tru k tu r  
an ze ig t. I n  Ü bere in stim m u n g  d a m it s te h e n  rö n tg en d iffrak to m etrisch e  U n te r-
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suchungen . In  A bb . 9 i s t  die P eak fläche  der in te n s iv s te n  R eflek tion  (020-Ebene) 
in  A bhäng igkeit v o n  d e r  V o rb e h a n d lu n g s te m p e ra tu r  d a rg este llt. W ie zu e rse ­
h e n  is t, t r i t t  m it s te ig e n d e r V o rb e h a n d lu n g s te m p e ra tu r  e in  in  den A usm aßen  
m it  der V erm in d eru n g  d er N2-A d so rp tio n sk ap az itä t v erg le ich b are r V erlu st an  
K r is ta llin itä t ein.

Abb. 9. R öntgendiffraktogram m -Peakfläche der in tensivsten  (020) Reflexion am  N H 4- 
K linoptilolit in  A bhängigkeit von der V orbehandlungstem peratur.

All diese B e o b a c h tu n g e n  zusam m enfassend  k a n n  gesag t w erden, d a ß  be i 
d e r  therm ischen  B eh a n d lu n g  der als K a ta ly s a to r  e ing ese tz ten  N H 4-F orm  des 
ungarischen  K lin o p tilo lits  die K r is ta lls tru k tu r  der K lin o p tilo lit-K ris ta llite  
schon  bei re la tiv  n ied rig en  T em p era tu ren  (d eh y d ro x y lie rte r  M ordenit is t  z. B . 
w esentlich  th e rm o s ta b ile r  [18]) fa s t v o lls tän d ig  zu sam m en b rich t, die »Sekun­
d ä rs tru k tu r«  des G este in s aber p ra k tisc h  u n b e e in flu ß t b le ib t.

Diskussion

Bei der th e rm isc h e n  B eh an d lu n g  v o n  N H 4-Z eo lithen  e n ts te h t —  w ie 
U y t t e r h o e v e n  u . M ita rb . [19— 21], W a r d  [22, 23] u n d  viele andere am  F a u -  
j a s i t  des Y -T yps u n d  K arg e  [24] am  M orden it d u rc h  IR -sp ek tro sk o p isch e  
u n d  th e rm o a n a ly tisc h e  U n tersu ch u n g en  e in d eu tig  fe s tg e s te llt haben  —  n a c h  
d en  folgenden sch em atisch en  R eak tionsg le ichungen  zu n äch st u n te r  A b sp a l­
tu n g  von A m m o n iak  die Z en tren  des B rö n sted -T y p s (A) en th a lten d e  W a sse r­
sto ff-F o rm  des Z eo lith s , die bei höheren  T e m p e ra tu ren  u n te r  W asse rab sp a ltu n g  
in  die saure Z e n tre n  des Lew is-Typs (B) u n d  basische B rö n sted zen tren  (€) a u f ­
w eisende sog. d eh y d ro x y lie rte  F o rm  ü b erg eh t:

Acta Chim. ( Budapest) 84, 1975



B E Y E R : B E IT R Ä G E  ZUR K E N N T N IS  D E R  K RA CK REA K TIO N EN , I I 37

NH®

Al
/ \

О О

н

о .

Si
/ \  

о  о

А1
/ \  

о  о

Si

< / \>
+ NH,

(А)

Н
I

О,

А1

о/Хо

Si

оА о

А1
/ \

О О

Si

А
, 0.

\ в  /
А1
/ \

О О оМ о

н 2о

(А) (В) (С)

Sow ohl beim  F a u ja s i t  als auch  b e im  M orden it, aber a u c h  beim  K lin o p ti- 
lo lit [18] ü b erlap p en  sich  die T e m p e ra tu rb e re ic h e , in  denen  diese beiden  R e a k ­
tio n e n  ab lau fen , n u r  w enig . Es is t also zu  e rw arten , daß  gew isse Schlüsse ü b e r 
die chem ische N a tu r  d er ak tiv en  Z e n tre n  zu  ziehen sind , w enn  die k a ta ly tisc h e  
A k tiv i tä t  u n d  S e le k tiv itä t in  A b h än g ig k e it v o n  der th e rm isc h e n  V o rb eh an d ­
lu n g  d er N H 4-Z eolithe u n te rsu c h t w ird .

Abb. 10. K rista llg itter des m it K linoptilo lit isostrukturellen H eulandits [25].

K lin o p tilo lit is t b e k a n n tlic h  iso s tru k tu re ll  m it H e u la n d it, u n d  m an  d a rf  
d esha lb  die in  E in ze lh e iten  au fg ek lä rte  K r is ta l ls tru k tu r  dieses Z eoliths [25] 
—  die in  A bb. 10 d a rg e s te llt is t —  a u c h  d em  K lin o p tilo lit zug runde legen.
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D ie re la tiv e  I n s ta b i l i tä t  des H -K lin o p tilo lits  bei th e rm isc h e r B eh an d lu n g  is t  
n u n  au fg ru n d  d iese r S tru k tu r  le ich t zu  e rk lä ren , w enn m a n  an n im m t, d a ß  b e i 
d e r D e h y d ro x y lie ru n g  —  en tw eder in fo lge einer e n tsp rech en d en  V erte ilu n g  
d e r Al- u n d  S i-A tom e in  G itte r oder d u rc h  hei den b e tre ffe n d en  T e m p e ra tu ren  
le ic h t v o rs te llb a re  O berflächend iffusion  v o n  0 2~ - lo n e n  —  vorn eh m lich  die 
B rü c k e n sa u e rs to ffa to m e  aus dem  K ris ta llv e rb a n d  h e ra u s tre te n , die die in  d e r 
H e u la n d it-S tru k tu r  vorliegenden  S ch ich ten  m ite in an d e r v erb in d en . I n  e inem  
so lchen  F alle  i s t  zu  e rw arten , d aß  b e re its  d er A u s tr i t t  v o n  re la tiv  w en igen  
G itte rsa u e rs to ffa to m e n  eine b e trä c h tlic h e  In s ta b il i tä t  des G itte rs  p a ra lle l zu  
d en  S ch ich ten  z u r  F o lge  h a t.

E s is t w ie d e rh o lt fe s tgeste llt w orden , d aß  die k a ta ly tis c h e  A k tiv itä t  v o n  
N H 4-Z eo lithen  m it  s te ig en d er V o rb e h a n d lu n g s te m p e ra tu r  d u rch  ein M ax im um  
g e h t. T u r k e v ic h  u n d  O no  [26] b e o b a c h te te n  bei der K ra c k u n g  von  2 ,3 -D im e- 
th y lb u ta n  an  Y -F a u ja s i t  ein M axim um  bei e tw a  450 °C, w äh ren d  H o p k in s  [6] 
be i d e r K ra c k u n g  v o n  re-Hexan u n d  ra-H eptan an  d eam m in ie rtem  N H 4—Y  
u n d  N H 4— L  A k tiv itä tsm a x im a  bei e tw a  550 °C k o n s ta tie r te . Bei der A lk y lie ­
ru n g  v o n  B enzol [27] u n d  der D isp ro p o rtio n ie ru n g  v o n  T oluol [3] an  Y -F a u ­
ja s i t  w urde eine m ax im ale  A k tiv i tä t  be i V o rb e h a n d lu n g s te m p e ra tu re n  v o n  
e tw a  600 °C g e fu n d en . H ick son  u n d  Csic se r y  [28] b e o b a c h te ten  bei d e r I s o ­
m erisierung  v o n  l-M e th y l-2 -ä th y l-b en zo l u n d  D iä th y lb en zo l an  Y -F a u ja s it e in  
M ax im um  bei e tw a  650 °C. Im  F alle  des M ordenits liegen  die A k tiv itä tsm a x im a  
(D isp ro p o rtio n ie ru n g  v o n  T oluol, K ra c k u n g  von  re-B utan  u n d  n -P e n ta n )  b e i 
n o ch  höh eren  T e m p e ra tu re n , u n d  zw ar bei n ahezu  700 °C [3].

A us A bb. 3 is t  zu ersehen, d a ß  ein solches bei e tw a  500 °C lieg en d es 
A k tiv itä tsm a x im u m  auch  bei der K ra c k u n g  u n d  D eh y d rie ru n g  von  P ro p a n  
an  g e te m p e rte m  N H 4-K lin o p tilo lit a u f t r i t t .  Als e in fach ste  E rk lä ru n g  fü r  die 
A u sb ild u n g  d ieser M axim a w äre an zu n eh m en , d aß  sau re  B rö n sted zen tren  (A) 
k a ta ly tis c h  a k tiv  s in d , denn  die Z ahl d ieser Z en tren  m u ß  ja  infolge des k o n se ­
k u tiv e n  V erlaufs d e r  R eak tionen  (1) u n d  (2) m it s te ig en d e r T em p era tu r  d u rc h  
ein  M ax im um  g eh en . Diese A nnahm e is t  ab er n ic h t h a ltb a r , da  —  w ie IR -  
sp e k tro p h o to m e tr isc h e  [29, 30] u n d  th e rm o g rav im e trisch e  [18] U n te rsu c h u n ­
gen gezeig t h a b e n  —  die D eam m in ierung  von  N H 4-K lin o p tilo lit b e re its  be i 
T e m p e ra tu re n  u m  400 °C p rak tisch  b e e n d e t is t u n d  bei e iner T e m p e ra tu r  v o n  
500 °C, bei d e r d as  A k tiv itä tsm a x im u m  lieg t, schon eine m erk liche D e h y d ro x y ­
lie ru n g  e in g ese tz t h a t .

A uch im  F a lle  des F au ja s its  liegen  —  w o rau f m eh re re  A utoren  h inw ei- 
sen  — die A k tiv itä tsm a x im a  bei b e trä c h tlic h  höh eren  T em p era tu ren  als d as  
M axim um  d er O b e rfläch en k o n zen tra tio n  der B rö n s ted zen tren , u n d  zw ar in  
e inem  T em p e ra tu rb e re ic h , in  dem  b e re its  eine p a rtie lle  D eh y d ro x y lie ru n g  v o r ­
lieg t (s. auch  [31]). H o pk ins  [6] n im m t deshalb  an , d a ß  ausschließ lich  o d e r 
z u m in d est v o rw ieg en d  die am  s tä rk s te n  sau ren , also e rs t bei re la tiv  h o h e n  
T e m p e ra tu re n  g eb ild e ten  B rö n sted zen tren  a k tiv  sind . W äre  eine solche I n h o ­
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m o g en itä t in  d e r S äu restärke  U rsach e  fü r  das A u ftre ten  d er A k tiv itä tsm a x im a , 
so so llten  U ntersch iede  in  d en  sch e in b a ren  A k tiv ie rungsenerg ien  d e r ab lau fen ­
d en  R e a k tio n e n  zu b eo b ach ten  sein. A us T ab . I  is t jed o ch  zu  ersehen , d aß  die 
sch e in b are  A k tiv ierungsenerg ie  fü r  die P ro p an k rack u n g  in n e rh a lb  d er F e h le r­
g renzen  u n ab h än g ig  von d er V o rb e h a n d lu n g s te m p e ra tu r  is t. D ie A k tiv ie ru n g s­
energ ie  fü r  die D ehydrie rung  des P ro p a n s  schein t sogar m it s te ig en d er V o r­
b e h a n d lu n g s te m p e ra tu r  gering füg ig  ab zu n eh m en , a llerd ings n ic h t n u r  in  dem  
in  d iesem  Z usam m enhang  in te re ss ie re n d en  B ereich  b is 500 °C.

W ahrschein licher is t d e sh a lb  die v o n  L u n sfo r d  [32] sow ie T u r k e v ic h  
u n d  O no [26] v e rtre ten e  A u ffassu n g , d a ß  ein Z usam m enw irken  v o n  B rö n sted - 
u n d  L ew iszen tren  anzunehm en  sei. N ach  L unsfo rd  w irken  die D efek ts te llen  
des T yps В (R eak tio n  2) in d u k t iv  a u f  b en ach b a rte  H y d ro x y lg ru p p e n  u n d  
e rh ö h en  deren  S äu restärke . A ls k a ta ly t is c h  a k tiv  w erden  n u r  die so in d u k tiv  
a k tiv ie r te n  B rö n sted zen tren  an g eseh en . D er V erlau f der A k tiv itä ts k u rv e n  lä ß t  
sich  d an n  d a m it erk lären , d aß  d ie  Z ah l d ieser ak tiv en  Z en tren  im  T e m p e ra tu r­
b e re ich  u n te rh a lb  des M ax im um s d u rc h  die O b e rfläch en k o n zen tra tio n  der 
D efek ts te llen , oberhalb  des M ax im um s dagegen  du rch  die d e r n o ch  v e rb lieb e ­
n e n  B rö n s te d z e n tre n  lim itie rt w ird .

F ü r  diese A nnahm e sp r ic h t, d aß  das A k tiv itä tsm a x im u m  s te ts  in  dem  
T e m p e ra tu rb e re ic h  a u ftr i t t ,  in  d em  die Z eolithe bere its  p a r tie ll  d e h y d ro x y lie rt 
s in d . Die versch iedenen  L ite ra tu ra n g a b e n  lassen  leider k e ine  w eite rg eh en d en , 
q u a n ti ta t iv e n  B eziehungen zw ischen  k a ta ly tis c h e r  A k tiv i tä t  u n d  D e h y d ro x y ­
lie ru n g sg rad  e rk en n en  und  la ssen  au ch  keine genauen  V ergleiche u n te re in a n d e r  
zu , d a  z. T . b e träch tlich e  U n te rsch ied e  in  den den D eh y d ro x y lie ru n g sg rad  
m itb ed in g en d en  F ak to ren , n ä m lic h  in  Z usam m ense tzung  u n d  A u stau sch g rad  
d e r  Z eolithe e inerse its und  b e s tim m te n  T em peru n g sb ed in g u n g en  (D ru ck , Z e it­
d au e r) an d ere rse its  bestehen. H in z u  k o m m t, d aß  b isher —  u n d  d a ra u f  h a t  auch  
schon  W a r d  [33] hingew iesen —  dem  be i höheren  T e m p e ra tu ren  e in tre te n d e n  
p a r tie lle n  oder to ta le n  Z u sam m en b ru ch  d er K r is ta lls tru k tu r  d eh y d ro x y lie rte r  
Z eo lithe  keine o d er zu wenig B e a c h tu n g  geschenk t w urde.

E s m uß  a b e r  bem erk t w e rd en , d a ß  b e i einigen k a ta ly tis c h e n  R eak tio n en  
a n  H -Z eo lithen , z. B . bei d e r C u m o lk rack u n g  [26, 34], k e in  M ax im um  im  
B ere ich  der p a rtie llen  D eh y d ro x y lie ru n g  a u f tr i t t .  F ü r  die B u te n -D o p p e lb in ­
dungsisom erisie rung  an H -K lin o p tilo lit [30, 35] w urde gezeig t, d aß  A k tiv itä t  
u n d  O b erfläch en k o n zen tra tio n  d e r B rö n sted zen tren  p a ra lle l v e rlau fen . Bei 
d iesen  R eak tio n en  sind also —  im  G egensatz  zu  den ein A k tiv itä tsm a x im u m  
aufw eisenden  R eak tio n en  —  o ffen s ich tlich  n u r  die B rö n s te d z e n tre n  (A) als 
a k tiv e  Z en tren  u n d  ein re in e r C arbon ium ionen-M echan ism us an zu n eh m en .

W enn  w ir n u n  im  folgenden d en  V ersuch  u n te rn eh m en , aus den  darge leg ­
te n  V ersuchsergebn issen  R ü cksch lüsse  a u f  einen  m öglichen R e a k tio n sm e c h a ­
n ism u s oder zu m in d est au f T e ilsc h ritte  des M echanism us zu  ziehen , so m uß  
u n b e d in g t auch  d e r —  wie au s d en  A bb . 3, 4 u n d  9 zu e rseh en  is t  —  w e it­
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g eh en d  parallele V e rla u f  des A k tiv itä ts -  u n d  K ris ta llin itä tsv e r lu s te s  n ach  dem  
A k tiv itä tsm a x im u m  B erü ck sich tig u n g  fin d en . W e ite rh in  is t dem  U m stan d  
B e a c h tu n g  zu schenken , d a ß  die K ra c k a k tiv i tä t  m it s te ig en d erV o rb eh an d lu n g s- 
te m p e ra tu r  schneller als die D e h y d r ie ra k tiv itä t  a b n im m t, w as sich in  e iner 
V ersch iebung  der S e le k tiv itä t  des K a ta ly sa to rs  zu u n g u n s te n  der K ra c k re a k ­
t io n  äu ß e rt.

N ich t n u r das A k tiv itä tsm a x im u m , so n d ern  au ch  diese S e le k tiv itä ts ­
versch ieb u n g  lassen  e in en  Z w eizentren-M echanism us als seh r w ahrschein lich  
erscheinen . Die a n g e fü h rte n  experim en te llen  B efunde k ö n n en  w iderspruchslos 
e rk lä r t  w erden, w enn  fü r  die D eh y d rie ru n g  die D efek ts te llen  (B), fü r  die 
K ra c k u n g  jedoch  die K o m b in a tio n  eines sau ren  B rö n sted zen tru m s (A) m it 
e in e r b en ach b a rten  D efek ts te lle  (B) als k a ta ly tis c h  a k tiv e  Z en tren  angesehen  
w erd en . Die A nzahl d e r  fü r  die K ra c k a k tiv i tä t  v e ra n tw o rtlic h en  k o m b in ie rten  
Z e n tre n  is t n a tü r lic h  z u n ä c h s t m it zu n eh m en d er D eh y d ro x y lie ru n g  p ra k tisc h  
n u r  v o n  der O b e rfläch en k o n zen tra tio n  d er D efek ts te llen  u n d  n ich t v o n  d er 
d e r B rö n sted zen tren  ab h än g ig . E rs t  w enn  die D e h y d ro x y lie ru n g  ziem lich w e it 
fo rtg e sc h ritte n  is t, b e g in n t die s ta tis tisc h e  W a h rsch e in lich k e it, daß  sich  in  
N ach b a rsch aft e iner n e u  en ts teh en d en  D efek ts te lle  noch  ein B rö n sted zen tru m  
b e fin d e t, schnell g e rin g er zu w erden. D a m it e rk lä r t  sich  die n ich t m it e in er 
S e lek tiv itä tsv e rsch ieb u n g  e inhergehende A k tiv itä tsz u n a h m e  im  T e m p e ra tu r­
b e re ich  u n te rh a lb  des M axim um s u n d  die S e lek tiv itä tsv e rsch ieb u n g  bei h ö h e ­
re n  D ehyd ro x y lie ru n g sg rad en . A u f den  m it z u n eh m en d e r D eh y d ro x y lie ru n g  
fo rtsch re iten d en  Z u sam m en b ru ch  des G itte rs  u n d  der d a m it v e rb u n d en en  V er­
r in g eru n g  der a k tiv e n  D efek ts te llen  des T yps В is t  o ffensich tlich  zu rü ck zu fü h ­
re n , d aß  auch die D e h y d r ie ra k tiv itä t  ein  M axim um  d u rch läu ft.

In  Ü b ere in s tim m u n g  d am it s te h t, d aß  n a c h  A usheizen  des K a ta ly sa to rs  
b e i 536 bzw. 690 °C (P u n k t-S tr ic h -K u rv e  bzw . d u rch  g estrich e lte  G eraden v e r ­
b u n d en e  M eßpunk te in A b b . 3) u n d  nach fo lgender R e h y d ra ta tio n  du rch  A d so rp ­
t io n  von  W asse rd am p f b e i Z im m e rte m p e ra tu r  die m ax im ale  A k tiv itä t n ic h t 
w ied er erreich t w ird , d en n  der p a rtie lle  G itte rz u sa m m e n b ru ch  k an n  n a tü r lic h  
n ic h t  durch  R e h y d ra ta t io n  rückgäng ig  g em ach t w erden . E s h a t  jed o ch  den  
A nschein , daß  z u m in d e s t ein Teil der B- u n d  C -Z en tren , die in  den n ach  e in er 
V orbehand lung  be i 690 °C noch in ta k te n  B ere ichen  d er K r is ta lls tru k tu r  v o r ­
liegen , w ieder in  B rö n s te d z e n tre n  des T yps A ü b e rfü h r t  w erden  können , d enn  
n a c h  R e h y d ra ta tio n  u n d  nachfo lgendem  A usheizen  bei 536 °C n im m t die 
G eschw indigkeit d e r K ra c k re ak tio n  u m  e tw a 30%  zu, w äh ren d  die der D eh y ­
d rie ru n g  um  einige P ro zen te  ab n im m t (s. A bb . 3).

Zweifellos in te re s sa n t is t die F es ts te llu n g , d aß  das V erhältn is  der sich  
a u f  die S paltung  d e r 1 -und  2-B indung  v o n  n -B u ta n  bez iehenden  G eschw indig- 
k e itsk o n s ta n te n  in n e rh a lb  der F eh le rg renzen  u n a b h ä n g ig  v o n  der th e rm isch en  
V orbehand lung  des K a ta ly sa to rs  is t. D as w eis t d a ra u f  h in , daß  die an  den 
versch iedenen  B in d u n g en  eines K ohlenw assersto ffm o lekü ls ansetzenden  S p a lt­
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re a k tio n e n  an  g le ichartigen  a k tiv e n  Z en tren  ab lau fen , e rk lä r t  jed o ch  n o ch  
n ic h t, d aß  die fü r  die S pa ltung  d e r  sich in  d e r F es tig k e it u n te rsch e id en d en  
beid en  B indungen  erforderlichen  A k tiv ie ru n g sen erg ien  gleich sind . Diese Ü b e r­
e in s tim m u n g  is t  h ö ch stw ah rsch e in lich  einem  der O b erfläch en reak tio n  v o r­
ang eh en d en , g eschw ind igke itsbestim m enden  R e a k tio n ssc h ritt , also der C hem i­
so rp tio n  des R e a k ta n d e n  bzw. d er B ild u n g  des »ak tiven  O berflächenkom plexes« 
zuzusch re iben . D as b e d e u te t, d a ß  die A k tiv ie ru n g sen erg ien  d er O berflächen ­
re a k tio n e n  im  V ergleich zu der des S o rp tio n ssch ritte s  sehr gering sind .

D ie experim en te lle  F es ts te llu n g , d aß  sow ohl bei der k a ta ly tisc h e n  U m se t­
zung  des P ro p an s  als auch  bei d e r des n -B u ta n s  D eh y d rie ru n g  u n d  K ra c k u n g  
ebenfa lls jew eils a n n äh e rn d  die gleiche sche inbare  A k tiv ierungsenerg ie  e rfo r­
d ern , d e u te t  d a ra u f  h in , daß K ra c k - u n d  D eh y d rie rreak tio n en  ü b e r den g lei­
chen »ak tiven  O berflächenkom plex«  v e rlau fen . D arau s u n d  aus den  oben an g e­
fü h r te n  Ü berlegungen  ü b er die N a tu r  d er a k tiv e n  Z en tren  fo lg t, d aß  der a k tiv e  
O b erflächenkom plex  d u rch  C hem isorp tion  des R e a k ta n d e n  an  d er D efek tste lle  
des T y p s В geb ilde t w ird , bei d er A u fsp a ltu n g  e iner C -C -B indung  des K o m p le ­
xes ab e r —  im  G egensatz zu r D e h y d rie ru n g  — noch  ein saures B rö n sted - 
z e n tru m  (A) am  M echanism us b e te ilig t is t.

M it diesen S ch lußfo lgerungen  is t  au ch  die K in e tik  der K rack - u n d  D eh y ­
d rie rreak tio n en  v e rträg lich . A usgehend  v o m  L angm uirschen  A d so rp tio n sm ech a­
n ism us is t  b e k a n n tlic h  le ich t a b zu le iten , d aß  die B ru tto re a k tio n  n ach  e rs te r  
O rd n u n g  v e rlä u ft, w enn  die C hem iso rp tion  des R e a k tan d en  d er geschw indig­
k e itsb es tim m en d e  S c h r it t  is t u n d  eine geringe B edeckung  der a k tiv e n  Z en tren  
vo rlieg t.

S e it langem  is t  b ek an n t, d aß  an  den  h e rköm m lichen  K ra c k k a ta ly sa to re n  
P a ra ff in e  m it te r t iä re n  C -A tom en w esen tlich  schneller als die g e rad k e ttig en  
P a ra ff in e  m it gleicher C -A tom zahl g e k ra c k t w erden  [36]. I n  Ü b eren stim m u n g  
d a m it is t  die scheinbare  A ktiv ie rungsenerg ie  fü r  die K rack u n g  von  i-B u ta n  
an  H -K lin o p tilo lit geringer als die fü r  die re-B utanspaltung . D as is t  zu e rw ar­
te n , d a  j a  das am  te r tiä re n  C-A tom  g ebundene  W assers to ffa to m  re a k tio n sfä h i­
ger als ein  H -A to m  eines sek u n d ä ren  C -A tom s is t. T ro tzd em  w ird  ab er an  
H -K lin o p tilo lit —  wie aus A bb. 4 zu  ersehen  is t  —  n -B u ta n  v iel schneller als
i-B u ta n  g ek rack t. E s lieg t au f d er H a n d , d aß  diese S e le k tiv itä t d a ra u f  zu rü ck ­
zu fü h ren  is t, daß  zw ar g e rad k e ttig e , n ic h t ab e r verzw eig te  P a ra ff in e  in  das 
d u rch  die zeolith ische K ris ta lls tru k tu r  gegebene P o ren sy stem  der K lin o p tilo lit-  
K ris ta llite  e inzudringen  verm ögen. D ie K ra c k u n g  von  i-B u ta n  v e r lä u f t also 
n u r  an  d e r m it e tw a  30 m 2/g re la tiv  k le in en  ä u ß e ren  O berfläche d er K ris ta llite , 
u n d  zw ar m it e iner G eschw indigkeit, die u m  m eh r als eine G rö ß en o rd n u n g  
geringer als die der n -B u ta n k ra c k u n g  is t.

W ä h re n d  n u n  ab e r die A k tiv i tä t  d er n -B u ta n k ra c k u n g  m it s te ig en d er 
V o rb e h a n d lu n g s te m p e ra tu r  a b n im m t, zeig t die en tsp rechende  K u rv e  fü r  
i-B u ta n  gerade  einen en tg eg en g ese tz ten  V erlauf. D arau s fo lg t, d aß  m it zu n eh ­
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m en d em  Z u sam m en b ru ch  des K ris ta llg it te rs  m ehr ak tiv e  Z en tren  fü r  i-B u ta n  
zug än g lich  w erd en , d a  die sch e in b are  A k tiv ie rungsenerg ie  gleich b le ib t u n d  
so m it eine q u a lita tiv e  V erän d eru n g  d e r a k tiv e n  Z en tren  auszu sch ließ en  is t. 
L e id e r lassen u n se re  gegenw ärtigen  K en n tn isse  ü b e r die A rt des p a rtie lle n  
G itte rz u sa m m e n b ru c h s  u n d  die d a m it e inhergehenden  V erän d eru n g en  der 
O b e rf lä c h e n s tru k tu re n  des K lin o p tilo lits  v o re rs t n u r  re in  sp ek u la tiv e  E rk lä ­
ru n g e n  dieses E ffe k te s  zu, a u f  die h ie r  ab e r n ic h t e ingegangen  w erden  soll.

D ie K in e tik  d e r D e h y d rie ru n g  v o n  i-B u ta n  k o n n te  —  w ie schon 
e rw ä h n t —  n ic h t b e s tim m t w erden . O ffensich tlich  reag ie rt das als p rim äre s  
D e h y d rie rp ro d u k t en ts teh en d e  i-B u ty le n  noch  w äh ren d  des D urchgangs d u rch  
d en  K ra c k re a k to r  o d er am  K a ta ly s a to r  in  g rößeren  M engen ch em iso rb ie rt 
b le ib en d  zu  einem  b e re its  ins G ew ich t fa llen d en  T eil u n te r  W assersto ffen tw ick - 
lu n g  w eiter. E s k ö n n te  sich d abei z. B . u m  einen  R ingsch luß  u n d  D eh y d rie ru n g  
d e r  cyclischen V erb in d u n g en  h an d e ln . E s lieg t a u f  d er H an d , d a ß  solche F o lge­
re a k tio n e n , die au s  s te rischen  G rü n d en  n ic h t im  K an a lsy s tem , so n d ern  n u r  
a n  d er äu ß eren  O b erfläche  der K lin o p tilo lit-K ris ta llite  ab lau fen  kö n n en , se lb s t­
v e rs tä n d lic h  n u r  b e i d e r U n te rsu ch u n g  v o n  i-P a ra ff in e n  zu w esen tlichen  K o m ­
p lik a tio n e n  fü h re n .

D eam m in ie rte r  K lin o p tilo lit d ü rf te  auch  vom  tech n isch en  S ta n d p u n k t 
au s  von  In te re sse  se in , da d am it —  im  G egensatz  zu  den  b ish er in  K ra c k a n la g en  
v e rw en d e ten  K a ta ly sa to re n  — die n -P a ra ff in e  w eitgehend  se lek tiv  g ek rack t 
w erd en  u n d  so m it zu  e rw arten  is t, d a ß  die o ft e rw ü n sch ten  v erzw eig ten  K o h len ­
w assersto ffe  in  g rö ß eren  A u sb eu ten  e rh a lte n  w erden . H inzu  k o m m t, d aß  diese 
S e le k tiv itä t des K a ta ly sa to rs  e in fach  d u rc h  T em pern  bei b es tim m ten  T e m p e ra ­
tu r e n  in  sehr w e iten  G renzen v a r iie rb a r  is t. Schließlich  sei n och  b e m e rk t, daß  
d as  in  U ngarn  v o rk o m m en d e  K lin o p tilo lit-G este in  m it m in im alen  S e lb s tk o sten  
in  p ra k tisc h  b e lieb ig en  M engen a b g e b a u t w erden  k a n n  u n d  eine fü r  die d irek te  
V erw endung  als K a ta ly s a to r  au sre ich en d e  F es tig k e it aufw eist.

*

F rau  E . CzÄRÄN bin  ich fü r die A nfertigung der elektronenm ikroskopischen A ufnah­
m en und  den H erren  J .  K ir á l y  und J .  V a l y o n  fü r die B estim m ung der K rypton-A dsorptions­
isotherm en und  der M akroporen-V erteilungskurven zu D ank verpflichtet.

H errn Prof. D r. G. Schay  und H errn  D r. D. K alló  sowie H errn Dr. H. K a r g e  (Fritz- 
H aber-In s tu t, Berlin) danke ich für eingehende, klärende Diskussionen und  für die kritische 
D urchsicht des M anuskriptes.
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A study  was m ade a t 0 and  20 °C of the  specific conductivity , as a function  of 
th e  composition, in  m ixtures of n -butylam ine w ith m ethanol, ethanol, 1-propanol and 
1-butanol. In  these m ixtures th e  conductiv ity  exhibits a m axim um  in the amine mole 
fraction  range 0.05—0.15. I t  was found th a t  of the alcohol-am ine associates form ed 
in  th e  m ixtures, th e  electrolytic dissociation of complexes containing several alcohol 
and only one am ine molecule is of p rim ary  im portance as regards the conduction of 
current. W ith  th e  rise of tem pera tu re  th e  specific conductiv ity  increases in m ixtures 
containing little  am ine, and decreases in those containing little  alcohol. On th e  basis 
o f th e  difference betw een the association properties of alcohols and amines, th is phen­
om enon is in terp re ted  by the assum ption of th e  G rotthus conduction m echanism .

T h e fo rm a tio n  a n d  p ro p ertie s  o f  th e  m ixed  associates developing in  m ix ­
tu re s  o f p r im a ry  am ines an d  n o rm al p r im a ry  alcohols h av e  a lread y  been  s tu d ie d  
b y  v a rio u s  m eth o d s. I t  tu rn e d  o u t fro m  th ese  s tu d ies , an d  m ain ly  from  th o se  
em ploy ing  th e rm o d y n am ic  m eth o d s, t h a t  th e  p resence o f association  com plexes 
of th e  ty p e  A B  or A tB j  m u st on all acco u n ts  be reck o n ed  w ith  in  such m ix tu re s  
[1— 3]. E x a m in a tio n  o f th e  s ta tic  d ie lec tric  p ro p e rtie s  o f th e  n -p ro p y lam in e— 
1-propano l an d  ra -b u ty la m in e -l-b u ta n o l m ix tu re s  rev ea led  th a t  th e  d ie lec tric  
loss fa c to r  ( ta n  d) ex h ib its  a sh a rp  m ax im u m  in  th e  co n cen tra tio n  ran g e  
betw een  am ine  m ole frac tio n s  o f 0.1 a n d  0.2 [4]. O n th is  basis i t  m ay  be p re ­
sum ed th a t  th e  specific  c o n d u c tiv ity , w h ich  can  be m easu red  m ore easily  b y  
classical e lec trochem ical m ethods, also v aries sim ila rly  as a fu n c tio n  o f th e  
com position . T he p re se n t p ap e r gives an  acco u n t o f th ese  inv estig a tio n s.

Experim ental

M ixtures of n-butylam ine w ith m ethanol, ethanol, 1-propanol and 1-butanol were 
m easured a t  20 and 0 °C in  the complete concentration  range from pure alcohol to  pure amine.

P rior to  use the am ines (Fluka, analytically  pure) were freed from w ater by d istillation  
over magnesium . The alcohols used (R eanal, analytically  m ost pure) were water-free.

The specific conductivities of the m ixtures were determ ined in a therm ostatable cell 
w ith a Radelkis OK 102/1 conductom eter. In  the range under consideration the appara tus 
operates a t a frequency of 80 Hz; its highest sensitiv ity  is 0.05 /(S/scalc division. The m ixtures 
of various concentrations were prepared by  m ixing the com ponents according to volum e. 
The experim ental results are given in Tables I —IV, where C is the amine concentration in 
mole/1, and  X amjne is the mole fraction of th e  amine.
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D iscussion

I t  can  be seen fro m  th e  d a ta  in  T ab le s  I — IV  th a t  in  th e  fo u r system s 
e x a m in e d  th e  specific c o n d u c tiv ity  v a rie s  in  a sim ilar w ay  as a fu n c tio n  o f con­
c e n tra tio n . In  sp ite  o f th e  fa c t th a t  th e  m a g n itu d e  of th e  co n d u c tiv ity  decreases 
r a p id ly  w ith  th e  in c rea se  of th e  m o lecu la r w eig h t of th e  alcohol co m p o n en t, 
th e re fo re , in  th e  e v a lu a tio n  of th e  re su lts  i t  is possible to  ta lk  in  general o f

Table I

Specific conductivity o f methanol-n-butylamine mixtures

c
mole/1 ■famine

x,/iS cm-1

at 20 °C at 0°C

0 0 1.66 3.32
0.481 0.020 182.98 174.96
1.082 0.046 225.93 214.85
1.683 0.075 188.57 166.27
2.754 0.133 123.15 136.00
5.050 0.290 45.19 50.06
6.733 0.450 21.26 25.25
7.855 0.589 6.97 7.31
8.978 0.766 0.66 0.77

10 100 1.000 0.178 0.40

Table II

Specific conductivity o f  ethanol-n-butylamine mixtures

c
mole/1 ■famine

x ,v  S cm-1

at 20 °C at 0 °C

0 0 0.678 l . i i

0.918 0.056 12.45 9.00
1.680 0.105 14.23 10.00
2.330 0.151 12.05 11.05
2.880 0.192 10.60 10.60
3.880 0.270 9.12 9.13
5.050 0.372 6.28 6.34
6.220 0.485 3.34 3.47
8.080 0.700 0.578 1.11
8.180 0.854 0.267 0.713

10.100 1.000 0.178 0.400
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Table 1П

Specific conductivity o f  1-propanol-n-butylamine mixtures

c
mole/1 ■famine

X,/LtS зт“1

at 20 °C at 0 °C

0 0 0.76 0.67
0.918 0.070 4.45 3.56

1.680 0.131 5.12 3.92
2.330 0.184 5.03 3.96
2.880 0.232 4.72 3.56

3.880 0.320 3.87 3.03
5.050 0.430 2.45 2.13

6.220 0.546 1.25 1.30

8.080 0.750 0.36 0.64

9.180 0.880 0.27 0.67
10.100 1.000 0.178 0.40

Table IV

Specific conductivity o f 1 -butanol— n-butylamine mixtures

C
mole/1 ■famine

x,/xS cm-1

at 20 °C at 0 °C

0 0 0.31 0.51
0.918 0.085 1.60 1.49
1.680 0.133 1.69 1.58
2.330 0.218 1.65 1.58

2.880 0.270 1.56 1.53
3.880 0.367 1.20 1.16

5.050 0.480 0.80 0.79
6.220 0.598 0.53 0.70
8.420 0.820 0.27 0.55
9.320 0.917 0.31 0.46

10.100 1.000 0.178 0.40

( I t  should be noted th a t the conductivities of the pure alcohols m easured in this work 
are som ew hat larger than  the literature  values, probably because of the slight contam ination 
of th e  chemicals. However, this does no t affect the findings relating to  the observed phenomena).

a lc o h o l-p r im a ry  am ine  m ix tu re s . T he re su lts  m easured  a t  20 °C are  com pared  
in  F ig u re  1. T he specific c o n d u c tiv ity  can  be seen to  h av e  a m a x im u m  in  th e  
c o n c e n tra tio n  range  1—2 mole/1. In sp e c tio n  of th e  c o n cen tra tio n s  re la tin g  to
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th e se  specific c o n d u c tiv ity  m ax im a , or m ore a p p ro p ria te ly  th e  co ncen tra tions 
exp ressed  in  th e  m ole fra c tio n s  o f  th e  am ine, i t  can  be  seen  th a t  th e  position  
o f  th e  m axim um  on  th e  m ole fra c tio n  scale is sh ifted  to w a rd s  h igher am ine 
c o n te n ts  w ith  th e  in c rease  o f th e  m olecu lar w eigh t. T h is is show n in  Table V.

200

150

'£

100

50

M 
I i 
i \
i \

------- methanol
------- ethanol
------- I-propanol
-------- l-butanol

\
V

2 4 6 8
c [mole / I ] amine

10

Fig. 1. Specific conductiv ity  of re-hutylamine-alcohol m ixtures a t 20 °C

The te m p e ra tu re  dependence  o f th e  specific c o n d u c tiv ity  reveals th a t  in  
th e  range of low a n d  m ed iu m  am in e  co n cen tra tio n s th e  c o n d u c tiv ity  increases 
w ith  th e  increase o f  th e  te m p e ra tu re , w hereas fo r m ix tu re s  w ith  h igher am ine

Table V

Composition o f  mixtures exhibiting maximum specific conductivity at 20 °C

Mixture with max. specific
Component accompanying 

n-butylamine
conductivity

C
niole/l -famine

M ethanol 1.2 0.05

E thano l 1.7 0.11

1-Propanol 1.8 0.14

1-B utanol 1.6 0.15

Acta Chim. (Budapest)  84, 1975



RATKOVICS, LÁSZLÓ -PARRA G I: P R O P E R T IE S  O F ALCOHOI^-AM INE M IX TU R ES, V II 49

co n ten ts  th e  c o n d u c tiv ity  falls as th e  te m p e ra tu re  rises. T his can  be seen in  
F igures 2— 5. T hese o b se rv a tio n s can  be in te rp re te d  b y  considera tion  o f th e  
association  p ro p ertie s  o f  alcohols an d  am ines. O ur h y p o th es is , w hich prov ides 
a  q u a lita tiv e  ex p la n a tio n  fo r th e  ex p erim en ta l re su lts  p resen ted , an d  a t  th e

Fig. 2. Specific conductiv ity  of n-butylam ine-m ethanol m ixtures

sam e tim e  is n o t  in  c o n tra d ic tio n  w ith  o th e r  e x p e rim e n ta l re su lts  re la tin g  to  
alcohols, am ines an d  th e ir  m ix tu re s , is as follow s.

In  th e  liq u id  p h ase , p u re  alcohols consist o f asso c ia tio n  com plexes of 
cyclic an d  chain  fo rm . I t  w as earlie r show n th a t  in  su ch  system s th e  g re a te s t 
possib le average  degree o f associa tion  is a p p ro x im a te ly  4 , a n d  th is  th e o re tic a l 
conclusion  w as fu r th e r  confirm ed ex p erim en ta lly  [3, 5]. I t  w as also found  th a t  
in  th e  liqu id  p h ase  ra-buty lam ine sim ilarly  co n ta in s a sso c ia ted  m olecules, b u t  
th e  average degree o f associa tion  in  th is  sy stem  a t  20 °C is on ly  ab o u t 1.5.

S tu d y  o f th e  m ixed  associa tes has so fa r  show n th a t ,  a lth o u g h  associa tion  
com plexes o f th e  ty p e  A B ,  B ,  A B t an d  A t B j  m a y  a ll be  p resen t, on p ro ­
ceeding  from  th e  p u re  alcohol to w ard s  th e  pu re  am ine  th e  average  degree of 
associa tion  decreases m o n o to n o u sly  as a fu n c tio n  o f th e  com position . W e feel 
t h a t  th is  fin d in g  can  ju s tif ia b ly  be generalized  to  each  o f th e  m ix tu res  e x am ­
in ed . I t  follows sim p ly  from  sto ich iom etric  reasons a n d  fro m  w h a t has been  
sa id  th a t  (deno ting  th e  alcohol b y  A ,  an d  th e  am ine  b y  B)  o f th e  m ixed  
associa tes th a t  of ty p e  A tB  m u s t p red o m in a te  in  m ix tu re s  o f low  am ine c o n te n t.
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T he m ax im um  c o n c e n tra tio n  o f th e  associa tion  com plex  o f  ty p e  A B  is 
to  b e  expec ted  in  th e  eq u im o lecu la r m ix tu re , o r a t  a c o n cen tra tio n  close to  th is , 
w h ile  in  all p ro b a b ility  th e  com plex  A B t w ill be p resen t in  s ig n if ic a n t a m o u n t 
a t  co n cen tra tio n s  close to  th e  p u re  am ine. T h e  am o u n ts  o f  com plexes of th e

Fig. 3. Specific conductiv ity  of n -butylam ine-ethanol m ixtures

ty p e  A tB j  can  n o t  be  to o  g re a t, fo r i f  th e  com bin ing  o f th e  am ine  an d  alcohol 
asso c ia tes  were to  be  ap p rec iab le , th e n  th e  m onotonous decrease  o f th e  average

Fig. 4. Specific conductiv ity  of n-butylam ine-1-propanol m ixtures
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Fig. 5. Specific conductiv ity  of ra-butylam ine-l-butanol m ixtures

degree o f  a ssoc ia tion  as a fu n c tio n  o f th e  com position  w ould  n o t be u n d e r­
s ta n d a b le . I t  a p p e a rs  from  th is  p h y sica l p ic tu re  an d  from  th e  exp erim en ta l 
re su lts  th a t  th e  m a x im a  in  th e  specific  c o n d u c tiv itie s  o f th e  m ix tu res , a t  am ine 
mole frac tio n s o f 0 .0 5 — 0.15, can  be  ex p la in ed  p r im a rily  b y  th e  e lec tro ly tic  
d issocia tion  of a sso c ia tes  o f th e  ty p e  A tB .  A  s im ila r re su lt is a rriv ed  a t  if  th e  
possib le s tru c tu re s  o f  th e  associates a re  considered . T he assum ed  s tru c tu re  o f 
th e  cyclic dim ers is [6, 7]

R H H
\  /  \  /  \

N ,0 —R  or more probably: R—N—H—,0—R
/  \  /  \  /

H H H

I t  is d ifficu lt to  conceive t h a t  an  am ine  m olecule w o u ld  com bine via  a 
tr ip le  hyd ro g en  b o n d  to  an  associa tion  com plex  co n sisting  o f  several alcohol 
m olecules. W e co n sid e r i t  m ore lik e ly  t h a t  th e  coupling  ta k e s  place in  th e  
follow ing w ay:

J)—H-~-p—H— I..... | —-p —H

R7 R  R

•—№ 
/  

R

H

H

or

О—H —0 —H-

R  R

/ Н  
H —NC
/  /  ^ R

....Ó—-H
/

R
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In  all p ro b a b ility  th ese  a ssoc ia tes possess a low er d issocia tion  energy  
t h a n  th e  cyclic d im ers, a n d  i t  th u s  seem s an  accep tab le  a ssu m p tio n  th a t  th e  
a sso c ia te s  of th e  ty p e  A (B  p la y  a decisive role in  th e  d e v e lo p m en t o f  th e  
c o n d u c tiv ity .

I t  m u st n o t be fo rg o tte n  th a t ,  accord ing  to  th e  N e rn s t—T hom son  ru le , 
t h e  degree of d issoc ia tion  o f w eak  e lec tro ly tes  is th e  h ig h er, th e  g re a te r  th e  
d ie le c tr ic  fac to r (re la tiv e  p e rm itt iv i ty ;  o f  th e  so lven t, an d  th is  decreases from  
th e  p u re  alcohol to w a rd s  th e  am ine  [4]. I t  is p robab le , th e re fo re , th a t  th e  con­
c e n tra t io n  o f th e  associa tes capab le  o f  d issociation  an d  th e  specific co n d u c tiv ­
i t y  e x h ib it m ax im a a t  d iffe ren t com positions. I f  i t  is assu m ed  th a t  th is  effect 
is  q u ite  considerab le, th e n  th e  e x p e rim e n ta l resu lts  can  be  in te rp re te d  m erely  
v ia  th e  fo rm ation  o f  cyclic  d im ers. T h is w as po in ted  o u t in  th e  d iscussion  of 
th e  d ielec tric  p ro p ertie s  o f ra-bu ty lam ine—1 -b u tano l m ix tu re s  [4]. N evertheless, 
a s  in d ic a te d  in  th e  l i te ra tu re  [8], th e  N e rn s t—Thom son ru le  can  be ex p ec ted  
to  h o ld  a p p ro x im a te ly  o n ly  i f  th e  e lec tro ly te  also consists o f ions in  th e  solid 
s ta te .  This is n o t so in  th e  p re se n t case, an d  th u s  th is  ru le  can  n o t be re lied  
u p o n  su ffic ien tly  e ith e r . H ere  th e  e lec tro ly te  decom poses to  ions b y  reac tio n  
w ith  th e  solvent, a n d  can  th e re fo re  be classified as a p o te n tia l e lec tro ly te . 
S ince  th e  d issociation  o f  p o te n tia l  e lec tro ly tes  is a chem ical p rocess, th e  d isso­
c ia tio n  depends m u ch  m ore on th e  chem ica l p roperties o f th e  so lv en t th a n  on 
i t s  d ielec tric  c o n s tan t.

To sum m arize, i t  can  be sa id  t h a t  th e  c o n cen tra tio n  dependence  o f th e  
sp ec ific  c o n d u c tiv ity  o f  n -b u ty la m in e -a lc o h o l m ix tu res  can  v e ry  p ro b a b ly  be 
e x p la in e d  b y  th e  p resence  o f a sso c ia tio n  com plexes o f th e  ty p e  A t В , co n ta in in g  
se v e ra l alcohol m olecules. W e co n sid e r th a t  th e  d issocia tion  o f th e  cyclic d im ers 
o f  ty p e  A B  occurs to  a m uch  low er e x te n t. The assum ed  m ech an ism  o f th e  
a sso c ia tio n  and  e lec tro ly tic  d issoc ia tio n  is th u s :

(ROH)„ +  RNH2 ^  (R O H ^R O -H gN+R  RNH3+ +  (ROH)nRO~

I f  th is  sto ich iom etric  eq u a tio n  is co m p ared  w ith  th e  ea rlie r [4] assum ed  
e q u a tio n :

R O H  +  R N H 2 R N H +  -  O R  ^  R N H 3+ +  R O “

i t  is seen th a t  th e re  is no fu n d a m e n ta l d ifference be tw een  th e  tw o concep tions. 
T h e  p resen t concep tion  is m ore g enera l, an d  includes th e  earlie r one too .

I t  is also w ished  to  deal w ith  th e  te m p e ra tu re  d ependence  of th e  co n d u c­
t iv i ty .  I t  was seen in  F ig u res  2— 5 t h a t  th e  specific c o n d u c tiv ity  increases w ith  
th e  increase of te m p e ra tu re  a t  low  am ine  co n cen tra tio n s, b u t  decreases for 
m ix tu re s  con ta in ing  o n ly  a l i t t le  alcohol. W ith  th e  rise  o f  te m p e ra tu re  th e  
a m o u n t of m ixed associa tes c e rta in ly  decreases (the  h e a t o f  m ix ing , in te rp re te d  
as th e  h e a t of th e  a ssoc ia tion  re a c tio n , is exo therm ic), a n d  th u s  in  low  am ine- 
c o n ta in in g  so lu tions th e  d issocia tion  m u s t increase c o n s id e ra b ly  as th e  te m p e r­
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a tu re  rises. In  o th e r w o rd s , th is  m ean s th a t  th e  e lec tro ly tic  d issoc ia tion  o f  
th e  associa tes o f ty p e  A tB  is an  e n d o th e rm ic  process. In  m ix tu re s  co n ta in in g  
l i t t le  a lcoho l th e  ch an g e  of th e  e q u ilib riu m  o f th e  electro ly tic  d issoc ia tion  does 
n o t co m p e n sa te  (and  in  p rinc ip le  i t  m a y  even stren g th en ) th e  e ffec t caused  in  
th e  c o n d u c tiv ity  o f th e  m ix tu re  b y  th e  sh ift in  th e  association  eq u ilib riu m  in  
th e  case o f  a change of te m p e ra tu re .

S uch  a change in  th e  c o n d u c tiv itie s  o f th e  pure  am ine a n d  m ix tu re s  co n ­
ta in in g  m u ch  am ine  can he ju s tif ie d  i f  th e  conduction  in  th e se  p roceeds s im i­
la r ly  to  th e  G ro tth u s  conduction  m ech an ism , an d  so th e  p ro to n  exchange is  
acce le ra ted  as a re su lt of th e  la rg e r asso c ia tio n  com plexes p re se n t a t  th e  lo w er 
te m p e ra tu re . T h is effect does n o t com e a b o u t in  th e  alcohols a n d  th e  so lu tio n s  
c o n ta in in g  m u ch  alcohol, for b esides th e  special association  co n d itio n s o f th e  
alcohols th e  average  degree of a sso c ia tio n  depends only  v e ry  s lig h tly  on th e  
te m p e ra tu re  [5].
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Calculated К  — [< (A x)2>  +  < ( d y ) 2> ]/(2 r) values from  spectroscopic d a ta  of 
very approxim ate nature  reveal th a t  shrinkage effects cannot be the origin of th e  
apparent ring puckering of W 30 9 molecules determ ined in an electron diffraction study .

T he e lec tro n  d iffrac tio n  s tu d y  [1] o f tu n g s te n  tr io x id e  vap o rs  show s th e  
tr im e ric  species to  b e  p reva iling  u n d e r  th e  ex p erim en ta l co n d itio n s w ith  a n o z ­
zle te m p e ra tu re  o f  1400 °C in  ag reem en t w ith  th e  find ings o f  m ass sp ec tro m e t- 
ric  in v es tig a tio n s  [2, 3]. The m ost im p o r ta n t  conclusion from  th e  e lec tro n  
d iffrac tio n  w ork b y  H a r g itta i et al. [1] is th a t  th e  tr im e ric  (W 0 3)3 m olecules 
h a v e  a six -m em bered  rin g  s tru c tu re  (F ig . 1). A n average v a lu e  o f 1.77 i  0.02 Á  
fo r th e  len g th  of th e  tu n g s te n -o x y g e n  b o n d s w as d e te rm in ed . T he e x p e rim e n ta l 
d a ta  could  be b e t te r  a p p ro x im a ted  w ith  n o n p lan a r r in g  m odels th a n  w ith  
p la n a r  ones. F ig u re  2 show s th e  e x p e rim e n ta l rad ia l d is tr ib u tio n  to g e th e r w ith  
th e o re tic a l ones ca lc u la ted  fo r n o n p la n a r  (C3V) and  p la n a r  (D 3h) rin g  co n fig u ­
ra tio n s . The rin g  p u ck e rin g  o f th e  C3V m odel is ch a rac te rized  b y  th e  p u ck e rin g  
ang le  e in  Fig. 3. T h e  elec tron  d iffra c tio n  s tu d y  em phasized  th a t  “ th e  m odel 
w ith  C3V sy m m e try  m a y  be on ly  one o f  a  n u m b er of c o n fig u ra tio n s  of th e  six- 
-m em bered  ring  s tru c tu re  of W 30 9. P e rh a p s  th e  s tru c tu re  o f W 30 9 m a y  also 
be described  w ith  a  p la n a r  ring  an d  D 3h sy m m etry  w ith  la rg e  sh rinkage effec ts 
cau sed  b y  th e  en o rm o u s bend in g  v ib ra tio n s  expected  a t  th is  te m p e ra tu re .”  

I t  w as th e  a im  o f th e  p re sen t w o rk  to  ca lcu la te  sh rin k ag es  or r a th e r  th e  
q u a n tit ie s

K  <(Ax)*y +  < ( Л у ) 2)

2 r

fo r  th e  W 30 9 rin g  s tru c tu re  to  ex am in e  w h e th e r an  av erag e  s tru c tu re  free fro m  
sh rin k ag e  (th is w ou ld  correspond  a p p ro x im a te ly  to  th e  r a p a ra m e te rs  c h a ra c ­
te r iz e d  b y  d is tan ces  b e tw een  average  p o sitions of th e  nucle i [4]) could  be 
ex p ec ted  to  be p la n a r  or n ea rly  p la n a r. In  a d d itio n  to  th e  К  va lues c o n ta in in g  
th e  effect of th e  p e rp en d icu la r v ib ra tio n s , th e  m ean  p a ra lle l am p litu d es  
(l va lues) have  b een  ca lcu la ted  an d  a re  p re sen ted  here. T h e  la t te r  are ex p ec ted  
to  be  usefu l for fu tu re  e lec tron  d iffrac tio n  re in v es tig a tio n s  of th e  tr im e ric
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tu n g s te n  trio x id e  m o lecu le . F o r a d e ta iled  d escrip tio n  o f th e  ca lcu la tion  p ro ­
ced u res  used th e  re a d e r  is referred  to  Cy v i n ’s hook  [5].

F rom  th e  b e g in n in g , how ever, th e  v e ry  ap p ro x im a te  n a tu re  of th e  p re se n t 
ca lcu la tio n s m u st b e  em phasized . T he m o st im p o r ta n t d iff ic u lty  arises from

—07 

OK)

Fig. 1. N um bering of atom s in  th e  W 30 9 molecular model

Fig. 2. E xperim ental (E )  and theoretical (C.jv and  D3h) radial distributions of W 30 9

Fig. 3. The puckering angle (e) of the C3V m odel o f W 30 9 determ ined to be 15 — 20° from
electron diffraction da ta  [1]

th e  scarc ity  o f re lia b le  v ib ra tio n a l frequenc ies . On th e  basis  o f a m a tr ix  iso la ­
tio n  in fra red  sp ec tro sco p y  s tudy , fo r ( W 0 3)3 itse lf  W e l t n e r  and  McL e o d  [6] 
p re se n t only th re e  frequencies (ou t o f  th e  ex p ec ted  17 ac tiv e  for th e  p u c k e re d  
r in g  m odel) as p o s itiv e ly  iden tified , a n d  even  these  th re e  are  n o t ch a rac te rized  
as to  ty p e , species a n d  degeneracy. I t  m ig h t have  been  possib le, how ever, to

Acta Chim. (Budapest) 84, 1975



CYVIN e t al.: ON TH E  R IN G  PU C K E R IN G 57

tra n s fe r  force c o n s ta n ts  from  sim ilar m olecules i f  re liab le  sp ec tra  h a d  b een  
ava ilab le . F req u en c ies  fo r  W 0 3 an d  W 30 9 (g , D 3h) from  JA N A F  Tables [7] do 
n o t seem  to  be u n a m b ig u o u s  enough an d  h a v e  n o t been  used  here. T h e  f re ­
quencies fo r W 0.2 [6, 7] seem  to  be re liab le  a n d  th o se  fo r te tra h e d ra l W 0 4-  
[7, 8] w ere also co n sid e red  ad eq u a te  because o f  th e  re la tiv e  s ta b ility  of th is  io n  
as co m p ared  to  th e  m ix tu re s  o f th e  gaseous oxides.

T he above co n sid e ra tio n s  c learly  s tre ss  th e  lim ita tio n s  o f th e  p re se n t 
ca lcu la tions. On th e  o th e r  h a n d , th e  effects we are  look ing  for, are  re la tiv e ly  
la rge , as th e  v a r ia tio n s  o f th e  W 1 . . .0 8  a n d  W l .  . .0 1 1  d istances i l lu s tra te . 
In  th e  case o f th e  p la n a r  rin g  these  tw o  ty p e s  o f d istan ces  are e q u iv a le n t

Table I

Observed and calculated frequencies (cm  l)  fo r  (W 0 3) 3 
(the geom etrical param eters used are given in the tex t)

Observed*
Calculated

Puckered ring 
force field 2

Planar ring 
force field 2

1024 1029 (E) 1035 ( £ ')

941 951 (A ,) 980**(Л /)
941 (E ) 947**(dj')
931** (Л ) 942 (E ')

932 928 (A d 932**(A f)
860 887 (E) CO CO cn X n 

^

874 879 (Ad 885 **(E")
826 827 (E) 832 ( £ ')

487 507 (Ax) 389**(£")
402 (E) 380 ( A f )
330 (Ad 304**(A1')
292 (E) 279 ( £ ')

249 (E ) 263 **(A./)
248* ‘(Ad 260 ( £ ')

245 (Ad 242**(Лх')
212* ‘(Ad 226**(A1")
208 CE ) 192 ( £ ')

192 (E ) 192**(E")

119 (Ax) 107**(E")
86 (E) 64 ( A S )

* Observed by  W e l t n e r  and McL eo d  [6] who give the following frequencies: 1024, 
(941), (932), 874, (860), (848), (826), (776) and 487 (all in  cm-1) w ith  the values in parenthesis 
m arked W 30 9 or W 40 12

** Inactive in infrared
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(r 4 .5  Á). F o r th e  n o n p la n a r  r in g  m odels th e  W 1 . . . 0 8  a n d  W 1 . . . 0 1 1  
d is ta n c e s  are n o t eq u iv a le n t. A ccord ing  to  th e  exp erim en ta l d a ta  (cf. th e  rad ia l 
d is tr ib u tio n  in  Fig. 2), th e  s p littin g  is a b o u t 0.5 Á or m ore. A cco rd ing ly , an  
o rd e r  o f  m agn itu d e  e s tim a te  o f th e  sh rin k ag es was ex p ec ted  to  be rev ea lin g .

T h e  ca lcu la tions w ere  p e rfo rm ed  on th e  basis o f th e  d a ta  m a in ly  for 
W 0 2 a n d  WC>4~ an d  also of in tu it io n  a n d  experience. T he in fluence  o f d iffe ren t 
fo rce  fie ld s and  d iffe re n t g eo m etrica l p a ra m e te r  sets has also been  checked . 
F o rc e  f ie ld  1 is close to  h av in g  d iag o n a l e lem ents only , w hile force f ie ld  2 has 
so m e reasonab le  in te ra c tio n  te rm s .

In  sp ite  o f th e  v e ry  loose fo u n d a tio n , th e  ca lcu la ted  frequencies above 
500 c m -1  show ed, especia lly  fo r  th e  p u ck e red  ring  m odel, re m a rk a b ly  good 
co rrespondence  to  th o se  o f W e l t n e r  a n d  M c L e o d  [6]. T ab le  I  te n ta t iv e ly

Table II

Calculated frequencies (cm  1)  fo r  (W O s) s 
(the geom etrical param eters used are given in  the tex t)

Puckered ring Planar ring

Force 
field 1

Force 
field 2 Force field 1 Force 

field 2

A ii  977 951 A /* * : 950 980
950 928 788 947
881 879 250 304
686 507 229 242
301 330 A '**• 1031 932

259 245 429 263
140 119 E ': 1031 1035

A**-. 1035 931 944 942
406 248 827 832
345 212 373 279

E :  1057 1029 257 260
944 941 162 192

898 887 A f* * : 368 226
868 827 A f : 889 885
551 402 584 380
352 292 68 64
328 249 E"**: 827 885
263 208 611 389
229 192 313 192

89 86 112 107

** Inactive in  infrared
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Table III

Tentative l and К  values (Á) fo r  (VP03) 3, planar ring model 
(the geom etrical param eters used are given in the tex t)

Equilibr,
distance

Force field 1 Force field 2

Distance 1400 °C / К

l К 25 °C 1400 °C 25 °C 1400 °C

W - O 1 - 5 1.870 0.066 0.019 0.038 0.065 0.004 0.019
w =

t*»1l*HО

1.680 0.058 0.045 0.036 0.058 0.011 0.058

w . . W 1—2 3.455 0.103 0.002 0.037 0.083 0.000 0.002

w . .0  1—4 3.708 0.122 0.013 0.048 0.094 0.003 0.013
w . .0  1 - 8 4.535 0.217 0.013 1.105 0.239 0.003 0.016

0  . . 0  7—10 2.744 0.185 0.066 0.079 0.166 0.016 0.088

0  . . 0  4 - 5 2.967 0.102 0.021 0.051 0.087 0.004 0.022

0  . .0  4—7 4.875 0.220 0.025 0.105 0.232 0.005 0.029

0  . . 0  4 - 8 2.920 0.119 0.045 0.077 0.160 0.009 0.051

0  . . 0  7—8 5.135 0.468 0.009 0.218 0.508 0.002 0.012

0  . . 0  7 - 1 1 5.822 0.165 0.015 0.098 0.215 0.004 0.020

Table IVa

Tentative l and К  values (Á) fo r  ( W 0 3) 3, puckered ring 
(the geom etrical param eters used are given in the tex t)

Distance Equilibr.
distance

Force field 1 
1400 °C

Force field 2

l К

l К 25 °C 1400 °C 25 °C 1400 °C

w - 0 Ь-
1 1 СЛ 1.870 0.066 0.018 0.038 0.067 0.004 0.018

w = =0 1—7 1.680 0.058 0.043 0.036 0.058 0.008 0.059

w . . w 1 - 2 3.455 0.103 0.001 0.045 0.100 0.000 0.002

w . .0 1—4 3.609 0.108 0.008 0.053 0.107 0.002 0.008

w . .0 1 - 8 4.205 0.271 0.015 0.118 0.303 0.003 0.019

0  . . 0 7 - 1 0 2.744 0.174 0.046 0.082 0.160 0.009 0.071

0  . . 0 4 - 5 2.757 0.124 0.025 0.064 0.124 0.005 0.025

w . .0 1 -1 1 4.781 0.126 0.006 0.060 0.154 0.001 0.010

0  . . 0 4 - 7 4.542 0.245 0.015 0.110 0.272 0.003 0.019

0  . . 0 4 - 1 0 4.976 0.188 0.008 0.087 0.200 0.002 0.012

0  . . 0 4 - 8 2.961 0.118 0.044 0.062 0.157 0.008 0.051

0  . . 0 4 - 1 1 2.961 0.118 0.025 0.061 0.157 0.005 0.032

0  . . 0 7—8 4.300 0.507 0.025 0.218 0.558 0.005 0.032

0  . . 0 7 - 1 1 5.697 0.246 0.014 0.111 0.287 0.003 0.020

0  . . 0 1 0 -1 1 5.798 0.214 0.009 0.098 0.281 0.002 0.014
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co rre la te s  th e  observed  frequenc ies w ith  th o se  ca lcu la ted  fo r th e  p u ck e red  an d  
p la n a r  rings using force f ie ld  2. T he freq u en cy  values are  a rran g ed  in  descend ing  
o rd e r . W e l t n e r  a n d  M c L e o d  o bserved  th e  sp ec tru m  above 280 cm -1  o n ly , 
a n d , accord ingly , th e re  is no  h in t  as to  th e  re lia b ility  o f our low est frequenc ies . 
T a b le  I I  gives o u r c a lc u la te d  frequencies w ith  th e  tw o  force fie lds fo r  each  
m o lecu la r m odel. T ab les  I I I  a n d  IV  (a, b) g ive th e  1 an d  К  va lues ca lcu la ted

Table IVb

Tentative l and К  values (Á) fo r  (W 0 3) 3, puckered ring 
( the  geometrical param eters used are as follows: r ( W = 0 )  =  1.73 Á, r(W —0 ) =  1.82 Á, 

< 0 = W = 0  =  120°, < 0 - W - 0  =  85° and < W - 0  -W  =  144°)
C alculated frequencies (cm-1 ):

944, 912, 867, 536, 374, 253, 135 
953, 218, 187
1047, 937, 893, 800, 410, 318, 242, 209, 178, 93

Distance
1400 °C

' 1 *

w 0 1— 5 1.820 0.067 0.015
w = =0 1—7 1.730 0.059 0.054
w . .w 1—2 3.462 0.098 0.001
w . .0 1—4 3.439 0.115 0.006
w . .o

CO1i-H 4.178 0.285 0.019
0  . .0 7— 10 2.996 0.132 0.066
0  . .0 4—5 2.459 0.131 0.020
w . .0 1— 11 4.739 0.166 0.011
0  . .0 4—7 4.348 0.237 0.020
0  . .0 4— 10 4.739 0.211 0.013
0  . .0 1 CO 2.937 0.161 0.046
0  . .0 4— 11 2.937 0.161 0.029
0  . o, . c< 7—8 4.178 0.520 0.031
0  . .0 7— 11 5.699 0.276 0.020
0  . .0 10—11 6.623 0.309 0.014

w ith  these  force fie lds fo r th e  p la n a r  a n d  tw o  d ifferen t p u ck ered  m odels, resp ec­
tiv e ly . The g eom etrica l p a ra m e te rs  u sed  in  th e  ca lcu la tio n s th e  re su lts  o f 
w h ich  are  p re sen ted  in  T ab les I ,  I I ,  I I I  a n d  IY a are  as follows 

for p u ck e red  an d  p la n a r  rin g s:

r ( W = 0 )  =  1.68 Á 
r ( W - O )  =  1.87 Á 

< 0 = W = 0  =  109.5°
< W — O— W  =  135°
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a n d  fo r th e  p u ck e red  ring  in  a d d itio n  < 0 — W — 0  =  95°. T h e  geo­
m e trica l p a ram e te rs  u sed  fo r o b ta in in g  th e  re su lts  o f T ab le  IV b are  p re ­
sen ted  in  th e  sam e T ab le .

p a ra m e te rs  or new ra d ia l d is trib u tio n s) i t  can  be seen th a t  th e  sh rin k ag e  
effects are  b y  fa r n o t la rg e  enough to  b e  th e  orig in  o f th e  a p p a re n t rin g  p u c k e r­
ing  o f th e  (W 0 3)3 m olecules.
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CARBOHYDRATE METHYL ETHERS, V*
SY N TH ESIS O F PHENYL-/?-d-GLUCOPYRANOSIDE D ERIV A TIV ES PA R T IA L LY  

M ETHYLATED ON T H E IR  SUGAR MOIETY. PR EPA R A T IO N  O F 4,6-DI-O-,
2,4,6-TRI-O- AND 3,4,6-TRI-O -M ETHY L-d-GLUCOSE

P . N á n á sI and A. L i p t á k

(Department o f Biochemistry, L . Kossuth University, Debrecen)

Received Decem ber 18, 1973

Phenyl-2-0-methyl-/?-D-glucopyranoside (4),phenyl-3-0-mcthyl-/3-D-glucopyrano- 
side (5), phenyl-4-0-methyl-/S-D-glucopyranoside (6), phenyl-4,6-di-O-methyl-jS-D-glu- 
copyranoside (9), phenyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (17) and phenyl-3,4,6- 
tri-O-methyl-jd-D-glucopyranoside (18) have been synthesized. Compounds 4, 5 and 
6 were obtained from the corresponding partially methylated sugar acetates according 
to the H e l f e r ic h  method, after saponification. The synthesis of compounds 9, 17 
and 18 was carried out by methylating the products of the acid hydrolysis of C2- and 
C3-substituted benzylidene derivatives and subsequently debenzylating the m ethylated  
products by catalytic hydrogenation. The hydrolysis of compounds 9, 17 and 18 afford­
ed 4,6-di-O-methyl-D-glucose (19), 2,3,6-tri-O-methyl-D-glucose (20) and 3,4,6-tri- 
O-methyl-D-glucose (21), respectively, in good yield.

F o r th e  in v e s tig a tio n  of th e  m ech an ism  o f th e  ac tio n  of em ulsin , we h a v e  
p re p a re d  p h en y l /S-D-glucopyranoside d e riv a tiv e s  p a r tia lly  m e th y la te d  on th e ir  
su g a r m o ie ty . T hese in v estig a tio n s h a v e  show n a t  th e  sam e tim e  th a t  sy n th ese s  
ca rried  o u t th ro u g h  th e  /З-pheny lg lucosides are  m ore fav o u rab le  th a n  th e  
m e th o d s described  so fa r  in  th e  l i te ra tu re ,  owing to  th e  co n v en ien t w a y  o f 
p re p a ra tio n  o f th e  in te rm ed ia te s  an d  to  th e  h igh  y ields of th e  in d iv id u a l s tep s .

F o u r  isom ers o f th e  m ono-O -m ethy l e th e rs  of phenyl-/?-D -glucopyranoside 
m a y  ex is t. O f th e se , th e  2 -0 - [1], th e  3 -0 -  [3, 4] an d  th e  6 -0 -m e th y l [1, 5] 
d e riv a tiv e s  are  kn o w n  from  th e  li te ra tu re . T he 2 -0 - an d  3 -0 -m e th y l e th e rs  w ere  
o b ta in e d  b y  th e  K o e n ig s-K n o rr  re a c tio n  o f  th e  co rrespond ing  acy lhalo  su g ars  
su b se q u e n t to  sap o n ifica tio n .

T he sim p lified  syn thesis o f th e se  tw o  isom ers an d  o f th e  so fa r  u n k n o w n  
pheny l-4 -0 -m ethy l-/?-D -g lucopyranoside  w as m ade possible b y  o u r f in d in g  
th a t  p a r tia lly  m e th y la te d  sugar a c e ta te s  can  be p rep a red  in  a sim ple w ay  b y  
m e th y la tio n  w ith  d iazom ethane an d  t h a t  th e  p ro d u c ts  o b ta in ed , q u ite  in d e ­
p e n d e n tly  o f th e ir  anom eric  co n fig u ra tio n  w hen t r e a te d  b y  th e  H e l f e r i c h  

m eth o d  [6] in  th e  p resence  o f p -to lu en esu lfo n ic  acid , a fford  m ix tu re s  o f an o m ers  
o f pheny l-tri-O -ace ty l-m ono-O -m ethy l-D -g lucopyranoside  r ic h  in  ^ -an o m ers . 
O f th e se  m ix tu re s , th e  /1-anomer can  be  sep a ra te d  sim ply  b y  c ry s ta lliz a tio n .

B y  th is  m e th o d  we have p re p a re d  th e  co rrespond ing  p h en y l-tri-O -ace ty l- 
m ono-0-m ethy l-/J-D -g lucopyranosides (1— 3), from  l ,3 ,4 ,6 - te tra -0 -a c e ty l-2 -0 -

* P a r t IV : L ip t á k , A., Selig m a n n , О.: Ber. (In  press)

A c ta  C him . ( B u d a p est)  8 4 , 1975



64 N Á N Á SI, L IP T Á K : CARBOHYDRATE M ETH Y L E T H E R S, V

m eth y l-a -D -g lu co p y ra n o se  (a) [7], from  l,2 ,4 ,6 -te tr a -0 -a c e ty l-3 -0 -m e th y -/3 -D -  
g lu cop yran ose  (6) [8] an d  from  l,2 ,3 ,6 -te tra -0 -a ce ty l-4 -0 -m eth y l-/? -D -g lu c o -  
p y ra n o se  (c) [7]. T h e sa p o n ifica tio n  o f  th e se  com p ou n d s accord in g to  Ze m p l é n  
g a v e  th e  desired p h en y l-m o n o -0 -m eth y l-/5 -D -g lu co p y ra n o sid es (4— 6).

O f th e  th e o re tic a lly  possible six isom eric  phenyl-/?-D -glucopyranoside-di-
O -m e th y l e thers, th e  sy n th eses  of th e  2,3- [4], 2,4- [9], 2,6- [1], 3,4- [1] an d
3 .6 - [1] isom ers are a lr ea d y  know n.

T h e lacking s ix th  isom er, 4 ,6 -d i-O -m ethy l-D -g lucopyranoside  (8), w as 
sy n th e s iz e d  from  pheny l-2 ,3 -d i-0 -benzy l-/?-D -g lucopyranoside  (d ), described  b y  
M ic h e e l  et al., [10]. O n m e th y la tin g  d  acco rd in g  to  K u h n  [1 1 ], we o b ta in ed  
pheny l-2 ,3 -d i-0 -benzy l-4 ,6 -d i-0 -m ethy l-/S -D -g lucopyranoside  (7) th e  ca ta ly tic  
h y d ro g e n a tio n  o f w h ich  afforded th e  g lu co p y ran o sid e  8.

T he syn theses o f  2 o f th e  th e o re tic a lly  possib le fo u r tri-O -m e th y l isom ers, 
pheny l-2 ,3 ,4 - [1, 12] a n d  phenyl-2 ,3 ,6-tri-O -m ethy l-ß -D -g lucopyranoside  [1], 
w h ich  also confirm  th e i r  s tru c tu res  h a v e  b een  described  recen tly .

T he syn thesis  o f  th e  o th e r tw o iso m ers  w as m ad e  possib le b y  th e  suc­
cessfu l p re p a ra tio n  o f  p lien y l-4 ,6 -0 -b en zy lid en e -2 -0 -m e th y l- (9) an d  pheny l- 
4 , 6 -0 -benzy lidene-3 -0 -m ethy l-/?-D -g lucopyranosides (10) in  good y ield  b y  
t r e a t in g  com pounds 4 a n d  5, w ith  b e n za ld eh y d e  an d  zinc ch loride. B y  tre a tin g  
co m pounds 9 an d  10 w ith  benzyl ch lo ride  in  th e  p resence  o f solid p o ta ss iu m  
h y d ro x id e , p ro te c tiv e  g roups against ac id  hy d ro ly sis  w ere in tro d u c e d  in  p o si­
tio n s  2 and  3, re sp e c tiv e ly  (com pounds 11 a n d  12), a n d  su b seq u en tly  benzy li- 
d en e  ace ta l was re m o v e d  b y  hydro lysis  w ith  d ilu te  ac id . T hus we o b ta in e d  
pheny l-3 -0 -benzy l-2 -0 -m ethy l-/3 -D -g lucopyranoside  (13) a n d  pheny l-2 -O -ben- 
zy l-3 -0-m ethyl-/?-D -glucopyranoside (14).

On m e th y la tin g  com pounds 13 a n d  14 , re sp ec tiv e ly , we o b ta in ed  th e  co r­
re sp o n d in g  m ono-O -b en zy l-tri-O -m eth y l d e r iv a tiv e s  (15 an d  16) w hich, a f te r  
re m o v a l of th e  b e n z y l g roups by  c a ta ly tic  h y d ro g en a tio n , affo rded  th e  p h eny l-
2 .4 .6- tri-O - (17) a n d  p h en y l-3 ,4 ,6 -tri-0-m ethyl-/S -D -glucopyranosides (18).

On th e  basis o f  i t s  physical c o n s ta n ts , com pound  17 p roved  to  be id e n ­
t ic a l  w ith  pheny l-tri-0 -m eth y l-/?-D -g lu co p y ran o sid e  o b ta in ed  b y  R i c h t m y e r

[13] b y  p a r tia l m e th y la tio n  of phenyl-/?-g lucopyranoside. T hus, th e  sy n th esis  
c a rr ie d  ou t b y  us co n firm s also th e  s tru c tu re .

The h y d ro ly s is  o f  com pounds 8, 17 an d  18 w ith  0.25 M  su lfuric acid  
a ffo rd ed  4,6-di- (19), 2 ,4 ,6-tri- (20) a n d  3 ,4 ,6-tri-O -m ethyl-D -glucose (21) in  
v e ry  good y ield . T hese  th re e  glucose m e th y l e th e rs  p ro v ed  to  be id en tica l w ith  
a u th e n t ic  sam ples as reg a rd s  th e ir  c ry s ta llo g rap h ic  an d  p h ysica l co n stan ts  a n d  
c h ro m a to g rap h ic  p ro p e rtie s . The s tru c tu re s  o f th e  com pounds p rep a red  are  
show n  in  Fig. 1.

T he 1H -N M R  sp e c tra  of all th e  s ix  phenyl-/3-D -glucopyranoside m e th y l 
e th e rs  (4, 5, 6, 8, 17 a n d  18) reco rd ed  in  deu te roch lo ro fo rm  and  d eu te ro - 
ch lo ro fo rm -d eu te riu m  oxide u n eq u iv o ca lly  p rove  th e ir  s tru c tu re s . T he H - l
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СНо-ОАс

1 . \R2 =  CH3; R 3 = R i  =  Ac

2. R 2  = R i = Ac; R 3 — СНз
3. Ra — R 3 — Ac; R* — СНз

b) R 3 = CH3 ; R< = Ac
c) R 3 = Ac; R , =  СНз

9. Ra = СНз; R a = H  
1 0 . R o=  H ; Ra = СНз

CH2 -O C H 3

7. Ra = R 3 = B n
15. Ra = СНз; R a= B n
16. Ra — B n ; R 3 OH3

IIj/PJ

СН2-ОСНз

8. Ra = R 3 = H
17. R 2 = OH3; R a= H
18. R 2 = H ; R., = CH3

ГТГз-O N a

CHa-OH

4. Ra = CH,; R 3 = R ( = H
5. Ra= R , = H ; R 3 =  CH,
6 .  R2= Rs= H ; R i =  CH3

Z n C lj

CHa-OH

CII3 O

H, Oll

OR2

10. R 2 = Ra = H
20. Ra = CHa; R 3 = H
21. Ra — H; R3 = CHa

Fig. 1. S truc tu res  of the compounds synthesized and the  routes of synthesis. Ac =  acetyl; Bn =  benzyl; DMF — dim ethylform amide
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signals a p p e a r  in  th e  (3 =  4.95 —  4.98 p p m  ran g e  as d o u b le ts  w ith  a coup ling  
c o n s ta n t J 1?2 of 7.5 H z, p o in tin g  to  a tra n s -d ia x ia l s tru c tu re , i.e. to  a /J-anom eric 
co n fig u ra tio n .

T h e  chem ical sh ifts  o f th e  O C H 3 p ro to n s , in  th e  C2 an d  C3 isom ers a re  
id e n tic a l fo r th e  /J-anom eric c o n fig u ra tio n  (d =  3.68 —  3.74 ppm ), th u s  th e y  
c an n o t be d is tin g u ish ed  in  th is  w ay . T he C4-O C H 3 p ro to n s  show  ab so rp tio n  
a t  d =  3.55 —  3.57 p p m , and  th e  C6—O C H 3 p ro to n s a t  <5 =  3.42 —  3.44 p p m , 
th u s  th e y  can  read ily  be d istingu ished  b o th  from  one a n o th e r  an d  from  th e  C2 
an d  C3 isom ers.

Experim ental

M elting points were determ ined w ith  a K üstner instrum ent and are uncorrected. Specif­
ic ro ta tio n  was m easured on a Bellingham -Stanley instrum ent. Kieselgel G (Merck) was 
used in th in - layer chrom atography. NM R spectra  were recorded on a V arian A-60 A in s tru ­
m ent, using tetram ethy lsilane (<5 =  0) as in ternal standard .

Phenyl-3,4,6-tri-0-acetyl-2-0-m ethy -/?-D-glucopyraiiosi<le (1)

10.0 g of l,3 ,4 ,6-tetra-0-acetyl-2-0-m ethyl-a-D -glucopyranose (a) [7] was converted 
w ith 10.35 g of phenol and 140 mg of p-toluenesulfonic acid in  vacuum  a t 100 °C into a hom o­
geneous m elt and kep t a t th is tem perature  for two hours. After cooling, the m elt was dissolved 
in 300 ml benzene, the unreacted  phenol ex trac ted  by  shaking w ith  1.0 M  sodium hydroxide 
and th e  residue washed w ith  w ater un til n eu tra l reaction. The benzene solution was dried over 
sodium sulfate, evaporated in  vacuum  to a syrup and the residue crystallized from 30 ml 
ethanol. Y ield; 6.15 g (56.4% ), m.p. 92—94 °C, [a]o: —56.2°. (c — 0.2% , in  chloroform).

CI9H240 9 (396.4) Calcid. C 57.57; H  6.10; Found C 58.10; H  6.12% .

Phenyl-2,4,6-tri-O-acctyl-3-0 -inethyl-/?- D-glucopyranoside (2)
10.0 g of l,2,4,6-tetra-0-acetyl-3-0-m ethyl-/?-D-glucopyranose (6) [8] was trea ted  w ith  

10.35 g of phenol and 140 mg of p-toluenesulfonic acid as described for 1. The crude p roduct 
was recrystallized 3 times from  15 ml portions of ethanol. Yield: 4.30 g (39.4%), m .p. 147— 
148 °C, [a]o : —52.8 °C (c =  0.3% , in chloroform). From  Ref. [3], m .p. 144—145 °C, [a]n: 
— 37.6° (in chloroform).

Ci9H 240 9 (396.4) Calcd. C 57.57; H  6.10; Found C 57.42; H  6.06% .

Phenyl-2,3,6-tri-O-acetvl-4-0 -uiiTliyl-/)-D-glucopyranoside (3)
3.3 g of l,2,3,6,-tetra-0-acetyl-4-0-m ethyl-/S-D-glucopyranose (c) [7] was trea ted  w ith  

3.4 g of phenol and 45 mg of p-toluenesulfonic acid as described for 1. The syrup, obtained 
on processing the m elt, was recrystallized 3 tim es from  8 ml portions of ethanol. Yield: 1.84 g 
(51.0% ), m .p. 86—88 °C, [a]ff: —40.8° (c =  0.5% , in chloroform). F rom  Ref. [14]: m .p. 
85—89 °C, [a]p: —39.9° (c =  3.03%, in  chloroform).

C19H 240 9 (396.4). Calcd. C 57.57; H  6.10; Found C 57.12; H  6.18% .

Phenyl-2-0-methyl-/?-D-glucopyranoside (4)
7.90 g of phenyl-3,4,6-tri-0-acetyl-2-0-methyl-/S-D-glucopyranoside (1) was saponified 

in  70 m l of anhydrous m ethanol w ith 0.5 ml of 1.0 M  sodium m ethylate according to Zemplén. 
A fter allowing the m ixture to  stand  for 14 hrs th e  solution was neutralized w ith a small am ount 
of glacial acetic acid then  evaporated to  dryness in  vacuum . The crystalline residue was recrys­
tallized from  11 ml of w ater. Yield: 3.75 g (72.9% ), m.p. 162 °C, [cc]u: —46.0° (c =  0.2% , 
in  w ater). L iterature: m .p. 167—168 °C, [otjp: — 63.0 (c =  1.0% , in ethanol).

C13H I80 6 (270.3). Calcd. C 57.78; H  6.71; Found C 57.09; H  6.61% .
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Phenyl-3-0-methyl-/?-D-glucopyranoside (5)

10.5 g of phenyl-2,4,6-tri-0-acetyl-3-0-m ethyl-/?-D -glucopyranoside (2) was saponified 
in  100 ml of anhydrous m ethanol a t room  tem pera tu re  w ith 1.5 ml 1.0 M  sodium m ethylate. 
A fter evaporating th e  reaction  m ixture to  dryness the residual crystalline crude product was 
recrystallized  from 19 m l w ater. Yield: 6.76 g (94.4% ), m.p. 151— 153 °C; [a]ff: — 58.2° 
(c =  0.5% , in water). F rom  Ref. [4]: m .p. 150— 150.2 °C; [а]^: —65.5° (e =  20%, in w ater)

C13H 18Oe (270.3). Calcd. C 57.78; H  6.71; Found C 58.18; H  6.91% .

Phenyl-4-0-methyl-/?-D-gIucopyranoside (6)

2.0 g of phenyl-2,3,6-tri-0-acetyl-4-0-m ethyl-/?-D -glucopyranoside (3) was saponified 
in  30 m l of anhydrous m ethanol at room tem pera tu re  w ith 0.4 ml 1.0 M  sodium m ethylate. 
A fter neutralization and  evaporation the crude product was repeatedly  recrystallized from  
5 m l portions of w ater. Y ield: 0.97 g (72.0% ), m .p. 173 °C; [a]2o: — 52.2° (c = 0 .2 2 % , in  
w ater).

C13H 18Oc (270.3). Calcd. C 57.78; H  6.71; Found C. 58.11; H  6.69% .

Phenyl-2,3-di-0-benzyl-4,6-di-0-methyl-/?-D-glucopyranoside (7)

3.00 g of phenyl-2,3-di-0-benzyl-/?-D-glucopyranoside (d) [10] was shaken in  25 ml 
o f dim ethylform am ide fo r 24 hrs w ith 9.80 g m ethy l iodide and 4.30 g silver oxide. On d ilu t­
ing th e  m ixture w ith 150 m l chloroform, th e  silver halide formed precip itate was filtered off 
an d  th e  filtrate was w ashed 3 times w ith 20 m l portions of a 1% potassium  cyanide and 
th e n  3 times with 20 m l portions of w ater. On drying over sodium sulfate th e  liquid was evap­
o ra ted  in vacuum to  a syrup, which was th e n  dissolved in 3 ml e thy l acetate and diluted 
w ith  12 ml of petroleum  ether until it tu rned  tu rb id . Small silky crystals. Yield: 2.90 g (90.0% ), 
m .p . 56—57 °C, [<*][?: — 54.6° (c =  0.5% , in  chloroform).

C28H320 6 (464.5). Calcd. C 74.40; H  6.94; — OCH3 13.38; Found C 73.48; H  7.08; —OCH3 
13.52% .

Phenyl-4,6-di-O-methyI-jS-D-glucopyranoside (8)

The solution of 2.70 g of phenyl-2,3-di-0-benzyl-4,6-di-0-methyl-/S-D-glucopyranoside 
(7) in 50 ml of ethanol was hydrogenated for 24 hrs with 200 mg of palladium on charcoal. 
The course of hydrogenation was followed by thin-layer chromatography in 9:1 benzene- 
methanol. The Ry value of the initial compound (7) was 0.91, whereas that of the end prod­
uct (8) was 0.30.

The catalyst was rem oved by filtra tion  and  the filtra te  evaporated to  dryness in vacuum . 
T he solid residue was dissolved in 3 ml e thy l ace tate  and the solution diluted w ith 60 ml of 
cyclohexane, affording w hite needle crystals. Y ield: 1.35 g (81.8% ), m .p. 130—131 °C, [a]!?: 
— 60.1° (c =  0.5% , in  chloroform).

C14H 20O6 (284.3). Calcd. C 59.15; H  7.09; Found C 59.86; H  7.12% .

Phenyl-4,6-0-benzylidene-2-0-methyl-/3-D-glucopyranoside (9)

3.24 g of phenyl-2-O-methyl-jd-D-glucopyranoside (4) was shaken for 16 hrs w ith 13 ml 
benzaldehyde in the presence of 3.60 g zinc chloride catalyst. The reaction  m ixture was th en  
d ilu ted  with 100 ml o f ice-water, the crystalline precipitate filtered and washed twice w ith 
20 m l portions of w ater th en  twice w ith 20 m l portions of petroleum  ether until it  was free 
of benzaldehyde. On crystallization from 115 m l m ethanol, yield: 3.86 g (90.0% ), m .p. 210—• 
212 °C, [<x]g: —67.5° (c = 0 .3 % , in chloroform ).

C20H ,2OG (358.4). Calcd. C 67.02; H  6.19; Found C 67.85; H  6.21% .

Phenyl-4,6-0-benzylidene-3-0-methyl-/?-n-glucopyranoside (10)

3.00 g of phenyl-3-O-methyl-/?-n-glucopyranoside (5) was suspended in  12 ml benzal­
dehyde and after the  addition  of 3.3 g zinc chloride shanken for 12 hrs. The jellified reaction  
m ix tu re  was diluted w ith  50 ml of ice-water, th e  crystalline precip itate filtered and washed
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3 tim es w ith 20 ml portions of w ater then  3 tim es w ith 20 ml portions of petroleum  ether un til 
i t  was free of benzaldehyde. On crystallization from 145 m l ethanol, yield: 3.77 g (95.0% ), 
m .p. 211 °C, M q : —46.2° (c =  0.2% , in  pyridine).

C20H22O6 (358.4). Calcd. C 67.02; H  6.19; Found C 67.02; H  6.32% .

Phenyl-3-0-benzyl-4,6-0-benzylidene-2-0-methyl-JS-D-glucopyranoside (11)

3.00 g of phenyl-4,6-0-benzylidene-2-0-m ethyl-/?-D-glucopyranoside (9) was benzylated 
for 6 hrs a t 100—105 °C w ith  19.1 m l benzyl chloride in th e  presence of 9.3 g powdered po tas­
sium  hydroxide. A fter cooling, th e  reaction m ixture was diluted w ith  25 m l w ater, the precip­
ita te  filtered and washed twice w ith 20 ml portions of w ater th en  3 tim es w ith 15 ml portions 
of petroleum  ether. The crude p roduct was recrystallized from 250 m l m ethanol. Yield: 1.55 g 
(42% ), m .p. 180—182 °C, [a]2D°: —72.5° (c =  0.1% , in  chloroform).

C27H 280 6 (448.5). Calcd. C 72.30; H  6.29; Found C 72.84; H  6.29% .

Phenyl-2-0-benzyl-4,6-0-benzylidene-3-0-methyl-/?-D-glucopyranoside (12)

3.58 g of phenyl-4,6-0-benzylidene-3-0-m ethyl-/?-D-glucopyranoside (10) was trea ted  
w ith  23 ml benzyl chloride and 11.2 g powdered potassium  hydroxide as described for 11. 
The crystalline crude product was recrystallized from 350 ml m ethanol. Y ield: 4.25 g (94.7%), 
m .p. 1 8 4 -1 8 5  °C, [a]g: —56.2° (c =  0.4% , in pyridine)

C27H280 6 (448.5). Calcd. C 72.30; H  6.29; Found C 72.16; H  6.27% .

Phenyl-3-0-benzyl-2-0-methyl-/?-D-glucopyranoside (13)

2.30 g of phenyl-3-0-benzyl-4,6-0-benzylidene-2-0-m ethyl-/?-D-glucopyranoside (11) 
w as boiled for 1 hr in 50 m l ethanol containing 0.5 ml concentrated hydrochloric acid. The hot 
solution was neutralized w ith  sodium  hydrogen carbonate and subjected to  steam  distallation. 
The residue was evaporated to  dryness in vacuum , and the crude p roduct recrystallized twice 
from  50 ml portions o f cyclohexane. Yield: 1.20 g (64.7% ), m .p. 108— 111 °C, [a ]n : —62.8° 
(e =  0.3% , in chloroform).

C20H240 6 (360.4). Calcd. C 66.65; H  6.71; Found C 67.03; H  6.78% .

Phenyl-2-0-benzyl-3-0-methyl-jS-D-glucopyranoside (14)

The solution of 3.00 g of phenyl-2-0-benzyl-4,6-0-benzylidene-3-0-methyl-/S-D-gluco- 
pyranoside (12) in 30 m l ethanol was boiled for 1 h r after th e  addition of 0.3 ml concentrated 
hydrochloric acid. A fter neu tralization  w ith sodium hydrogen carbonate the m ixture was 
subjected  to  steam distillation. A fter cooling the distillation residue, th e  crude product was 
ob tained  in a crystalline form. R ecrystallization from 180 ml cyclohexane. Yield: 1.62 g 
(67.2% ), m.p. 122 °C, [a]jo: —63.1° (c =  0.2% , in  ethy l acetate).

C20H24Oc (360.4). Calcd. C 66.65; H  6.71; Found C 66.92; H  6.41% .

Phenyl-3-0-benzyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (15)
720 mg of phenyl-3-0-benzyl-2-0-methyl-/?-D-glucopyranoside (13) was m ethylated 

in  20 ml dim ethylform am ide w ith  6 m l m ethyl iodide and 6 g silver oxide, and subsequently 
processed as described for 7. The solid crude product was crystallized from  3 ml petroleum 
ether. Yield: 520 mg (68.0% ), m .p. 69—71 °C, [а]д: ■—59.2° (c =  0 .3% , in  chloroform).

C22H 280 6 (388.4). Calcd. C 68.02; H  7.27; Found C 67.86; I I  7.18% .

Phenyl-2-0-benzyl-3,4,6-tri-0-methyl-/S-D-glucopyranoside (16)

1.44 g of phenyl-2-0-benzyl-3-0-methyl-/S-D-glucopyranoside (14) was m ethylated 
in  25 m l of dim ethylform am ide w ith 10 m l m ethyl iodide and 10 g silver oxide, and subse­
quen tly  processed as described for 7. The syrup-like crude product was crystallized from 4 ni| 
petro leum  ether. Yield: 1.38 g (89.0% ), m .p. 60 °C, [a]f?: —58.6° (c =  0 .4% , in  chloroform),

C22H 280 6 (388.4). Calcd. C 68.02: H  7.27; Found C 68.39; H  7.24% .
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Phenyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (17)

The solution of 500 m g of phenyl-3-0-benzyl-2,4,6-tri-0-m ethyl-/?-D-glucopyranoside 
(15) in  10 ml of ethanol was hydrogenated  in  the presence of 100 mg palladium  on charcoal 
u n ti l  th e  initial substance disappeared. The progress of the reaction  was followed by th in- 
la y e r  chrom atography. The í 1 / value of th e  in itia l substance was 0.87 whereas th a t  of the 
en d  p roduct was 0.62 (in 9:1 benzene—m ethanol). After rem oving th e  cata lyst by  filtration  
th e  solution was evaporated  to  dryness in  vacuum  and the residue crystallized from  8 ml 
p e tro leum  ether. Yield: 320 m g (84.0% ), m .p. 107—110 °C, [а]ц: —54° (c =  0.1%  in chloro­
fo rm ). From  Ref. [13]: m .p. 108—109 °C, [a]!?: —57.5° (c =  2% , in  chloroform).

C15H220 6 (298.3). Calcd. C 60.38; H  7.43; Found C 61.02; H  7.34% .

Phenyl-3,4,6-tri-0-methyl-/?-D-glucopyranoside (18)

1.16 g of phenyl-2-0-benzyl-3,4,6-tri-0-m ethyl-/?-D-glucopyranoside (16) was hydro­
g e n a te d  in  75 ml m ethanol in  the presence o f 50 mg palladium  on charcoal un til th e  initial 
substance  disappeared. The crystalline crude product obtained on precessing th e  m ixture 
w as dissolved in 3 ml of benzene and dilu ted  w ith 25 ml of petro leum  ether. Yield: 604 mg 
(67 .5% ), m.p. 84—85 °C, [a]o : —42.9° (c =  0.3% , in  chloroform).

C15H ,20 6 (298.3). Calcd. C 60.38; H  7.43; Found C 60.04; H  7.28% .

4,6-Di-O-methyl-D-glucose (19)

710 mg of phenyl-4,6-di-0-methyl-/?-D-glucopyranoside (8) was hydrolyzed in 70 ml 
0.25 M  sulfuric acid for 10 hrs a t 100 °C. The ho t reaction m ix ture  was neutralized w ith 
b a riu m  carbonate, and th e  filtra te  evaporated  in  vacuum. The residue was crystallized from 
e th y l acetate. Yield: 410 mg (82.0% ), m .p. 1 5 9 -1 6 0  °C, [a]$: + 112° (c =  0.45% , in water). 
A ccording to literature [15]: m .p. 156—158 °C, [a]o: +101° (in w ater).

2,4,6-Tri-O-methyI-D-glucose (20)

600 mg of phenyl-2 ,4,6-tri-0-methyl-/?-D-glucopyranoside (17) was trea ted  in 60 ml 
0.25 M  sulfuric acid in  th e  w ay described for 19. The crude product was crystallized from pe­
tro leu m  ether. Yield: 346 mg (78.0% ), m .p. 123—124°C, [a]fj: + 110° (c =  0.25% , in m etha­
nol). From  Ref. [13]: m .p. 123—126 °C, [a]™: +111° (c =  2% , in  methanol).

3,4,6-Tri-O-methyl-D-glucose (21)

447 mg of phenyl-3,4,6-tri-0-methyI-/?-D-glucopyranoside (18) was trea ted  in 45 ml 
0.25 M  sulfuric acid in  th e  w ay described for 19. The crude p roduc t was crystallized from 
petro leum  ether. Yield: 246 mg (74.0% ), m.p. 77 °C, [a]|$: + 8 9 °  (c =  0.2% , in  water). From 
R ef. [16]: m.p. 7 6 - 7 7  °C, [а]Ь°: + 9 2 °  (c =  2% , in water).

The NMR spectra  were recorded in the In s titu te  for Pharm acognosy of the Munich 
U niversity . Thanks are due to  Prof. H. W a g n er  for his perm ission to  use the instrum ent, 
a n d  to  0 . Selig m a n n  for help in evaluating  the spectra. One of us (A. L.) is indebted  to  the 
A lexander von H um bold t Foundation  for a fellowship.
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The following minor alkaloids have been isolated from  th e  ripe seeds of Am sonia  
tabernaemontana W alt, in addition to  th e  m ajor alkaloid, tabersonine (I): (+ ) - l ,2 -  
dehydroaspidosperm idine (Ш ) (134 mg/kg), (—)-tetrahydroalstonine (П) (125 m g/kg) 
and (—)-quebracham ine (IV) (12 mg/kg). A t firs t, the  developing crop contains only 
a few tabersonine and also (-|-)-vincadifform ine (V). The la tte r  undergoes com plete 
decomposition in to  ( +  )-l,2-dehydroaspidosperm idine in th e  crop during the form ation 
and ripening of th e  seeds. This process is accom panied by  a great increase in th e  con­
centration of tabersonine in the seeds.

In  1954, J a n ó t  et al. [1] iso la ted  tab e rso n in e  (I), an  indole alkalo id  [3] 
w ith  h y po tensive  a c t iv i ty  [2], as th e  m ain  a lka lo id  fro m  th e  seeds of A m so n ia  
tabernaemontana  W a lt . P l a t  [4] also iso la te d  (— )-te trah y d ro a ls to n in e  (II)  
from  th e  seeds, in  a d d itio n  to  taberson ine . As re p o rte d  b y  us [5] earlier, t a b e r ­
sonine was found  to  be th e  m ajor a lkalo id  in  th e  rip e  seeds o f  A m sonia  taber­
naem ontana  grow n in  H u n g a ry , too.

In  th e  course o f  o u r recen t w ork aim ing  a t  th e  iso la tio n  of th e  m ino r 
a lkalo ids, (-f-)-l,2 -d eh y d ro asp id o sp erm id in e  (H I) (134 m g/kg), (—)- te tra -  
hyd ro a ls to n in e  (II) (125 m g/kg) an d  (— )-q u eb rach am in e  (IV) (12 mg/kg) h a v e  
been ob ta ined , in  a d d itio n  to  taberson ine  (I) (9.4 g/kg), from  th e  ripe seeds o f  
A m so n ia  tabernaem ontana  grow n in H u n g a ry . F o r  id e n tif ic a tio n , th e  alkalo ids 
iso la ted  earlier from  th e  leaves of th is  p la n t [6, 7] w ere u sed  as reference sub-
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s ta n c e s . T h e  m inor a lkalo ids now  iso la te d  from  th e  seeds w ere found  to  be 
id e n tic a l in  every  re sp e c t w ith  th e  a u th e n tic  sam ples.

H I IV

O f th e  m inor a lkalo ids, (-(-)-l,2 -d eh y d ro asp id o sp erm id in e  (III) iso la ted  
in  th e  la rg es t a m o u n t is an  a lkalo id  o f th e  asp idosperm ine ty p e , its  s tru c tu re  
b e in g  v e ry  sim ilar to  t h a t  o f th e  m a jo r a lk a lo id , taberson ine  (I); how ever, th e  
co n fig u ra tio n  o f its  cen tres  of a sy m m e try  (C5, C19 and  Cj2) is ju s t  th e  op p o site . 
I n  o rd e r to  reveal th e  connection  b e tw een  th e  b iosynthesis o f th e  tw o a lk a lo id s , 
th e  a lk a lo id  com position  o f th e  crop h as  b een  exam ined in  co nsecu tive  perio d s 
d u rin g  th e  biological deve lopm en t o f th e  p la n t. I t  was fo u n d  th a t  th e  d e v e l­
o p in g  crop co n ta in ed  in itia lly  ta b e rso n in e  in  a very  low (h u n d re d th  p e r cen t) 
c o n c e n tra tio n  and , am o n g  o th e r a lk a lo id s , also (-f-)-v incadifform ine (V) w as 
p re se n t. T he la t te r  is an  alkalo id  o f  th e  asp idosperm ine  ty p e  belonging  to  th e  
a n tip o d e  series o f tab e rso n in e , s im ila rly  to  (-f-)-l,2 -d eh y d ro asp id o sp erm id in e . 
I n  th e  course o f rip en in g , (-j-)-v incad iffo rm ine  (Y) su ffe red  decom p o sitio n  
g iv in g  rise to  (- |-)- l,2 -d eh y d ro asp id o sp erm id in e  (III), w hile th e  co n c e n tra tio n  
o f tab e rso n in e  (I) in creased  b y  sev era l o rders o f m ag n itu d e  in  th e  crop , an d  
re a c h e d  a m ax im u m  v a lu e  in  th e  r ip e  seeds a fte r  th e  to ta l  conversion  o f  ( + ) "  
v in cad iffo rm in e . (W ith in  th e  seeds, ta b e rso n in e  is co n c e n tra ted  in  th e  germ ; 
i ts  c o n cen tra tio n  m easu red  in  th e  g e rm  o f  th e  ripe  seed w as a b o u t 2 % .) A t th e  
sam e  tim e , no (-j-)-v incad iffo rm ine  cou ld  be d e tec ted  a n y  longer in  th e  rip e  
seeds.

V

In  view  of th e  above o b se rv a tio n , th e  b io sy n th e tic  p a th w a y s  o f ta b e r ­
son ine  (I) an d  (-)-)-l,2 -d eh y d ro asp id o sp erm id in e  (III) can  w ell he  d iffe re n tia ted  
fro m  each  o th e r a n d  i t  is also c learly  seen  th a t  the  b io sy n th esis  o f tab e rso n in e  
d u rin g  th e  d ev e lo p m en t an d  r ip en in g  o f  th e  seeds is accom pan ied  b y  th e  con­
v ers io n  o f (-f)-v in cad iffo rm in e  in to  (-}-)-!,2 -dehydroasp idosperm id ine .
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I t  is w orth  n o tin g  here  th a t  a lk a lo id s  of th e  asp id o sp erm in e  an d  que- 
b ra c h a m in e  ty p e  com p ris in g  cen tres o f  a sy m m etry  w ith  oppo site  co n fig u ra tio n  
also occur in  g reat v a r ie ty  in  th e  le a v e s  o f  A m son ia  tabernaem ontana  [6, 7, 8, 
9, 10, 11], in  w hich th e  m a jo r a lk a lo id  is (-j-)-v incad iffo rm ine [8]. T he la t te r  
co m p o u n d  is co n v erted  in to  (-f-)-l,2 -d eh y d ro asp id o sp erm id in e  in  th e  leaves, 
to o , d u rin g  th e  periods o f  flow ering a n d  dev e lo p m en t of th e  c rop , as confirm ed 
unam b ig u o u sly  in  o u r ea rlie r e x p e rim e n ts  [8, 12]. N everth e less , in  th e  leaves 
n o t all (-}-)-vm cadifform ine is c o n v e rte d  in to  (-f-)-l,2 -d eh y d ro asp id o sp erin i- 
d ine, a n d  th e  c o n c e n tra tio n  of ta b e rso n in e  rem ains th e re  v e ry  low  all th e  tim e .

E x p erim en ta l

The investigations w ere carried ou t on p lan ts of Amsonia tabernaemontana grown in 
th e  R esearch Institu te for Medicinal P lan ts , B udakalász, H ungary.

All m .p.s are uncorrected . The optical ro ta tio n  values were m easured w ith  a Schmidt- 
H aensch polarim éter, the u ltrav io le t spectra  were recorded w ith an O ptica Milano CF 4R 
spectrophotom eter. D uring isolation, th in -layer chrom atography was used for detection of 
th e  alkaloids.

Isolation of the alkaloids

The seeds were bea ten  ou t from th e  ripe  crop collected in  N ovem ber, 1972. 1 kg of the 
ground air dried material w as subjected to  exhaustive extraction w ith m ethanol in  a Soxhlet 
type  ex trac te r for 10 hrs. The m ethanolic e x tra c t was concentrated to  1 1 volum e a t reduced 
pressure, th en  mixed w ith 3 1 of 2% sulfuric acid and  the residual m ethanol was rem oved a t 
room  tem perature  under reduced  pressure. In  order to  purify the diluted acid solution, it  was 
shaken w ith  2 x  200 ml of benzene, then m ade alkaline and th e  alkaloids were extracted  w ith 
5 X 200 m l of benzene.

The benzene solution containing th e  alkaloids was dried, concentrated  to  a volume 
of 50 m l under reduced pressure, then m ixed w ith  50 ml of n-heptane and subjected to  chro­
m atographic separation on a column packed w ith  200 g of neu tral alum inium  oxide (Brock- 
m ann ac tiv ity  II). Using 2 1 of a benzene—h ep tane  (1:1) m ixture, 9.4 g of pure tabersonine 
base was eluted. For identification , it was crystallized  from ethanol, m .p. 88 °C, [a]!? —360° 
(in ethanol, c =  0.2), UV spectrum  (in m ethanol): Amax 226, 298 and 328 nm . No m.p. depres­
sion occurred in adm ixture w ith  authentic tabersonine [5].

The alkaloids reta ined  on the alum inium  oxide column were eluated  w ith  1 1 of ben- 
zene/ether (1:1) mixture. The evaporation residue of the eluate was a resinlike m ixture (900 
mg), which contained several components o f alkaloid character. This m ix ture  was dissolved 
in  100 m l of benzene and th e  benzene solution extracted  w ith 5 x 5 0  m l of 2%  sulfuric acid 
solution. The alkaloids appeared  in the sulfuric acid phase, while the non-basic coloured com­
ponents rem ained in the benzene phase. The sulfuric acid solution was m ade alkaline and the 
alkaloids were extracted w ith  5 X 50 ml of benzene.

The alkaloid m ix ture  purified  in the above m anner (350 mg) was subjected  to  chro­
m atographic separation on a colum n packed w ith  15 g of silica gel. The firs t portion  (80 ml) 
of benzene eluated 13 mg of a m ixture which contained  some tabersonine, besides, components 
of non-alkaloid character.

The evaporation residue of the next benzene eluate (120 ml)was 12 mg of pure ( -  )-que- 
brachamine, [a]o —110° (in ethanol, c =  0.2). UV spectrum  (in m ethanol): Araax 228, 286 
and 293 nm ; log e =  4.53, 3.84 and 3.83, respectively . M.p. (from n-heptane) 147 °C; no de­
pression occurred in mixed m .p . determ ination w itb an authen tic  sam ple of (—)-quebrach- 
am ine [6].

The elution was then  continued w ith a 1:1 m ix ture  of benzene and e ther. The evaporation 
residue of th e  first eluate frac tion  (110 ml) gave 125 mg of pure (— )-tetrahydroalstonine; 
th is  was crystallized from ethanol, m.p. 228 °C, [a]f? —107° (in chloroform , c =  0.5). UV 
spectrum  (in methanol): Amax 226, 282 and 290 nm , log e =  4.61, 3.90 and  3.82, respectively.
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N o melting point depression was observed in adm ixture w ith au then tic  (—)-tetrahydroalsto- 
n ine  [7].

The next fraction  (180 ml) of th e  benzene/ether (1:1) m ixture was also evaporated to 
o b ta in  134 mg of a colourless viscous oil; th is proved to  be pure ( + ) - l ,2 -dehydroaspidosper- 
m idine, [a]fj: +250° (in ethanol, c =  0.5). UV spectrum  (in m ethanol): Amax 222, 228 (sh) 
an d  262 nm; log e =  4.57, 4.45 and 3.99, respectively. After reduction  w ith sodium borohy- 
d ride  in hot ethanolic solution [6], (—)-quebracham ine was obtained  as th e  m ain product, 
w hile a t 0 °C (+ )-aspidosperm idine [6] was formed.

Finally a coloured m ix ture  (26 mg) could still be eluated from  the  silica gel column 
w ith  methanol, which did n o t contain any  of the alkaloids m entioned above.
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The glycoside antibiotic ristomycin A produced by Proactinomyces fructiferi 
var. ristomycini contains one molecule of D-mannose and a tetrasaccharide side chain 
connected separately to the aglycone moiety. The tetrasaccharide consists of the units 
D-glucose, D-mannose, L-rhamnose and D-arabinose attached to one another according 
to structure V.

R istom ycin  w as iso la ted  in  1963 b y  B ra z h n ik o v a  et al. [1] from  a cu ltu re  
o f  Proactinomyces fru c tife r i v a r . ristom ycin i. T he a n tib io tic  is h ig h ly  effective 
ag a in st G ram -positive  m icroorganism s [2, 3], m oreover, i t  can  a ffec t p a th o ­
genic organism s re s is ta n t to  penicillin , s trep to m y c in  o r e ry th ro m y c in .

I t  has been  p o in te d  o u t b y  L av r o v a  et al. [4] t h a t  ris to m y c in  consists 
o f a m ix tu re  o f tw o  biologically  ac tiv e  v a r ia n ts : r is to m y c in  A  an d  B , w hich  
th e y  have iso la ted  in  th e  form  o f th e  c rysta lline  su lfa te s .

In  th e ir  p h y sica l, chem ical an d  bio logical p ro p e rtie s , r is to m y c in  A an d  
В h av e  p roved  to  be  v e ry  sim ilar to  th e  p rev iously  k n o w n  a n tib io tic s  r is to c e tin  
A  an d  В [5, 6].

The h y d ro lysis  o f ris to m y c in  A o r its  aglycone w ith  6 N  h yd roch lo ric  
acid gave th ree  u n k n o w n  am ino acids —  a, b and  c. A ccord ing  to  q u a n tita tiv e  
analysis, th e  a n tib io tic  m olecule co n ta in s  1 mole o f  a an d  on ly  one m ole o f 
th e  to ta l  [7] o f  b an d  c.

T he s tru c tu re  o f  am ino acid  a has b een  p roved  b y  I R  an d  N M R  sp ec tro ­
scopy  and  chem ical d eg rad a tio n  [8 ,1 0 ]. A ccording to  our in v es tig a tio n s , am ino 
ac id  a, called ristom ycinic acid , is a new  a ro m atic  d i-am in o d icarb o x y lic  acid , 
b u ilt  u p  of a d -(— )-a-am in o -4 -h y d ro x y p h en y lace tic  ac id  an d  an  a-am ino-2 ,6- 
d ih y d ro x y -3 -m eth y lp h en y lace tic  ac id  connec ted  b y  a d ip h en y l e th e r  linkage 
a t  th e ir  5- an d  4 -positions, re spec tive ly .

On th e  b asis o f  N M R  sp ectroscop ic  stu d ies and an a log ies w ith  th e  stru c­
tu re  o f  r istom ycin ic  acid , a sim ilar stru ctu re w as su g g ested  b y  L o m a k in a  
et al. [10, 11] for am ino acid  b.

T he h yd ro lysis  o f  r istom ycin  A  w ith  2 %  or 1 N  h yd roch loric  acid  gave  
D -glucose, D -m annose, L-rham nose an d  D -arabinose (m olar ra tio  1 : 2 : 1 : 1), 
w hereas th e h y d r o ly sa te  o f  r isto m y c in  В con ta in ed  D -glucose, D -m annose and  
L-rham nose in  th e  m olar ratio  1 : 1 : 1  [6, 13].
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W hen ris to m y c in  A  w as h y d ro ly zed  w ith  0.5 N  h y d ro ch lo ric  acid  a t  
100 °C for 4 h rs, in  a d d itio n  to  th e  sim ple sugars m en tio n ed  earlie r, a new  
deoxyam ino  sugar cou ld  be  iso la ted  w hich  w as n am ed  ristosam ine. A ccording 
to  s tru c tu ra l in v es tig a tio n s  i t  p roved  to  be 2 ,3 ,6 -trideoxy-3-am ino-L -ribohexo- 
p y ran o se  [9].

T he p resen t w o rk  is a  re p o rt on  th e  re su lts  o f ou r s t ru c tu ra l  s tu d ies  on th e  
o ligosaccharide p a r t  o f  ris to m ic in  A w hich  is com posed  o f sim ple n e u tra l sugar 
com ponen ts.

The cleavage o f  peracetylristom ycin  A  (€ j53H lg90 -2N9) w ith  hydrogen  
brom ide in glacial acetic acid or w ith  1,1-dichlorm ethyl m ethyl ether, followed  
b y  treatm ent w ith  acetic anhydride and silver acetate and subsequent saponi­
fica tion  according to  Z e m p l e n ’s m ethod, revealed th a t the products contained  
again only sim ple sugars —  D-glucose, D-mannose, L-rhamnose, D-arabinose, 
as shown by paper chrom atography.

In  1967 B r a z h n ik o v a  et al. [12], then  L o m a k in a  et al. [13] hydrolyzed  
ristom ycin  A w ith  0.1 N  hydrochloric acid at 100 °C for 1 hr and separated, 
b y  means of a Sephadex G 25 colum n, the follow ing glycosides and oligosaccha­
rides: D-M an-aglycone, D-M an-aglycone-D-Glu, aglycone-D-Glu-L-Rha, d -G1u - 
D-Man (I), D-Glu-L-Rha (II), L-Rha-D-Glu-D-Man (III) and D-Glu-D-Man-D- 
Ara (IV).

In the sam e w ay  from ristom ycin В the follow ing com ponents were 
obtainable: D-M an-aglycone, D-M an-aglycone-D-Glu and D-Glu-L-Rha (II) 
disaccharide.

This re su lt gave  in fo rm a tio n  a b o u t th e  c a rb o h y d ra te  sequence, an d  th e  
conclusion w as d raw n  t h a t  b o th  in  ris to m y c in  A an d  В th e  su g ar m oieties are 
a tta c h e d  to  th e  ag lycone a t  tw o places.

In  our ex p e rim e n ts , w ork-up  o f th e  aceto lysis p ro d u c t o f  ris to m y c in  A 
o n  a K ieselgel G co lu m n  led  to  th e  iso la tio n  o f an  o c taace ty l-d isacch arid e  an d  
a  d ecaace ty l-trisacch arid e . T he o c taace ty l-d isacch arid e  a f te r  sap o n ifica tio n  in  
ab so lu te  m e th an o l w ith  sodium  m eth o x id e  w as fo u n d  id e n tic a l w ith  th e  d isac­
ch arid e  I ap p ea rin g  am ong  th e  p ro d u c ts  o f p a r t ia l  h y d ro lysis . T h is sugar was 
n a m e d  ristobiose. T h e  s tru c tu re  d e te rm in a tio n  o f th is  g lucosido-m annose w ill 
be  ou tlined  in  th e  follow ing discussion.

F irs t, th e  d isacch arid e  II w as id en tified . O ur p a p e r  ch ro m ato g rap h ic  
exam in a tio n s p ro v e d  i ts  id e n tity  w ith  ru tin o sé  [14], know n  to  occur freq u en tly  
in  n a tu re  in  g lycoside fo rm  (T able I). T he d isaccharide  II iso la te d  from  r is to ­
m ycin  A gave, on  a c e ty la tio n  in  acetic  a n h y d rid e  in  th e  p resence  of sodium  
a c e ta te  or p y rid in e , a w h ite  am o rp h o u s p ro d u c t w hich , a f te r  rec ry s ta lliz a tio n  
fro m  abso lu te  e th a n o l, w as in  ev e ry  re sp ec t (m .p ., m ixed  m .p ., [a ]o , th in - 
la y e r  ch ro m a to g rap h y , IR  sp ec tru m ) id e n tic a l w ith  an  a u th e n tic  sam ple of 
ru tin o sé  h c p ta a c e ta te  (Ila).

I t  follows fro m  th e  id e n ti ty  of th e  d isacch arid e  II w ith  ru tin o sé  an d  from
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th e  resu lts  o f G o r in  and  P e r l in  [14 ] th a t , in  th e  te trasacch arid e  side ch a in  o f  
r isto m y c in  A, L-rham nose is a t te c h e d  to  D -glucose b y  an a -g ly co sid ic  lin k a g e  
a t p o sitio n  C-6.

II ru tin o sé  R  =  H  
I la  h e p ta a c e ty lru tin o s e  R  =  COCH3

W h en  ris to m y c in  A (C107H 143O49N 9) its e lf  w as oxidized w ith  periodic ac id  
an d  th e  iso lated  p ro d u c t h y d ro lized  w ith  acid , none of th e  su g ar com ponen ts 
o f  th e  an tib io tic  cou ld  be d e te c te d  in  th e  h y d ro ly sa te . T h is proves th a t  th e  
g lucose u n it  (p resu m ab ly  w ith  a p y ra n o se  s tru c tu re ) , re p re se n tin g  th e  cen tre  
o f b ra n c h in g  in  th e  te tra sa c c h a rid e  side ch a in  o f th e  an tib io tic , also co n ta in s 
a v ic in a l diol group oxidizable w ith  perio d ic  acid.

Since the €-6 atom  D-glucose is occupied b y  L-rhamnose, D-mannose can  
only be linked to C-2 or C-4 (A or В  in  F ig. 1). A  decision betw een  these alter­
n atives was achieved b y  the in vestigation  o f ristobiose (I) and th e  trisaccharide 
w ith  structure L-Rha-D-Glu-D-Man, w hich we nam ed r i s t o t r i o s e  (III).

T h e  hydro lysis o f  d ecam e th y lr is to tr io se  (I lia ), p re p a re d  b y  th e  K u h n  
m e th y la tio n  [15] of III gave a m ix tu re  in  w hich, b y  m ean s o f TLC, th re e  
p a r t ia l ly  m e th y la ted  sugars w ere d e te c te d : 2 ,3 ,4 -tri-O -m ethy l-L -rham nose ,
2 ,3 ,4 ,6 -te tra-O -m ethy l-D -m annose , a n d  3 ,4-di-O -m ethyl-D -glucose (Table I I ) .

I l l:  r is to tr io se  R  =  H  I: ristob iose R  =  H
Ilia :  d ecam e th y lris to trio se  R  =  C H 3 la :  o c tam eth y lris to b io se  R  =  C H 3
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I t  follows that in ristotriose (III), D-mannose is linked to  D-glucose in the  
C-2 position . This is also proved by the fact that in the hydrolysate o f octa- 
m ethylristohiose ( la ) , prepared b y  perm ethylation , besides 2,3,4,6-tetra-O - 
m ethyl-D -m annose, on ly  3,4,6-tri-O -m ethyl-D-glucose can be found (Table II);

(A)

( B )

F i g .  1.  Possibilities A and В for the linkage of D-mannose to D-glucose in the tetrasaccharide 
side chain, as deduced from periodic acid oxidation

i t  is further shown b y  our observation th a t phenylosazones cannot be obtained  
from  I  and I I I  w ith  phenylhydrazine [10, 16].

In enzym ic hydrolysis, ristobiose (I) was hydrolyzed four tim es slower 
th an  cellobiose b y  em ulsin. This presum ably indicates th a t I  has the 2-O-a-D- 
m annosido-D-glucose structure. The other trisaccharide, w ith  structure d -G1u - 
D-Man-D-Ara (IV) has so far been obtained only in  th e  form of decaacetyl- 
trisaccharide (IVa) b y  the acetolysis o f  ristom ycin A.

The NMR spectrum  (in CDC13 solution  at 100 M Hz) of the decaacetyl-D- 
Glu-D-Man-D-Ara-trisaccharide (IVa) shows doublets at <3 6.37 ppm (J  =  3.6 Hz) 
and 5.78 ppm (J  =  7 .7 Hz). These signals can be unequivocally  assigned to  
th e  anomeric protons o f the reducing end glucose unit in  the a and ß  configura­
tion , respectively (literature values [17] <5 6.34 (J  =  3.3 Hz) for a-, and <5 5.76  
(,J  =  6.9 Hz) for /?-D-glucopyranose pentaacetate). The a : ß  ratio is about 
1 : 2.5. Also, the fa c t th at there are more (at least 12) acetyl m ethyl signals 
in  the <51.9— 2.2 ppm  region can only  be explained on the basis o f an anomeric

A cta  Chim . ( B u d a p e s t)  8 4 , 1975



SZTARICSKAI e t al.: STRU CTU RAL INVESTIGA TIO N 79

m ixture. The com plexity of th e  rem aining spectral regions does not allow to  
deduce any kind o f inform ation concerning the interglycosidic linkages.

H ow ever, from the partial structures o f the sp litting products —  risto- 
triose and 2,3,4-tri-O -m ethyl-L-rham nose found in  the hydrolysate o f per- 
m ethylated  ristom ycin A —  it  can be assum ed th a t one o f the term inal groups 
in the tetrasaccharide chain o f the antib iotic is D-arabinose and the other is  
L-rhamnose. In  particular, if  D-arabinose were attached to D-glucose, then th e  
latter would not be amenable to  periodic acid oxidation . Similar considerations 
also rule out a 1 —► 3 linkage o f  D-arabinose to  D-mannose.

The exact linkage position o f the arabinose unit was on ly  determ ined  
after the perm ethylation of ristom ycin  A. The on ly  effective w ay o f preparing 
perm ethylated ristom ycin A (C128H 185O70N 9) was the m ethod o f H akomori [18]. 
The com pleteness o f perm ethylation was checked by determ ination o f the  
m ethoxyl content. In the hydrolysate o f the perm ethylated antib iotic TLC 
showed the presence of 2,3,4,6-tetra-O -m ethl-D -m annose, 2,3,4-tri-O -m ethyl 
L-rhamnose, 3,4-di-O -m ethyl-D -glucose, 3,4,6-tri-O -m ethyl-D-m annose, and  
2,3,5-tri-O -m ethyl-D-arabinose. The presence o f these two latter products 
proves th at in the tetrasaccharide side chain o f ristom ycin A the term inal 
arabinose unit occurs in the furanoside form  and is affixed to D-mannose b y  a 
1 —► 2 linkage. This statem ent is in  agreem ent w ith  reported data [20, 21] 
indicating the extrem e instab ility  o f arabinofuranosides.

On the basis o f these and previous experim ental results, structure У can  
be suggested for th e  part of the antib iotic ristom ycin  A built up o f the neutral 
sugar com ponents.
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In  th e  know ledge o f  the  m olar ra tio s  [6, 13] o f th e  sim ple c a rb o h y d ra te s  
in  r is to m y c in  В a n d  on  th e  basis o f co m position  o f th e  p ro d u c ts  o f  p a r t ia l  
hy d ro ly sis  [12, 13], i t  can  be assum ed  th a t  th e  o ligosaccharide side chain  of 
th e  com ponen t В o f com m on biological o rig in  a n d  p ro d u ced  b y  th e  sam e s tra in , 
d iffers from  th a t  o f r is to m y c in  A o n ly  b y  th e  absence of th e  2 - О - /] - n  - a r  a hi n  о - 
fu ranosy l-D -m annosy l p a r t .

E x p erim en ta l

Preparation of the di- and trisaccharides from ristomycin A

The di- and trisaccharides of ristom ycin A have been isolated via hydrolysis w ith hydro­
chloric acid in a d ifferent w ay from the Soviet researchers [12] as follows.

In  small portions ristom ycin A (25.00 g) was dissolved in  500 ml of preheated  0.1 N  
hydrochloric acid and refluxed for 1 hr. The solution, after cooling, was neutralized to  pH  4.0 
w ith  200 ml of Dowex 2 x 3  (OH- ) ion-exchange resin and the filtra te  was poured slowly into 
2500 ml of acetone, w ith  stirring. The p rec ip ita te  was filtered off, and the filtra te  was passed 
slowly through a colum n of Dowex 5 0 x 4  ( H +) ion-exchange resin. Fractions 1 — 8 (100 ml 
each) were collected, and  100—150 /Д of each of them  was applied on chrom atographic paper 
and  sprayed w ith aniline hydrogen p h tha la te  reagent (105 °C, 10 min). F ractions 3—5 pro ­
duced the m ost intense colour. The possible presence of aglycone was checked in every fraction  
b y  means of Pau ly  reagent, bu t the reaction was found negative in  every sample.

The combined fractions 3—5 were th e n  neutralized to  pH  7.0—7.5 w ith Dowex 2 x 4  
(O H - ) ion-exchange resin, and the solution w as evaporated  to 15 ml in vacuum . On dilution 
of the rem aining syrup to  150 ml w ith acetone, the mono- and oligosaccharides separated  
as white precipitate. Only small quan tity  of rham nose could be detected in  the  acetonic 
m other liquor by  m eans of paper chrom atography, using the solvent system  ethy l a ce ta te -  
acetic acid—1-butanol—w ater (7:3:3:3).

The filtered p recip ita te  was dissolved in  12 ml of th e  form er solvent system , to  which 
some m ethanol and a few drops of distilled w ater had  been added. The solution was applied 
to  a cellulose colum n (75 x2 .3  cm) and developed w ith the solvent system  used for paper chro­
m atography (rate of flow  20 ml/hr =  4—5 m l/cm 2/hr); 10—15 ml fractions were collected. 
According to paper chrom atography, fractions 1 —10 contained only monosaccharides. F rac­
tions 21 — 27, 34—46 and  51-70 gave, a fter evaporation in  vacuum  and precip itation  w ith 
acetone containing 5— 10%  ether, two different disaccharides having miscellaneous U pvalues 
and  a trisaccharide.

R utinosé (121.4 mg) was isolated from  fractions 21—27. [a]o —5.2° (c =  1, w ater).
C,2H 22O10 (326.29). Calcd. C 44.17; H  6.79 Found C 42.76, 42.73; H  6.86, 7.38% .
Ristobiose (80 mg) was isolated from  fractions 34—36. [a]о + 54 .3° (c =  1, w ater).
Cl2H22Ou  (342.29). Calcd. C 42.11; H  6.47. Found C 41.62, 41.20; H  6.64. 6.35% .
Ristotriose (56 mg) was isolated from  fractions 51—70. [a]o +36.6° (c =  1, w ater).
C18H 30O15 (486.42). Calcd. C 44.45; H  6.21. Found C 43.79, 43.82; H  6.73 6.68% .

Paper chromatographic investigation of the di- and 
trisaccharides isolated from ristomycin A

The hom ogeneity  of the di- and trisaccharides isolated from  ristom ycin A was checked 
by  paper chrom atography  using 100 /tg each of 1%  aqueous solutions. The compositions were 
checked after hydrolysis by paper chrom atographic comparison w ith standard  sugars. For 
th is purpose 1.0 mg each  of the di- and trisaccharide was dissolved in about 10 mg of 2 N  
H 2S 04 and hydrolyzed a t 100 °C in a sealed capillary tu b e  for 2 hrs. From  the  hydrolysates 
volumes containing 30—40 fig of th e  sugars were applied to  chrom atographic paper. The 
chrom atographic resu lts are included in  Table I.
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Table I

Paper chromatographic data for the di- and trisaccharides isolated from  ristomycin A

Sample

I 0.39
I I 0.62

R utinosé 0.62
I I I 0,25.
IV 0.20

IV -hy  drolysate 

Щ -hydrolysate 

II-hydro lysate  

I-hydro lysate

D-Glucose

D-M annose

D-Arabinose

L-R ham nose

1.00 1.20 1.49
1.00 1.20 2.19
1.00 2.16

1.00 1.20

1.00
1.20

1.47
2.16

Solvent system : ethy l acetate-acetic  ac id -w ater (44:20:10). D etecting agent: 2%  
aniline hydrogen p h th a la te  solution in  1-butanol (105 °C, 10 min). Paper: Schleicher and 
Schiill 2043b Mgl.

Acetolysis of ristomycin A

(A .)  Crystalline ristom ycin sulfate (2.0 g) was suspended, w ith  cooling, in  a m ix tu re  
of acetic anhydride (18.0 ml) and cone, sulfuric acid (0.2 ml) cooled to  0 °C, and the reaction  
m ixture was then  allowed to  stand for 14 days a t room  tem perature . A fter the first day  the  
antib io tic dissolved to  give a dark cherry-red solution. The solution was diluted w ith 10 m l of 
glacial acetic acid and poured  on 500 g of ice. The orange-yellow precip itate was filtered  off, 
washed acid-free w ith distilled water, and dried  a t room  tem perature  in  a vacuum  desiccator 
over calcium  chloride—potassium  hydroxide to  give 2.12 g of the product. I t  was pow dered, 
ex trac ted  w ith three 50 m l portions of ho t absolute benzene, and th e  combined benzene solu­
tions were evaporated  to  dryness in vacuum .

The m ixture of sugar acetates obtained  in  th is w ay was dissolved in  5.0 ml of absolute 
benzene containing 6%  absolute methanol and , in order to  rem ove th e  aglycone, th e  solution 
was passed through a K ieselgel G (Merck, according to  Stahl) colum n (13 cm long, 2 cm in  
diam eter) a t a flow ra te  o f 3 ml/hr. The sugar acetates left the column in  40 ml of eluate, w hich 
was evaporated to  dryness in  vacuum at 35 °C, and th e  residue was dried a t room tem peratu re  
over phosphorus pentoxide, to  give 245.6 m g of th e  product.

( B . )  When the acetolysis of ristomycin A (10 g) dried over phosphorus pentoxide 
(to constant weight) was made according to method ( A ) ,  only the decaacetyl-D-Glu-D-Man- 
D-Ara trisaccharide (IVa) could be isolated (212.8 mg), [a]o +125° (c =  1, absolute methanol).

C37H 50O25 (894.77). Calcd. C 49.66, H  5.63. Found  C 49.88, 50.38; H  5.64, 5.61<>/0.
The decaacetyl-trisaccharide on saponification according to Ze m p l é n  [22] gave d -G1u- 

D-Man-D-Ara trisaccharide (IV). After hydrolysis with 2 N  H 2S 04, D-glucose, D-mannose and 
D-arabinose were identified in the hydrolysate by paper chromatography (details described 
above).
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Deacetylation and isolation of I

The sugar acetates (245.6 mg) obtained from the acetolysis of ristomycin A were dis­
solved in 10 ml of methanol, then deacetylated b y  Z e m p l é n ’s method [22] in the presence 
of sodium methoxide to give 138.8 g of a product which, according to paper chromatography, 
contained D-glucose, D-arabinose, L-rhamnose and the disaccharide I. Compound I (133.4 
m g) was separated from the monosaccharides by chromatography on a cellulose column with  
the solvent system ethyl acetate-acetic acid— 1-butanol-water (7:3:3:3); [a] q + 8 0 °  (c =  1, 
water).*

C12H 22Ou  (342.29). Calcd. C 42.11; H  6.47. F ound  C 41.70, 41.30; H  6.35, 6.64% .
In the 2 N  sulfuric acid hydrolysate of I D-glucose (RG 1.00) and D-mannose (RG 

1.20) were detected by  paper chromatography. According to paper chromatography, the 
non-hydrolyzed I (RG 0.40) proved to be identical w ith the disaccharide of structure d -G1u-d - 
Man isolated from ristomycin A after partial hydrolysis [12, 13].

Octaacetate of the disaccharide I

Compound I (45.0 mg) was acetylated a t 100 °C in  a m ixture of acetic acid anhydride 
and  sodium acetate to  yield 25.0 mg of the octaaceta te  of I, which was recrystallized from  
50%  ethanol; m.p. 69—71 °C (Kofler), [a]f? + 61 .7° (c =  6.0, methanol).

Enzymic hydrolysis of the  disaccharide I

Compound I  (5.0 mg) and 3.0 mg of emulsin were dissolved in 1.0 ml of distilled w ater 
and  hydrolyzed in a th e rm o sta t a t 37 °C. A liquots o f the solution, each containing 10 /Jg of 
th e  hydrolysate, were chrom atographed on Kieselgel-G thin-layer in  the solvent system  ethy l 
ace ta te—acetic acid—w ater (44:20:10).In the hydro lysate  of I, monosaccharides could only be 
detec ted  after 140 hrs. U nder similar conditions th e  standard  cellobiose hydrolyzed com ­
ple te ly  w ithin 42 hrs.

Identity  of the disaccharide I I  w ith rutinosé

(A .)  Compound I I  (32.0 mg) was dissolved in  0.2 ml of acetic anhydride. A fter the 
add ition  of 50.0 mg of sodium  acetate, the m ixture was heated a t 100 °C for 2 hrs. The reaction 
m ix tu re  was then poured  in to  ice-water and the  w hite precipitate (25.0 mg) was filtered off 
and  crystallized from  absolute ethanol; m.p. 167 °C (Kofler); [a]ff —39.0° (c =  1.0, pyridine). 
A uthen tic  rutinosé h ep taaceta te  has m .p. 167— 169 °C; [a]56 —43.0° (e =  1.0 pyridine). 
M ixed m.p. determ ination  gave no depression (m .p. 168—170 °C, Kofler).

The IR  spectrum  (K B r) of the product was identical w ith th a t of authen tic  rutinosé 
hep taaceta te . C hrom atography on Silicagel-G th in -layer in absolute benzene containing 5%  
m ethanol using detec tion  w ith 50%  H 2S 04 (150 °C, 10 min), also showed identical Rr values 
for the  acetylated p roduc t of disaccharide I I  and an  au then tic  sample of rutinosé hep taaceta te .

(B .)  Compound П  (20.0 mg) was dissolved in  a m ixture of 0.30 ml pyridine and 0.30 ml 
acetic anhydride, and  allowed to stand  a t room  tem peratu re  for 25 hrs. The reaction m ixture 
w as poured into ice-w ater and worked up as described in  ("A) to  give 25.3 mg of the product. 
Recrystallization from  absolute ethanol gave m .p. 165—167 °C (Kofler); [«]□ —45.0° (c =  1.0, 
pyridine), mixed m .p. w ith  rutinosé hep taaceta te  was 165 —170 °C.

Perm ethylation and hydrolysis of the disaccharide I

Compound I  (51.30 mg) was m ethylated  according to H a k o m o ri [18] w ith m ethyl 
iodide in  dim ethyl sulfoxide in  the presence of sodium  hydride to  give 70.2 mg (80.41% ) 
o f th e  octam ethyl-disaccharide (la).

The IR  spectrum  of the compound had  no hydroxyl band [19] a t 3500 c m -1.

Compound la  prepared as described above was subjected to  m ethanolysis in  a sealed 
am poule in 1 ml of 5%  m ethanolic hydrogen chloride a t 100°C for 2 hrs. A fter the am poule 
h ad  been opened, th e  m ethanol was evaporated  in  vacuum , the methyl-glycosides were dis­
solved in 1 ml of 0.5 N  HC1 and after the am poule had  been sealed, hydrolyzed a t 100 °C for

The specific rotation of 2-O-a-D-mannosido-D-glucose recently synthesized by D ick 
et. al. [Carb. Res. 36, 319 (1974)] was identical that of ristobiose.
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3 hrs. The contents of th e  ampoule were neutralized to  pH  6.0 by  m eans of a small q u an tity  of 
Dowex 1 x 4  (HCO~) ion-exchange resin, and 2—5 /Д of the solution was chrom atographed 
on Kieselgel-G th in-layer in the solvent systems given in Table I I ;  for comparison s tan d ard  
sugar m ethyl ethers were used

In  the hydrolysate of la  3,4,6-tri-O-methyl-D-glucose (RTMG 0.73 and 0.71 in solvent 
system s A and B, respectively) and 2,3,4,6-tetra-O-methyl-D-mannose (RTMG 0.94 and 0.95 
in  solvent systems A and B, respectively) were detected.

Perm ethylation and hydrolysis of the trisaccharide III

Compound I I I  (97.5 mg) was m ethylated w ith  m ethyl iodide according to Kuhn [15] 
in  dim ethylform am ide in th e  presence of active silver oxide. M ethylation was repeated four 
tim es to  give 42.3 mg of the decam ethyl-trisaccharide (Ilia). The IR  spectrum  of the com ­
pound  had no hydroxyl band [19] a t ^-3500 c m -1.

The hydrolysis of I l i a  was accomplished in  the  same as th a t  of la . The chrom atogra­
ph ic  data  are presented in  Table II.

Table II

Thin-layer chromatographic comparison o f the partially methylated monosaccharides obtained
from  la  and I l ia

Name
.RTMG

A В

Ia-hydrolysate 0.73 0.71
0.94 0.95

Ш а-hydrolysate 1.13 1.15
0.95 0.96
0.34 0.21

2,3,4,6-tetra-O-methyl-D-glucose 1.00 1.00
2,3,4,6-tetra-O-methyl-D-mannose 0.95 0.96
2,3,4-tri-O-methyl-L-rhamnose 1.11 1.15
3,4,6-tri-O-methyl-D-glucose 0.73 0.71
2,3-di-O-methyl-D-glucose 0.46 0.30
2,4-di-O-methyl-D-glucose 0.41 0.28
3,4-di-O-methyl-D-glucose 0.34 0.21

Thin-layer: Kieselgel-G (A ctivated for 1 h r a t 105 °C). Solvent system s: A  benzene- 
acetone (1:4) - f  1% of cone, am m onium  hydroxide; В  m ethyl ethy l ketone saturated w ith  
1%  am m onium  hydroxide. D etecting agent: 2%  aniline hydrogene ph thala te  solution in 
1-butanol (105 °C, 10 min)

In the hydrolysate of Ш а 3,4-di-O-methyl-D-glucose (RTMG 0.34 and 0.21 in solvent 
system s A and B, respectively), 2,3,4,6-tetra-O-methyl-D-mannose (RTMG 0.95 and 0.96 in 
solvent system A and B, respectively) and 2,3,4-tri-O-methyl-L-rhamnose (RTMG 1.13 and 
1.15 in  solvent systems A and B, respectively) were detected.

Preparation and hydrolysis of perm ethylristom ycin A

R istom ycin A sulfate (2.30 g) was m ethylated three tim es according to  H akom ori [18] 
w ith  m ethyl iodide in  d im ethy l sulfoxide in the presence of sodium hydride to  give 270 m g 
of perm ethylristom ycin A. R epeated  m ethylation did no t increase th e  m ethoxyl content of 
the compound.
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C,28H 1S50 49N9 (2662). Calcd. N  4.74; OCH3 24.75. Found N  4.66, 4.60; OCH, 25.30, 
25 .00% .

The hydrolysis of perm ethylristom ycin  A  was effected as described for la  and Ilia. 
T he pa rtia lly  m ethylated  m onosaccharides form ed as a result of th e  hydrolysis were detected 
b y  th e  procedure described in  Table II . The hydrolysate of perm ethylated  ristom ycin A 
con ta ined , in addition to  th e  hydrolysis products o f Ila, 3,4,6-tri-O-methyl-D-mannose (RTMG 
0.69 and  0.73 in solvent system s A and B, respectively) and 2,3,5-tri-O-methyl-D-arabinose 
(jRTMG 1.05 and 1.04 in  solvent system s A and  B , respectively).

*

The authors wish to  express th e ir appreciation  to  Mr. L. Sz il á g y i for the exploratory  
N M R  w ork a t 100 MHz.
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DERIVATIVES OF 1,3,4-THIADIAZOLE AS POTENTIAL
SCHISTOSOMICIDES

S h . A. S h a m s  E l - D i n e * and O .  C l a u d e r

( Institute o f Organic Chemistry, Semmelweis Medical U niversity, Pharmaceutical Faculty,
Budapest)

R eceived February  14, 1974

Some 1,3,4-thiadiazole derivatives were prepared on isom etric basis in analogy 
w ith the corresponding antischistosom al thiazole com pounds.

A lthough m a n y  n itro -s u b s titu te d  he terocyclic  com pounds, e.g. n itro -  
th iazo les, n itro im idazo les an d  n itro fu ra n s  have  a n tip ro to z o a l and  an tib ac te ria l 
p ro p erties , only v e ry  few o f th e m  are  endow ed w ith  an tisch is to so m al a c tiv ­
i ty  [1, 2]. Some y e a rs  ago, Lambert, Wilhelm et al . [3 —5] rep o rted  th e ir  
success in  the  in tro d u c tio n  o f a new  p o te n t clin ical a g e n t fo r schistosom iasis, 
n iridazo le  [l-(5 -n itro -2 -th iazo ly l)-2 -im id azo lid in o n e] (I).

I

Since th a t  tim e , several 5 -n itro th iazo ly l d e riv a tiv e s  an d  re la ted  com ­
p o u n d s were sy n th esized  and  te s te d  fo r sch isto som icidal a c tiv ity  [6—9]. The 
s tru c tu re -a c tiv ity  re la tio n sh ip  as w ell as th e ir  m ode o f  ac tio n  were in v es ti­
ga ted  [9, 10]. I t  h as  b een  re p o rte d  t h a t  th e re  are tw o  ty p e s  o f an tisch isto som al 
effects o f n itro h e te ro cy c lic  co m p o u n d s [10]. One is o b se rv ed  w ith  m any  s tru c ­
tu ra lly  u n re la ted  com pounds an d  is lim ited  to  rev ersib le  d am ag e  to  th e  fem ale 
rep ro d u c tiv e  system . T he o th e r ty p e  o f ac tion  is in i t ia te d  b y  a red u c tio n  in  
phosphory lase  p h o sp h a ta se  a c tiv ity , follow ed b y  a h e p a tic  sh if t an d  th e  ev en ­
tu a l  p a r tia l  or com plete  e lim in a tio n  o f  th e  p a ra s ite . T h is second ty p e  o f effect 
is ex e rted  b y  com pounds w hich h a v e  specific s tru c tu ra l  a n d  con fo rm ational 
ch a rac teris tic s  in  com m on, e.g. n irid azo le ; am ong th e se  com pounds are trans-

* To whom all correspondence should be addressed; p resen t adress: Pharm aceutical 
Chemistry D epartm ent, F acu lty  of P harm acy , Alexandria.
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5 -am in o -3 -[2 -(5 -n itro fu ry l)v in y l]-l,2 ,4 -o x ad id azo le  (II) [11] a n d  l-[3 -[(4 -n itro - 
so l-n a p h th y l)a m in o ]p ro p y l]  p ip erid in e  (III) [12].

T he h io isosterism  know n to  e x is t be tw een  th e  th iazo le  a n d  1,3,4- th ia - 
d iazo le  rings p ro m p te d  us to  p re p a re  l-(5 -n itro -l,3 ,4 -th iad iazo l-2 -y l)-2 -im id a- 
zo lid in o n e  (IV) an d  som e re la te d  com pounds in  analogy  to  n irid azo le  and  its  
d e r iv a tiv e s , especially  since th e  th iad iazo le  ring  rem ained  u n ex p lo red  regard ing  
th e  an tisch isto som al a c tiv ity .

IV

The p re p a ra tio n  o f  IV w as f i r s t  th o u g h t of to  he ach ieved  v ia  th e  following 
ro u te :

Com pound V w as f irs t  c la im ed  in  th e  lite ra tu re  as p re p a re d  b y  th e  n i t r a ­
t io n  of 2 -am in o -l,3 ,4 -th iad iazo le  (VI) w ith  fum ing  n itr ic  ac id  a t  40 °C [13]. 
H ow ever, th e  p ro d u c t has th e  sam e m elting  p o in t (177 °C, d .) as 2 -n itram ino-
1 ,3 ,4 -th iad iazo le  (VII) p rep a red  b y  K anaoka  u n d er s im ila r cond itions [14]. 
I n  o u r work, w hen  th e  sam e p ro ced u re  w as app lied  to  co m p o u n d  V I, th e  resu lts  
p ro v e d  th a t  th e  p ro d u c t w as V II. I t  is acidic in  n a tu re  a n d  d issolves in  sodium  
c a rb o n a te  so lu tion  w ith  effervescence. T he I R  sp ec tru m  show s th e  following 
ch arac te ris tic s .

1. The tw o s tro n g  b an d s  a t  3320 an d  3130 cm -1  fo u n d  in  th e  spec tru m  
o f  th e  s ta rtin g  m a te r ia l VI (N — H  s tr . of N H 2) d isappears a n d  is rep laced  b y  
a  s tro n g  b an d  a t  3100 cm -1  (N — H  s tr . o f — N H —).
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2. The s tro n g  b a n d  a t  3140 cm -1  assigned  to  C— N 0 2 sym . s tr . (com pared  
w ith  o th e r n itro th iad iazo le s  p rep a red  in  th is  w ork) is ab sen t.

3. T he s tro n g  b a n d  a t  890 cm -1  (C— H  of th e  ring) is s till p re se n t [15]. 
This confirm s th e  w o rk  of K a n a o k a  [14].

fuming HNQ3,40°C

N— N

NHNOa

VI VII

V II was also o b ta in e d  w hen VI w as tre a te d  in  a s im ila r w ay  to  th a t  
follow ed in  th e  p re p a ra tio n  of 2 -am ino-5 -n itro th iazo le  [16].

O n th e  o th e r h a n d , several a t te m p ts  to  p rep are  VI v ia  m o lecu lar r e a r ­
ra n g e m e n t of com p o u n d  V II b y  h e a tin g  w ith  su lfuric  ac id  a t  60 °C fo r 13 h rs 
[17] or a t  120 °C fo r  2 h rs [18] w ere unsuccessfu l. T h e  p ro d u c t o b ta in e d  
m elted  above 300 °C w ith  decom position  [19]; its  IR  sp ec tru m  h ad  th e  s tro n g  
b a n d  a t  890 cm -1  assigned  to  C— H . T hese resu lts  can  be ex p la in ed  b y  th e  
e lec tro n  deficiency o f  th e  th iad iazo le  rin g  [17].

T hus, th e  fo llow ing  ro u te  w as suggested  for th e  p re p a ra tio n  o f  com ­
p o u n d  IV :

N— N N — N N— N

C om pound^/III w as f ir s t  p rep a red  b y  B a c k  et al. [20] via  th e  b ro m in a tio n  
o f  VI in  40 %  H B r; how ever, th e  p ro d u c t w as n o t iso la ted  b u t  d iazo tized  
in  situ  to  2 ,5 -d ib ro m o -l,3 ,4 -th iad iazo le . I n  th e  p re sen t w ork , V III w as p re p a re d  
b y  tr e a tin g  VI w ith  b ro m in e  in  acetic  ac id ; i t  w as iso la ted  as a c ry s ta llin e  p ro d ­
u c t  an d  su b jec ted  to  m icroanalysis . T h e  I R  sp ec tru m  o f th is  p ro d u c t show s 
th e  follow ing bands assigned  to  th e  p rim a ry  am ino g roup ; 3350 v .s. 3100 v .s . 
1600 s., an d  1305 m  c m - 1 ; in  ad d itio n , th e  tw o b an d s  a t  1225 m  an d  890 v .s . 
c m -1  assigned to  C— H  are  absen t. F u r th e r  co n firm ation  o f th e  s tru c tu re  w as 
o b ta in e d  b y  p rep arin g  th e  N -ace ty l d e riv a tiv e  (XI) of th is  p ro d u c t.

VI
Hr,

HOAc VIII
Ac20

T he p re p a ra tio n  o f  com pound  IX  w as f irs t  described  in  a U. S. p a te n t
[21], an d  th is  was accom plished  b y  tr e a tin g  V III w ith  sodium  n itr i te  an d  copper
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m e ta l pow der in  h y d ro ch lo ric  acid. In  o u r w o rk  fu r th e r  im p ro v em en t o f th e  
m e th o d  of p re p a ra tio n  a n d  iso la tion  of th e  p ro d u c t h av e  been  achieved . T he IR  
sp e c tru m  of th is  co m p o u n d  has tw o b an d s  a t  1540 v .s. a n d  1340 v .s . cm -1  
assig n ed  to  C— N 0 2.

P rep a ra tio n  o f co m p o u n d  X was accom plished  b y  th e  ac tio n  of N -carb- 
e th o x y e th y len ed iam in e  X II  on com pound IX . T h e  IR  sp ec tru m  shows a s tro n g  
b a n d  a t  3350 cm -1  assig n ed  to  N — H  s tr . o f th e  seco n d ary  am ino an d  m ono- 
s u b s ti tu te d  c a rb a m a te  g ro u p s; am ide I  b a n d  ap p ears  a t  1695 v .s. cm -1  a n d  
am id e  I I  b and  ap p ea rs  a t  1550 v .s. cm -1 , m ix ed  w ith  C— N 0 2 asym . s tr .

IX  + h2n NHCOOfit

XII

X

A H u n g arian  p a te n t  described  th e  p re p a ra tio n  o f l-(2 -th iazo ly l)-2 -im ida- 
zo lid inone X III b y  h e a tin g  N -[2 -[(2 -th iazo ly l)am in o le th y l]-e th y l]u re th an e  XIV 
w ith  sodium  e th o x id e  in  ab so lu te  e thano l [22].

H ow ever, th e  p resence  o f th e  n itro  g roup  on th e  e lec trondefic ien t th ia -  
d iazo le  ring  w hich  m a y  lead  to  its  su b s ti tu tio n  b y  th e  s tro n g  nucleophilic  
e th o x y l rad ica l [23], in  a d d itio n  to  th e  p o ssib ility  o f rin g  cleavage [24], have  
led  us to  avoid th e  use o f  th is  p rocedure to  p re p a re  com pound  IV. A new  m eth o d  
was applied w hich co n sis ted  in  h ea ting  X a t  a te m p e ra tu re  above its  m elting  
p o in t  for several h o u rs . (R eflux ing  a so lu tio n  o f X in  d im eth y lfo rm am id e  fo r 
sev era l hours d id  n o t  b rin g  th e  reac tion  to  com pletion).

The p re p a ra tio n  o f N -[2 -[(5 -n itro -l,3 ,4 -th iad iazo l-2 -y l)-am in o ]e th y l]-  
ace tam ide  XY w as accom plished  b y  t r e a tm e n t  o f com p o u n d  IX  w ith  N -acety l- 
e thy lened iam ine  XVI. T h e  I R  spec trum  show s am ide I  b a n d  a t  1660 v.s. cm -1  
a n d  am ide I I  b a n d  a t  1570 v .s. cm -1 .

N— N

IX +  h 2n NHCOCHs 0 2N NHCOCHs

XVI XV
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N -[2-[(5 -N itro -2 -th iazo ly l)am in o ]e th y l]e th y l-u re th an e  (XVIII) w as p re ­
p a red  b y  th e  a c tio n  o f  X II on 2 -b rom o-5 -n itro th iazo le  (XVIII). The IR  s p e c tru m  
has am ide  I  h a n d  a t  1680 v .s. cm -1  an d  am ide  I I  b a n d  a t  1590 v.s. cm - 1 .

+ XII

XVIII XVII

C om pounds XV an d  XVII w ere p re p a re d  to  exam ine th e ir  an tisc h is to -  
som al a c tiv ity  in  com parison  w ith  com pounds IV an d  X. In v estig a tio n  o f  th e  
a c tiv ity  o f  th e se  com pounds is in  p rog ress an d  th e  re su lts  will be d iscussed  
elsew here.

Experim ental

M.p.’s are uncorrected . The IR  spectra were obtained w ith  a UNICAM SP. 1200 
spectrophotom eter.

2-Nitramino-l,3,4-thiadiazoIe (VII)

A m ixture of 1.01 g (0.01 mole) of VI and 0.8 m l n itric acid was added gradually  to  
6 g sulfuric acid a t a  tem pera tu re  below 30 °C. The solution was stirred for 3 hrs a t room  te m ­
perature, poured in to  10 m l ice-cold w ater, and the yellow precip itate produced was filte red  
off, washed w ith  ice-cold w ater and dried to  yield 0.73 g of VII, m.p. 175—177 °C (d).

2-Amino-5-bronio-l,3,4-thiadiazole (VIII)

A solution of 10 g (0.1 mole) of IV in  30 ml glacial acetic acid was mixed gradually w ith
17.6 g (0.11 mole) brom ine in 6 ml glacial acetic acid, w ith  shaking. The m ixture was allowed 
to stand for 3 days a t room  tem perature and th en  poured into 200 m l w ater w ith continuous 
stirring. The prec ip ita ted  solid was filtered off, washed w ith  w ater and recrystallized from  80%  
ethanol using charcoal to  give white needles m elting a t 184—185 °C; yield 85%.

C2H 2N3SBr. Calcd. C 13.35; H  1.12; N  23.35; S 17.78; Br 44.4% . Found C 13.50; 
H  1.10; N 23.80; S 17.10; Br 44.3%.

2-Acetamido-5-bromo-l,3,4-thiadiazole (XI)

3.6 g (0.02 mole) of the amine VI was heated  gently  w ith 15 m l acetic anhydride u n til 
dissolution. The solution was refluxed for 30 min cooled and then  poured into 100 m l cold 
w ater w ith continuous stirring. The precipitate was filtered off, washed w ith w ater and c ry s ta l­
lized from 50%  ethanol to  obtain white needles, m .p. 245—247 °C, yield 75%.

C4H 4N3OSBr. Calcd. C 21.62; H  1.80; N. 18.90; S. 14.40; B r 36.36%. Found C 22.10; 
H  2.00; N  19.20; S 14.00; B r 35.90%.

2-Nitro-5-bromo-l,3,4-thiadiazole (IX)

1.3 g (0.02 mole) o f copper m etal powder suspended in  a solution of 2.1 g (0.03 m o le) 
sodium n itrite  in  20 m l w ater. This suspension was trea ted  w ith  two drops of hydrochloric 
acid and stirred  for 15 m in. 1.8 g (0.01 mole) of the  amine VI was dissolved in a m ixture o f 
2 ml hydrochloric acid and  4 ml w ater by  w arm ing on a steam  b a th , and the solution w as 
added dropwise during a 15 min period to the  previously prepared suspension w ith vigorous 
stirring. D uring addition , th e  m ixture became green, gas evolved and a yellowish green solid 
separated. The m ixture w as stirred for 2 hrs, filtered  and the precip itate dried in  a desiccator.
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T he solid was ex trac ted  repeated ly  w ith e ther, th e  e ther extract was dried over N a2S 0 4, 
filte red , and the e ther evapo ra ted  to  leave 1 g of d a rk  yellow crystals. R epeated  recrystalli­
za tion  from  a m ixture of e th e r and petroleum  e th e r (60—80 °C) produced 0.9 g (43% ) of 
yellow  crystals, m.p. 102— 103 °C.

N -[2-[(3-N itro-1,3,4-thiadiazol-2-yl) a  mine*] ethyl] ethyl urethane (X)

2.7 g (0.02 mole) o f N -carbethoxyethylenediam ine (ХП) was added dropwise to  a m ag­
netica lly  stirred solution o f 2.1 g (0.10 moíe) o f IX  in  20 ml te trahydrofuran . Stirring was 
con tinued  for 2 hrs, and  th e  solvent was evaporated  under reduced pressure to  leave a reddish 
b row n  oily residue w hich was then  placed on a silica gel column. D evelopm ent of the colum n 
w ith  a m ixture of benzene and  acetone (8:2) gave a yellow crystalline product; th is was recrys­
ta llized  from chloroform -petroleum  ether (60—80 °C); m. p. 140—142 °C, yield 1.7 g (65% ).

C,Hu N50 4S. Calcd. C 32.18; H  4.25; N . 26.81. Found C 32.05; H  4.40; N 26.53% .

l-(5-N itro-l,3,4-thiadiazol-2-yl)-2-im idazolidinone (IV)

2.6 g (0.01 mole) o f X  was heated a t 160— 170 °C for 5 hrs. A fter cooling th e  brow n 
residue was suspended in  e thano l and the suspension was filtered. The solid was repeatedly  
w ashed  w ith ho t e thano l and  then  dried to yield 0.9 g (42% ) of a brow n am orphous p roduct 
w hich did not m elt w hen heated  to  320 °C.

C5H sN50 5S. Calcd. C 27.91; H. 2.34; N. 32.50. Found C 27.50; H  2.50; N  32.10% .

N -[2-[(5-N itro-l,3,4-thiadiazoI-2-yl)am ino]ethyl] acetamide (XV)

2 g (0.02 mole) o f N -acetylethylenediam ine (XVI) was added to  a stirred  solution of 
2.1 g (0.01 mole) of IX  in  20 ml ethanol during 20 m in. The resulting reddish yellow solution 
w as stirred a t room tem pera tu re  for 1 h r, th en  th e  yellow precipitate which separated  was 
filte red  off and w ashed w ith  cold ethanol. A second crop was obtained by  concentration of 
th e  filtra te  and washings u nder reduced pressure. The product was recrystallized from  ethanol 
as yellow needled m elting  a t  228—230 °C w ith  decom position; yield 73% .

C,H,N50 ,S . Calcd. C 31.17; H  3.92; N  30.29. Found C 31.13; H  4.00; N  30.22%.

N -[2-[(5-N itro-2-lhiazolvl)am i no] ethyl] ethyl urethane (X VIII)

A m agnetically s tirred  solution of 2.1 g (0.01 mole) of XVIII in  50 ml of a m ixture of 
e thano l and ether (1 : i )  was mixed w ith 2.7 g (0.02 mole) of XII adding the  com pound dropwise 
in  a 20 min period. T he m ix ture  was stirred for 1 h r  and then allowed to  stand  overnight to  
give a yellow p recip ita te ; a second crop was ob ta in ed  from  the m other liquor. R ecrystalliza­
tio n  from a m ixture of e thanol and ether gave 1.6 g (60%) of yellow crystals, m .p. 165— 
167 °C.

C8H 12N40 4S. Calcd. C 36.92; H 4.60; N  21. 53. Found C 37.00; H  4.80; N 21.50%.

R E F E R E N C E S

[1] M iu r a , K., R e c k e n d o r f , H. K.: Progr. M ed. Chem. 5, 320 (1967)
[2] S c h n it zer , R. J .:  in  “ E x p erim en ta l C h em o to g rap h y ”  (R. J . S c h n it z e r  a n d  F. H a w k in g ,

eds), Vol. 1, A cademic Press, New Y ork  1963 p. 289
[3] L a m bert , C. R ., W il h e l m , N., St r ie b e l , H ., K r a d o lfer , F., S c h m id t , P .: E x p e rie n tia

20, 452 (1964)
[4] Sch m id t , P., W il h e l m , M.: Angew. Chem., In te rn a t. E d. Engl., 5, 857 (1966)
[5] W ilh el m , M ., M a r q u a r d t , F . H ., Me ie r , K ., S ch m id t , P.: H elv . C him . A c ta  49, 2443

(1966)
[6] B r u d e r e r , H ., R tjegg , R .: S. African P a t.  6804, 729; C. A. 71, 112923a (1969)
[7] W e r b e l , L. M., R a tta g lia , R.: J . Med. Chem. 14, 1, 10 (1971)
[8] I s l ip , P.: B rit. P a t. 1, 245, 916; C. A. 75, 104839 (1971)
[9] W estla n d , R . D ., W e r b e l , L. M., D ic e , J .  R ., H olm es, J . L ., Za h n , В. G.: J . Med.

Chem. 14, 10, 916 (1971)

A da  Chim. (Budpesta) 84, 1975



SHAMS E L -D IN E, CLAUDER: D ERIV A TIV ES OF 1,3,4-TH IA DIA ZO LE 91

[10] R o b in so n , C. H ., B u e d in g , E., F is c h e r , J .: Molec. Pharm acol. 6, 604 (1970)
[11] B r u e r , H .: J .  Med. Chem. 12, 708 (1969)
[12] W e r b e l , L. M., E lsla g er , E. F ., W o r t h , D. F.: J. Med. Chem. 11, 950 (1968)
[13] T o w n e , E. B., D ic k e y , J . B.: U.S. 2, 790, 791; C.A. 51, 13402e (1957)
[14] K a n a o k a , M.: J . Pharm . Soc. Ja p a n  75, 1149 (1955); C.A. 50, 5647 (1956)
[15] R a o , C. N. R ., V en k a ta ra g h a v a n , R .:  Can. J . Chem. 42, (1), 43 (1964)
[16] B r a d f o r d , L ., J e n is o n , J .  D.: Swiss. P a t. 487, 923; C.A. 73, 66560w (1970)
[17] D ic k e y , J . B., T o w n e , E. B., W r ig h t , G. F .: J . Org. Chem. 20, 499 (1955)
[18] N o v ik o v , S. S., K h m e l ’n it s k u , L. I., L e b e d e v , О. V., Se v a st ’y an o va , V. V., E p is h in a ,

L. У .: K him . Geterotsikl. Soedin (4), 503 (1970); C. A. 73, 66491 (1970)
[19] Sa ik a c h i, H ., K a na o k a , M.: Y akugaka Zasshi 81, 1333 (1961); C.A. 56, 7304h (1962)
[20] B a ck , B., Ch r is t e n s e n , C. H., H a n s e n , T. S., P e d e r s e n , E . J . ,  N ie l s e n , J .  T .: A cta

Chem. Scand. 19, 2434 (1965)
[21] T o m c u fc ik , A. S., Old  T a ppa n , N . J . ,  N ew m a n n , H ., V a l l e y , N. Y. S., H o ff m a n ,

A. M., R id g e , P., E vans , E. L., T e a n e c k , N. J .: TJ.S. P a t. 3, 497, 597; C.A. 72, 121547e 
(1970)

[22] F u c h s , O .,N e m e s , A .,D um bovich , B ., S z e n t p é t e r i, A .,P a l á g y i, Т.: Ger. offen. 2,033.611 
( (cl. c 07d); C.A. 74, 87982w (1971)
[23] H er t o g , H . J . ,  J o uw ersm a , C., V a n  d e r  W a l , A. A., W e l l e b r a n d s -Schogt, Е . Е . С.:

Rec. T rav. Chim. 68, 282 (1949)
[24] Sa n d str ö m , J .:  in  “ Advances in H eterocyclic Chemistry”  (A. R . K a tritzk y  and  A. J .

B o ulto n  eds), Vol. 9, Academic Press, New Y ork 1968 p . 189.

Sh. A . Shams E l -D i n e ; U n iv ersity  o f  A lexandria , P h a rm a c e u tic a l F a c u lty ,
A lexandria

O ttó  Clauder; 1092 B u d ap est, H őgyes E . u . 7, H u n g a ry .

Acta Chim. ( Budapest)  84t 1975





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 84 (1), pp. 93 — 97 (1975)

ALKALOIDS CONTAINING the INDOLO [2,3-c] 
QUINAZOLINO [3,2-a]PYRIDINE SKELETON, IIP

3,14-D IH Y D R O R U TEC A R PIN E 

K . H o r v á t h -D óra  and 0 .  Cl a u d e r

(Institu te o f Organic Chemistry, Faculty o f  Pharmaceutical Sciences, Semmelweis Medical
U niversity, Budapest)

Received M arch 29, 1974

3,14-D ihydrorutecarpine (3) was prepared from  try p tam in e  (4) b y  m eans of 
acylation w ith isatoic anhydride ©  followed by ring closure w ith  ethy l form ate. The 
oxidation and N 14 m ethylation  of @ yielded rutecarpine ®  and  evodiam ine @, respec­
tively. R utecarpane ®  and ru tecarpene ©  have also been prepared from  3,14- 
dihydrorutecarpine (3).

In  our earlier p a p e r  [1] th e  sy n th es is  and red u c tio n  o f  ru te c a rp in e  was 
t re a te d . I t  was s ta te d  th a t  in  ru te c a rp in e  th e  C3— N 14 doub le  b o n d  can n o t 
be  reduced  se lectively  because o f th e  ex ten siv e  co n ju g a tio n  invo lv in g  th e  w hole 
rin g  system . I ts  h y d ro g en a tio n  can  be  ach ieved  only a f te r  decreasing  th e  e x te n t  
o f  co n ju g a tio n , fo r exam ple , a f te r  th e  red u c tio n  of th e  la c ta m  C = 0  group . 
T herefo re  3 ,1 4 -d ih y d ro ru teca rp in e  ( s )  could  only he  sy n th es ized  u p  to  now .

S im ilarly  to  th e  sy n th esis  o f  ru te c a rp in e , i t  was a lre a d y  p re p a re d  th ro u g h  
th e  condensation  re a c tio n  o f N -fo rm y ltry p ta m in e  (7) a n d  a n th ra n ilic  ac id  @ [1 ] .
(F ig . 1.)

PO CI,
C„H0

F ig . 1

A novel sy n th e tic  m eth o d  h a v e  also been developed  fo r th e  com pound . 
T ry p ta m in e  (T) w as a c y la te d  w ith  isa to ic  anhydride  (F) [2] in  m e lt, y ie ld ing  
N -a n th ra n o y l- try p ta m id e  (7 ). T his su b s ta n c e  was a lread y  p re p a re d  b y  A s a h in a  
an d  I sh im a v a  [3] in  ZnCl2— HC1 re d u c tio n  o f o -n itro b en zo y ltry p tam id e  (7 ). 
T h en  N -a n th ra n o y l- try p ta m id e  (T) w as su b jec ted  to  ring -c lo su re  w ith  e th y l 
fo rm a te  in  a fusion reac tio n  ag a in , a n d  3 ,1 4 -d ih y d ro ru teca rp in e  (7) was 
o b ta in e d . (F ig . 2.)

* P a rt I I :  H orváth-D óra , К ., Cl a u d e r , 0 . :  Acta Pharm . H ung. 44, Suppl. 80 (1974)
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L uc k n e r  [4, 5] a ssu m e d  th a t  d ih y d ro ru teca rp in e  ( з )  is a k ey  com pound 
in  th e  biosynthesis o f  ru te c a rp in e  (?) an d  evod iam ine  (9). A ccord ing  to  J o h n e  

a n d  G rö g er  [6, 7], th e  N -m e th y la tio n  reac tio n  n ecessary  fo r th e  b iosynthesis 
o f  evodiam ine (?) p ro c e e d s  a lread y  in  th e  a n th ra n ilic  ac id , r a th e r  th a n  in  th e

HG(OEt)3

11
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d ih y d ro ru te c a rp in e  (7). I t  can c e r ta in ly  be s ta te d  th a t ,  even i f  i t  h as  no 
im p o r ta n t  ro le in  th e  b iosyn thesis , b o th  a lkalo ids can be p re p a re d  from  i t  u n d e r 
la b o ra to ry  co n d itio n s .

O x id a tio n  o f  3 ,1 4 -d ih y d ro ru teca rp in e  (?) w ith  m ercu ric  a c e ta te  y ie ld ed  
ru te c a rp in e  (? ), w hile th e  N 14 m e th y la tio n  reac tio n  ca rr ied  o u t w ith  fo rm ic  
acid  an d  fo rm a ld eh y d e  resu lted  in  evod iam ine  (?). E v o d iam in e  (?) w as id e n ­
tif ie d  on th e  b as is  o f lite ra tu re  d a ta  (m .p ., spectroscopic  ch a rac te ris tic s , e tc .). 
[8, 9, 10].

In  th e  re d u c tio n  o f 3 ,1 4 -d ih y d ro ru tecarp in e  (?) w ith  L iA lH 4 invo lv in g  
th e  h y d ro g e n a tio n  o f  th e  C = 0  b o n d , ru te c a rp a n e  (lo) w as fo rm ed. O x id a tio n  
o f  ru te c a rp a n e  (to) w ith  m ercuric  a c e ta te  y ielded  ru te c a rp en e  (П). R u te c a r ­
p an e  (w) an d  ru te c a rp e n e  (и) have  a lre a d y  been p re p a re d  earlie r [1] b y  th e  
red u c tio n  o f ru te c a rp in e  (?) u n d er v a rio u s  conditions. (F ig . 3.)

Experim ental

Isatoic anhydride ©

The substance was prepared from an thran ilic  a c id ©  (5.0 g, 0.036 mole) and e thy l chloro- 
carbonate(15 m l,0.0125 M )  according to  the  prescriptions given in  Ref. [2]. Yield: 88% (5 .15g). 
M.p. 246—248 °C (L it. m .p. 243 °C [2]).

UV (etanol): Amax (log e): 242 (3.85); 315 nm  (3.51).
IR : (K B r): 3300—2700 c m -1 (i> N H  cyclic dimer), 1775, 1735 c m -1 (v CO lactone), 

760 c m -1 (у  CH o-disubst.).

N-Athranoyl-tryptamide ©

T ryptam ine base ©  (1.0 g, 0.0625 mole) and isatoic anhydride ©  (1.0 g, 0.00625 mole) 
were ground together thoroughly  in a porcelain m orta r then  kept on a paraffin  b a th  a t 100 °C 
for 1 hr. The m ateria l f irs t settled then  foam ed. A fter 1 hr trea tm en t, i t  was crystallized from  
absolute ethanol (10 ml). W hite crystals (1.5 g; yield: 86%). After recrystallization from  e th a ­
nol, m .p. 156—157 °C (L it. m.p. 157.5 °C) [3].

UV (ethanol): Amax (log e): 248 (4.03), 272 (3.79), 282 (3.82), 290 (3.80), 322 nm  (3.59).
IR  (K B r): 3470, 3390 cm -1 (v N H 2), 3300 c m -1 (v NH indole), 1630 cm -1 (v CO acid 

amide).

3,14-Dihydrorutecarpine ©

N -A nthranoyl tryp tam ide  ®  (1.5 g, 0.0054 mole) was refluxed w ith  freshly distilled 
ethy l form ate (0.0225 m ole, 3.0 ml) on a paraffin  b a th  a t 180 °C for 20 hrs. The excess e thy l 
form ate was distilled in  vacuum . The oily residue was crystallized from  acetone. 1.40 g of the  
p roduc t was obtained. (Yield: 77% .) A fter recrystallization  from ethanol, m .p. 178—179 °C.

UV (ethanol): Amax (log e): 272 (4.11), 290 nm  (3.98).
IR  (K Br): 3350 c m -1 (v NH), 1660 c m -1 (v CO acid amide), 745 c m -1 (у  CH o-disubst.).

Rutecarpine ®

3,14-D ihydrorutecarpine ©  (0.15 g, 0.0005 mole) was blended thoroughly  w ith 3%  
acetic acid (6 ml). M ercuric acetate (0.40 g, 0.0013 mole) and EDTA  disodium  salt (0.45 g) 
in  3%  acetic acid (6 m l) were added to  the suspension, then  it  was refluxed on a paraffin  
b a th  a t 110 °C in  N2 atm osphere for 5 hrs. The reaction  m ixture clarified firs t then  a rubber-
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like  m aterial separated. The colour of th e  solution tu rn ed  yellow. A fter cooling the solution 
w as m ade alkaline to  p H  =  8 w ith 2 M  N H 4OH, th en  extracted  w ith 1 X 20 ml, then  3 X 10 ml 
of chloroform. A fter d rying i t  was evaporated  to  dryness in vacuum . A yellowish beige oil was 
ob ta ined ; it  could be crystallized from  ethanol. 0.13 g of the product was obtained (yield 
75% ). M.p. 256—258 °C.

UV (ethanol): Amax (log e): 278 (3.88), 290 (3.92), 332 (4.48), 345 (4.54), 364 nm  (4.44).
IR  (KBr): 3350 c m -1 (v NH indole), 1660 c m -1 (v CO acid amide), 765, 725 c m -1 

(у CH o-disubst.).

Evodiamine (?)

98%  Formic acid (3 ml) was poured onto 3,14-dihydrorutecarpine (5) (0.08 g, 0.00025 
mole) while cooling w ith  w ater and stirring. The substance was dissolved forming a yellow 
solution. 35% form aldehyde was added to  i t  (4 ml). The solution becam e alm ost colourless. 
I t  was stirred then  on a w ater b a th  a t 80 °C in  N2 atm osphere for 5 hrs. The colour o f the 
solution deepened and  tu rn ed  orange. C oncentrated hydrochloric acid (1 ml) was added to 
i t  under cooling w ith  ice, th e n  evaporated  in  vacuum . Chloroform (30 ml) was poured onto 
th e  residue and m ade alkaline w ith 2M  N H 4OH while cooling in  ice. The aqueous phase was 
ex trac ted  w ith 3 x 2 0  ml of chloroform. A fter drying the chloroform solution was evaporated 
in  vacuum , yielding a beige dry  foam. Purification  was accomplished on a Kieselgehl H  p repara­
tiv e  layer. Developing m ix ture: benzene : e thy l ace tate  : m ethanol (4:2:1). 0.03 g of p roduct 
w as obtained in 40%  yield. M.p. 270—271 °C.

UV (ethanol): Amax (log e): 268 nm  (4.08), (acetonitrile): 272 (4.06), 280 (4.02), 291 
(3.90), 335 nm (3.30).

IR  (KBr): 3250 c m -1 (v N H  indole), 1660 c m -1 (v CO acid amide), 745 c m -1 (y CH 
o-disubst.).

Rutecarpane !o:

Absolute e ther (5 ml) was poured onto 3,14-dihydrorutecarpine (3) (0.05 g, 0.00016 
mole), then  LiAlH4 (0.03 g, 0.0008 mole) was added to  it  under continuous stirring. Then the 
m ix ture  was refluxed on a w ater b a th  and stirred  continuously for 20 hrs. I t  was decomposed 
w ith  w ater (1 ml) th en  filtered . The precip itate was washed thoroughly w ith ether. After drying 
th e  ether, it was distilled off, and a w hite solid residue was obtained (0.04 g). Yield: 93% . 
A fter recrystallization from  acetone: m .p. 165 —168 °C.

UV (ethanol): Amax (log e): 283 nm  (4.04).
IR  (K Br): 3400 c m -1 (v N H  indole), 3250 c m -1 (v NH sec. amine), 745 cm -1 (v CH 

o-disubst.).

Rutecarpene (Ц)

3%  Acetic acid (3 ml) was poured onto ru tecarpane (ß) (0.05 g, 0.00018 mole) and 
boiled for 5 m inutes u nder continuous stirring. The substance did no t dissolve com pletely. 
A fter cooling the solution, mercuric ace tate  (0.20 g, 0.0006 mole) and a solution of th e  diso­
d ium  salt of ED TA  (0.22 g) in 3%  acetic acid (3 ml) were added to  it. The m ixture was k ep t 
on a paraffin  b a th  a t 110 °C under N2 atm osphere for 8 hrs. The colour of the solution tu rn ed  
yellow and yellow crystals separated. The m ix ture  was made alkaline w ith 2M  N H 4OH while 
cooling w ith ice th en  ex trac ted  w ith  1 x 2 0  ml, th en  3 x 1 0  ml of chloroform. The chloroform 
phase was dried th en  evaporated. 0.04 g of p roduct was obtained. Yield: 83%. A fter recrys­
tallization from ethanol, m.p. 205 — 207 °C.

UV (ethanol): Amax (log e): 336 nm  (4.28).
IR  (K Br): 1640 c m -1 (v C = N ), 760, 740 c m -1 (y CH o-disubst.).
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CIRCULAR DICHROISM, LXVI*
C H IR O PT IC A L  PR O P E R T IE S  O F SOME MONO- AND PO LY SUBSTITUTED  P H E N Y L

GLYCOSIDES

A. L é v a i “ * * ,  A. L i p t á k A  I .  P i n t é r “ * * *  and G. S n a t z k e “

( aLehrstuhl fü r  Slrukturchemie, Ruhr-U niversität Bochum, bBiochemical Institute, L . Kossuth
U niversity, Debrecen)

Received April 9, 1974

In  contrast to com pounds w ith  the center of ch irality  bound to  the phenyl 
ring  via a C-atom, for phenyl glycosides the substitu tion  p a tte rn  of the aryl ring  is 
in general w ithout any influence upon th e  sign of the C otton effects, as long as these 
substituents are not very strong perturbers. B oth  the 1B 2U and  th e  1B la band  CD are 
negative for /S-glycosides and positive for the a-anomers. In  th e  case of o-substitu ted  
compounds steric and/or electronic effects m ay, however, change th e  sign of some 
CD bands of the arom atic chrom ophore.

N um erous papers h av e  b een  p u b lish ed  on th e  O p tica l R o ta to ry  D isp e r­
sion  (O R D ) an d  C ircular D ich ro ism  (CD) o f pu rin e  an d  p y rim id in e  nucleosides 
b u t  th e  ch irop tica l b eh av io u r o f  th e  p h en y l glycosides h a v e  n o t received  so 
m u c h  a tte n tio n  [1— 5]. T h o u g h  sev era l su b s titu te d  co m p o u n d s have  b een  
in v e s tig a te d  [3— 5], th e y  m o s tly  co n ta in ed  e ith e r m ore th a n  one group in  th e  
p h e n y l rin g  or such su b s titu e n ts  w hich  a c t as s tro n g  p e r tu rb e rs , like C ( = 0 ) R  
o r N 0 2. In  view  of som e ru les w h ich  h av e  b een  p roposed  fo r th e  co rre la tio n  
b e tw e e n  ch irop tica l p ro p ertie s  a n d  su b s titu tio n  p a tte rn s  w ith in  th e  a ro m a tic  
r in g  [6, 7] i t  seem ed in te re s tin g  to  m easu re  th e  CD sp e c tra  o f  som e sim p ler 
pheny lg lycosides w hich h av e  b een  sy n th esized  b y  know n m e th o d s  [8, 9]. T h e  
d a ta  a re  sum m arized  in  T ab le  I .

Discussion

T h e  d e te rm in a tio n  o f th e  co n fig u ra tio n  a t  th e  anom eric  C -atom  is u su a lly  
a c h ie v e d  w ith  th e  help  o f H u d s o n ’s  iso ro ta tio n  ru le [10] a n d  from  coup ling  
c o n s ta n ts  J\> 2' in  th e  N M R  sp e c tra  o f glycosides [11]. A cco rd ing  to  his ru le , 
/1-glycosides in  th e  D-series a re  m ore le v o ro ta to ry  or less d e x tro ro ta to ry  th a n  
th e  co rrespond ing  a-anom ers. T h is ru le  is b ased  on th e  fa c t  t h a t  th e  a ce ta l 
c h ro m o p h o re  of 2 -a lk o x y te tra h y d ro p y ra n e  show s a p o sitive  p la in  O R D  cu rve

* P a rt LXV: Sn a tzk e , G., Gr a f , W . ,  Sc h la tte r , H .-R ., L ü t h y , Ch .: Helv. Chim. 
A cta, 57, 1055 (1974)

** Perm anent address: In s titu te  of Organic Chemistry, L. K ossu th  U niversity , D eb­
recen, H ungary

*** Perm anent address: C entral R esearch In s titu te  for Chem istry of the H ungarian  
A cadem y o f Sciences, B udapest
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Table I
Circular dichroism data of different phenyl glycosides

6 5

R : Sugar component 
X : Substituents in benzene ring ^max (^®)

I
a -Series
R: Tetra-O-methyl-D-glucose 
X-

273 (+ 0.42), 266 (+0.55), 261 (+ 0.42), 218 (+ 2.36)

i i R: Hepta-O-acetyl-D-maltose 
X-

272 (+0.51), 265 (+ 0 .65), 260 (+ 0.50), 232 ( -0 .0 8 ) , 216 (+ 3 .46)

h i R: Hepta-O-acetyl-D-cellobiose 
X*

272 (+ 0.45), 265 (+ 0.58), 259 (+ 0.43), 230 (-0 .1 9 ) , 217 (+ 2 .91)

IV R: 4’,6’-0-Benzylidene-D-glucose 
X-

273 (+0.34), 266 (+ 0.44), 260 (+ 0 .38), 216 (+ 4 .96)

V R: 2’,3’-Di-0-methyl-4’,6’-0-benzylidene- 
D-glucose 

X-
273 (+ 0.42), 266 (+ 0 .54), 260 (+ 0.47), 216 (+ 6 .38)

VI R: D-Glucose 283 (+ 0.28), 275 (+ 0.37), 221 (+ 1.84)

VII
X : 4-CH3

R: Tetra-O-acetyl-D-glucose 281 (+0.29), 274 (+ 0 .40), 236 (—0.06), 220 (+ 3.55)

VIII
X: 4 -CH3 

R: D-Galactose 282 (+0.29), 275 (+ 0.40), 270 (+ 0.36), 222 (+ 3.24)

IX
X : 4-CH3

R: Tetra-O-acetyl-D-galactose 280 (+ 0.32), 273 (+ 0 .45), 268 (+ 0.39), 220 (+4.77),

X
X : 4 -CH3

R: Tetra-O-acetyl-D-glucose
194 (+17.00)
280 (+ 0.26), 273 (+ 0 .35), 268 (+ 0.30), 237 (-0 .0 8 ) ,

XI
X : 4-C2H 5 

R: D-Galactose
221 (+ 3.68), 193 (+14.50)
281 (+ 0.30), 274 (+ 0.41), 268 (+ 0 .35), 222 (+ 3.40)

XII
X : 4-C2H 5

R : Tetra-O-acetyl-D-galaetose 280 (+ 0.34), 273 (+ 0 .47), 267 (+ 0.42), 261 (+0.29),

XIII
X: 4-CoH 5 

R: D-Glucose
221 (+ 5.00)
277 (+ 0.67), 270 (+ 0 .77), 220 (+ 2.00)

XIV
X: З-СН3

R: Tetra-O-acetyl-D-glucose 276 (+ 0.65), 269 (+ 0.73), 235 (—0.07), 220 (+ 2 .83)

XV
X: З-СН3  

R: D-Glucose 275 (+ 0 .68), 269 (+ 0.77), 215 (+ 1.82)
X- 2-CH3

1
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xvn
XVIII

XIX

xx
XXI

XXII

ХХШ

XXIV

XXV

XXVI

xxvn
XXVIII

XXIX

XXX

XXXI

XXXII 

ХХХП1 

XXXIV

XVI R: Tetra-O-acetyl-D-glucose 
X : 2-CHa 
R: D-Glucose 
X- 4-Br
R: Tetra-O-methvl-D-glucose 
X : 4-Br
R: Tetra-O-acetyl-D-glucose 
X : 4-Br 
R : D-Glucose 
X: 4 -N 0 2

R: Tetra-O-acetyl-D-glucose 
X : 4-NO,

ß-Series 
R : D-Glucose 
X : -
R : 2 \3 ’-Di-0-methyl-D-glucose
X : —
R: Tetra-O-methyl-D-glucose
X : -
R: Hepta-O-acetyl-D-maltose
R: —
R- Hepta-O-acetyl-D-cellobiose
X : —
R: Hepta-O-acetyl-D-lactose
X : —
R : 4’,6’-0-Benzylidene-D-glucose
X : —
R: 2’,3’-Di-0-methyl-4’,6,-0-benzylidene-D-glucose 
X : —
R : D-Glucose 
X : 4-CH3

R: Tetra-O-methyl-D-glucose 
X : 4-CH3

R : Tetra-O-acetyl-D-glucose 
X : 4 -CH3 

R: D-Glucose 
X : 4-C2H 5

R: Tetra-O-acetyl-D-galactose 
X : 4-C2H 5

275 (+ 0 .37), 269 (+ 0.38), 234 (-0 .1 0 ) , 220 (+ 3.00) 

284 (+ 0.17), 276 (+ 0.26), 226 (+ 2.34)

283 (+ 0 .23), 275 (+ 0.36), 225 (+3.39)

282 (+ 0 .17), 275 (+ 0 .26), 269 (+ 0.22), 225 (+ 3.26) 

303 (+ 1 .27), 278 (+ 0.97), 219 (+0.70)

290 (+ 1 .91), 223 (+ 0 .57)

273 (-0 .3 5 ) , 266 (—0.39), 261 (—0.32), 217 (—1.46) 

273 (-0 .5 4 ) , 266 (—0.61), 261 ( -0 .4 8 ) , 217 (—2.10) 

273 (-0 .6 1 ) , 266 ( -0 .7 3 ) , 260 ( -0 .5 1 ) , 217 (-2 .1 4 )  

272 ( -0 .6 6 ) , 265 ( -0 .8 1 ) , 259 ( -0 .5 6 ) , 215 (—1.14) 

272 ( -0 .4 9 ) ,  265 ( -0 .5 9 ) , 259 (-0 .3 8 ) , 214 (-2 .0 9 )

272 (—0.67), 265 (—0.81), 259 ( -0 .5 8 ) , 215 (—1.95)

273 (-0 ,4 9 ) , 266 (-0 .5 6 ) , 261 (-0 .4 5 ) , 220 ( -0 .4 4 )  

272 (-0 .5 4 ) , 266 (—0.61), 260 (-0 .4 6 ) , 221 ( -0 .6 9 )  

282 (—0.35), 274 (—0.42), 222 (—1.98)

281 (-0 .4 5 ) , 273 (-0 .4 7 ) , 222 (-1 .6 5 )

280 (—0.34), 273 (—0.39), 218 (—2.38)

281 (—0.36), 274 (-0 .4 4 ) , 268 ( -0 .3 7 ) , 222 (-2 .2 3 )  

280 ( -0 .4 0 ) , 273 ( -0 .4 8 ) , 267 (-0 .3 6 ) , 220 (-1 .3 2 )
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R: Sugar conponent 
X: Substituents in benzene ring

XXXV R : D-Glucuronic acid m ethyl ester 
X : 4-CH3

XXXVI R : Tetra-O-acetyl-D-glucose 
X : 3-CH3

XXXVII R: D-Isorhamnose 
X : 2 -CH3

XXXVIII R: Tri-O-acetvl-D-isorhamnose 
X : 2-CH3

XXXIX R: D-Glucose 
X : 2 -CH 3

XL R: Tetra-O-acetyl-D-glucose 
X : 2 -CH3

XLI R: 6’-Deoxy-6’-iodo-tri-0-acetyl-D-glucose 
X : 2 -CH3

XLII R: D-Glucose 
X : 4-Br

XLIII R: Tetra-O-methyl-D-glucose 
X : 4-Br

XLIV R: Tetra-O-acetyl-D-glucose 
X : 4-Br

XLV R: D-Glucose 
X : 2,4-(СНя ) 2

XLVI R: Tetra-O-acetyl-D-galactose 
X : 2-[CH(CH 3)2 ],5-CH 3

XLVII R: D-Glucose 
X : 3-CH3, 4-C1

XLVIII R : Tetra-O-acetyl-D-glucose 
X : 3-CH3, 4-C1

XLIX R: D-Glucose 
X : 2,4,5-(Cl) 3

L R: Tetra-O-acetyl-D-glucose 
X : 2,4,5-(Cl) 3

^ m ax (^e )

281 (-0 .3 7 ) , 274 ( -0 .4 8 ) , 269 (-0 .4 3 ) , 224 ( -2 .6 1 )  

275 ( -0 .7 5 ) , 2 6 8 -0 .8 0 ) , 220 ( -2 .1 4 )

275 (-0 .5 1 ) , 269 ( - .5 5 ) ,  220 ( - 1 .8 0 )

275 ( -0 .3 4 ) , 268 ( -0 .3 6 ) , 262 ( -0 .2 8 ) , 220 ( -2 .7 1 )  

275 (-0 .5 4 ) , 269 (—0.62), 221 (—2.52)

275 —0.35), 268 (-0 .3 7 ) , 220 ( -3 .4 1 )

275 ( - ( 0 .  55), 268 (-0 .6 0 ) , 262 ( -0 .4 9 ) , 218 ( -3 .5 2 )  

283 ( -0 .2 5 ) , 276 (-0 .2 9 ) , 224 ( -1 .7 2 )

283 (-0 .2 5 ) , 276 (-0 .2 8 ) , 224 ( -2 .0 5 )

282 (-0 .2 4 ) , 275 (-0 .2 9 ) , 268 ( -0 .2 2 ) , 219 (—1.58)

282 (-0 .1 4 ) , 274 (—0. 14;, 220 (—2.53)

278 (-0 .5 4 ) , 270 (-0 .57 ),225  ( -2 .8 6 )

284 (-0 .3 7 ) , 276 (-0 .4 4 ) , 227 (—2.04)

283 (-0 .3 9 ) , 275 (-0 .4 6 ) , 270 ( -0 .3 7 ) , 224 (—2.12) 

295 (-0 .5 6 ) , 288 (-0 .6 2 ) , 234 ( -0 .6 3 )

294 (—0.14), 285 (—0.18), 234 (—3.98)
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LI

LH

LIII

LIV

LV

LVI

LVII

LVHI

LIX

LX

LXI

R: D-Glucose 
X : 2-Benzyl, 4-C1
R: Tetra-O-acetyl-D-glucose 
X : 2-Benzyl, 4-C1
R: Methyl-tri-O-acetyl-D-glucuronate 
X : 2-(CH3CO)
R: D-Glucose 
X : 4-N 02
R: Tetra-O-methyl-D-glucose 
X : 4 -N 02
R: Tetra-O-acetyl-D-glucose 
X : 4 -N 02 
R: D-Glucose 
X : 2-N 02
R: Tetra-O-methyl-D-glucose 
X : 2-N 02
R: Tetra-O-acetyl-D-glucose 
X : 2-N 02
R: Tetra-O-acetyl-D-glucose 
X : 2,6-(Cl)2, 4-N 02

Other glycosides

286 (—0.42), 278 (-0 .5 0 ) , 272 (-0 .4 2 ) , 266 (—0.20)
258 (—0.08;, 253 (—0.05), 230 (-4 .9 5 ) , 201 (+ 6.76)
285 (—0.36), 278 (—0.42), 268 (—0.19), 259 (—0.05)
230 (—5.95), 203 (+14.14)
273 (—0.69), 266 (—0.84;, 260 (—0.64), 255 (—0.39)
228 (+ 0.62), 218 (—0.31), 210 (+ 1.06)
318 (-0 .7 6 ) , 218 (—1.04)

307 ( -1 .0 9 ) , 219 ( -1 .3 4 )

325 (-0 .9 8 ) , 216 (—2.03)
210 ( -3 .0 4 )
342 ( -1 .4 7 ) , 305 (+ 0 .27), 279 (-0 .6 3 ) , 254 (+ 1.15)
210 (—3.24)
345 (—0.75), 304 (+ 0 .26), 278 (—0.29), 254 (+ 0 .36),

317 (+ 1 .49), 281 sh (-1 .0 2 ) , 253 (-2 .5 5 ) , 228 sh (—1.51) 
210(—3.04)
320 (+ 0 .47), 222 (—1.97)

364 (-0 .2 5 ) , 348 ( -0 .2 1 ) , 310 (+ 3.55), 298 (+ 2 .87), 
259 (—2.08), 240 (+ 1.03), 225 (—13.37)
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S

Л щ ах (^®

361 ( -0 .1 4 ) , 345 (-0 .1 0 ) , 316 (+ 0.18), 307 (+ 2.98), 
295 (+ 2.30), 264 ( -1 .9 0 ) , 239 (+ 0 .88), 215 (-1 8 .1 9 )

252 (—0.69), 226 (+ 0.90)
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for th e  (S)-, an d  a n eg a tiv e  one fo r th e  (R )-co n fig u ra tio n , w hich  th e n  c o n tr ib ­
u te s  e ith e r  p o s itiv e ly  or n eg a tiv e ly  to  th e  ro ta tio n  a t  th e  N aD  line [12].

T h is ru le  is v io la ted , how ever, w hen  th e re  are  such  chrom ophores in  th e  
m olecule w h ich  them selves show  a t  lo n g er w av e leng ths C o tto n  effects o f  o p p o ­
site  sign to  t h a t  o f  th e  co rrespond ing  “ b ack g ro u n d  ro ta t io n ”  due to  th e  a c e ta l 
ch rom ophore . T h e  m ost p ro m in en t exam ples o f such  an  ex cep tion  a re  th e  
p y rim id in e  glycosides [13].

T h e  a ro m a tic  ch rom ophore gives rise  to  only  a v e ry  w eak  C otton  effect 
w ith in  th e  1B 2u ab so rp tio n  b an d , i ts  sign  d epend ing  on  th e  su b s titu tio n  p a t te rn  
o f th e  ring . F o r  d e riv a tiv es  an d  analogues (LXIV) o f m andelic  acid  th e  u n s u b s ti­
tu te d  an d  th e  m -su b s titu te d  com pounds give C o tton  effects o f opposite  signs 
to  th o se  o f  th e  p -  an d  о-su b s titu te d  iso m ers  [6]. H ow ever, in  th e  case o f p h e n y l­
a lan ine  a n d  its  th re e  h y d ro x y  d e riv a tiv e s  (L X V )p -su b stitu tio n  does n o t change 
th e  sign o f  th is  C o tto n  effect, w hereas th e  m- an d  o -h y d ro x y  deriv a tiv es  show  
sign in v e rs io n  [14]. T h is la t te r  re su lt is in  ag reem en t w ith  th eo re tica l ca lcu la ­
tio n s [14] in  w hich  i t  is assum ed  t h a t  th e  O R  group  is th e  m ain  p e r tu rb e r  a n d  
th e  a lk y l g ro u p  can  be neg lected . T h e  sam e re su lt can , how ever, also be  
o b ta in ed  b y  ta k in g  in to  consid era tio n  o n ly  th e  “ spectroscop ic  m o m en ts”  o f 
th e  in d iv id u a l su b s titu e n ts  an d  n eg lec tin g  th e ir  m ag n itu d es  [7]. T he d ifference 
b e tw een  K o r v e r ’s  [6] an d  H o o k e r  a n d  S c h e l l m a n ’s [14] re su lts  could  be  
exp la ined  b y  assum ing  th a t  th e  “ in su la tio n ”  o f th e  ch ro m o p h o re  from  th e  
cen te r o f  c h ira lity  b y  a CH2 group gives th e  th e o re tic a lly  p re d ic te d  co rre la tio n  
betw een  su b s ti tu t io n  p a t te rn  an d  sign , w hereas in  th e  case o f  d irec t connec tion  
betw een  th e  benzene  rin g  an d  th e  c e n te r  o f  ch ira lity , th e  d iffe ren t degrees o f  
h y p e rc o n ju g a tio n  m a y  change th e  co n fo rm atio n a l eq u ilib ria . T his will in  tu rn  
in fluence  th e  sign o f th e  C otton  effect.

X  X

LXIV LXV

R : H, СНз X: H, OH (o, m, p)
R': OH, OOH3, CH2OH 
X : H, F, Cl, Br, ОСНз (о, m, p)

As can  b e  seen from  T ab le  I , th e  sign  o f  th e  C o tto n  effect o f  su b s ti tu te d  
pheny lg lycosides follow s n e ith e r  th e  p a t te r n  o b ta in ed  fo r m andelic  acid d e riv ­
a tiv es  [6], n o r  th a t  o f th e  ty rosines [14]: th e  CD curve  w ith in  th e  1B 2u an d  
also th e  1B lu tra n s i t io n  is n ea rly  u n in flu en ced  b y  th is  su b s ti tu tio n . Also, m ino r
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c h a n g e s  in  th e  su g ar m o ie ty  (m e th y la tio n , a c e ty la tio n , 4 ’,6 ’-b enzy lidene  d e r iv ­
a t iv e  fo rm atio n , ep im eriza tio n  a t  C(4’), rep lacem en t o f th e  O H  a t  C(6’) b y  h y ­
d ro g e n  or iodine, o r  o x id a tio n  to  th e  u ro n ic  acid , g lycoside fo rm a tio n  a t  C(4’) 
do n o t  b ring  a b o u t d ra s tic  changes in  th e  CD. F ro m  th e  syn th esis  an d  
e n z y m a tic  cleavage o f  th e se  glycosides, as w ell as from  N M R  coup ling  co n s ta n ts  
th e  co n fig u ra tio n  a t  th e  anom eric C -a tom  is know n u n eq u iv o ca lly , so th is  
la c k  o f  change o f sign  o f  th e  C o tton  e ffec t c a n n o t be due to  a w rong assign ­
m e n t  from  a v io la te d  H u d so n  ru le .

A n ex p la n a tio n  fo r  th is  su rp ris in g  fa c t  m ay  be g iven  in  th e  fo llow ing  
w a y . T he em pirica l g -value [15], w h ich  is a m easure  o f th e  spectroscop ic  
m o m e n t, is 4 to  6 fo r a lk y l g roups, ch lo rin e  a n d  b rom ine, an d  21 fo r O C H 3; th e  
m a in  in fluence u p o n  th e  elec tric  tra n s i t io n  m o m en t v e c to r  w ill th u s  com e 
th ro u g h  th e  glycosid ic linkage, an d  th e  sam e m u st h o ld  fo r th e  C o tto n  effects. 
I t  seem s as i f  in  th e  case w hen  th e  ch ira l c e n te r  is linked  to  th e  p h en y l chrom o- 
p h o re  th ro u g h  a p e r tu rb e r  o f m ed ium  s tre n g th  like ox y g en , th e  su b s ti tu tio n  
p a t t e r n  (p rov ided  t h a t  th e  o th e r s u b s ti tu e n ts  are  on ly  w eak  p e r tu rb e rs )  is 
w ith o u t p ronounced  in fluence  up o n  th e  C o tto n  effect w ith in  th e  1B 2u an d  1B lu 
a b so rp tio n  b an d s. O ne can  th e re fo re  sa fe ly  de te rm ine  th e  c o n fig u ra tio n  a t  
C ( l ’) o f su b s ti tu te d  phenyl-D -glycosides from  th e  CD: th e  1B 2u an d  th e  1B lu 
h a n d  CD are p o sitiv e  fo r  th e  a- an d  n e g a tiv e  fo r th e  /5-glycosides. T hese C o tto n  
e ffec ts  have  th u s  th e  sam e signs as th e  b ack g ro u n d  ro ta t io n  caused  b y  th e  
C o tto n  effect o f th e  a c e ta l ch rom ophore , so th e y  re in fo rce  each  o th e r. I t  m u s t 
b e  em phasized , h o w ev er, th a t  a n y  e x tra p o la tio n  o f th is  ru le  to  pheny lg lyco- 
s id es  su b s titu te d  b y  s tro n g  p e r tu rb e rs  shou ld  n o t be  tr ie d  w ith o u t ex p e ri­
m e n ta l p roo f.

As n o ticed  ea rlie r  [5], in  th e  C D -spec tra  of m a n y  a c e ty la te d  a-p h en y l- 
g lycosides a v e ry  sm all b u t  d is tin c t n eg a tiv e  C o tto n  effect ap p ears  a t  a b o u t 
230  n m  in  b e tw een  th e  tw o p o sitive  ones a t  a ro u n d  275 a n d  220 nm .

T su z u k i et al. [3] h av e  described  th e  ch iro p tica l d a ta  o f several n itro -  
pheny lg lycosides a n d  th e ir  ace ta tes . Som e of th e se  co m p o u n d s  an d  th e ir  
m e th y l e thers w ere  also availab le  to  u s  a n d  we cou ld  n o t  a lw ays rep ro d u ce  
th e  CD curves p u b lish ed . F o r som e o f th e se  com pounds (especially  th e  p -n itro -

Ae
phenylg lycosides) th e  an iso tro p y  fa c to r  g ' =  -— is in  th e  o rd e r of 10-4  an d

e
sm alle r, and  we h a v e  n o ticed  th a t  ( a t  le a s t w ith  th e  d ich ro g rap h ) a r t ifa c ts  
m a y  be m easu red  i f  th e  op tica l d e n s ity  is to o  h igh. In s te a d  o f th e  w hole CD 
b a n d  th e  in s tru m e n t records c o rre c tly  on ly  th e  beg in n in g  o f th e  steep  rise  
a n d  th e  end o f  th e  b a n d , b u t  in s te a d  o f  clim bing to  th e  m ax im u m  i t  re tu rn s  
to  th e  base line in  b e tw een . T he CD cu rves given in  R ef. [3] fo r th e  p -n itro -  
pheny lg lycosides resem ble  v e ry  m u ch  th o se  we h av e  o b ta in e d  w ith  so lu tions 
o f  to o  h igh o p tic a l den sity . These a p p a re n t  th ree  C o tto n  effects m erge in to  
a  single b ro ad e r one i f  th is  “ a r t if a c t”  is e lim in a ted  b y  red u c in g  e ith e r  th e  con-
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c e n tra tio n  o f th e  so lu tion  or th e  cell p a th .  W e could, how ever, c o n firm  th e  
fin d in g s [3] t h a t  th e  long-w aveleng th  C o tto n  effect of th e  a-glucoside is p o s itiv e  
an d  th a t  o f th e  /З-anorner is n eg a tiv e . F u rth e rm o re , betw een  210 a n d  220 n m  
a n o th e r  C o tto n  e ffec t o f th e  sam e sign  as a ro u n d  310 nm  could  be d e te c te d .

I f  tw o  a d d itio n a l chlorine a to m s are  in tro d u ced  in  o-, o’-positio n  (L X ), 
th e  sign  an d  m a g n itu d e  of th e  sh o rt-w a v e le n g th  CD rem ain  u n ch an g ed  w h ereas  
th e  lo n g -w av e len g th  CD, to  w hich m a in ly  th e  n itro  chrom ophore c o n tr ib u te s , 
is in v e rte d .

In  th e  case o f  th e  o-nitro  co m pounds o u r m easurem ents agree w ith  th e  
l i te ra tu re  d a ta  [3]. I t  is in te re s tin g  to  n o te  t h a t  th e  [3] sign inversion  o f  th e  CD 
b a n d s , observed  u p o n  b y  ace ty la tin g  th e  O H  groups of th e  glucose m o ie ty , 
does n o t  ta k e  p lace  fo r th e  m e th y la te d  g lucoside LVIII. O ther th a n  m ere s te ric  
reasons (e.g. o rb ita l  in te rac tio n  b e tw een  th e  ace to x y  an d  th e  n itro  ch rom o- 
phores) m u s t th e re fo re  be responsib le  fo r th is  fac t. T he CD d a ta  o f  som e m ore  
co m p lica ted  ary lg lycosides are also lis te d  in  T ab le  I ,  how ever, a d e ta iled  d is­
cussion m u st a w a it th e  m easu rem en t o f  m ore  analogues.

Experim ental
All CD spectra were recorded on a Model 185 R oussel-Jouan dichrograph in  acetonitrile  

solution a t concentrations of about 1 mg/cm 3 in  2.00 to  0.01 cm cells a t 20 °C.
G. S. thanks th e  Deutsche Forschungsgem einschaft and the Fonds der Chemischen 

Industrie  for financial support of this work, Prof. B. H e l f e r ic h , and Mr. S. Mü l l e r  (B onn 
U niversity) for m any  glycosides.
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The resolution  of acetyl-p-chloro-DL-phenylalanine was accomplished w ith  
L -(+ )-threo-l-(p-nitrophenyl)-2-am inopropanediol-(l,3). C ataly tic hydrogenation and 
cataly tic tr itia tio n  of p-chloro-L-phenyl-alanine yielded L-phenylalanine, and L-phenyl- 
alanine-(4-3H ) hav ing  a m olar ac tiv ity  of 8.76 Ci/mmol, respectively

R ad io ac tiv e  am in o  acids fo r use in  biological re se a rc h  are u su a lly  p re ­
p a re d  in  op tica lly  a c tiv e  form s. I n  m odern  b iochem ical research , o p tica lly  
ac tiv e  am ino acids w ith  h ig h  specific ac tiv itie s , labelled  w ith  tr i t iu m  in  d e fin ite  
positions are  p a r tic u la r ly  im p o r ta n t. O f th e  am ino ac ids o f  b io logical im p o r­
tan ce , p h en y la lan in e  lab e lled  w ith  tr i t iu m  could be  p re p a re d  b y  a lim ited  
n u m b er of su itab le  m e th o d s  on ly .

Labelling o f L-phenylalanine can be achieved b y  cata ly tic  exchange o f  
hydrogen for tritium  in  th e  arom atic ring located farther from  the optica lly  
active center [1], b y  ca ta ly tic  saturation  o f the double bond th at can be form ed  
in  o t - ß  position in the a lk yl chain [2, 3 ], or by a hyd rogen -tritiu m  exchange  
reaction accom plished at th e  a-carbon atom , which can be carried out e . g . ,  b y  
th e  so-called racem ization  technique [4]. The latter tw o  techniques y ield , 
o f  course, a racemic product, whose antipodes must be separated by an appro­
priate resolution m ethod.

In isotope exchange reactions, thus in the case o f am ino acids labelled  
b y  the racem ization techn ique [4], on ly  very low specific  activities can be 
achieved, which strongly  lim it their application.

G e r d a y  and V e r l y  [2] elaborated a procedure for th e  preparation o f  
L-phenylalanine w ith  h igh  specific a c tiv ity  tritiated in th e  alkyl side-chain.
2-(C hloroacetylam ino)cinnam ic acid w as subjected to ca ta ly tic  tritiation w ith  
subsequent enzym ic resolution , y ield ing  L-phenylalanine-(2,3-3H). The pro­
cedure is not suitable for preparative work, because o f  the sm all-scale opera­
tional characteristics o f  enzym ic m ethods and of the low  yield .

* P art IV: Acta Chim. (B udapest), 73, 23 (1972)
** Present address: F rédéric  Jo lio t Curie N ational Research In s titu te  for Radiology 

and  Radiohygiene, B udapest
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The above facts suggest th at L-phenylalanine w ith  high specific activity  
can b e prepared m ost appropriately by ca ta ly tic  tritiation  o f  th e  chem ically  
uniform , optically active  phenylalanine derivative substitu ted  b y  halogen 
atom  in  the aromatic ring.

B irkofer and Hempel [1] carried out brom ination o f L-phenylalanine 
w ith  subsequent ca ta ly tic  triation in alkaline m edium  and assum ed that 2,4- 
dibrom o-L-phenylalanine and labelled phenylalanine of high specific  activ ity  
w ere obtained, respectively . In  repeating their experim ents, th e  brom ination  
step  w as found to y ie ld  various halogenated amino acid derivatives which  
could  not be separated b y  means o f crystallization . Thus th e  preparation o f  
phenylalanine labelled w ith  tritium  in specific positions could not be achieved. 
Our experim ental find ings were supported b y  th e  work o f Faulstich e t  a l .  [5], 
in  w hich  the authors stud ied  the brom ination o f phenylalanine in  detail. The 
isom ers formed in th e  reaction  were separated on a colum n b y  the chroma­
tographic technique and identified . In th is w ay, the preparation o f L-phenyl­
alan ine labelled w ith  tritium  in known positions could be achieved after 
ca ta ly tic  tritiation o f  th e  derivatives separated.

Since direct brom ination of phenylalanine does not y ie ld  a uniform prod­
u ct and the isolation o f  the isomers is troublesom e, a different approach was 
searched for. In th e  procedure described in the present paper p-chloro-DL- 
phenylalanine was synthesized . A chem ical m ethod was elaborated for resolving 
p-chloro-DL-phenylalanine; up to now, on ly  the enzym ic techn ique suggested  
b y  T ong e t  a l .  [6] has been given in  the literature for th is  purpose. The 
en zym ic resolution technique developed b y  them  is suitable for the prepara­
tio n  o f  small am ounts o f amino acid derivatives only. Our research project 
and the inform ation on the biological a c tiv ity  of p-chloro-DL-phenylalanine 
availab le in the literature [7— 12] required the elaboration o f a reproducible 
large-scale chem ical m ethod for the separation of the antipodes of p-chloro- 
DL-phenylalanine.

The experiments were accomplished in analogy to the procedures sug­
gested for the resolution of phenylalanine. Carbobenzoxy-p-chloro-DL-phenyl- 
alanine and acetyl-p-chloro-DL-phenylalanine were prepared for use in the 
resolution experiments.

The diastereom eric salt of carbobenzoxy-p-chloro-DL-phenylalanine for­
m ed  w ith (—)-a-phenylethylam ine was prepared first. In  order to  decide w hich  
o f  th e  antipodes o f  carbobenzoxy-p-chloro-DL-phenylalanine was crystallized  
in  th e  resolution step , cata lytic hydrogenation was applied in  m ethanol in the  
presence of Pd/C. O wing to  hydrogenolysis o f the carbobenzoxy group, L-phe- 
nylalanine could be recovered from the salt in  a single step; the hydrochloric 
acid  liberated was hound b y  (— )-a-phenylethylam ine. The separation of car- 
bobenzoxy-p-chloro-D L -phenylalanine w ith  (— )-a-phenylethylam ine yielded  
th e  D-phenylalanine, unlike in the case o f  carbobenzoxy-D L-phenylalanine,
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w h ere  L -phenylalan ine w as o b ta in e d  u n d e r  id en tica l ex p e rim en ta l co n d i­
tio n s  [13].

T he m ost su itab le  an d  rep roduc ib le  reso lu tio n  p ro ced u re  w as th a t  in v o lv ­
in g  th e  p re p a ra tio n  o f  th e  d iaste reo m eric  s a lt o f acety l-p-chloro-D L -phenyl- 
a lan in e  an d  L -(-|-)-t/ireo -l-(p> -n itrophenyl)-2-am ino-l,3 -propanedio l; s a lt fo r­
m a tio n  y ields a d iaste reo m eric  sa lt in  e th an o l, w hich  is re a d ily  pu rified .

In  o rder to  ach ieve th e  desired  degree o f p u r ity , th e  s a lt  w as re p ea ted ly  
rec ry s ta llized  from  w a te r . T he d iaste reo m eric  s a lt w as decom posed  w ith  d ilu te  
hyd ro ch lo ric  acid, an d  re flu x in g  w ith  31V h ydroch lo ric  ac id  w as app lied  in  th e  
d e a ce ty la tio n  reac tio n . p -C h lo ro -L -pheny la lan ine  w as c ry s ta llized  from  th e  
re a c tio n  m ix tu re  a t  p H  5. T he specific ro ta tio n  of j> -chIoro-L-phenylalanine 
p re p a re d  b y  th e  described  p ro ced u re  w as id en tica l w ith  th e  va lu e  de te rm in ed  
in  th e  enzym ically  p re p a re d  p ro d u c t g iven  in  th e  l i te ra tu re  [6]. A nalogous 
processing  of th e  m o th e r liq u o r o f sep a ra tio n  y ie lded  p -ch lo ro -D -pheny lalan ine  
w ith  on ly  80%  o p tica l p u r i ty ,  th u s  D-(— )-t/ireo -l-(p -n itro p h en y l]-2 -am in o -l,3 - 
p ro p an ed io l should  be  u sed  in  th e  re so lu tio n  p rocedure  w hen  op tica lly  pu re  
p -ch lo ro -D -pheny lalan ine  is req u ired .

T he p ro d u c t o b ta in e d  on reso lu tio n  w as checked  b y  c a ta ly tic  h y d ro g en ­
a tio n  o f  p -ch lo ro -L -pheny lalan ine  in  th e  presence o f  P d/C  an d  p o tassiu m  
h y d ro x id e  in  m e th a n o l-w a te r . T he p ro d u c t o b ta in ed  on h y d ro g en a tio n  w as 
ch ro m ato g rap h ica lly  u n ifo rm , ex h ib itin g  id en tica l specific ro ta t io n  w ith  t h a t  
o f a n  a u th e n tic  L -p h e n y la la n in e  sam ple.

P h en y la lan in e  lab e lled  w ith  tr i t iu m  in  th e  a ro m a tic  r in g  w as p rep ared  
fro m  p -ch lo ro -L -pheny lalan ine  an d  its  a c tiv ity  w as fo u n d  to  be 8.7 Ci/mmol. 
C a ta ly tic  tr i t ia tio n  w as accom plished  in  a m an n e r analogous to  h y d ro g en a tio n , 
in  a special v acu u m  a p p a ra tu s  c o n s tru c te d  fo r t r i t ia t io n  reac tio n s  [14]. T he 
p ro d u c t o b ta in ed  a f te r  p u rif ic a tio n  was un ifo rm , acco rd ing  to  ch ro m a to ­
g rap h ic  an d  ra d io ch ro m a to g rap h ic  ex am in a tio n .

In  para lle l ex p erim en ts  th e  ac tiv itie s  o f  th e  p ro d u c ts  o b ta in e d  w ere 11.6 
a n d  7.4 Ci/mmol. The v a r ia tio n  in  specific a c tiv ity  can p re su m a b ly  be a t tr ib u te d  
to  th e  d iffe ren t e x te n t o f he terogeneous c a ta ly tic  iso tope  exchange reac tio n s 
b e tw een  th e  so lvent a n d  t r i t iu m  gas, owing to  d ifferences in  th e  reac tio n  tim es.

E xperim en ta l

In  the  TLC experim ents DC-Alufolien Kieselgel (Merck) layers were used. 
Developing solvent system s applied:

(A) ethyl acetate : pyrid ine : glacial acetic acid : w ater =  30 : 20 : 6 : 11,
(B) ethyl acetate : pyridine : glacial acetic acid : w ater =  240 : 20 : 6 : 11,
(C) b u ta n o l: glacial acetic acid : w ater =  4 : 1 : 1 .

O ptical rotations were m easured w ith  a Schm idt —H aensch polarim éter.

A c ta  C h im . ( B u d a p est)  8 4 , 1975



112 KOVÁCS e t a t :  LA B EL LED  AMINO ACIDS, V

The radioactivity  m easurem ents were carried out w ith a P ackard  Tri-Carb M 3375 
liqu id  scintillation spectrom eter.

The radiochrom atogram s were evaluated w ith  a Berthold D ünnschicht Scanner LB 
ap p ara tu s .

The melting points were determ ined w ith  a Koffler block; th e  da ta  are uncorrected.

1. Carbobenzoxy-p-chloro-DL-phenylalanine

p-Chloro-DL-phenylalanine (15 g, 75 mmol) was dissolved in  21V sodium  hydroxide 
(55 m l) and carbobenzoxy chloride (12 ml) and 2iV sodium hydroxide (22 ml) were added to 
i t  cooling the reaction m ix ture  w ith ice. The reaction m ixture was stirred  a t room  tem ­
p e ra tu re  for 2 hrs th e  excess o f carbobenzoxy chloride was ex tracted  w ith  e ther and the pH  
of th e  solution was ad justed  to  pH  1 w ith  6iV hydrochloric acid. The product separated 
w as filtered off, w ashed, dried and  crystallized from  ethanol (about 100 ml) w ith w ater. 
Y ield  20.0 g (89%). M.p. 156— 158 °C, Kf 0.8 (B).

C17H 16C1N04 (333.77). Calcd. C 61.0; H  4.78; N  4.18; Cl 10.60. Found  C 61.2; H  4.80; 
N  4.20; Cl 10.55.

2. Resolution of carbobenzoxy-p-chloro-DL-phenylalanine w ith (-)-a-phenylethylam ine

Cabobenzoxy-p-chloro-DL-phenylalanine (9.9 g, 30 mmol) and (—)-a-phenylethylamine 
(5.4 g, 30 mmol) were dissolved in warm benzene (70 ml). The solution was allowed to stand 
for 24 hrs, then the salt separated was three times recrystallized from 96% ethanol (50 ml). 
Y ield 3.8 g (55%). [a]b6 =  — 39° + 1  (c =  1, ethanol).

The salt (150 mg, 1 mmol) was hydrogenated in  m ethanol (15 m l) in  the presence of 
Pd/C . A t the end of th e  reaction  th e  solution was filtered, evaporated  and the residue was 
app lied  to  a Dowex 50W —X 4 (H +) ion exchange resin column. 10% Ammonium 
hydroxide eluent was used. The eluate was evaporated to dryness and  th e  amino acid was 
crystallized at pH  5. Y ield 150 mg (87% ). Ry 0.6 (С). [а]Ь3 =  + 31 .0° (c =  1.9, w ater); 
M d =  +4 .7° (c =  1.9, 5N  hydrochloric acid). Specific ro ta tio n  of L-phenylalanine (1): 
M d2 =  — 34° (c =  1 — 2, w ater).

3. Acetyl-p-chloro-DL-phenylalanine

Acetyl-p-chloro-DL-phenylalanine was prepared from p-chloro-DL-phenylalanine (this 
compound was prepared by the Erlenmeyer azlactone synthesis) in glacial acetic acid with 
acetic anhydride [15]. Recrystallization was carried out from methanol/water, deviating from 
the procedure described. M.p. 180— 183 °C. Ry 0.75 (A).

CuH 12C1N03 (241.68). Calcd. C 54.65; H  5.01; N 5.79; Cl 14.66. Found C 54.95; H 
5.02; N 5.76; Cl 14.82.

4. Acetyl-p-chloro-L-phenylalanine. L-(+)-i/ireo-l-(p-nitrophenyl)-2-amino-l,3-propanediol

Acetyl-p-chloro-DL-phenylalanine (18.0 g, 74 mmoles) and L-(-|-)-(/irco-l-(p-nitro- 
phenyl)-2-amino-l,3-propanediol (15.7 g, 74 mmol) were dissolved in hot anhydrous ethanol 
(lOO ml). After the crystallization starting immediately 50 ml of ethanol was added to the 
warm mixture, which was then allowed to stand for 24 hrs. The salt separated was filtered 
off and crystallized from hot water (300 ml). In order to achieve the required degree of purity, 
crystallization was repeated 2—4 times, depending on the quality of the product obtained. 
Yield 12.8 g (75%). M.p. 212—214 °C. [a]g =  + 52° ±  3 (c =  1, water).

5. Acetyl-p - chloro - L-phenylalanine

The salt of acetyl-p-chloro-L-phenylalanine (10.8 g, 30.5 mmol) prepared in the above 
manner was suspended in water (about 50 ml), then 1 N  hydrochloric acid (120 ml) was added 
to it slowly. After standing for some hours, the acetyl-p-chloro-L-phenylalanine separated
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was filtered  off, washed w ith  cold water and  dried  in vacuum. Y ield 4.5 g (78%). M.p. 149—• 
153 °C, R f 0.75 (A). [a]g  + 5 0 °  +  1 (c =  1, ethanol).

Си Н 12СШ 03 (241.68). Calcd. C 54.65; H  5.01; N 5.79; Cl 14.66. Found  54.43; H  5.08; 
N  5.71; Cl 14.80.

6. p-Chloro-L-phenylalanine

Acetyl-p-chloro-L-phenylalanine (4.4 g, 22 mmol) was refluxed  in  3iV hydrochloric 
acid for 2 hrs. The hot solution was treated w ith  charcoal then filte red  and  the pH  was ad ju s t 
ed to  5 w ith  concentrated am m onium  hydrox ide . The product separa ted  was filtered of" 
a fter cooling, washed w ith cold w ater and dried . Y ield 2.8 g (68% ). R í  0.45 (A). [oc]n =  —23°f 
+  1 (c =  0.5, water); [<z]d =  —3.5° (c =  2, 1JV hydrochloric acid).

C9H,„C1N02 (199.64). Calcd. C 44.64; H  5.12; N 6.95; Cl. 17.80. Found  C 54.13; H  5.06; 
N  7.02; Cl 17.76.

7. L-Phenylalanine

p-Chloro-L-phenylalanine (400 mg, 2 m m ol) was dissolved in  a  m ixture of m ethanol 
containing potassium  hydroxide (5 ml, 56 m g/m l) and water (10 m l), th en  it  was hydrogen­
a ted  in  th e  presence of Pd/C (80 mg). After th e  consum ption of th e  theoretically  calcu lat­
ed am ount of hydrogen (48 m i STP) the c a ta ly s t was filtered off, th e  solvent was evaporated  
and the  product was charged to  Dowex 50W —-X4 (H +) ion exchange column in 21V h y ­
drochloric acid. 10% am m onium  hydroxide w as used for the elu tion , the amino acid was 
crystallized from hot w ater a fte r concentration  in  vacuum . Y ield 290 mg (86% ). R / =  0.6 
(C); R;  =  0.4 (A). [a]g =  — 33° ± 2  (c =  1, w ater).

8. L-Phenylalanine-(4-3H)

p-Chloro-L-phenylalanine (40 mg, 0.2 m m ol) was allowed to  reac t w ith  carrier-free 
tr itiu m  gas in  methanol contain ing potassium  hydroxide 1 ml, (43 m g/m l) in  the presence of 
Pd/C. The am ount of tr itiu m  gas consumed a t  655 T orr was 9.5 Ci (3.46 m l STP).

The catalyst was filte red  off, washed w ith  h o t w ater and the solution was evaporated in 
vacuo. The residue was dissolved in  w ater and  evapora ted  to dryness. T his procedure was re ­
peated twice again to  remove th e  labile tritium . T he residue was dissolved in 2N hydronhloric 
acid and the solution was applied  to  a Dowex 50W —X 4 (H +) ion exchange column. L-phenyl- 
alanine-(4-3H) was eluted w ith  10%  ammonium hydroxide. After evapora tion  of the eluent th e  
p roduct was dried. Yield 27 m g (81%). Rj  0.4 (A); R^ 0.6 (C).

Specific radioactivity  of th e  product w as 53.05 mCi/mg, its  m olar activ ity  was 8.76 
Ci/mmol. The radiochemical p u rity  of the p ro d u c t w as higher than  99% .

*

«
The authors thank  D r. Cs. Ömböly for th e  radioactiv ity  m easurem ents, Mr. A. Szabó 

for th e  technical assistance in  th e  radioactive opera tions, Mrs. K. Rarta and  Mrs. Zs. Balogh 
for m easuring the specific ro ta tio n  and for th e  elem ental analyses.
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N o n h e b e l : Chemical E ng ineering  in  Practice  
W ykeham  Publications L td ., London 1973

In  the first chapter, th e  various fields of chemical engineering activ ity  are surveyed. 
W ell-chosen sta tistical da ta  (reviewing the financial figures for 20 of th e  30 largest companies 
in  th e  world, and the structu re  of the chemical industry  of the U nited  K ingdom ) help outline 
th e  background of this activ ity .

In  the second chapter (Chemical engineering operations) th e  fittin g  of th e  steps in 
industria l processes is dem onstrated  on some simple illustrative process diagram s as models, 
and  indicates the frequency of application of th e  m ajor chemical industria l operations. I t  
deals w ith  the features of cata ly tic  processes separately.

Chapter I I I  (Machines) described th e  characteristic types of machines required for 
“ m echanical operations” , more accurately, for their accom plishm ent (grinding machines, 
m ills, sieves, filters, centrifuges, separation  devices, cyclones, scrubbers, driers).

C hapter IV (A pparatus) reviews apparatus specific in  chem ical industry , such as reac­
to rs , evaporators, crystallizers, rectifiers, absorption, adsorption, ex traction  and ion-exchanger 
devices, and the apparatus designed for operation a t  high and very low tem peratures. Beside the 
conventional procedures th e  m ost m odern ones are described, too , thus, for example, the 
electrophoretic and reversed osmosis procedures are also included in  th e  separating operations.

In  Chapter V (Electrochem ical operations) the operations conventionally no t practised 
in  th e  “ kitchen a r t” are dealt w ith: acetylene production in arch, production  of calcium car­
bide, electrolysis of brine, production of fresh w ater based on electrodialysis of sea w ater, and 
th e  perform ance of fuel cells is outlined, too.

The topics of C hapter V I (Biochemical processes) are, beside th e  classical ferm entation  
in d u s try , the m ajor up-to -date  preservation processes in  food in dustry  and the production of 
syn the tic  proteins. The problem  of w aste w ater trea tm en t is also included here.

C hapter V II (Design of complete plants) proves to  be the m ost in teresting  for the reader. 
H ere th e  design stages of chemical industrial p lan ts are followed, from  th e  definition of th e  
p ro b lem  to the evaluation of th e  variations and the analysis of the  operational and capital 
costs. The problems of safety measures are also trea ted  here. The applicab ility  of com puters is 
an o th e r interesting topics; an  unam biguously positive opinion is expressed regarding th e  
design period. The opinions are already no t so unanim ous in th e  problem  of on-line control 
d ea lt w ith  today  so often. W hile reviewing the advantages provided, th e  negative features are 
also indicated , m entioning even such less emphasized questions as th a t  the operating personnel 
m ay  forget the technology.

In  Chapters V III  and IX  (Case histories in  chemical engineering I  — II )  the au thor 
described first th e  synthesis of am m onia starting  from  the coke-based synthesis production to  
th e  hydrocarbon decomposition (illustrated  on naph tha  reforming) processes, together w ith 
th e  m odern town-gas production  problems.

In  the second p a rt (The launching of a new man-made fibre), th e  developm ent and 
technology of the production of polyester fibres are discussed.

Tbe topics of C hapter X  (The chemical engineer as manager) are th e  problem s of m an­
agem ent in  chemical industry , prim arily from  technological and hum an points of view, including 
th e  problem s of foremen, p lan t m anagers, up  to  the managing of g rea t enterprises.

C hapter X I (Research and developm ent) is devoted to  th e  stages in  technical develop­
m en t, and it deals in  detail w ith  the u tilization  of inventions, fu rth er developm ent of existing 
procedures, and organization problems in reseerch.

C hapter X II  (E ducation and careers) trea ts  education in chemical industrial knowledge 
and  a ttachm en t to  the industria l life, and fu rther studies. Perhaps th is is the only chapter 
closely related  to the conditions in  th e  U nited K ingdom; in spite of th is , i t  will probably be 
in teresting  for readers in  o ther countries, too.
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The purpose of th e  hook was to  provide a comprehensive p icture of the engineering 
problem s for future chemical engineers. Im plicitly  it  also calls a tten tio n  to  th e  im portance and 
usefulness of the individual disciplines to be studied.

I t  is a strikingly readable , sm all book providing a m u ltila teral p icture of chemical 
engineering operations; th e  problem s in n a tu ra l sciences, technology and  economics appear 
to g e th e r in the whole book.

Although the book is w ritten  for undergraduates, i t  can usefully be studied by teachers 
an d  m anagers who wish to  ob tain  a general view of chemical industria l science, as well as in ter­
ested  researchers not engaged in  technology, b u t being in  close co-operation w ith the chemical 
industry .

K . M a t o l c s y

R ecent R esu lts  in  C hem istry, Yol. 18
A kadém iai K iadó, B udapest, 1974

Volume 18 of “ R ecent R esults in  Chemistry” (“A kém ia ú jabb  eredm ényei” ), published 
in  1975 by  Akadémiai K iadó, comprises two treatises dealing w ith  th e  investigation  of surface 
phenom ena.

The first of these is a study  of 156 pages, w ritten  b y  Géza Schay and Lajos György 
N agy on “ Adsorption of liqu id  m ixtures on liquid/solid and liqu id / vapour interfaces” , w ith 315 
references and 23 figures. The paper deals essentially w ith  the adsorption  of non-electrolyte 
liq u id  mixtures. Systems are investigated , for which physical exchange adsorption is to be 
expected. They s ta rt in  th e ir considerations from excess adsorption, and  assuming a uni- 
m olecular adsorption layer, calculate from  it  the q u an tity  of the preferentially  adsorbed compo­
n e n t a t  the interface. The au thors discuss also th e  m ethods of determ ination  of the surface 
excess, which make possible th e  p lo tting  of the excess isotherm  over th e  to ta l composition 
range. This is in essence a m ix tu re  isotherm , representing the surface q u an tity  of the pre­
feren tia lly  adsorbed com ponent a t th e  ever completely covered interface. The authors of in ­
te rna tiona l renown for th e ir ac tiv ity  in  th is field, sum marize also the resu lts of their own work 
in  th is treatise. They p resen t th e  types of excess adsorption isotherm s of liquid m ixtures and 
in te rp re ted  by them . The phenom ena are theoretically in terp re ted  on th e  basis of phenome­
nological therm odynam ics, which, in  the exact form shown and consistent expression, is sui­
tab le  for the characterization of adsorption, proceeding bo th  on liquid/solid and vapour- liquid 
interfaces. Out of the p ractical aspects of the results the fac t should be emphasized th a t 
th e  determ ination of excess isotherm s offers in  th is way a new possibility for the determ ina­
tio n  of adsorption capacity , th e  knowledge of which is indispensable e. g. in  th e  adsorptive sepa­
ra tio n  of non-electrolyte liquids.

The second study  of the  volum e is “ Some recent m ethods of surface investigation”  
(“ A  felülvizsgálat néhány ú jabb  módszere” ) w ritten  by Lajos György Nagy, János Soós and 
L ajos Fóti, a work of 136 pages, w ith  236 references, fu rther com plem enting bibliography and 
87 figures. The authors give an excellent survey of the m ost m odern m ethods. Their aim is not 
a  review  of all the m ethods of investigation  of solid surfaces, b u t they  wish to  make acquainted 
th e  reader only w ith those m ethods, which found application very  recently , and are no t y e t 
in troduced  in H ungary, w ith  th e  exception of some special cases. The scanning electron m icro­
scopic investon igatiof th e  m icrom orphology of surfaces is illustrated  b y  several pictures. Low- 
energy  electron diffraction for th e  determ ination  of surface s tructu re  and  atomic arrange­
m en t is discussed, b u t reg re ttab ly  a discussion of m odern field emission microscopy has been 
om itted . On the other hand , m ethods for the determ ination of th e  elem ent composition of sur­
face layers are trea ted  w ith  a claim to  completeness. Thus, A uger-spectroscopy, electron micro 
probe spectroscopy and th e  application of alpha-particle scattering  and  of ion-microprobe 
spectroscopy are discussed, w hich sometimes give also inform ation on th e  bond conditions 
o f th e  atoms. They deal fu rth er w ith  M easurement and E valuation  of Surfaces by E vapora­
tiv e  R ate Analysis (M ESERAN ), w hich makes possible the  exam ination  of the chemical 
charac te r of surfaces. F or each m ethod of investigation, th e  basic physical phenomena, the 
w orking principle of th e  in strum en ts are briefly described, and the ir possible applications are 
illu stra ted  by several exam ples. The high-level mode of discussion, w hich nevertheless is 
easy  to  understand, testifies th e  careful work of the authors.

D . K a l l ó
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Electrophoresis and  Isoelectric F ocusing  in  Polyacrylam ide Gel

Advances of M ethods and Theories, B iochem ical and Clinical Applications 
E dito rs R . C. Allen, H . R . Maurer. W alter de G ruyter, Berlin, New York, 1974 pp. 316

30 papers w ritten by  m ost com petent au th o rs , (grouped in  9 chapters) presented a t  th e  
firs t small conference of th e  “ Blue Fingers”  — experts of electrophoresis and isoelectric 
focusing in  polyacrylam ide gel.

The “ Blue Fingers”  are the labora to ry  bench experts —- whose fingers are usually  
stained — while the “ W hite Fingers” are the people who know the techniques ju s t by  hearsay , 
and the ir m ain field of in te rest is theory.

PA G E and PA G IF vivid ly  investigated a t  present arrived a t a stage where standard iza­
tion  is a prerequisite for rou tine work in  b iochem istry  and clinical chem istry, because w ith o u t 
standard ization  it  is impossible compare resu lts betw een laboratories — often  using p as t a n d  
present m ethods.

N ewly devised m ethods were developed, and the  theoretical backgrounds of th ese  
m ethods has laid. The aim  of the conference w es to  learn more abont each others’ experiences.

The ex ten t of single chapters are 20 — 30 pages, w ith  the exception of Chapter 2.
Polyacrylam ide Gel Electrophoresis: T heory  and P ractice of O ptim alization and 

S tandardization .
— 90 pages and Chapter 9. Clinical A pplications
— 40 pages.

In  th e  opinion of the  reviewer, theory  an d  practice are well balanced th roughout th is  
book, and  the most im p o rtan t topics got ad eq u a te  spaces.

A lthough the book is carefully edited and  very pleasingly presented  some m isprin ts 
rem ained in  the text.

The book is to be welcomed as a good sum m ary of the present sta te  and knowledge o f 
PA GE and  PA G IF, a copy should be available n o t only in  th e  biochem ical research laboratories, 
b u t in  th e  routine clinical laboratories as well.

M. PÁRKÁNY

P e te r  A . R o c k , G eorge A . G e r h o l d : C hem istry. P rinc ip les a n d  A p p lica tio n s

W. B. Saunders Company, Ph iladelph ia  — London — T oronto 1974.
716 pages -)- 24 pages A ppendix  -j- 10 pages Index.

Though it  is well know n th a t the system  of higher education in  th e  U nited S ta tes is 
ra th e r different from the system s developed in  general in  Europe, i t  is nevertheless th o u g h t 
necessary to  emphasize th is circumstance. Indeed , this explains th a t  th e  fundam ental know l­
edge in  n a tu ra l sciences m ust be acquired in  special pre-schools in  so-called colleges, prior to  
studies a t  th e  university in  some special b ranches. Accordingly, th e  basic knowledge in  chem ­
is try  m ust be acquired in  th e  college by everybody, who la ter wishes to  a tend  more advanced 
courses in  a certain b ranch  of chemistry a t  un iversity  level.

The present work is an a ttem pt for a tex tbook , w hich sum m arizes basic b u t no t ele­
m en tary  knowledges in  chem istry, w ithout consideration of the special field of p ractice or 
research, in  which the stu d en t learning from  th is  w ork wishes or will be la te r active.

T he greatest problem  of the authors w as to  decide, w hat to  include and in  which e x ten t 
and d ep th  in the textbook.

T h a t th is statem ent is no t only a p resum ption  of th e  referee, b u t has been the a c tu a l 
concern of the  authors, becomes indirectly clear from  the preface, w hich informs us the  opinion 
of how m any  experts was asked w ith respect to  th e  whole w ork or certa in  p a rts  of it.

T he referee has th e  following opinion: th e  authors of the tex tbook  took th e  view th a t  
theory  is incom parably m ore im portan t th a n  prac tica l knowledge, and thus , ou t of th e  w hole 
ex ten t of the  textbook inorganic chemistry covers only 73 pages (10% ), organic chem istry 29
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pages (4% ), biochem istry 18 pages (2.5% ) and  nuclear chem istry 9 pages (1.2% ), th a t  is to  
say , the  descriptive p a r t  giving the practical fac ts, am ounts only to  17.7% , a t  the end of th e  
book. However, i t  is w orth-w hile to  wonder how can a studen t understand  e.g. th e  theory  o f 
acids and bases, who wishes to  acquire basic knowledge of chem istry from  such hook, if he does 
n o t possess yet practically  any  knowledge on any  k ind of acid or base.

However, the conceptual opinion of th e  referee in  th is m a tte r  is in  no w ay d irected  
specifically against th e  tex tbook  in  question, because the rigorous separation  of theory  an d  
p rac tice  is an old trad itio n  also in the E uropean textbooks.

In  the composing of th e  general chem ical chapters th e  au thors did perform  a very  
honurab le  work. These chap te rs are w ritten  indeed in  accordance w ith  th e  m ost m odern con­
cep ts, and the referee th in k s  th a t  even in  th e  present period of th e  rapid  developm ent o f 
sciences the book can  be used to  good advan tage  a t least for 10 years, w ithout becom ing 
ou tdated .

The authors prom ise in  the preface to  a tte m p t to  build th e  new knowledge logically an d  
d idactically  on m aterials a lready presented. I t  m ust he established objectively th a t  this p ro ­
m ise is actually  fulfilled, though  the referee found  a few statem ents, which do no t lean on  
prelim inaries. I t  m ust be stressed, however, th a t  th is  is no t characteristic  of the work as a 
whole. The selection, order and extent of the chapters of the tex tbook  is ra ther in structive  
an d , therefore, is given in  th e  following:

I. Q uantum  Chem istry 
The atom  (16 pages)
Atomic spectra and  atom ic structure (47 pages)
Molecules (17 pages)
Modern trea tm en t o f chemical bonding (42 pages)

I I .  S tates and P roperties of M atter 
Gases (27 pages)
Crystals (30 pages)
Stoichiom etry and  chemical reactions (14 pages)
Liquids and solutions (12 pages)

I I I .  Therm odynam ics
Principles of classical therm odynam ics (42 pages)
Phase equilibria (20 pages)
Chemical equilibrium . P a rt I. Principles (27 pages)
Chemical equilibrium . P a rt II . A pplications to  homogenous equilibria (35 pages) 
Chemical equilibrium . P a r t II I . A pplications to  heterogenous equilibria (28 pages) 
E lectrochem istry (38 pages)

IV. Chemical K inetics
Chemical kinetics. P a r t I. The reaction-rate  law  (27 pages)
Chemical kinetics. P a r t  II . The reaction  m echanism  (29 pages)

V. Chemistry of th e  Elem ents 
The А-group m etals (16 pages)
The metalloids (16 pages)
The non-m etals (37 pages)
Coordination chem istry  of the transition  m etals (57 pages)
Organic chem istry (29 pages)
Biochemistry (18 pages)
Nuclear chem istry (9 pages).

For a be tter understand ing  of the subject discussed, each sub-chapter closes w ith exer­
cises to  be solved. The correct solutions are given a t th e  end of th e  book. Similarly, the nice 
get-up  of the textbook, th e  nea t and instructive use of the figures and th e  careful com pilation 
of th e  Appendixes deserve credit.
A ppendix  1

The chemical atom ic weights, 1961 (1 page)
A ppendix  2

Base 10 logarithm s (4 digit) (2 pages)
A ppendix  3

M athem atical operations (5 pages)
A ppendix  4

SI units, fundam ental constants and conversion factors (7 pages)
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A ppendix 5
Therm odynam ic d a ta  (2 page9)

A ppendix 6
Answers to selected problems (6 pages)

A ppendix 7
Ionic radii in  Angstrom s (1 page)

Index  (10 pages).
The referee cannot leave unsaid his opinion th a t  it  would be w orth-w hile to  publish th e  

tex tbook  in  H ungarian.

D. S z a b ó
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ACTA C H IM IC A
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РЕЗЮ М Е

Новый объективный метод определения длины клинообразных спектральных
полос

3. ШАМШОНИ и 3. НАДЬ

Был разработан новый способ и прибор для точного измерения длины т. наз., 
«клинообразных» спектральных полос.

Описанный прибор позволяет более точное, объективное измерение длины спектраль­
ных полос. Прибор содержит два фототранзистора с дифференциальным подключением. 
Проводя линию до конца перед детектором, конечная точка ее может быть определена с 
помощью нулевого прибора, присоединенного к  фототранзисторам. Один из транзисторов 
чувствителен к  свету актуального почернения измеряемой спектральной полосы, а другой 
к  свету почернения фона той части спектра, где не наблюдается поглащения. Конец полосы 
прибор сигнализирует возвращением в нулевую позицию. Степень смещения отсчитывает­
ся непосредственно, с точностью 0,1 мм, с помощью дигитального счетчика. Ошибка измере­
ния длины полосы в 13— 15% может быть уменьшена до 7—9% .

Необратимые структурные превращения в Н-фауязите, Н-мордените и 
Н-клиноптилолите, протекающие под действием термообработки и под

влиянием воды
X. Б Е Й Е Р, Я. ПАПП и Д . КАЛЛО

Н- и дегидроксилированные цеолиты, полученные термообработкой фауязита, мор- 
денита и клиноптилолита в NHg-форме, после регидратации, проведенной в различных 
условиях, были подвергнуты исследованиям с помощью дифференциалтермоаналитичес- 
кого, термогравиметрического и, частично, рентгеноаналитического методов. Было уста­
новлено, что в случае всех трех цеолитов процесс дегидроксилирования, протекающий с 
отщеплением воды, является необратимым и приводит к  некоторой перестройке в решетке. 
Дегидроксилированные производные — особенно в случае клиноптилолита — являю тся 
термически относительно нестабильными. Кислые центры Н-фауязита при комнатной 
температуре и под влиянием воды превращаются в такие продукты, которые, хотя и про­
долж аю т обладать структурой фауязита, однако, становятся термически весьма неста­
бильными. Эта реакция, в которой алюминий кристаллической решетки растворяется под 
влиянием ионов Н 30 +, образующихся из протонов H -формы, однако, не наблюдается в 
случае Н-морденита и Н-клиноптилолита.

О некоторых новых данных реакции крекинга, П

Кинематика каталитического крекинга пропана, н- и изобутана на
Н-клиноптилолите

X. Б Е Й Е Р

Исследование кинетики каталитического крекинга парафинов является весьма 
проблематичным, т. к. олефины, образующиеся в качестве первичных продуктов реакции, 
вступают в многочисленные последовательные реакции, что приводит к  усложнению всего 
механизма реакции. Эти затруднения были преодолены таким образом, что исследования 
проводились в циркуляционном реакторе и образующиеся олефины непрерывно удалялись 
спомощью селективной абсорбции из газовой фазы циркуляционной системы.



В качестве катализатора был использован минерал, содержащий 61%  кристаллита 
клиноптилолита. Клиноптилолит, превращенный с помощью ионного обмена в форму N H ,, 
подвергался предварительной термической обработке в интервале температур 460 — 690°С 
полученный Н-клиноптилолит с различной степенью дегидроксилирования подвергался 
дальнейш им исследованиям. С возрастанием дегидроксилирования кристаллиты клино­
птилолита теряют свою кристалличность, в то время как«вторичное строение» минерала не 
изменяется.

Крекинг и дегидрирование изученных парафинов, всегда независимо от темпера­
туры  предварительной обработки катализатора, протекает по первому порядку. К аж у­
щиеся энергии активации первичных реакций не зависят от температуры предварительной 
обработки и почти равны для данного реагента. Активности катализатора в крекинге и 
дегидрировании с повышением температуры обработки описываются кривыми с макси­
мумом при 500°С. При температурах выше этого максимума селективность сдвигается в 
пользу реакции дегидрирования. Отношение скоростей расщепления 1- и 2-связей н-бу- 
тана не зависит от температуры предварительной обработки. Катализатор обладает стери- 
ческой селективностью к  н-парафинам.

Н а основе экспериментальных данных было заключен^, что реакции дегидрирования 
и крекинга протекают через общий комплекс на поверхности, который образуется за счет 
хемисорбции реагирующего вещества на кислы х центрах Льюиса, образующихся, в свою 
очередь, при дегидроксилировании. Однако, в расщеплении связи С— С участие принимает 
и центр Брёнштеда, находящ ийся в соседстве с центром Льюиса.

Свойства смесей спирт-амин, VII

Электропроводность смесей н-бутиламин — спирт
Ф. РАТКОВИЧ и А. ЛАСЛО

У дельная проводимость смесей, содерж ащ их в качестве одного из компонентов 
н-бутиламин и в качестве другого компонента метанол, этанол, 1-пропанол или 1-бутанол, 
была исследована в зависимости от состава при температурах 0 и 20°С. Проводимость 
этих смесей имеет максимум в интервале молярны х долей амина 0,05—0,15. Было найдено, 
что среди спиртово-аминных ассоциатов, образующихся в смеси, диссоциация тех, которые 
содерж ит на одну молекулу амина несколько молекул спирта, является важной с точки 
зрения электропроводности. П ри повышении температуры удельная проводимость увели­
чивается в смесях, содержащих небольшие количества спирта. Эти различия интерпрети­
ровались на основе различия меж ду ассоциационными характеристиками спиртов и ами­
нов, полагая механизм проводимости, предложенный впервые Гротусом.

Деформация кольца гримерных молекул трехокиси вольфрама
Б. Н. СИВИН, М. ХАРГИТТАИ, С. Й. СИВИН и И. ХАРГИТТАИ

Величины К =  [<(Эх2)> +  <(Эу2)>] (2г), рассчитанные из спектроскопических дан­
ных весьма приближенного характера, указываю т на то, что эффект сокращ ения не явля­
ется причиной существующей деформации кольца молекулы W 30 9, обнаруженной с по­
мощью электронографического анализа.

Метиловые эфиры углеводов, V

Синтез частично метилированных на сахарном звене производных фенил 
/З-О-глюкопираиозида; получение 4,6-ди-О-, 2,4,6-три-О- и 3,4,6-три-О-

метил-О-глюкозы
П. НАНАШИ и А. Л И П ТА К

Бы л осуществлен синтез фенил 2 -0 -(4), 3 -0 - (5), 4-0-(б), 4,6-ди-О- (9), 2,4,6-три-О-
(17) и 3,4,6-три-0-метил-/3-0-глюкопиранозидов (18). Соединения 4, 5 и 6  были получены, 
исходя из соответствующих парциально метилированных сахарных ацетатов за  счет



омыления методом Хельфериха. Синтез соединений 9, 17 и 18 был осуществлен путем 
кислого гидролиза бензилиденовых производных, замещенных на С2 и С, углеродных ато­
мах, с дальнейшим метилированием и дебензилированием за счет каталитического гид­
рирования. Гидролиз соединений 9, 17 и 18 с хорошим выходом дает 4,6-ди-О- (19) 2,3,6- 
три-О- (20) и 3,4,6-три-0-метил-0-глю козы  (21).

Побочные алкалоиды из зерен Am sonia taberuaem ontana W a lt:
( г)-1,2-дигидроаспидоспермидин, ( )-тетрагидроалстонини(-)-квебрахамин

Б. Ж А ДО Н , К. X. ОТТА и П. ТЕТЕН И

Н аряду с основным алкалоидом спелых зерен Amsonia taberuaemontana таберсони- 
ном (I) были изолированы следующие побочные алкалоиды: (+)-1,2-дигидроаспидосперми- 
дин (III) (134, мг(кг), ( —)-тетрагидроалстонин (II) (125 мг/кг), ( -)-квебрахам ин (IV) (12 
мг/кг).

В начале созревания плоды содерж ат мало таберсонина и наряду с ним (-(-)-винка- 
дифформин (V). Последний во время развития и созревания плодов разлагается до ( + ) -  
1,2-дигидроаспидоспермидина. Одновременно с этим происходит значительное возрастание 
концентрации таберсонина.

Структурное исследование антибиотика ристомицина А

Химическое строение олигосахаридной части ристомицина А
Ф. СТАРИЧКАМ, Р. БОГНАР и М. М. ПУШКАШ

Гликозидный антибиотик ристомицин А, полученный из Proactiomyces fructuferi var. 
ristomycini, содержит одну молекулу D-маннозы и тетрасахаридную  боковую цепочку, 
присоединенную отдельно к агликоновой части. Тетрасахарид содержит звенья D-глю­
козы, D-маннозы, L-рамнозы и D-арабинозы, связанных друг с другом согласно структуре V.

I

Производные 1,3,4-тиациазоля как возможные скистосомициды
Ш. А. ШАМО ЭЛЬ-ДАЙН и О. КЛА У ДЕР

Некоторые производные 1,3,4-тиадиазоля были синтезированы на изостерической 
основе по аналогии с соответствующими антискистосомальными тиазольными соедине­
ниями.

Алкалоиды с каркасом индоло]2,3-с) хиназолино]3,2-а)пиридина, III

3,14-Дигидрорутекарпин
К. ХОРВАТ-ДОРА и О. КЛ А У ДЕР

3,14-Дигидрорутекарпин (3) был получен из триптамина (4) ацилированием с по­
мощью ангидрида изатокислоты (5) с дальнейшей циклизацией за счет этилового эфира 
ортомуравьиной кислоты. Окислением соединения 3  был получен рутекарпин (8), а метили­
рованием на N14 — эводиамин (9). И зЗ, 14-дигидрорутекарпина были получены такж е руте- 
карпан  (10) и рутекарпен (11).



Циркулярный дихроизм, XVI

Хироптические свойства моно- и полизамещенных фенилгликозидов
А. Л ЕВ А И , А. ЛИПТАК, И. П И Н Т ЕР и Г. СНАГЦКЕ

В противоположность соединениям такого типа, в которых хиральны й центр при­
соединяется к  бензольному кольцу через атом углерода, в случае фенилгликозидов заме­
стители ароматического к ол ьц а  поскольку они не обладают сильным эффектом возмущ е­
ния — не оказывают значительного влияния на знак  эффекта Коттона. Ц Д полос 1 В2и и 
'В 1и является  отрицательным в случае ß- и положительным в случае а-аномеров. Знак 
определенных полос Ц Д  ортозамещенных соединений, однако, может быть изменен и за 
счет стерических и/или электростатических эффектов.

Меченые аминокислоты и их производные, V

Разделение п-хлор-ДЬ-фенилаланина. Получение Ь-фенилаланина-4-Н3 из
п-хлор-Ь-фенилаланина

Ю. КОВАЧ, И. ТЕП Л А Н  и И. МЕЗЁ

Ацстил-и-хлор-D L-фен ила лапин был разделен с помощью Ь-(-|-)-трео-1-(п-нитро- 
фенил)-2-аминопропандиола-1,3. Из п-хлор-Ь-фенилаланина с помощью каталитического 
гидрирования был приготовлен L-фенилаланин, а с помощью каталитического тритирования 
был получен Ь-фенилаланин-(4-Н3) с молярной активностью 8,76 Ci/ммоль.
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ION EXCHANGE EQUILIBRIA OF SOME MONO­
VALENT ANIONS

E.  Fekete* and J. Inczédy

( Institute o f Analytical Chemistry, University o f Chemical Engineering, Veszprém)

Received June  25, 1974

The ion exchange equilibrium  constants of chlorate, brom ate, hydrocarbonate , 
iodate, hydroxide referred to  chloride were determ ined on Dowex 1X 8 resin a t  18, 28 
and 38°C, and the free enthalp-change, enthalp-change and entrop-change values 
calculated using the equation of S a l m o n , derived by  therm odynam ic sta tistica l theory .

T he o rd e r of th e  ad so rp tio n  s tre n g th s  o f th e  com m on m eta l c a tio n s  on 
th e  su lp h o n ic  ac id -ty p e  ion -ex ch an g e  resin  can be exp lained  b y  th e  classical 
th e rm o d y n a m ic  th e o ry  of Gregor [1], or b y  th e  m odified  th eo ry  o f Glueckauf
[2], how ever, th e re  are  no genera l ru les a t  th e  an ion-exchange eq u ilib ria , an d  
th e  a d so rp tio n  s tren g th s  o f th e  an ions can n o t be  p red ic ted  g enera lly  on  th e  
basis o f th e  m en tioned  concep ts.

S ince i t  w as show n earlie r [3] th a t  a t  th e  ch rom atog raph ic  se p a ra tio n s  
o f co m p o n en ts  using  an  an ion  exchange  colum n, th e  op tim al cond itions o f  th e  
sep ara tio n s  can  he ca lcu la ted  i f  th e  co rrespond ing  equ ilib rium  c o n s ta n ts  are 
know n, th e  ion-exchange eq u ilib riu m  co n stan ts  o f some m o novalen t ions re ­
fe rring  to  ch lo ride  ion  (as reference  ion) w ere de te rm in ed  a t  th re e  d iffe ren t 
te m p e ra tu re s . A t th e  ca lcu la tio n  o f  th e  ion -exchange-equ ilib rium  c o n s ta n ts  
th e  th e o ry  o f  Salmon  [4] w as used .

A ccord ing  to  th e  s ta tis t ic  th e rm o d y n am ic  th e o ry  of Salmon  [4] th e  ion- 
exchange c o n s ta n t of th e  A ~  an ion  re fe rrin g  to  ch loride is expressed  b y  th e  
follow ing eq u a tio n :

К  is th e  m ass-ac tio n  ra tio  exp ressed  w ith  m olefrac tions of th e  ions, T  te m ­
p e ra tu re  (K °), со and  K T are c o n s ta n ts .

x  and  x  a re  m olefrac tions in  th e  resin  an d  in  th e  liq u id  phase resp ec tiv e ly . 

* P resen t address: V egyim űveket Tervező V állalat, Budapest.

( 1 )

* A  *CI 

* A  *C1
(2 )

1 Acta Chim. (Budapest) 84, 1975
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C onsidering th a t  in  ion-exchange c h ro m a to g ra p h ic  sep ara tio n  th e  a m o u n t 
of th e  e lu ted  A ~  is low  co m p ared  to  th a t  o f e lu e n t ion C l- , th e  K x v a lue  used  
fo r in fo rm a to ry  ca lcu la tio n s  can be derived  from  eq. (1). I f  x  =  1,

log ^ a—ci =  log K T + 4 3 7
со

T
(3)

E xperim en ta l

R eagent solutions. T he all stock solutions were prepared from, e.g. chemicals using 
deionized w ater as solvent. F o r preparation of th e  solutions of KCI, KC103, K B r0 3, K I0 3, 
K H C 0 3, of 0.1 M the  am oun t required of the dried sa lt was weighed and after dissolution in 
ion-free w ater, diluted to  th e  required volume. Carbonate-free potassium -hydroxide solution 
was m ade according to  prescrip tion  and the concentration  controlled by titra tion .

Ion-exchange resin: Dowex 1X 8 (50 — 100 m esh) strong basic ion-exchange resin was 
p re trea ted  in the usual w ay [5] w ith acid and alkali solution, converted to Cl-form w ith 0.5 M 
sodium-chloride solution and  washed chloride-free w ith  w ater. For the equilibrium experim ents 
0.5 g portion of the air-dried resin was used. The capacity  of the air-dried resin was determ ined 
by titra tio n  of the deliberated  chloride ions from th e  resin sample, using the solution of the 
anion in question for displacem ent. (See later.)

Equilibrium  experim ents [6]. Glass columns supplied w ith heating jacke t and w ith 
upper jacketed  coil were used. For feeding of the colum ns, tap  funnels a t the top of the appa­
ra tu s  were used. 0.50 g of th e  Cl-form air-dried resin was placed in the column, then  solution 
of given composition was poured slowly on the colum n by m eans of the tap  funnel. The effluent 
was collected in volum etric flask of 100 ml volum e. The collected solution was analysed and 
the mole fractions of the tw o competing ions in th e  resin phase calculated. Using the data: 
mole fractions in the used original solution and the calculated  mole fractions in the resin phase, 
the exchange constant of th e  ion in question using eq. (2) was calculated. The experim ents 
were carried ou t w ith solutions of five different mole fractions of the ion investigated (0.15; 
0.33; 0.50; 0.66; 0.83; 1.0) b u t of same to ta l concentration  (0.1 M)  and a t  three different 
tem perature . The solution containing the ion investigated  a t  mole fraction 1 served for control­
ling th e  capacity of the resin sample. The analysis of the  gathered effluent solution were 
carried ou t in the following w ays: The chloride ions were determ ined in the presence of chlorate, 
hydrocarbonate ions argentom etrically  using fluoresceine as an indicator. In  solutions where 
K I 0 3, K B r0 3 or KOH were together w ith chloride, iodate, brom ate, ions were determined 
iodom etrically, while hydroxide ions by acidim etric titra tio n .

Results and d iscussion

U sing th e  К  v a lu es  o b ta ined  from  ex p erim en ta l mole frac tio n  d a ta , 
log К  was p lo tte d  a g a in s t th e  inner mole f ra c tio n  o f th e  chloride ion (*ci) and 
th e  log K T as in te rc e p t o f th e  linear cu rv e , w hile th e  со from  th e  slope o f th e  
cu rv e  com pu ted . See e q u a tio n  (1). T he log K T values o b ta ined  a t  d ifferen t 
te m p e ra tu re s  w ere p lo tte d  against 1/T, an d  assu m in g  th a t  the  e n th a lp y  change 
w as in d ep en d en t o f te m p e ra tu re  in  th e  ran g e  in v es tig a ted , using e q u a tio n  (4) 
th e  m olar e n th a lp y  ch an g e  A H  of th e  re a c tio n  from  th e  slope ca lcu la ted .

A M
log K T =  —  0 .4 3 4 ----------b C (4)

R T

A cta  Chim . ( Budapest)  8 4 , 1975
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Table I

Calculated thermodynamic data o f various anion-exchange reactions referred to chloride
as reference ion

ciog- -  c i -

c° K° log. K T K T CO AG AH AS

15 288 0.37 2.34 0.25 -0 .4 9
28 301 0.31 2.04 0.26 -0 .4 3 -1 .6 8 -  4.15
38 311 0.27 1.86 0.27 -0 .3 8

BrOg- -  c i -

c° K° log K T K T CO AG AH AS

18 291 -0 .0 6 2 0.86 -0 .0 5 0 0.082 I
28 301 -0 .0 5 0 0.89 -0 .0 5 1 0.068 0.505 1.45
38 311 -0 .0 3 8 0.92 -0 .0 4 9 0.054

IOg- -  c i -

c° K° log K T K j ' CO AG AH AS

18 291 -0 .5 7 0.269 -0 .1 4 5 0.76
28 301 -0 .5 2 5 0.299 -0 .1 3 5 0.72 1.89 3.87
38 311 -0 .4 8 0.331 -0 .1 2 4 0.68

HCOg- -  c i -

c° K° log K j> K T CO AG AH AS

18 291 -0 .2 8 8 0.515 — 0.128 0.38
28 301 -0 .2 7 0 0.538 -0 .1 3 4 0.37 0.754 1.28
38 311 -0 .2 5 1 0.561 -0 .1 3 4 0.357

0 H -  -  c i -

c° K° log K j> K jt CO AG AH AS

18 291 — 1.37 0.042 0.34 1.83
28 301 — 1.20 0.063 0.41 1.65 7.08 18.0
38 311 -1 .0 2 5 0.094 0.48 1.46

1*  A cta  C him . (B u d a p e st)  8 4 , 197S
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R  is th e  gas c o n s ta n t (R  =  1.987 • 1 0 -3  kcal. d eg ree -1 ). U sing th e  genera l 
th e rm o d y n am ic  fu n c tio n s , th e  free e n th a lp y  values {AG) an d  th e  m o la r e n tro p y  
change w ere also ca lcu la ted .

AG =  - 2 .3 0 3  R T  log K T (5)

AG  =  A H  — T A S  (6)

T h e  ca lcu la ted  AG, A H  a n d  ZlS values are  sum m arized  in  T ab le  I.
As can be seen th e  decreasing  o rd e r o f th e  ad so rp tio n  s tre n g th s  o f th e  

an ions corresponds to  th e  o rd er o f th e  increasing  e n th a lp y  change:

c i o 3-  >  B r 0 3-  >  h c o 3-  >  i o 3-  >  O H -

T h e  corresponding  A H  va lues are : — 1.68; + 0 .5 0 5 ; + 0 .7 5 4 ; + 1 .8 9 ;  + 7 .0 8  
k c a l.m o le-1 . T he va lu es  o f th e  e n tro p y  change show  a s im ila r ten d e n c y  too .

The se lec tiv ity  o f th e  resin  fo r a ll anions ex cep t h y d ro x id e  ions is in ­
creasing  w ith  th e  in n e r  m ole frac tio n  o f  th e  re ferring  ch lo ride ion. T h e  b e ­
h a v io u r  of th e  h y d ro x id e  is opposite , co rrespond ing  to  th e  fac t t h a t  its  h y ­
d ra tio n  a ffin ity  is la rg e r th a n  th a t  o f ch lo ride  ion. F ro m  th e  d a ta  can  be  also 
concluded  th a t  th e  se lec tiv ity  o f th e  resin  is lower fo r th e  ions in v e s tig a te d  a t 
h ig h er te m p e ra tu re .
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D I P O L E  A S S O C I A T I O N  O F  N I T R O B E N Z E N E  I N  N O N ­

P O L A R  S O L V E N T S

J .  L is z i

(Electrochemical Research Group o f the H ungarian Academy o f Sciences, 
Department o f  Physical Chemistry, Industrial Chemistry University, Veszprém)

Received 5 February , 1974

The m olar polarization of nitrobenzene was studied in carbon-tetrachloride, 
n-heptane and benzene solutions. I t  was found th a t  the dipole association of nitrobenzene 
increases w ith th e  increase of the nitrobenzene concentration. The results could be 
described satisfactorily  by the Su g d en  equation.

T he e le c tro s ta tic  in te rac tio n s  occurring  betw een  p o la r  m olecules can  
lead  to  dipole a sso c ia tio n . T he m onom er m olecules in  th e  associations can  
fig u re  in  p ara lle l o r a n tip a ra lle l a rran g em en ts . In  th e  e v e n t of an a n tip a r ­
allel a rran g em en t th e ' dipole m om ents o f th e  m onom er m olecules are  in  
opposing d irec tions, w h ile  in  a para lle l a rran g em en t th e y  lie in  th e  sam e d irec ­
tio n . F o r a co m p le te ly  an tip a ra lle l a rra n g e m en t th e  o r ie n ta tio n  p o la riza tio n  
becom es zero, th e  a sso c ia ted  dipoles m u tu a lly  e lim in a te  th e  effects of each  
o th e r, an d  th e  p o la r iz a tio n  will be equal to  th e  sum  o f th e  e lec tron  and  a to m  
po lariza tio n s. T he d is to r tio n  po lariza tio n  is n o t affected  b y  th e  d ipo le-env iron­
m en t o f th e  m olecule [1].

T he p h enom enon  o f dipole association  can  also be observed  in so lu tions 
of n itrobenzene  in  n o n -p o la r  substances. In  th e  p resen t w o rk  a s tu d y  was m ad e  
of n itro b en zen e—c a rb o n  te trach lo rid e , n itro b en zen e—n -h e p ta n e  and n itro ­
benzene-benzene  m ix tu re s . The re la tiv e  p e rm ittiv itie s  a n d  densities of th e  
m ix tu res  w ere m easu red  a t  20°C as a fu n c tio n  o f co m position . O ur conceptions 
re la tin g  to  dipole a sso c ia tio n  are based  on m o lar p o la riz a tio n  d a ta .

E xperim en ta l

T he re la tiv e  p e rm ittiv itie s  of th e  m ix tu re s  w ere dete rm in ed  w ith  a 
R adelk is  OH-301 u n iv e rsa l d ie lec trom eter, a t  a c o n s ta n t freq u en cy  of 3 M H z. 
In  ou r experience th e  re la tiv e  p e rm ittiv itie s  of these  sy stem s a t  20 °C w ith  a 
freq u en cy  of 3 M Hz ag ree  w ith  th e  s ta tic  re la tiv e  p e rm ittiv itie s . The th e rm o ­
stab le  m easuring  cells p ro v id ed  by  R adelk is  w ere used  in  th is  w ork.

T he densities o f  th e  p u re  substances w ere d e te rm in ed  w ith  a p ycnom etric  
m e th o d , and  in  th e  know ledge of these , th e  densities o f  th e  m ix tu res w ere
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m e a su re d  w ith  an  A u s tr ia n  DM A OZC d ig ita l densim eter. T h e  p rincip le  o f th is  
l a t t e r  in s tru m e n t is as follow s: th e  n a tu ra l  frequency  re la tin g  to  vacuum  o f th e  
re s o n a to r  in  th e  in s tru m e n t changes i f  a gas or liqu id  e n te rs  th e  re so n a to r. 
T h e  change depends on th e  d en sity  o f  th e  en te rin g  m ed ium . T he in s tru m e n t 
show s a period-tim e co rrespond ing  to  th e  given frequency , an d  th e  d en sity  
c a n  be  ca lcu la ted  from  th e  period -tim e. T h e  co n stan t o f th e  in s tru m e n t can  be 
d e te rm in e d  from  know n d en sity  d a ta , a n d  th u s  i t  was n ecessary  to  perform  th e  
p y cn o m e tric  d e te rm in a tio n  of th e  d en sitie s  of the  pure  su b stan ces.

T he m ix tures o f  v a rio u s  com positions were p rep a red  b y  m ix ing  know n 
w e ig h ts  of the  co m p o n en ts . O ur e x p e rim e n ta l resu lts  are g iven  in  T ables I , I I  
a n d  I I I .  The sym bols in  th e  Tables are  as follow s: x A =  m ole frac tio n  of n itro ­
b en zen e , e =  re la tiv e  p e rm ittiv ity , an d  p =  density .

Table I

Relative perm ittivities and densities o f nitrobenzene-carbon tetrachloride 
mixtures at 20 °C as a function  o f composition

XA e Q (g cni"a)

0 2.23 1.5942
0.1115 4.95 1.5495
0.2008 7.61 1.5103
0.2969 10.38 1.4740
0.3985 13.60 1.4327
0.4981 16.64 1.3959
0.5986 20.19 1.3558
0.6995 23.69 1.3168
0.7994 27.21 1.2781

0.8991 31.05 1.2393
1 34.74 1.1982

D iscussion

T he d a ta  in  T ab les  I —I I I  w ere u sed  to  calcu late  th e  m o la r p o lariza tions 
o f  th e  m ix tu res as a fu n c tio n  of com p o sitio n . The eq u a tio n  used was

P  — g —  1 . XA M  a  +  XB
S  f -  2 Q

w h ere  P  is the  m o lar p o la riza tio n , M  th e  m olecular w eig h t, an d  x  th e  mole 
f ra c tio n ; index A  re fers to  n itro b en zen e , an d  index  В  to  th e  apo la r su b stance . 
T h e  m olar po lariza tio n  d a ta  are g iven  in  T ables ТУ, V an d  V I a n d in  Figs 1, 2

A c ta  Chim . (B udapest) 8 4 , 1975



LISZI: D IPO LE ASSOCIATION OF NITRO BEN ZEN E 127

Table II

Relative permittivities and densities o f nitrobenzene-n-heptane 
mixtures at 20 °C as a function  o f composition

XA e e (gem-»)

0 1.90 0.6841
0.1050 3.44 0.7235
0.1996 4.98 0.7635
0.2991 7.29 0.8069
0.3951 9.85 0.8514
0.4944 12.29 0.9002
0.6348 17.55 0.9758
0.6944 20.00 1.0096
0.7993 24.48 1.0728

0.8979 29.74 1.1356
1 34.74 1.1982

Table III

Relative permittivities and densities o f  nitrobenzene—benzene mixtures 
at 20 °C as a function  o f composition

XA e В (gem-»)

0 2.28 0.8737
0.1049 4.82 0.9133
0.1994 7.23 0.9475
0.2987 9.95 0.9826
0.3974 13.10 1.0150
0.4960 16.59 1.0473
0.5947 20.00 1.0788
0.6946 23.74 1.1090

0.7939 27.42 1.1382

0.8914 31.00 1.1665
1 34.74 1.1982

a n d  3. T he T ables also lis t th e  m o lar p o la riza tio n s  of n itro b en zen e , ca lcu la ted  
v ia  th e  re la tion

о  _  P — x n P  в 
f  a  — ---------------

X A

w ith  th e  a ssum ption  o f th e  a d d itiv ity  o f th e  m olar p o la riza tio n .
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Table IV

Molar polarization (P ) o f nitrobenzene-carbon tetrachloride 
m ixtures, and molar polarization (P j\)  o f nitrobenzene 
in  the m ixture , as a function o f composition at 20 °C

X A P (cm3.mole~2) P jL (cm3.mole-2)

0 28.1 —

0.1115 55.2 271.0

0.2008 67.2 223.1

0.2969 74.5 184.4

0.3985 77.6 152.4
0.4981 83.3 139.1
0.5986 86.4 125.4

0.6995 88.7 114.8

0.7994 90.7 106.4

0.8991 92.5 99.8

1 94.3 94.3

Table V

Molar polarization (P ) o f nitrobenzene—n-heptane m ixtures, 
and molar polarization (P j\)  o f nitrobenzene in  the m ixture, 

as a function o f composition at 20 °C

XA P  (cm3.mole-2) Рд  (cma.mole-2)

0 33.7 —

0.1050 63.5 317.1
0.1996 78.1 256.0

0.2991 89.7 220.6
0.3951 95.7 190.6
0.4944 97.7 163.2
0.6348 99.4 137.2
0.6944 99.2 128.0
0.7993 97.8 113.8

0.8979 96.2 103.3
1 94.3 94.3
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Table VI

Molar polarization (P ) o f nitrobenzene—benzene mixtures, 
and molar polarization (P a )  o f nitrobenzene in  the mixture, 

as a function o f composition at 20 °C

XA P  (cm3.mole-2) Pa  (cm3.mole~2)

0 26.7 —

0.1049 50.7 255.8
0.1994 62.0 203.6
0.2987 69.7 170.7
0.3974 75.7 150.0
0.4960 80.3 134.8
0.5947 83.9 122.8
0.6946 87.0 113.6
0.7939 89.7 106.1
0.8914 92.1 100.0
1 94.3 94.3

T he m o la r p o la riza tio n  of th e  m ix tu re  ex h ib its  a s im ila r ten d en cy  fo r all 
th ree  system s: co m p ared  to  th e  ideal b e h a v io u r a p o sitive  excess, m olar p o la r i­
za tio n  ap p ears . T h is ten d en cy  is s tro n g est in  th e  re-heptane sy stem , w here th e  
m olar p o la riza tio n  passes th ro u g h  a m ax im u m  as a fu n c tio n  o f com position .

T he v a r ia tio n  w ith  co n cen tra tio n  o f  th e  m olar p o la riza tio n  o f n i t ro ­
benzene is even  m ore  cha rac teris tic . In  th e se  system s P A falls rap id ly  w ith  th e  
increase o f th e  m ole frac tio n  of n itro b en zen e ; th is  is in d ic a tiv e  of a s tro n g  
decrease in  th e  d ipo le  concen tra tion .

Fig. 1. Molar polarization of nitrobenzene— Fig. 2. Molar polarization of n itrobenzene-
carbon tetrachloride m ixtures a t 20 °C, as a re-heptane m ixtures a t  20 °C as a function

funtion of composition of composition
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Fig. 3. Molar polarization of nitrobenzene-benzene m ixtures a t 20 °C, as a function of com­
position

Solvent effect

T he m ost s trik in g  consequence o f th e  phenom enon  know n in  th e  l i te ra tu re  
as th e  so lven t effect [1] is th e  d ifference o f th e  dipole m om en ts ca lcu la ted  from  
th e  gas-phase and  liq u id -p h ase  m easu rem en ts . This d ifference can  be  ex ­
p la in ed  b y  th e  in te ra c tio n  of th e  m olecules o f th e  so lv en t an d  th e  so lu te . In  
c o n c e n tra ted  so lu tions, how ever, th e  e n v iro n m e n t o f th e  m olecules of so lu te  
co n sis ts  no t only of so lv en t m olecules b u t  o f o th e r so lu te  m olecules to o . F o r 
th is  reaso n  i t  is u su a l to  ca lcu la te  th e  d ipo le  m om en t from  m olar p o la riza tio n  
d a ta  e x tra p o la te d  to  ‘in f in ity  d ilu te ’ so lu tio n  [2]. T he d ipo le-m om en t va lues 
ca lcu la ted  in th is  w ay , how ever, depend  on th e  n a tu re  of th e  so lven t. In  m an y  
cases ‘ex trap o la tio n  to  th e  gas p h ase ’ can  be p erfo rm ed  by  th e  em pirica l 
fo rm u la  of S u g d e n  [3]:

P A =  t + P vap- P or- ^ -  (3)
e +  1

w here  P A is th e  m olar p o la riza tio n  o f th e  su b stan ce  o f in te re s t in  th e  so lu tio n , 
P vap is th e  co rrespond ing  v alue  in  th e  v a p o u r  phase, P or is th e  o rie n ta tio n  
p o la riza tio n  of th e  su b stan ce , e is th e  re la tiv e  p e rm ittiv ity  o f th e  m ix tu re , 
(e — 1 )/(e -\- 2) is th e  ‘vo lum e p o la riz a tio n ’ an d  Я is a c o n s ta n t.

T he ap p lica tio n  o f  eq u a tio n  (3) to  th e  system s u n d e r  co n sid e ra tio n  is 
show n in Fig. 5. T he d ashed  line in d ica te s  th e  e x tra p o la te d  v a lu e . The m easu red  
d a ta  for th e  th ree  sy stem s lie on a s tr a ig h t  line. T he va lu es  e x tra p o la te d  to  
p u re  so lven t are also given in  th e  F ig u re . In  carbon  te tra c h lo r id e  so lu tion , n- 
h e p ta n e  so lu tion  an d  benzene so lu tio n  th e  values o f Р Ава =  410, 438 an d  409 
cm 3/m ole, respective ly . A ccord ing  to  F a ir b r o t h e r  [4] an d  J e n k i n s  and  
S u t t o n  [5], th e  va lu e  o f th e  c o n s ta n t Я in  eq u a tio n  (3) is d ep en d en t on th e
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Fig. 4. Molar polarization of nitrobenzene as a function of composition in the system s under 
exam ination. The dashed line indicates extrapolated values

Fig. 5. Molar polarization of nitrobenzene as a function of the volume polarization. The 
dashed line indicates extrapolated  values

A cta  Chim . ( B u d a p est)  8 4 , 1975



132 L IS Z I: D IPO LE ASSOCIATION O F N ITR O B EN ZEN E

so lv en t and  th e  te m p e ra tu re . Id en tica l A v a lu es  w ere found  for th e  th ree  
sy stem s s tud ied  in  th e  p re se n t w ork. W h en  e x tra p o la te d  to  (e — l) /(e  +  2) =  1, 
th e  va lu e  of th e  s t r a ig h t  line in  F ig . 5 is P e +  P a - f  A, w here P e an d  P a are 
th e  e lec tron  and  a to m  p o la riza tions of n itro b en zen e . F rom  th e  lite ra tu re  [2] 
P e =  29.24 cm 3/m ole, a n d  P a =  3.8 cm 3/m ole. H ence, from  these  values and  
F ig . 4, A =  18 cm 3/m ole .

T he slope of th e  s tr a ig h t  line defined  b y  eq u a tio n  (3) is th e  o rien ta tio n  
p o la riza tio n . T he m easu rem en ts  on ca rb o n  te tra c h lo rid e , n -h ep tan e  an d  
b en zen e  solu tions in d ic a te  th a t  th e  o r ie n ta tio n  p o la riza tio n  of n itrobenzene , 
Pdiri is 509 cm 3/m ole. I f  th is  v a lue  is accep ted  as v a lid  fo r th e  v a p o u r phase  to o , 
th e n  th e  p e rm an en t d ipo le  m om ent of n itro b en zen e  can  be ca lcu la ted  from  th e  
D eb y e  equa tion  [2]:

D  _
-L or л p-

3 k T
(4)

w h ere  N A is th e  A v o g ad ro  nu m b er, p  is th e  p e rm a n e n t dipole m om en t, к is th e  
B o ltzm an n  c o n s ta n t, a n d  T  is th e  ab so lu te  te m p e ra tu re . F ro m  eq u a tio n  (4) 
p  =  4.24 D, w hich can  b e  ta k e n  as id en tica l w ith  th e  v a lu e  (4.2 D) dete rm in ed  
ex p erim en ta lly  in  th e  v a p o u r  phase [2]. T h is la t te r  re su lt s im ilarly  confirm s 
th e  v a lid ity  of e q u a tio n  (3).

E q u a tio n  (3) th u s  describes th e  m o la r p o la riza tio n  o f n itrobenzene  in  
m ix tu re s  of v a riab le  re la tiv e  p e rm ittiv ity , m ak in g  possible ex trap o la tio n  to  
th e  v a p o u r  phase a n d  h en ce  th e  d e te rm in a tio n  o f  th e  p e rm an en t dipole m om en t 
o f n itro b en zen e . As re g a rd s  th e  e x p la n a tio n  o f  th e  s trong  decrease of P A, i t  
m a y  be assum ed t h a t  th e  n itrobenzene  m olecules, possessing a h igh p e rm an en t 
d ipo le  m om ent, fo rm  d ipo le  associations w ith  a n tip a ra lle l a rran g em en ts . In  
th e  follow ing we co n sid e r th e  e x te n t o f d ipole a ssoc ia tion  in  pu re  n itrobenzene. 
F o r  th is  certa in  sim p lify in g  assum ptions are  ap p lied :

1. In  pure  n itro b e n z e n e  th e  m olecules a re  p re sen t in  th e  form  of m ono­
m ers and  of d im ers in  a n tip a ra lle l a rran g em en t.

2. The m olar p o la r iz a tio n  of th e  d im ers is tw ice th e  sum  of th e  a tom  and  
e lec tro n  p o la riza tions d e te rm in ed  in  th e  gas p h ase  (and  th u s  re la tin g  to  m ono­
m er m olecules).

3. The m olar p o la riz a tio n  of th e  m onom ers is th e  v alue  o b ta in ed  from  
e q u a tio n  (3) w ith  e x tra p o la tio n  to  th e  lim itin g  case (e — l)/(e  +  2) =  0.

4. The m olar p o la r iz a tio n  is an a d d itiv e  p ro p e r ty  in  th e  sense th a t  th e  
sum  o f th e  m olar p o la riz a tio n s  of th e  co m p o n en ts , w eighed b y  th e  m ole 
frac tio n s , gives th e  m o la r  po lariza tion  o f th e  m ix tu re .

W ith  these a s su m p tio n s , th e  m olar p o la riz a tio n  o f pu re  n itrobenzene  is

Pm =
1 Xo

P i  +
1 + * 2

(5)
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w here  P m is th e  m o la r  po lariza tion  o f  n itro b en zen e , P  is th e  m o lar p o la riza tio n  
o f th e  com ponent, a n d  x  is th e  m ole fra c tio n ; in d ex  1 refers to  th e  n itro b en zen e  
m onom er, an d  in d e x  2 to  th e  d im er. I f  th e  values P i =  543 cm 3/m ole an d  
P 2 =  2.33 cm 3/m ole a re  su b s titu te d  in to  eq u a tio n  (5), we o b ta in

x 1 =  0.215 a n d  x 2 =  0.785

W ith  th e  above ap p ro x im atio n s, th e re fo re , i t  tu rn s  o u t t h a t  a t  20 °C p u re  
n itrobenzene  c o n ta in s  78.5%  dim er in  th e  a n tip a ra lle l a rran g em en t.
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K inetic stud ies on the oxidation of cyclohexanone by  chloramine-T in alkaline 
media are reported . A first-order dependence on chloramine-T, cyclohexanone and the 
alkali was observed. No effect of p-toluenesulfonam ide was evident. A negligible effect 
of ionic streng th  and  a strong negative effect of m ethanol po in t to a mechanism involv­
ing interaction of th e  enolate ion of cyclohexanone w ith  chloramine-T in the ra te ­
determining step . V arious therm odynam ic param eters and the isolation of the product 
1,2-eyclohexanedione are in agreem ent w ith the proposed mechanism.

T he k inetics o f  ox ida tio n  o f cyclohexanone h av e  been s tu d ied  b y  a 
n u m b e r of au th o rs  u s in g  various oxidizing ag en ts  [1 —8]. T he p resen t w ork  is 
an  inv estig a tio n  o f  th e  k inetics an d  m echan ism  o f cyclohexanone o x id a tio n  
b y  th e  less w idely u sed  b u t  p o te n t o x id an t ch lo ram ine-T  in  alkaline m edia.

Experimental

T he m ateria ls  em ployed  w ere of th e  h ig h es t p u r ity  availab le . An 
E . M erck sam ple o f  cyclohexanone an d  a K o ch -L ig h t (E ng land ) sam ple o f 
/»-toluene sulfonam ide w ere used. T he ch lo ram ine-T  so lu tion  was p rep a red  as 
re p o rte d  earlier [9]. A ll o th e r reagen ts w ere of a n a ly tic a l g rade  and  b id is tilled  
w a te r  w as used th ro u g h o u t th e  experim en ts. T h e  re a c tio n  stills  w ere b lackened  
from  th e  outside. T h e  progress of th e  reac tio n  w as follow ed b y  d e te rm in in g  
u n re a c te d  ch lo ram ine-T  ind irec tly , u sing  ascorb ic ac id  [10].

Stoichiometry

D ifferent sets o f  experim en ts w ere carried  o u t w ith  v a ry in g  ch loram ine-T  
to  cyclohexanone ra tio s  in  presence o f 0 .02M  N aO H  a t  55 °C for 48 hrs. F ro m  
th e  re su lts  show n in  T ab le  I, i t  is concluded  th a t  1 m ol o f cyclohexanone 
consum es 2 mol of ch loram ine-T  accord ing  to  th e  follow ing s to ich iom etric

* Correspondence should be addressed to th is author.
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e q u a tio n , yield ing 1 ,2 -cyclohexaned ione, w h ich  was d e tec ted  b y  a co n v en tio n a l 
m e th o d  [11].

2 C H 3C6H 4S 0 2N N aC l +  CH„(CH2)4-C O  +  H 20  =
I____________i

=  2 C H 3C6H 4S 0 2N H , +  O C -(C H 2)4-C O  +  2 N aC l (1)
I__________!

Table I
Stoichiometric data

10,’jf) [CAT],
103 [cyclohex­

anone]
(M)

lOfjf, [CAT]
Stoichiometric ratio 

[CAT]: [Cyclo­
hexanone]

0.5 0.0 0.5 —

1.0 0.5 0.0 2 1

1.5 0.5 0.5 2 1

2.0 0.5 1.0 2 1

2.5 0.5 1.5 2 1

3.0 0.5 2.0 2 1

[NaOH] =  0.02 M

R esu lts

T he ox ida tio n  o f  cyclohexanone b y  chloram ine-T  w as s tu d ie d  over a 
w ide  range  of r e a c ta n t  co n cen tra tio n s  a t  c o n s ta n t a lkali c o n c e n tra tio n  (Table 
I I ) .  A pseudo f irs t-o rd e r  dependence  on chloram ine-T  w as o b serv ed  a t  all

Table II
Effect of reactant concentrations on the rate

103x [Chlor- 
amine-T]

(M)

102 x [Cyclohex- A^xlO6 (s-1) at

(At) 35 °C 40 °C

0.6 0.6 4.15 5.80

0.8 0.6 4.34 6.22

1.0 0.6 5.14 6.29

1.2 0.6 4.80 6.45

1.6 0.6 4.99 6.77

2.0 0.6 5.14 6.91

1.0 0.4 3.37 4.30

1.0 0.8 6.60 8.71

1.0 1.0 7.41 9.02

1.0 1.2 9.25 11.3

1.0 1.6 11.7 15.2

[NaOH] =0 .02  M
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in it ia l  co n cen tra tio n s  o f th e  r e a c ta n ts  (Fig. 1). A lin ea r  increase  of th e  pseudo  
f irs t-o rd e r-ra te  c o n s ta n t  (к was o b se rv ed  w ith  increasing  cyclohexanone co n ­
c en tra tio n . The seco n d -o rd er-ra te  c o n s ta n ts  ca lcu la ted  as k2 =  k xj [cyclohex­
anone] give c o n c o rd a n t values an d  th u s  e stab lish  a f irs t-o rd e r  dependence on th e  
cyclohexanone c o n cen tra tio n .

Time in minutes

Fig. 1. F irst-order-rate plots a t 35 °C, Fig. 2. P lots of log k l against log [OH- ]. 
[Chloramine-T] =  1 .0 x 1 0 “ 3M ; [NaOH] =  [Chloramine-T] =  1 .0 x l0 -3 M ; [Cyclohex- 
=  0.02M  and [Cyclohexanone] =  4, 6, 8, 10, anone] =  6 x lO -3 M
12 and 16 X10-3 M  in А, В, C, D, E and  F , 

respectively

The o x id a tio n  o f cyclohexanone b y  ch lo ram ine-T  w as found  to  be 
s tro n g ly  d ep en d en t on  th e  alkali c o n c e n tra tio n . A t c o n s ta n t ionic s tre n g th  
(fj, =  0.2), an in c rease  in  alkali c o n c e n tra tio n  increases th e  ra te  co n stan ts  
lin ea rly . The p lo t o f  log  k x against lo g  [O H - ] is a s tra ig h t line  (F ig. 2) w ith  a 
slope o f u n ity  e s tab lish in g  firs t-o rd e r dependence in  [O H - ].

T he v a r ia tio n  o f  ionic s tre n g th  has an  in sig n ifican t effect (Table I I I )  on 
th e  r a te  co n stan ts , w hile  the  effect o f  m e th an o l a d d itio n  is n eg a tiv e  (Table IV ). 
p -T o luenesu lfonam ide, th e  red u c tio n  p ro d u c t o f ch lo ram ine-T , how ever, h a d  
no effect on th e  re a c tio n  ra te .

T he energy o f  ac tiv a tio n  (E act), th e  freq u en cy  fa c to r  (A )  an d  th e  en tro p y  
o f ac tiv a tio n  ( J S +) w ere found to  be  9.83 k ca l.m o l-1 , 5 .9 6 x 1 0 °  l 2.m o l-2 s -1  
an d  —28.7 e.u ., resp ec tiv e ly , from  ra te  m easu rem en ts ca rried  ou t a t  five  
d iffe ren t te m p e ra tu re s  (Table Y).
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Table III

Effect of ionic strength on the reaction rate at 35 °C

Ionic strength fcxX 106 ( s - 1)

0.02 5.14

0.04 5.22
0.06 5.37
0.08 5.49
0.10 5.83
0.12 5.87
0.42 6.83

[Cyclohexanone] =  0.6 f  10 - 2  jVÍ; [Chloramine-T] =  l .O x lO - 3  M and [NaOH] 
=  0.02 M

Table TV

Effect of methanol on the reaction rate at 35 °C

Methanol
(%) fcjXlO* (a-»)

None 5.14
5 4.41

10 3.84

15 3.16
20 2.58
25 1.69

[Cyclohexanone] =  0 .6 x l0 ~ 2 M; [Chloramine-T] =  1.0 X lO -3 M and [NaOH] 
=  0.02 M

Table V

Effect of temperature on the reaction rate

Tem pera­
ture
<°C)

fc.xlO* ( s - 1)
10 к

( l 2 X m o l _ 2 X S - 1 )
Лх10-6

( l 2 X m o l - 2 X s - 1 )
S t

(e.u.)

35 5.14 7.15 6.05 -2 8 .7

40 6.45 8.97 5.91 -2 8 .7

45 8.25 11.5 5.90 -2 8 .7

50 10.6 14.7 5.96 -2 8 .7

55 13.4 18.6 5.97 -2 8 .7

[Cyclohexanone] =  0.6 X lO -2 M; [Chloramine-T] =  1 .0 x 1 0  3 M and [NaOH] 
=  0.02 M
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D iscussion

T he base ca ta ly zed  o x id a tio n  of ketones c lea rly  show s th a t  th e  eno la te  
ion  is involved  in  th e  ox ida tio n  b y  chloram ine-T .

H2C— CH2 H2/C— CH2
h 2c p = o  + о н  ; — ~ h 2c  p — о  + h 2o  (2)

\  /  \  /'Q 
H2C— CH2 H2C— CH

Cyclohexanone keto form Cyclohexanone enol anion

In  aqueous a lka line  so lu tions, chloram ine-T  (CAT) hydro lyzes [12] to  p -  
to luenesu lfoch lo ram ide  (CAT’) an d  p -to lu en esu lfo n am id e  (TSA) as follows:

C H 3CeH 4S 0 2N  • NaCl +  H 20  ^  CH3C6H 4S 0 2N  • HC1 +  N aO H  (3) 
CAT CAT’

CH3CcH 4S 0 2N  • HC1 +  N aO H  ^  C H 3CeH 4S 0 2N H 2 +  NaCIO (4)
TSA

I t  is, th e re fo re , obvious th a t  one of th e  th re e  ox id izing  species o f chlor- 
am ine-T , viz. CAT itse lf  or CAT’ or th e  CIO-  io n  m a y  re a c t w ith  th e  eno la te  
ion  in  th e  ra te -co n tro llin g  step . N ow , if  CIO -  io n  is th e  m ain  oxidizing species, 
th e  reac tio n  w ould  invo lve  an  in te ra c tio n  betw een  tw o  sim ilarly  charged  ions 
an d  th u s  w ould correspond  to  a positive ionic s tre n g th  effect w hich is c o n tra ry  
to  ou r ex p erim en ta l o bserva tions. T hus th e  p o ssib ility  th a t  th e  CIO-  ion is th e  
reac tin g  species, is com plete ly  ru led  out.

T he negligible effect of ionic s tren g th  p o in ts  to  th e  invo lvem en t o f a t  
le a s t one n e u tra l m olecule in  th e  ra te -co n tro llin g  s tep . F u r th e r , th e  positive  
d ielec tric  c o n s ta n t effect observed  shows th a t  th e  ra te -co n tro llin g  step  m u s t 
invo lve th e  in te ra c tio n  of a n e u tra l m olecule an d  a n eg a tiv e ly  charged  ion. 
T hus, th e  m echanism  of th e  o x id a tio n  of cyclohexanone (S) b y  chloram ine-T  
m ay  he rep resen ted  b y  th e  follow ing tw o schem es sa tisfy in g  th e  above re ­
qu irem ents.

Schem e I w ith  CAT’ as an  oxidizing species:

S +  O H - SO H -
k - ,

fa s t (2)

CAT +  H 20 CA T' +  N aO H
k - ,

fa s t (3)

C A T ' +  S O H - —^  In te rm e d ia te  (X ) slow (5)

X  +  CA T' —’->■ P ro d u c ts fa s t (6)
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B y  apply ing  th e  s te a d y -s ta te  ap p ro x im a tio n  to  all th e  in te rm ed ia te s  
fo rm ed , th e  following r a te  law  is o b ta in ed :

d[C A T ] _  k 3k t k 5 [ C A T ][S ][H 2Q] 

d t k _ 3k _ t +  k3k5 [S]

T h e  ra te  low d eriv ed  (7) from  schem e I  p red ic ts  a ze ro -o rder dependence 
in  h y d rox ide-ion  c o n c e n tra tio n  w hich  is c o n tra ry  to  th e  e x p e rim e n ta l resu lts. 
T h u s  th e  possib ility  t h a t  th e  reac tin g  species is CAT’ and  th e  o x id a tio n  process 
p ro ceed s according to  Schem e I ,  is also com plete ly  ru led  ou t 

Schem e I I  w ith  CAT as an  ox id izing  species:

s +  O H -  S O H -
k-,

fa s t (2)

S O H -  +  CAT —-*■ In te rm e d ia te  (X) slow (8)

X  +  CA T —^  P ro d u c ts fa s t (9)
B y apply ing  th e  s te a d y -s ta te  a p p ro x im a tio n  to  SO H ~ an d  X  an d  m aking 

th e  assum ption  th a t  fc_3 > k 7 [CAT], th e  follow ing ra te  is o b ta in e d :

^CAT]_ =  2*3*7 [CAT] [s] [0H --|
di k__ 3

( 10)

T he above derived  ra te  (10) from  Schem e I I  p red ic ts  a f irs t-o rd e r  depend­
ence in  cyclohexanone, ch lo ram ine-T  an d  [O H - ] ion c o n c e n tra tio n , w hich is 
in  ag reem en t w ith  th e  ex p e rim en ta l o bserva tions. T hus, th e  ox id izing  species 
in  th is  case is u n d o u b te d ly  ch lo ram ine-T  itse lf  and  th e  o x id a tio n  process does 
p ro ceed  th ro u g h  Schem e I I .

*
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Die V erfasser suchen in ihrer M itteilung nach einer A ntw ort auf die Frage, ob 
der Horiuti—PoLÁNYische Mechanismus der kontak t-kataly tischen  H ydrierung des 
Ä thylens m it den Ergebnissen der in der F ach lite ra tu r beschriebenen kinetischen V er­
suche in E inklang zu bringen ist. M it der A nwendung der Methode der sta tionären  
A nnäherung haben sie die numerische Lösung der im I. Teil der Veröffentlichungen ab ­
geleiteten Differentialgleichung den experim entellen kinetischen K urven nach  dem 
Prinzip der nicht-linearen kleinsten Fehlerquadrate  — gemäß der im II. Teil der M it­
teilungen erw ähnten Methode — angepaßt.

Die strenge statistische Analyse der Ergebnisse der Optimalisierung h a t die E r­
kennung der Gültigkeitsgrenzen des Modells bzw. seine W eiterentwicklung erm öglicht. 
D araus ergeben sich zwei alternative N äherungen, von denen die eine die K inetik  der 
un tersuchten  R eaktion bei einer bestim m ten Gemischzusammensetzung richtig  be­
schreibt, die W irkung bedeutender Ä nderungen der Gemischzusammensetzung aber 
n ich t zu widerspiegeln vermag, w ährend die andere die leztere Erscheinung richtig  
w iderspiegelt, sich aber den einzelnen kinetischen K urven nicht m it einer den strengen 
statistischen Forderungen entsprechenden Genauigkeit anpaßt. Es ist anzunehm en, 
daß die G rundhypothesen des assoziativen M echanismus richtig sind, aber eine über­
mäßige Vereinfachung der tatsächlichen Sorptionsverhältnisse darstellen.

E in le itung

In  der E n tsch e id u n g  der F rage , ob die von  uns ü b e r einen R e a k tio n s ­
m echan ism us g eb ild e ten  M odellvorstellungen zu tre ffen d  sind  oder n ic h t, k a n n  
die S chätzung  d er P a ra m e te r  der au fg ru n d  des M odells k o n stru ie rten  th e o re ­
tischen  reak tio n sk in e tisch en  F u n k tio n en  ein w ertvo lles M itte l bilden. D er V er­
gleich der ex p erim en te llen  und  der m it H ilfe der gesch ä tz ten  P a ra m e te r  e r­
r e c h n te n  K u rv en , d . h . die U n tersu ch u n g  der G üte  des A usgleichs sowie d e r  
Z uverlässigkeit u n d  chem ischen R e a litä t der gesch ä tz ten  P a ra m e te r  an  sich  
verm ögen zw ar k eine  h inreichenden  B ew eise zu r A kzep tierung  irgendeines 
m echan istischen  M odells liefern, zeigen ab e r — m it en tsp rech en d er U m sich t 
d u rch g efü h rt — die U n tau g lich k e it des M odells an, j a  sie können  sogar H in ­
weise auch  be tre ffs  d e r W eiteren tw ick lung  des M odells oder der P lan u n g  des 
k ritisch en  V ersuchs b ie ten .

In  der vo rliegenden  A rbeit versuchen  w ir, die k ine tischen  P a ra m e te r  d e r  
k o n ta k t-k a ta ly tisc h e n  H y d rie rung  des Ä th y len s an  N ickel, u n te r  V erw endung  
d er M odellvorstellung  von  H o riuti  — P o l á n y i  [1], a u f  die oben e rw ä h n te
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W eise [2] zu schä tzen . E s w ird  der V ersuch  e iner s ta tis tisc h e n  B ew ertu n g  d er 
E rgebn isse  der P a ra m e te rsc h ä tz u n g  u n te rn o m m e n  u n d  g ep rü ft, w elche B e­
d e u tu n g  diese E rgebn isse  h in sich tlich  d e r R ich tig k e it des z itie r ten  M odells 
b esitzen .

Im  In te resse  des G elingens d er P a ra m e te rsc h ä tz u n g  m üssen  w ir den  
V ersuchen  gegenüber d ie  den  G eg en stan d  des V erfahrens b ilden , ziem lich  
s tre n g e  F o rd eru n g en  ste llen . Solche — e inen  re la tiv  großen D ru ck b ere ich  u m ­
fassen d e , viele zusam m engehörige  P- u n d  i-M eß p u n k te  in  T abellen fo rm , u n te r  
g en au e r B ek an n tg ab e  d e r ex p erim en te llen  B ed ingungen  d a rtu en d e  — A rb e iten  
h a b e n  w ir in  d er L i te ra tu r  n u r  zwei g efu n d en  [3, 4]. In  be id en  V ersuchen  w ird  
Ä th y le n  au f N ick e lp u lv er bei 0 °C h y d r ie r t . D ie V ersuchsbed ingungen  v e ra n ­
sc h a u lic h t T abelle I.

Tabelle I

Die charakteristischen Daten der zur Optimierung verwendeten kinetischen Versuche

Versuch 1 [3] Versuch 2 [4]

Menge des K atalysators, mg 273 3

R eduktionstem peratur des K atalysators, °C 400 480

Spezifische Oberfläche, m 2/g 2,9 -
Reaktorvolum en, cm3 161 65
Anfangszusam m ensetzung fü r Ä thylen, p j, kN /m 2 4,58 14,30
Anfangszusammensetzung fü r W asserstoff, p9,

kN /m 2 8,93 14,08
Zahl der Meßpunkte 19 31
H albw ertszeit der R eaktion, s 36,6 4290
Instrum en t für die Druckmessung Quecksilbermano­

m eter
Bourdon-Röhre 

m it Torsionsfaden

N ach unseren  E rfa h ru n g e n  fü h r t  die i te ra tiv e  O p tim ierung  n u r  von  einer 
b e s tim m te n  U m gebung  des M inim um s au sg eh en d  zum  E rfolg , u n d  d ieser P a r a ­
m e te rb e re ich  is t n ic h t a llzu  groß. D a h e r  is t  die rich tige W ahl des A n fan g s­
w ertes  des P a ra m e te rv e k to rs  a u f  sp ek u la tiv em  W ege eine hoffnungslose A uf­
gabe . M it i te ra tiv e r  S im u lie rung  des V ersuches aber lä ß t sich ziem lich schnell 
e in  P a ra m e te rv e k to r  f in d e n , bei dem  d er V e rla u f der b e rech n e ten  u n d  d er ge­
m essenen  K u rv e  ein äh n lich e r is t und  das g en ü g t schon, um  m it der i te ra tiv e n  
O p tim ie ru n g  beg innen  zu  können .

D er gu te  A n fan g sw ert se tz t den Z e ita n sp ru c h  der P a ra m e te rsc h ä tz u n g  
w eitg eh en d  h e rab . A us dem  gleichen G ru n d e  is t  es von  w esen tlicher B ed eu tu n g , 
d ie  zu r O p tim ieru n g  v e rw en d e te  M ethode r ic h tig  zu w ählen. W ir h ab en  auch  
m eh re re  V a ria n te n  d e r einzig in  B e tra c h t  kom m enden  G rad ien ten m eth o d e  
au sp ro b ie rt, w ie z. B . die M ethoden v o n  G a u s s  — N e w t o n , Ma r q u a r d t  bzw .
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D á v i d o n — F l e t c h e r — P owell  [5] u n d  von  diesen d as  a u f  der sich an  die 
N am en  der le tz te re n  A u to ren  k n ü p fe n d e n  M ethode b e ru h en d e  »Flepom in- 
V erfahren« [6] als am  en tsp re c h e n d s te n  befunden . D as B esondere an  diesem  
V orgehen  is t, daß  die In v erse  der Ü ESSschen M atrix  i te r a t iv  von  einer be lieb i­
gen positiv  d efin itiv en  M atrix  — in  u n se rem  Fall von  d er E in h e itsm a trix  au s­
gehend  — an g en äh ert w ird . Diese N ä h e ru n g  erfü llt sich  s tre n g  n u r in u n m itte l­
b a re r  U m gebung des M inim um s, w e lch er U m stand  die K onvergenz der I t e r a ­
tio n  n ich t b ee in flu ß t, doch ist eine so e rrechnete  K o v arian z -M atrix  — und  
d a h e r  auch der K o n fid en z -In te rv a ll d e r  op tim alen  P a ra m e te r  — m it V o rb eh a lt 
zu  behandeln . Im  w e ite ren  haben  w ir, w enn die A bw eichung  n ich t besonders 
angegeben  ist, die W e rte  des K o n fid en z -In te rv a lls  beim  Z u verlässigke itsn iveau  
0,95 m itte ls  In v e rtie ru n g  der au f d ie  üb liche  W eise ([2 ], S. 222) au fg eb au ten  
(ÜESSschen) M atrix  berech n e t.

A ußer den e rw ä h n te n  T a tsach en  w ird  der Z e itb e d a rf  der d ig ita len  P a ra ­
m e te rsch ä tzu n g  d u rc h  die F eh le rg renze  der in  die P ro z e d u r  T h e o r y  einge­
b a u te n  In teg rie r-M eth o d e  Me r sn  (S. [2]) u n d  die W ah l d e r zu r T erm in ierung  
d e r  I te ra tio n  vorgeschriebenen  B ed in g u n g en  b estim m t. B eide  P roblem e stellen  
au ch  an  sich O p tim u m au fg ab en  d a r; zu  lockere B ed ingungen  führen  zu feh le r­
h a f te n  E rgebnissen, zu  strenge v e rzö g ern  die O p tim ie ru n g  zeitlich  sehr. D ie 
F eh le rsch ran k e  h ab e n  w ir bei einem  W e rt von  10~4 fe s tg ese tz t. Die ü b lichen  
te rm in ie ren d en  B ed ingungen , w onach  die V erän d eru n g  d e r Z ielfunk tion  bzw . 
säm tlich e  P a ra m e te r  u n te rh a lb  e in er gewissen S ch ranke  zu  liegen kom m en, 
h a b e n  sich n ich t als zuverlässig  erw iesen . Es is t n äm lich  vorgekom m en, d aß  
d ie  K onvergenz fe rn  v o m  M inim um  lo k a l derm aßen  v e r la n g sa m t w ar, d aß  die 
ob igen  B edingungen e in  M inim um  an ze ig ten . D eshalb h a b e n  w ir im  allgem einen 
die I te ra tio n  dann  b ee n d e t, w enn ü b e r  die e rw ähn ten  B ed in g u n g en  h inaus die 
p a ra lle len  A bleitungen  d er Z ie lfunk tion  n ach  den P a ra m e te rn  k leiner ausfielen  
als die vorgegebene F eh le rsch ran k e  d e r  In teg rie ru n g .

Die P a ra m e te rsc h ä tz u n g  erfo lg te  a n  einer R echenm asch ine  des T yps ICT 
1905 u n d  die ü b rigen  B erechnungen  a n  der K le in -R echenm asch ine  K F K I-  
T P A i-8 k .

Die Ergebnisse d er P a ram e te rsch ä tzu n g

Die den G egenstand  der P a ra m e te rsc h ä tz u n g  b ild en d en  experim en te llen  
D a te n  sind  in  F o rm  v o n  zusam m engehörigen  G esam td ru ck - und  Z e it-W ert­
p a a re n  gegeben. W as die s ta tis tisc h e  V erte ilung  d er M eßfehler an b e lan g t, 
m üssen  w ir m it V e rm u tu n g en  v o rlieb n eh m en . In  K e n n tn is  des In s tru m e n te s  
fü r  die D ruckm essung n eh m en  w ir an , d a ß  der F eh ler v o m  gem essenen D ru c k ­
w e rt u nabhäng ig  u n d  n o rm al v e r te il t  is t. D ie einzelnen  M eßpunk te  w urden  
m it iden tischem  s ta tis tisc h e m  G ew icht b e rü ck sich tig t.

D ie A nfangsw erte  sowie die o p tim a lis ie rten  W erte  d er P a ra m e te r  fü r 
d as  in  der M itte ilung  [1] b ehande lte  M odell (im w e ite ren  M odell A )  s ind  in
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Tabelle II

Die optimalen Parameter des Modells A*

Versuch 1 Versuch 2

An fangs wert Optimum Anfangswert Optimum

P aram eter <p l 

P aram eter <p2 
P aram eter <p 3 
P aram eter <pt

3 4,33 ±  . . . (4,96)** 
0,5 1,73 ±  . .  . (4,26) 
0,02 0,0682 ±  . . . (0,0189) 

100 100 ±  . .  . (5)

3 14 600 ± 7  10e (3380)** 
0,57 7,35 ±0,93 (0,91) 
0,67 7 710 ± 4  • IO6 (1970) 
7,9 21,7 ± 1 ,4  (1,5)

Zielfunktion S(<p ) 540 20,37 5910 7,185

Streuung s = ] l  8(Ф) 1,166 0,516

Zahl der Iterationen 5 74

* Die U m stände der beiden Versuche sind verschieden (s. Tab. I), deshalb sind die als 
unm ittelbares R esu lta t ih rer O ptim alisierung erhaltenen Param eter m iteinander n icht ver­
gleichbar. Auf den Vergleich der aus ihnen errechenbaren R eaktionsgeschw indigkeitskonstan­
te n  komm en wir in  Tabelle V I zu sprechen.

** In  K lam m ern: die W erte des durch das Flepom in-Program m  gelieferten K onfi­
denzintervalls hei einem Zuverlässigkeitsniveau von 95% .

Beim Versuch 1 w ar die Invertierung der HESSschen M atrix wegen ihrer S ingularität 
erfolglos.

T ab e lle  I I  an g efü h rt. D ie K o n fid en z -In te rv a lle  der le tz te re n  beziehen sich  
a u f  ein Z uverlässig k e itsn iv eau  von  95% .

W ie ersich tlich , s in d  die o p tim a len  P a ra m e te r  in  seh r abw eichendem  
M aße b estim m t. B esonders beim  V ersuch  2 is t der W id ersp ru ch  zw ischen dem  
D u rch sch n itts feh le r des A usgleichs u n d  dem  K o n fid en z in te rv a ll der P a ra m e te r  
грг u n d  9?2 auffa llend . W enn  die E igenw erte  der zum  O p tim u m  gehörigen 
K o v arian z -M atrix  n a c h  d er M ethode von  H o u s e h o l d e r  [7] b e s tim m t w erden , 
e rg ib t sich der g rö ß te  E ig en w ert in  der G rößenordnung  v o n  1014, was d a ra u f  
h in d e u te t, daß  die HESSsche M atrix  n ah ezu  singulär, d. h . das Problem  ü b e r­
b e s tim m t ist. A u ffa llend  is t auch , daß  es zum  A uffinden  des O ptim um s des 
besser k o n d itio n ie rten  V ersuches 2 b ed eu ten d  m ehrerer I te ra tio n e n  b e d u rfte  
als im  ersten  E x p e rim e n t. Es schien n ic h t w ahrschein lich , d aß  dies n u r d ie  
F o lge der u n g ü n stig e ren  W ah l des A nfangsw ertes des P a ra m e te rv ek to rs  is t , 
deshalb  u n te rsu c h te n  w ir die »Spurenlinie« der O p tim alisie rung , d. h. die 
W erte  der P a ra m e te r  u n d  der Z ie lfunk tion  nach  den e inzelnen  S ch ritten  d e r 
I te ra t io n  (Tabelle I I I ) .

Diese D a ten  zeigen, daß  m it fo rtsch re iten d er I te ra tio n  n u r  die P a ra m e te r  
9v1 u n d  tp3 eine w esen tlichere  Ä nderung  e rfah ren , und  zw ar so, d aß  ih r V erh ä ltn is  
k o n s ta n t b le ib t. D ie im  L aufe der I te ra tio n  u n v e rä n d e rten  P a ram e te rk o m b i-
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Tabelle III
Veränderungen der Zielfunktion und der Parameter während der Oplimalisierung 

laut Modell A  in  Versuch 2

Zahl der 
Iterationen S(< p) <Pl (p2 <P3 <P* falV i

0 5910 3 0,57 0,67 7,9 0,223
5 8,41 8,04 6,51 3,77 21,2 0,468

10 8,19 7,39 6,22 3,40 20,3 0,461
20 7,61 13,4 6,74 6,64 21,3 0,469
30 7,36 35,7 7,06 18,6 21,8 0.521
40 7,25 112 7,09 59,9 21,7 0,535
50 7,22 1 162 7,14 626 21,8 0,539
60 7,19 11 040 7,26 5880 21,7 0,533
70 7,19 14 700 7,33 7710 21,7 0,525
74 7,19 14 700 7,35 7710 21,7 0,525

n a tio n e n , m it den  ta tsäch lich en  R eak tio n sg esch w in d ig k e itsk o n stan ten  [1] 
au sg ed rü ck t, sind:

1/7— 7J- 1 R T  . к _ 2/ К 3 к4
f t  =  4k _ 2/ k 2 =  — = r  ; q>t  =  —---- K 3 k 4 ; f 3l f i  = ----------- ■ =

у XV 2 V /^2/

K 2K 3 k 4 ’

wo K 2 die G le ichgew ich tskonstan te  d er W assers to ffad so rp tio n  b e d e u te t. M it 
a n d e ren  W orten : in  den  stab ilen  P a ra n ie te rk o m b in a tio n en  kom m en  k2 u n d  
k ~ 2, d. h. die G esch w in d ig k e itsk o n stan ten  der W assersto ffad- u n d  desorp tion  
n ic h t vo r, sondern  n u r  ih r V erh ä ltn is , die G le ichgew ich tskonstan te  der S orp tion . 
D ie chem ische U rsache  h ierfü r d ü r f te  d a r in  liegen, d aß  die G eschw indigkeit 
d e r A d- und  D eso rp tio n  des W assers to ffs  um  eine G rö ß en o rd n u n g  größer is t 
als die der übrigen  P rozesse, in fo lgedessen  w eich t die O berflächenbedeckung  
0 2 fü r  W assersto ff v o m  G leichgew ichtsw ert seh r w enig ab.

In  dem  b isher b e n u tz te n  k in e tisc h e n  M odell k a n n  die chem ische R e a litä t, 
das 0 2 =  0 2,Gleichgewicht so b e rü ck sich tig  w erden , daß  m an  a n s ta t t  der Glei­
ch u n g  (10) in  M itte ilu n g  [1]

M P ,  k) =  k2p 2( 1 -  0 ,  -  0 2)2 -  k - ß l  =  0 (2)

sch re ib t. Die L ösung d er G leichungen (10) in  der A rb e it [1] m it d ieser S u b sti­
tu t io n  is t folgende:

0 i =  Vi
P -P ° 2  

P  - P ° l
(3)

P  —  Pl — W i ( P -  P t )  _ 

ft УР—pi + p — pi
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D ie zu lösende D iffe ren tia lg le ich u n g  is t

d P

d t
—  Уз @1 e \ . (5 )

Die B ed eu tu n g  d e r in  den G leichungen des im  w eite ren  В  g en an n ten  
M odells vorkom m enden  P a ra m e te r  is t folgende:

Wi
К

K 2K 3
<Рз

f i
Wi

u *  9,2;
w

R T

v
K 3 k i =  (pi ; (6)

dies sind  gerade jen e  K o m b in a tio n en  der P a ra m e te r  des M odells A  die sich im  
L au fe  der I te ra tio n  als k o n s ta n t  erw iesen.

Die o p tim alen  P a ra m e te r  des so abg e le ite ten  M odells В  — a u f  analoge 
W eise wie oben b e s tim m t — liefern  die in  T abelle IV  an g e fü h rten  D aten .

E in  V ergleich d ieser D a te n  m it den en tsp rech en d en  D a te n  in T abelle I I  
bzw . I I I  lä ß t fe s ts te llen , d aß  die op tim alen  W erte  d er neu  e in g efü h rten  P a ra ­
m e te r  einerseits w irk lich  in  g u te r  N äh eru n g  zu d er d u rch  die Z usam m enhänge
(6) b estim m ten  R e la tio n  m it den  en tsp rech en d en  o p tim a len  P a ra m e te rn  des 
M odells A  stehen , u n d  an d ere rse its  in  nah ezu  gleichem  M aße b es tim m t sind . 
A uffallend  ist, d aß  d e r w esen tliche  U ntersch ied  zw ischen den  W erten  des m it 
a u f  zwei versch iedenen  W egen b e rech n e ten  K o n fid en z-In te rv a lls  geschw unden 
is t .

Statistische B ew ertu n g  der E rgebnisse der P a ram e te rsch ä tzu n g

D er E rfolg d e r O p tim a lis ie ru n g  u n d  der num erische  W ert der o p tim alen  
R e a k tio n sk o n s ta n te n  an  sich sind  von  geringerem  W ert u n d  g e s ta tte n  n ich t, zu 
en tscheiden , ob das m a th em a tisch e  M odell dem  chem ischen  V organg  en t-

Tabelle IV
Die optimalen Parameter des Modells В *

Versuch 1 Versuch 2

Param eter ip1 
Param eter y>., 

Param eter

0,0244±0,0020 (0,0020)** 
3,68 ±2,50 (2,50)
103 ± 23  (24)

0,526 ±0,050 (0,052)** 
7,35 ±0,89 (0,93) 
21,7 ± 1 ,4  (1,4)

S treuung s 1,129 0,506

F -T est F  (N v  Л у 0>95 
s'h'sl

F(16,8) =  5,48 [9] 
s2/ s \ tX =  1,58

F(28,°o) =  2,15 [9] 

s7 sLm.« =  2,89 
S ~/SK . amin =  25,6

Abbe-Probe r0 95 
r

0,603 [13] 
0,877

0,695 [13] 
0,312

* Siehe die F ußno te  von Tabelle II.
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sp ric h t. M it der s ta tis tisc h e n  A u fa rb e itu n g  der E rgebn isse  m üssen w ir u ns v o r 
a llem  davon überzeugen , wie gu t d e r  A usgleich  is t, d. h . in  w elchem  M aße das 
m a th em atisch e  M odell die ex p erim en te lle  K urve  zu rep ro d u z ie ren  v erm ag  u n d  
d a n n  die Z uverlässigkeit der op tim alen  P a ra m e te r  v o n  s ta tis tisc h e m , wie auch  
v o n  chem ischem  G esich tsp u n k t p rü fe n .

Die S treuung  des Ausgleichs (s, siehe T abelle  IY ) u n d  die S ta n d a rd ­
d ev ia tio n  des V ersuchs (er) m üssen m ite in a n d e r  in  en g er B eziehung  s tehen . I s t  
d e r A usgleich n u r  so feh le rh a ft wie d ie  M essung, so b e tr ä g t  der E rw a rtu n g s ­
w e rt von  »s« ff. Sofern  u n s  eine S c h ä tzu n g  s K der S ta n d a rd d e v ia tio n  des E x p e ­
r im e n ts  von u n ab h än g ig en  V ersuchen z u r  V erfügung s te h t , em p fieh lt Williams 
den  sog. FiSHERschen E -T est zum  V erg le ich  der be iden  S treu u n g sw erte  [8]. In  
un serem  F all kennen  w ir die S treu u n g  s K der E x p e rim e n te  n ich t, können  ab er 
in  K en n tn is  der V ersuchsbed ingungen  eine grobe S c h ä tz u n g  versuchen . V er­
su ch  1 te il t  nach  dem  A b lau f der R e a k tio n  9 M eßdaten  fü r  den  G leichgew ichts­
d ru c k  m it. Ih re  S tre u u n g  s Kil(8) =  0,9 (in  K lam m ern  die Z ah l der F re ih e its ­
g rade). N achdem  w ir h ie r  den F eh ler d e r  Z e itrechnung  u n b e rü c k s ic h tig t ließen , 
k a n n  die U nsicherheit der P u n k te  d e r k in e tisch en  K u rv e  n u r  größer als diese 
sein . Im  V ersuch 2 sin d  die E rgebnisse  v o n  7 P ara lle lm essu n g en  zur D em on­
s tr ie ru n g  der K o n stan z  d er S ta b iltä t des K a ta ly sa to rs  m itg e te ilt . D ie S treu u n g  
d e r D ruckw erte  b e trä g t  h ie r sKi2(6) =  0 ,3 . D er F eh le r d e r D ruckm essung  am  
T orsionsm anom eter b e trä g t  0,1 E in h e it  (13 N m ~ 2) u n d  so die S treu u n g  der 
D ru ck w erte  an der k in e tisch en  K u rv e

0,1 <  ff2 <  0,3 .

D as E rgebnis des E -T ests is t in  T abelle  IV  a u sg e fü h rt. W ährend  beim  
V ersuch  1 auch b e tre ffs  der m in im alen  S treu u n g  g ilt, d aß

-^0,95 ^  Sl / SK,fc

is t , m it anderen  W o rte n  die W ah rsch e in lich k e it dessen , d aß  der F eh ler der 
A n p assung  s ig n ifik an t g rößer is t als d ie S treu u n g  der in d iv id u e llen  D ru ck w erte , 
k le in e r als 5%  b e trä g t, is t  dies beim  V ersu ch  2 n ich t e in m al fü r  die g esch ä tz te  
obere  Schranke der S ta n d a rd d e v ia tio n  e rfü llt.

D ie S treuung  is t  ein  D u rc h sc h n ittsw e rt und  v e r r ä t  als solcher ab so lu t 
n ic h ts  darü b er, wie sich  der A npassungsfeh ler zw ischen den  einzelnen M eß­
p u n k te n  v e rte ilt. I s t  d er V ersuch in  d e r T a t  g leichw ertig  m it e iner E x p o sitio n  
des m a th em atisch en  M odells, so k ö n n en  w ir fordern , d aß  die einzelnen M eß­
p u n k te  ideal, u n g eo rd n e t u m  die a u f  sie an gepaß te  th e o re tisc h e  F u n k tio n  zu 
liegen kom m en. In  d er U n te rsu ch u n g  d e r E rfü llung  d ieser F o rd eru n g  is t das 
gew öhnlich  verfo lg te  V erfah ren  — die gem einsam e D a rs te llu n g  der M eßpunk te  
u n d  der m it den o p tim a len  P a ra m e te rn  b erechne ten  th eo re tisch en  F u n k tio n
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(A bb . 1) — su b jek tiv  u n d  o ft irre fü h ren d . E in e  w esen tlich  w ertv o lle re  In fo r­
m a tio n  liefert in  d ieser H in s ich t die A nalyse  der R es id u a lw erte  der F eh le r­
fu n k tio n  [10, 11]. W erd en  die R esid u a lw erte  der F eh ler q u a d ra te  in  der A b­
h än g ig k e it der b e re c h n e ten  W erte  d er ab h äng igen  V ariab len  darg este llt, so 
k ö n n e n  w ir uns ü b e r die A n w en d b ark e it des M odells, j a  so g ar ü b e r  die N a tu r  
d e r  eventuell v o rk o m m en d en  U nzu län g lich k e iten  ein B ild  m achen .

Abb. 1. Vergleich der M eßpunkte und  der m ittels der optim alen P aram eter errechneten
theoretischen Funktion

Es scheint a llgem einer u n d  an sch au lich er zu sein, w enn  s t a t t  dessen d u rch  
S tan d ard is ie ru n g  d er U n te rsch ied e  ( y t — f t) eine m it E rw a rtu n g sw e rt N ull u n d  
S treu u n g  E ins c h a ra k te ris ie r te  V ariab le  e in g efü h rt u n d  in  d e r A bhäng igkeit 
v o n  der R eak tio n sk o o rd in a te  d a rg es te llt w ird . A u f diese W eise w erden  n äm lich  
d ie  u n te r  versch iedenen  B ed ingungen  e rh a lten en  M eßergebnisse m ite in an d er 
verg le ichbar (A bb. 2). W ie e rsich tlich , zeigen die M eß p u n k te  im  V ersuch 2 
e inen  en tsch iedenen  G ang, einen  sy stem atisch en  T ren d , w äh ren d  dies im  
V ersuch  1 n ich t d er F a ll is t.

Aber auch dieses d em o n stra tiv e  V erfah ren  is t n ic h t fre i v o n  den F eh le rn  
d e r  sub jek tiven  B eu rte ilu n g . D as K rite r iu m  des F eh lens des sy stem atisch en  
T ren d s  der au fe inanderfo lgenden  B eo b ach tu n g en  w u rd e  v o n  A b b e  in  die 
m a them atische  S ta t is t ik  e in g efü h rt [12]. W ir b ilden  den  fo lgenden  A u sd ruck :
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wo Ф die Zahl der F re ih e itsg rad e  u n d  n  die Z ahl der M eß p u n k te  b ed eu ten .
I s t  dieser W ert g rößer als ein  T ab e llen w ert rp, d. h . r  >  rp, so is t p  die 

W ahrsch e in lich k e it des F eh lens des sy s te m a tisc h e n  T ren d s [13]. Im  F alle  de

Abb. 2. Darstellung der standardisierten  Residualwerte in A bhängigkeit von der Reaktions'
koordinate

op tim a lis ie rten  M essungen h ab e n  w ir das E rgebn is d ieser U n te rsu ch u n g en  in 
T abelle  IV  d a rg e tan . W ie w ir sehen , e rfü llt V ersuch 2 auch  diese B edingung 
n ich t.

Die U rsache dessen, d aß  die s ta tis tisc h e  B ew ertung  d er be iden  V ersuche 
h insich tlich  der B eu rte ilu n g  des h y p o th e tisch en  M odells zu w idersp rechenden  
E rg ebn issen  fü h rt, k an n  e inerse its  d a rin  liegen, daß  die H y p o th ese  n ic h t zu ­
tr if f t ,  der erste  V ersuch ab er zu  u n g en au  is t, um  dies nachw eisen  zu können , 
oder andererse its  d a rin , d aß  — obw ohl die H ypo these  z u tr if f t  — w ir im  V er­
such 2 die G renzen ih re r G ü ltig k e it ü b e rsc h ritte n  h ab en . A b b ildung  2 is t zu 
en tn eh m en , daß  ein b e trä c h tlic h e r  T eil der M eßpunk te  den  großen  K onversio ­
n en  zugehört. S tellen  w ir aus d er th eo re tisch en  F u n k tio n  (3—4) die m it H ilfe 
d er op tim alen  P a ra m e te r  aus V ersuch  2 e rrechenbaren  O b e rfläch en k o n zen tra ­
tio n en  d a r (Abb. 3), so is t  fe s tzu s te llen , daß  die V o rausse tzung  der s ta tio n ä re n  
N äh eru n g , w onach Q0/Qt 0 sein  so llte , n u r  bis zu einem  W e rt der R eak tio n s­
k o o rd in a te  von  e tw a  f  =  0,8 e rfü llt w ird . V ersuch  2 e n th ä lt  genügend  Meß-
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I ( moO

Abb. 3. Die V eränderung der m it den optim alen Param etern  aufgrund der Zusammenhänge
(3) und  (4) berechneten O berflächenkonzentration des Ä thylens (© j) und  W asserstoffs (@2)

m it fortschreitender R eaktion

p u n k te , um  u n te r  W eg lassung  der zu dem  g rößeren  W ert der R eak tio n sk o o rd i­
n a te  gehörenden P u n k te  die O p tim alis ie ru n g  w iederho len  zu können . In  
T abe lle  V sind die o p tim a len  P a ra m e te r  u n d  die W erte  d er s ta tis tisc h e n  C ha­
ra k te r is tik a  des O p tim u m s d a rg e s te llt, zu denen  w ir gelangen , w enn w ir j e ­
w eils die le tz ten  4 M eß p u n k te  des V ersuchs n ach e in an d er w eglassen.

W ie e rsich tlich , e rfa h re n  die W erte  der P a ra m e te r  u n te r  =  0,76 — den 
E rw artu n g en  gem äß  — keine n en n en sw erte  Ä n d eru n g  u n d  u n te rh a lb  dieser 
G renze ist die A n p assu n g  auch  in  s ta tis tisc h e r  H in s ich t en tsp rech en d ; sie e r­
fü llt  sowohl die K r ite r ie n  von  Fischer als auch  die d er ÄBBEschen P robe. Die 
W irk u n g  des W eglassens d er zu einem  größeren  W e rt als |  =  0,76 gehörenden 
P u n k te  au f die V e rte ilu n g  d er g i-W erte  d er O p tim alis ie ru n g  v e ran sch au lich t 
d as  D iagram m  2/c in  A b b ild u n g  2.

Tabelle V

Die Veränderung der optimalen Parameter des Modells В  und der den statistischen 
Charakteristika des O ptimums beim Versuch 2 während der Optimalisierung der verschiedenen 

Konversionen entsprechenden Kurvenstücke

i Ф
Optimale P aram eter

S В Д /.1 ) r/rp
Vi V* Vs

0,97 28 0,526 ±0 ,050 7,35 ± 0 ,89 21,7±1,4 0,506 0,084 0,449
0,92 24 0,704 ±0 ,003 4,50 ±0,06 29,9 ± 2 ,4 0,332 0,203 0,951
0,83 20 0,788 ±0,001 2,56 ±0,01 40,6 ±3,1 0,245 0,387 1,82

0,76 16 0,847±0,002 0,935 ±0,007 58,5 ± 1 ,4 0,110 2,07 2,67

0,56 12 0,845 ±0 ,004 1,091 ±0,187 56,4±3,9 0,123 1,74 2,90
0,34 8 0,827 ±0,016 1,96 ±0,37 54,5 ± 6 ,8 0,112 2,34 2,52

0,18 4 0,835 ±0,015 0,366±0,091 44,4 ± 0 ,3 0,065 5,68 3,23

£ =  K onversion; Ф =  Zahl der Freiheitsgrade
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D ie Untersuchung der optimalen R eaktionsgeschwindigkeitskonstanten

E inen  w esen tlichen  S ch ritt d e r  P a ra m e te rsch ä tzu n g sv e rfah ren  b ild e t 
die B erechnung d er K o n fid en z in te rv a lle  fü r  die als o p tim a l befu n d en en  P a ra ­
m e te r . Die einzelnen V erfahren  sind  au c h  in  dieser H in s ich t n ic h t g leichw ertig . 
D ie sich  aus der B en u tzu n g  des F lep o m in -P ro g ram m s e rg eb en d en  P rob lem e 
w u rd e n  bereits w e ite r oben  e rw äh n t. E in e  noch  größere Schw ierigkeit b e d e u te t 
d er U m stan d , daß  die op tim alen  P a ra m e te r  <p u n d  i/j von  d en  w irk lichen  R e a k ­
tion sg esch w in d ig k e itsk o n stan ten  a b g e le ite te , zusam m engese tzte  P a ra m e te r  
d a rs te llen , wir ab er in  e rs te r L inie die le tz te ren  zum  G eg en stan d  u nserer 
U n te rsu ch u n g en  m achen  m üssen. D ie S ta n d a rd d e v ia tio n  d e r F u n k tio n e n  der 
o p tim a len  P a ra m e te r  k a n n  du rch  V erw en d u n g  der S ta n d a rd d e v ia tio n e n  der 
u n ab h än g ig en  V ariab len  aufg rund  d e r  F o rm el

m

=  2 эМ ф ) Г
Q(Pi .

d2Vt

— w o m  die Zahl d er P a ra m e te r  is t — b e rech n e t w erden [14]. D ieses V erfahren  
fü h r t  aber in der P ra x is  n ich t zu einem  befried igenden  E rg eb n is , weil die 
S treu u n g en  S(p der u n ab h än g ig en  V ariab len  tp n u r als grobe S chä tzungsw erte  
des E rw artu n g sw ertes  a<p zu b e tra c h te n  sind . E in  zw ecken tsp rechenderes V er­
fa h re n  is t, die K o v a rian zm a trix  aus d en  p a rtie llen  A b le itu n g en  nach  den t a t ­
säch lichen  K o n s ta n te n  der Z ie lfu n k tio n  aufzubauen , u n d  d a rau s  die K o n ­
fid en z in te rv a lle  der R e a k tio n sk o n s ta n te n  zu erm itte ln .

D ie op tim alen  W erte  der R e a k tio n sk o n s ta n te n , zusam m en  m it den a u f 
die le tz te re  W eise b e s tim m ten  K o n fid en z in te rv a llen , fin d en  sich  in  T abelle V I.

Tabelle VI
Vergleich der optimalen Reaktionskonstanten der Modelle A  und В 

Modell A*

No. fmol
kx • 10* 
mol • m2

к г  • 104 
mol • m2

к - г

mol
(fca/fc_2) ■ 10°

m 2
K,k,
mol

N  ■ s N  ■ s s N s

l 0,92 1,09 4,70 0,187 2,51 2,70
2 0,97 0,335 491 354 0,138 0,460

Modell В
K „  ■ 103

m2/A
1 0,92 0,367 ±0,798 0,551 ±0,129 2,72 ±45
2 0,97 0,335±0,118 0,139±0,034 0,460±0,029
2/b 0,92 1,65 ±0,23 0,369 ±0,044 0,634±0,018
2/c 0,76 90,3 ±0,1 8,59 ±0,01 1,241 ±0,001

* Die HESSche M atrix ist nahezu singulär, n icht invertierbar, daher kann der K on­
fidenzintervall nicht angegeben werden.
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V ergleichen w ir d ie  R e a k tio n sk o n s ta n te n  der b e id en  u n te r  w esen tlich  
abw eichenden  B ed in g u n g en  d u rch g efü h rten  M essungen u n te r  B erü ck sich ti­
gung  ih re r  Z u verlässigke it, so m üssen w ir festste llen , d aß  die Ü b ere instim m ung  
h in sich tlich  der e iner g leichen K onversion  zugehörigen W e rte  B l  u n d  B2jb  
g u t zu  nennen  is t. Als c h a ra k te ris tisch  fü r  den  P rozeß  a b e r m üssen  die in  der 
Zeile B2/c b efind lichen  W e rte  b e tra c h te t  w erden , m it d en en  sich die ex p e ri­
m en te lle  K urve  zw ischen  den  W erten  f  =  0 — 0,76 m it g leicher G enau igkeit 
besch re iben  läß t.

Diese T a tsach en  sp rech en  u n b ed in g t d afü r, daß  das u n te rsu c h te  M odell 
u n te r  b estim m ten  R eak tio n sb ed in g u n g en  die E rgebnisse  des V ersuches zu  re ­
p rä sen tie ren  verm ag . E in e  allgem eingültige Fo lgerung  k ö n n te  aber n u r  d u rch  
die A usw ertung  v o n  m eh re ren , bei u n te rsch ied lich er Z usam m ense tzung  u n d  
T e m p e ra tu r  d u rc h g e fü h rte n  E x p erim en ten  gezogen w erden .

D ie M itte ilung  [4] g ib t außer den  e rw äh n ten  D a te n  — leider in  G es ta lt 
eines ausgeglichenen D iag ram m s — das R e su lta t von  zw ei bei 0 °C du rch g e­
fü h r te n  M essungen b e k a n n t, bei denen das V erhä ltn is  p i/p l  von  4 : 1 bis 1 : 4 
re ic h t. L egt m an ü b e r die D iagram m e ein N etz  u n d  b e h a n d e lt m an  die S c h n itt­
p u n k te  als »M eß«-Ergebnisse, so k an n  die P a ra m e te rsc h ä tz u n g  ähn lich  wie 
zu v o r erfolgen (T abelle V II) .

Tabelle VII

Ergebnisse der aufgrund des Modells В  durchgeführten Optimalisierung 
der in der M itteilung  [4] angegebenen ausgeglichenen Kurvenschar

Zahl
der Messung

Gemischzusammensetzung k i к г k a

P°i ,
fciV/m2

oei*s
*55Jä

mol • m2
N  ■ s

m2
N

mol
s

S

l i 12,52 52,99 0,232 0,257 0,412 1,42

12 13,44 40,16 1,34 • 106 3,02 • 106 0,286 1,09

13 13,32 27,87 2,21 • 103 1,01 • 104 0,214 1,06

14 14,30 14,08 1,25 • IO"5 9,23 • 10~5 0,418 0,799
15 27,10 13,48 8,48 • 1 0 -7 2,56 • 1 0 -7 83,8 1,83

16 39,96 13,60 4,06 • IO“ 7 7,80 • 1 0 -7 17,9 1,71

17 53,48 13,40 2,69 ■ 1 0 -7 1,08 • 1 0 -7 9,08 1,34

D ieselbe M ethode h ab en  w ir fü r  die M eßw erte des f rü h e r schon b e a rb e i­
te te n  E x p e rim en ts  N r. 2 angew endet (s. Zeile 14). A u f diese W eise k a n n  d er 
F e h le r  der oben e rw ä h n te n  M ethode in  B e tra c h t gezogen w erden . V erg leich t 
m a n  die in  der 14. Zeile der T abelle V II  u n d  in  Zeile B2 in  d er T abelle V I an g e­
fü h r te n  W erte  m ite in a n d e r , so sieh t m an  d eu tlich , d aß  die M ethode — obw ohl 
bezüg lich  ih re r A n w en d b a rk e it im  großen  u n d  ganzen  d isk u tab e l — fü r die 
B estim m u n g  von  T en d en zen  zweifellos geeignet ist.
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D iese T endenzen  sind h in s ich tlich  d er G ü ltigkeit des M odells В  n ic h t im  
g erin g sten  günstig . Dieses M odell — das im  w esen tlichen  das Horiuti — 
PoLÁNYische m echan ische  Modell a u f  die beschriebene W eise [1] v e re in fa ch t 
d a rs te l l t  — v erm ag  w eder die re a k tio n sk in e tisc h e  W irk u n g  des W assersto ff-, 
n o ch  die des Ä thy lenüberschusses w iderzusp iegeln .

D as V erh a lten  des Modells a u f d ie  W irk u n g  d er Ä n d eru n g  d er Z u sam m en ­
se tz u n g  des R eaktionsgem isches k a n n  auch  gep rü ft w erden , indem  m an  die 
A nfgangsgeschw ind igkeiten  bei derse lb en  Z usam m ensetzung  fü r  den  e x p e ri­
m en te llen  bzw. th eo re tisch en  Fall v e rg le ich t. Zu diesem  Zw eck h ab en  w ir die 
au s  d en  D iag ram m en  der V ersuche 11 — 17 abgelesenen D ru ck w erte  m it d er 
WHiTACKERschen M ethode [15] n u m erisch  de riv ie rt u n d  die so e rm itte lte n  
A nfangsgeschw ind igkeiten  in  A b b ild u n g  4 als F u n k tio n  der G em ischzusam m en­
se tzu n g  d a rg es te llt; die K urve w u rd e  m it E x p . bezeichnet. D ie K u rv e  В  g ib t 
die G esta ltu n g  der be i der äq u im o laren  Z usam m ensetzung  m it den  o p tim a len  
B 2 /C -P a ra m e te rn  aus dem  Modell В  b e rech n e ten  A nfangsgeschw ind igkeiten  
an . W ie w ir sehen, en tsp rich t die le tz te re  den  experim en te llen  E rgebn issen  n u r  
in  e in er sehr engen  U m gebung der ä q u im o la ren  Z usam m ensetzung .

A u fg rund  u n se re r bisherigen U n te rsu ch u n g en  is t n ic h t fes tzu ste llen , ob 
d er W idersp ruch  zw ischen Modell u n d  experim en te llen  T a tsa c h e n  der U n ric h ­
tig k e it  d er u rsp rü n g lich en  Horiuti—PoLÁNYischen V orste llung  oder ab er der 
v o n  u ns an g ew an d ten  V ereinfachung zuzuschre iben  is t. V on den  le tz te re n  
d ü rf te  am  ehesten  die V erm utung , w o n ach  die O b erfläch en k o n zen tra tio n  des 
h a lb h y d rie r te n  Ä th y lrad ik a ls  0 3 <( 1 i s t  ([1], S. 210), einer K o rre k tu r  b e d ü r­
fen . D iese V ere in fachung  haben  w ir, g e s tü tz t  a u f die sp ä te r  von  Miyahara 
au ch  experim en te ll u n te rm au e rte  H y p o th e se  Horiutis e in g efü h rt, w onach  
die O berfläche des N ickels w ährend  d e r  H y d rie ru n g sreak tio n  p ra k tisc h  u n b e ­
d e c k t is t  [16, 17]. D iese F ests te llu n g  s te h t  in  krassem  W id ersp ru ch  zu  der 
a u fg ru n d  des M odells berechneten  O b e rfläch en k o n zen tra tio n  (s. A bb. 3). 
G leichzeitig  h ab en  Cormack und M ita rb e ite r  [18] sowie Matsuzaki u n d  Tada 
[19] gezeigt, daß  am  N ickel u n te r  den  a u c h  von  uns experim en te ll u n te rsu c h te n  
B ed ingungen , die O b e rfläch en k o n zen tra tio n  des K ohlenw asserstoffs — in  
Ü b ere in stim m u n g  m it unseren  E rg eb n issen  — 0,5 is t. E s liegen auch  k o n ­
k re te  experim en te lle  Beweise dafü r v o r , d aß  ein ansehn licher Teil des vom  N ik ­
k e ik a ta ly sa to r  ad so rb ie rten  Olefins in  b a lb h y d r ie r te r  F o rm  zugegen is [20, 21].

D ie B erü ck sich tig u n g  dessen, d aß  d ie  O b erfläch en k o n zen tra tio n  des h a lb ­
h y d r ie r te n  Ä th y lrad ik a ls  0 3 0 b e trä g t ,  is t u n te r  B eibeh a ltu n g  d er ü b rigen
V ere in fach u n g sh y p o th esen  au f zw eierlei A rte n  m öglich:

1. I n  der M itte ilu n g  [1] is t das R eak tio n ssch em a  (5a) — (5d) u n v e rä n d e rt 
g ü ltig , doch  ziehen w ir die R eak tio n en  2 u n d  3 n ich t zusam m en (M odell C);

2. D ie experim en te lle  T a tsache , d aß  das Ä thy len  au f ak tiv em  N ickel 
p ra k tis c h  keinen  W assers to ff a u s ta u sc h t [3], berücksich tigen  w ir anstatt d e r 
A n n ah m e u ( l)a  0 d u rch  E in fü h ru n g  d e r A nnahm e r(2) ^  0 (M odell D).
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Diese beiden  N äh e ru n g en  des P rob lem s lassen  sich m a th em a tisch  fo lgen­
d erm aß en  besch re iben :

M odell C

Die G leichungen (9c), (9d) bzw. (2) in  der A rb e it [1] w erden den neuen  
B edingungen  e n tsp re c h e n d  um form ulie rt:

d N x =  k lP l( l  -  0 ,  -  0 2 -  0 3)2 -  K 3 k ß ß l  ^  0 (7)

d N 2 =  k2p 2( 1 -  0 X -  0 2 -  0 3)2 -  k - 20 2 ^  0, (8)

wo 0 3 =  K ß ß 2 u n d  k2/ k -  2 =  K 2. (9)

Die Lösung v o n  (7, 8) u n te r  B erü ck sich tig u n g  von  (9) la u te t:

! _  P  -  P l — V l ( P  -  P i )

V'al P  -  P i +  P  -  Pi +  Vi (P  -  P 2)
( 10)

m it =  k ^K Jcv
Die D eu tu n g  d e r ü b rig en  P a ra m e te r , d e r A u sd ru ck  fü r  0 3 sowie die zu  

lösende D iffe ren tia lg leichung , s tim m en  m it den  en tsp rech en d en  A usd rücken  
des Modells В  ü b e re in  (3, 5, 6).

M odell D

Die (7 — 9) en tsp rech en d en  G leichungen:

d N \  =  k lP ,( 1 -  0 X -  0 2 -  0 3)2 -  f c - ,0 ,  -  k ß ß 2 ^  0 (11)

d N 2 =  k2p 2( l  -  0 ,  -  0 2 -  0 3)2 -  k - 20 \  ^  0 (12)

d N 3 =  k ß ß 2 -  k ß 20 3 ^  0 (13)
m it k2/k —2 =  K 2.

Die L ösungen  v o n  (11 —13):

0 „  =  Kßz~ k- \  ( i + f * )  +VHe—k-i[/ly(k3lki + l ) + 6k3(z+yz)—k_1(l+ y z )]
(k3/k 4 + 1 ) +  k3( 1 -f l / z )

0 1

0 ,

y 0 \

z(k - ! +  k3 0 2)

k3y 0 2

zk 4 (k_ i -f- k3 0 2) 

m it у  =  к х(Р  — J>2) u n d  г =  K 2(P  — p “

(14)

(15)

(16)
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D ie zu lösende D iffe ren tia lg le ich u n g  is t

dP

dt

R T
k 4 0 2 0 3 . (17)

D ie op tim alen  P a ra m e te r  d er b e id en  M odelle u n d  die s ta tis tisc h e n  C ha­
ra k te r is t ik a  des O p tim u m s befinden  sich  in  Tabelle V II I ,  sow ohl fü r  den vo ll­
s tä n d ig e n  2. V ersuch, als auch  fü r d en , den  K onversionen  zw ischen  0 u n d  0,76 
en tsp rech en d en , die s ta tio n ä re n  V e rh ä ltn isse  besser w idersp iegelnden  B ereich .

Zw ischen den M odellen А , В , C u n d  D  k ann  m itte ls  V ergleichs d er 
S treu u n g sw erte  — tro tz  ih re r b e trä c h tlic h e n  A bw eichungen — kein  U n te r-

Tabelle VIII

Ergebnisse der Optimalisierung des Bereichs bis £ — 0,97 sowie bis £ =  0,76 
im  Versuch 2 aufgrund der Modelle C und D

f  =  0,97 {  =  0,76

, mol • m-
k ,  ------—-----------

N  • s (3,39±  1,36) • IO -5 (1,43±2,16) ■ IO -2

k., m2/N (2,89±0,74) .  IO -5 (2,76±4,13) • IO -3
Modell C K 3 2,51 ±0,59 1,50±0,16

kt mol/s 0,908 ±0,158 4,08 ±0,43

Streuung: 0,508 0,113

0,084 1,21

'•/>’0,95 0,454 2,72

mol • m2 
fei _ r1 N  ■ s

(2,48±2,66) • IO "2 (1,48±0,47) • IO -3

mol/s (2,63 ±2,86) • 102 11,5 ±  1,1
K , m2/N (9,92±3,30) • 10 (4,10±1,85) • 10-«

Modell D* k3 mol/s 1,51 ±0,28 0,742 ±0,240
k, mol/s 1,26±0,18 0,725 ±0,229

Streuung: 0,453 0,282

■^0 ,95/ ( 3 l / 3 k , 2m in) 0,106 0,268

rl ' 0,95 0,540 0,689

* Die Param eter fej und  Ze_t sind w eitgehend korreliert. Die Ite ra tio n  is t im M inim um ­
bereich derm aßen verlangsam t, daß sie aufgegeben w erden m ußte, bevor sich die e ingangs 
erw ähnte Voraussetzung — w onach die A bleitungen der Zielfunktion nach  den  P a ra m e te rn  
kleiner werden müssen als der In tegrationsfehler — h ä tte  erfüllen können.
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sch ied  gem ach t w erd en , da sie sich a u f  die E rgebn isse  desselben V ersuches 
beziehen  u n d  so als s icher anzunehm en  is t, daß  die S ta t is t ik  ih re r S treu u n g en  
ke iner E -V erteilung  e n tsp r ic h t [22]. B eim  V ergleich d e r S treu u n g en  m it den  
experim en te llen  F e h le rn  dagegen is t  festzuste llen , d aß  bei B erücksich tigung  
des B ereiches b is £ =  0,76 des V ersuches, von  den  drei M odellen das M odell D  
d e r E -P ro b e  n ic h t g en ü g t. Zu einem  ähn lichen  E rg eb n is  gelangen w ir auch  
m it der AßBEschen P ro b e . E s zeig t sich, d aß  vom  s ta tis tisc h e n  G esich tsp u n k t 
aus die M odelle В  u n d  C  g le ichw ertig  sind , w äh ren d  das M odell D  die k in e tische  
K u rv e  bei einem  so h o h en  K o n fid en zn iv eau  n ich t zu  rep räsen tie ren  v erm ag .
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Abb. 4. A bhängigkeit der gemessenen und  der aufgrund der einzelnen Modelle berechneten 
Anfangsgeschwindigkeiten von der Zusamm ensetzung des Reaktionsgemisches

Zu einer gerad e  en tgegengese tzten  S ch lußfo lgerung  gelangen w ir d a ­
gegen, w enn w ir u n te rsu c h e n , wie sich  die m it den zu  £ =  0,76 gehörenden  
o p tim alen  P a ra m e te rn  b erechne te  A nfangsgeschw ind igkeit der H y d rie ru n g  in  
der A bhäng igkeit v o n  der Z usam m ense tzung  des R eak tionsgem isches ge­
s ta l te t .  Aus A b b ild u n g  4 erhellt, daß  die M odelle В  u n d  C auch von  d iesem  
G esich tsp u n k t p ra k tis c h  g leichw ertig  sind , w äh ren d  das M odell D  die T endenz  
der Z usam m en se tzu n g sab h än g ig k e it d er A nfangsgeschw indigkeit rich tig  w ie­
derg ib t.

Schlußfolgerungen

U n te r Z ugrun d e leg u n g  des »assoziativen« M echanism us der h e te ro g en ­
k a ta ly tisc h e n  H y d rie ru n g  des Ä th y len s von  Horiuti — Polányi lassen  sich  
m ehrere  s ta tio n ä re  M odelle ab le iten , die sich v o n e in a n d e r in  der B eschaffen­
h e it der v e re in fach en d en  H y p o th esen  bzw . im  M aße d e r V ernachlässigungen  
un te rsche iden . Im  G egensatz  zu der allgem ein  an g ew an d ten  P rax is in  d e r 
F a c h lite ra tu r  h ab e n  w ir bei keinem  einzigen  M odell die E x is ten z  eines elem en-
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ta ré n  geschw ind igkeitsbestim m enden  R eak tio n ssch ritte s  v o rau sg ese tz t. W as 
das V erh ä ltn is  der einzelnen e lem en ta ren  R eak tio n en  a n b e lan g t, b ed ien ten  
w ir u ns — im  In te resse  der V ere in fach u n g  des M odells — n u r  d an n  v o r­
läu fig e r H y p o th esen , w enn die L ite ra tu rd a te n  dies e in d eu tig  u n te rs tü tz te n . 
Die n u m erisch en  W e rte  der o p tim a len  P a ra m e te r  u n d  ih re  Z uverlässigkeit, 
sowie die be i d e r O p tim alisie rung  b e o b a c h te ten  anderw eitigen  E rsche inungen  
dagegen  h a b e n  es uns erm öglich t, b e tre ffs  des V erhältn isses der G eschw indig­
k e iten  d e r e inzelnen  e lem en taren  R e a k tio n e n , n ach träg lich  In fo rm a tio n e n  
einzuho len  u n d  das Modell in  d iesem  S inne zu m odifiz ieren . D ie a u f  diese 
W eise i te ra t iv  en tw ickelten  M odelle В , C u n d  D  besch re iben  die E rgebn isse  
der k in e tisch en  V ersuche en tsp rech en d  den  allgem ein ü b lich en  F o rd eru n g en . 
D ie K o n tro llb e rech n u n g en , die m it dem  d issozia tiven  M odell von  Farkas [23] 
sowie m it dem  bei der H y d rie ru n g  v o n  O lefinen  au f P a lla d iu m k a ta ly sa to r  von  
Ugo u n d  Cárrá erw iesenen Rideal—EbEY schen M odell [24] d u rch g e fü h rt 
w orden  sind , e rgaben  eine v iel sch lech te re  A npassung  der th eo re tisch en  K u r ­
ven  an  die experim en te llen  P u n k te .

D ie A nalyse  der E rgebnisse  ab e r h a t  gezeigt, daß  die A npassung  an  die 
einzelnen  k in e tisch en  K u rv en  n u r  im  F a lle  d er M odelle A  — C die s tre n g s te n  
s ta tis tisc h e n  F o rd eru n g en  e rfü llt, w äh ren d  die A b h äng igke it der A n fan g s­
geschw ind igkeit von  der Z u sam m en se tzu n g  des R eak tionsgem isches n u r  das 
h in sich tlich  des zuvor e rw ähn ten  G esich tsp u n k te s  n ich t en tsp rech en d e  M odell 
D  r ich tig  w idersp iegelt.

Im  R a h m e n  der V o rste llung  v o n  Horiuti — Polányi is t  es also n ic h t 
gelungen, ein  die am  N ickel s ta ttf in d e n d e  H y d rie ru n g  des Ä th y len s in  je d e r  
H in s ich t r ic h tig  beschreibendes M odell zu  fin d en . Es schein t n ic h t vo llkom m en  
ausgeschlossen zu  sein, d aß  das M odell D , n ach  A ufhebung  d er h ie r angew en­
de ten  V ere in fach u n g en , sowohl den  ze itlichen  V erlau f als au ch  die A b h än g ig ­
k e it der A nfangsgeschw ind igkeit d er R e a k tio n  zu beschre iben  fäh ig  sein w ird ; 
tro tz d e m  m u ß  es m it V orbeha lt b e h a n d e lt w e rd en , da dieses M odell m it den  
in  der L i te ra tu r  beschriebenen  T a tsa c h e n  im  W id ersp ru ch  s te h t, w onach  die 
A u sb ildung  e iner h a lb h y d rie rte n  Ä th y le n sc h ic h t sow ohl a u f  N ickel [21] als 
auch a u f  P la t in  [25] re la tiv  schnell s ta t t f in d e t .  A ufg rund  un se re r U n te r ­
suchungen  is t  o ffenbar, daß  dieses n eg a tiv e  E rgebn is die Folge des assoziativ ien  
M odells u n d  n ic h t der U nzu läng lichkeit des rech en techn ischen  A p p ara  te s  is t. 
A ufg rund  des V ergleichs der zu den  versch iedenen  Z usam m ensetzungens des 
R eak tionsgem isches gehörenden o p tim a len  S orp tions- u n d  G esch w ind igke its­
k o n s ta n te n  (s. T abelle  V II) is t als w ah rsch e in lich  anzunehm en , daß  die an  d er 
K a ta ly sa to ro b e rflä c h e  herrschenden  S o rp tio n sv erh ä ltn isse  w esen tlich  k o m ­
p liz ie rte r sind  als das von  dem  M odell w idersp iegelte  B ild.

Im  L ic h te  d e r neueren  U n te rsu ch u n g en  können  an  d er K a ta ly sa to ro b e r­
fläche  sow ohl d e r K oh lenw assersto ff als auch  der W assers to ff in  m ehrererle i 
S o rp tio n sz u s tä n d e n  anw esend sein. O bw ohl am  N ickel die assozia tive  Chem i-
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so rp tio n  des Ä th y len s v o rh e rrsch t, k o n n te  doch auch  die d issoziative C hem i­
so rp tio n  nachgew iesen  w erd en  [21], u n d  an  den  P la tin m e ta lle n  w ird  d ieser 
le tz te re  T yp u n te r  gew issen U m stän d en  überw iegend  w erd en  [26]. D as Ä th y ­
len  w ird  in  beiden  F ä lle n  an  zwei O b erfläch en -M eta lla to m en  gebunden , u n d  
dies b ed eu te t, d aß  se lb s t an  der m it Ä th y len  b ed eck ten  O berfläche u n b ed in g t 
dem  W assersto ff zu g äng liche , ak tiv e  L eerste llen  Z urückbleiben. D iesen U m ­
s ta n d  b e n u tz te n  Rogers, Lih und  Hougen, als sie P ro p y len  u n d  B u ty len  an  
P la tin k a ta ly sa to r  h y d r ie r te n , als G rundlage d a fü r, u m  ih re  V ersuche — u n te r  
B erücksich tigung  d e r k o m p e titiv en  u n d  n ic h tk o m p e titiv e n  A dso rp tion  des 
W asserstoffs — a u szu w erten  [27]. Ih re  M eßergebnisse w urden  auch  von  
Mezaki [28] u n d  Kolboe [29] rechnerisch  n ach g ep rü ft; v o n  e rsterem  au fg ru n d  
des assoziativen M echan ism us, u n te r  d er A n nahm e, d aß  die n ich tk o m p e titiv e  
W asse rs to ffad so rp tio n  gleichzeitig  auch  eine n ich td isso z ia tiv e  is t u n d  von  
le tz te re m  u n te r  A n n a h m e  einer d issozia tiven  O le fin so rp tion  an  zwei energe­
tisc h  u n te rsch ied lich en  ak tiv en  Z en tren . D ie rechen techn ische  M ethode von  
Kolboe beh an d e ln  Mezaki und Draper sk ep tisch , an erk en n en  aber die B e­
rech tig u n g  des aus d e r d issoziativen  A d so rp tio n  b e ru h en d en  Modells [30].

Obwohl alle A u to re n  die E rgebnisse  des e rw äh n ten  V ersuchs m it H ilfe 
d ig ita le r P a ra m e te rsc h ä tz u n g  b ew erte ten , e r la u b t es d er einzige m itg e te ilte  
s ta tis tisch e  P a ra m e te r  — die residuale F e h le rq u a d ra tsu m m e  — n ich t, einen 
U ntersch ied  zw ischen  den  em pfohlenen M odellen zu  m achen . Die ex p erim en ­
te lle  A rbeit u m fa ß t e in en  sehr b re iten  Z usam m ense tzungs- u n d  T e m p e ra tu r­
in te rv a ll, te ilt  a b e r ke in e  w iederholten  M essungen m it; som it k an n  in  U n k e n n t­
nis des ta tsä c h lic h e n  M eßfehlers eigen tlich  auch  n ich t en tsch ieden  w erden , ob 
die Modelle w irk lich  d en  V ersuch rep rä sen tie ren . D azu  k o m m t noch, daß  alle 
A u to ren  ihre k in e tisc h e  G leichung a u fg ru n d  d er K o n zep tio n  von  Hougen — 
Watson m it der a p rio r i V orausse tzung  eines einzigen  g eschw ind igke itsbestim ­
m enden  R e a k tio n ssc h ritte s  ab le ite ten , w elcher U m stan d  h ö ch stw ah rsch e in ­
lich  eine ü b erm äß ig e  V erein fachung  des ta tsä c h lic h e n  Z u stan d es is t. F rag lich  
is t  ferner, ob es zu lässig  is t, den k o m p e titiv  u n d  n ic h tk o m p e titiv  so rb ie rten  
W assersto ff als zw ei u nabhäng ige  Spezies zu b eh an d e ln  u n d  die k inetische  
F o rm el der H y d rie ru n g  als Sum m e zweier Reaktionsgeschwindigkeiten  au fzu ­
schreiben , wo doch  an  der M etalloberfläche d er W asse rs to ff aller W ah rsch e in ­
lich k e it nach  eine einzige  m obile P h ase  b ild e t, bzw. — w enn  m an  auch  die 
E x is ten z  des in  m o lek u lä rem  Z u stan d  so rb ie rten  W assersto ffs  zu läß t — lieg t 
doch  der G edanke n a h e , daß  dieser n ic h t n u r  ü b er die G asphase m it dem  
a to m a r ch em iso rb ie rten  W assersto ff in  W echselw irkung  s te h t.

Alle diese E in w än d e  ändern  n ich ts  an  un se re r Ü berzeugung , d aß  in  der 
E rfo rschung  des M echanism us der k o n ta k t-k a ta ly tis c h e n  H y d rie ru n g  der 
O lefine die k o m p lex e  B ehand lung  je n e r  W eg is t, den  w ir w eiter verfo lgen  
m üssen. H ierzu  s te h e n  aber in  der F a c h lite ra tu r  n ic h t h in re ichend  In fo rm a ­
tio n en  zur V erfügung , obw ohl die H y d rie ru n g  des Ä th y len s  zu den am  g rü n d ­
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lieb sten  u n te rsu c h te n  k a ta ly tisc h e n  R eak tio n en  g eh ö rt. D ie P rä z is itä t  der 
M eßergebnisse bzw . die A r t der P u b lik a tio n e n  m achen  die überw iegende Z ahl 
der D a ten  von  v o rn h ere in  zu r V e ra rb e itu n g  m it R ech en m asch in en  ungeeignet 
u n d  die w enigen ü b rig b le ib en d en  V ersuche v e rte ilen  sich einerseits u n te r  
m ehreren  K a ta ly sa to re n , andererse its  um fassen die jew eiligen  V ersuchsbe­
d ingungen  (G em ischzusam m ensetzung , T em p era tu r, D ru ck  usw .) n u r  einen 
sehr engen In te rv a ll. In  d ieser B eziehung b ilden  n u r  die zuvor e rw äh n ten  
E x p e rim en te  von  Rogers, Lih u n d  Hougen [27] eine A usnahm e, deren  W ert 
ab e r du rch  das F eh len  von  P ara lle lv ersu ch en  b e trä c h tlic h  h e rab g ese tz t w ird. 
Z u r E rz ie lung  b e d e u te n d e r n eu er E rgebn isse  b e d a rf  es also um fassender, p rä ­
ziser u n d  zw eckm äßig  gew äh lte r V ersuche. Die R ech en tech n ik  s te llt zw ar ein 
em pfindliches u n d  vielseitiges M itte l in  der E rfo rsch u n g  der R eak tio n sm ech a­
n ism en  d ar, w irk lich  w irksam  ab er k an n  sie n u r w erden , w enn sie m it d er V er­
su ch sp lanung  gekoppelt zu r A nw endung gelangt.
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The equation  of the polarization curve has been deduced and analyzed for m etal 
ionization and m etal-ion reduction proceeding in m steps, for the case when the process 
is influenced only by charge transfer. The concentration of the interm ediate a t the 
electrode surface has been calculated as a function of the electrode potential and of the 
current density  passing through the electrode.

In  an  earlie r com m unication  [1] a m eth o d  has been  given fo r th e  ca lcu ­
la tio n  of th e  p o la riz a tio n  curves o f m e ta l ion iza tio n  an d  m e ta l ion n e u tra l i­
za tio n  processes ta k in g  p lace by  charge tra n sfe r  in  severa l successive steps 
(m u ltis tep  process), fo r th e  case w hen th e  k inetics o f th e  process are in fluenced  
b o th  b y  d iffusion  a n d  charge tra n sfe r . In  th e  course o f th e se  in v estig a tio n s, 
th e  follow ing p rocesses have been stu d ied :

ka 1
M  M Zl+ -j- n , e

kti 
ka2

M Zl+ M Zi+ -)- rea e

M 2« -)+  ;=±  M zi+ +  rí j e (i)
kki

(I)

( П )

_ _ I ■'■amМЧт~х)+ ----^
к  km

M zm+ +  nm e (■m )

w here M  is th e  m e ta l, M z<+ are ions w ith  charge n u m b e r z t (i — 1, 2, . . .  i ,  
. . . m ), nj is th e  n u m b e r of e lem en ta ry  charges tra n s fe rre d  in  th e  in d iv id u a l 
steps, and  ka, an d  hki are  ra te  c o n s ta n ts  depend ing  on th e  e lec trode  p o ten tia l.

T he co n d itions u n d e r w hich th e  d iffusion o f th e  com ponen ts does n o t 
in fluence  th e  k in e tic s  o f  processes (I) — (m) h av e  been  given. U nder con­
sid e ra tio n  o f th e  fu lfilm en t of these  cond itions, th e  p re se n t com m unication  
gives th e  p o la riza tio n  curves of processes (I) — (m), an d  th e  con cen tra tio n s o f  
th e  in te rm e d ia te  ions a t  th e  electrode surface w hen  c u rre n t passes th ro u g h  th e  
e lectrode, fo r th e  case w hen  these  are  n o t in fluenced  b y  diffusion.
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I f  we assum e t h a t  th e  so lu tion  co n ta in s  an  excess o f in d iffe ren t e lec tro ­
ly te , an d  th a t  th e  in te rm e d ia te s  do n o t  re a c t w ith  each  o th e r  or w ith  o th e r 
co m p o n en ts  of th e  so lu tio n  a t  th e  su rface  o f th e  e lectrode, th e n , a f te r  a s te a d y  
s ta te  has been reach ed  fo r  e lectrode process (I) — (m ), th e  fo llow ing e q u a tio n  
c a n  be  w ritten  for th e  c u r re n t d en sity  j :

j  =  J i  +  /2 +  • • • j i  +  • ■ • +  jm — j i  (1)
Щ

w here

j  1 =  kai coo h/c, cio

j z  —  ^o2 C10 k k% C20 (2)

li — ka{ c(f—1)0 K i cio

jm  =  kam c(m -1)0 ^km cmG

w h ere  j i is th e  c u rre n t d e n s ity  due to  th e  i- th  e lectrode process, c00 is th e  
c o n c e n tra tio n  (ac tiv ity )  o f  th e  m e ta l a t  th e  electrode su rface , w hich  is ta k e n  
as u n i ty  in  th e  case o f  a p u re  solid m e ta l e lectrode, ci0 is th e  c o n cen tra tio n  of 
th e  M Zi+ ion a t th e  e lec tro d e  surface, cmoo is th e  co n cen tra tio n  o f th e  M Zm+ 
io n  in  th e  bulk  of th e  so lu tio n  (under th e  cond itions selected , cm0 =  cm„).*

F ro m  th e  se t o f  e q u a tio n s  (2), a lin e a r  inhom ogeneous sy s tem  of equa tions 
c a n  be  derived u n d e r co n sid e ra tio n  o f  E q . (1), w h ich  can  be  solved for th e  
u n k n o w n  j , c h0, c2i0, . . . ci0, . . . c(m_ 1)0.

U sing th is  m e th o d , th e  follow ing expression is o b ta in e d  fo r th e  p o la ri­
z a tio n  curve of e lec tro d e  process (I) — (m ) proceeding  in  m  steps:**

j

m l.

1=1 
Í - 1

n i f  f  K j
i =0

T I  k°t
7=1

(3)

w h ere  k ko =  1. T hus re la tio n sh ip  (3) re la te s  to  th e  case w hen  th e  d iffusion of 
th e  com ponents does n o t  in fluence  th e  ra te  and  on ly  tra n s fe r  po lariza tio n

* If  the electrode is m ade of an am algam , c00 1, and the diffusion of the m etal does
n o t affect the kinetics of th e  process if c00 =  cm, where c0oo is th e  concentration  of the m etal 
in  th e  bulk of the am algam .

** In  the following, k0l in the equations of the polarization curves should be understood 
as its  product w ith a m eta l concentration of u n ity  while, when com pared w ith other ra te  
constan ts, kai is expressed in  its own u n it cu rren t density  concentration.
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occurs. A s im ila r re la tio n sh ip  h as  b een  deduced  b y  H u r d  [ 2 ]  for a m u ltis te p  
redox  process w ith  n , =  1. C e rta in  p ro b lem s connected  w ith  th e  p o la riza tio n  
curves o f processes of th e  ty p e  (I)  — (m ) h av e  been  discussed also b y  L o s e v

[3] fo r th e  case o f n, =  1.
In  th e  case o f a m u ltis tep  p rocess w ith  tra n s fe r  po la riza tio n , o n ly  th e  

rp vs. lg  j  p lo t (w here (p is th e  e lec tro d e  p o te n tia l)  gives a s tra ig h t line i f  th e  ra te  
co n stan ts  fo r one o f th e  steps are  sm all com pared  to  tho se  of th e  o th e r  steps
[4] , or i f  s tro n g  ca th o d ic  or anodic p o la riz a tio n  is used . I f  th e  ra te  c o n s ta n ts  of 
th e  k - th  s tep  are  low  com pared  th o se  o f  th e  o th e r steps, i.e.:

(kkk +  k ak) <g (kn, +  k ai) i  =  1, 2 . .  . m; i ^ k  (4)

th e  follow ing expressions are o b ta in e d  fo r th e  a p p a re n t anodic (oc’) and  ca th o d ic  
(/3’) tra n s fe r  coeffic ien ts :

k -l
<*k= n k <x.k +  J ? n i  (5)

i = 1

m
ß'k =  nk (1 —  +  j y  n, (6)

!' = /£+!

w here x k is th e  t ru e  tra n sfe r  coeffic ien t o f th e  k - th  s tep  o f electrode p rocess
(I) — (m). I f  th e  r a te  co n stan ts  are  o f th e  sam e o rd er o f m agn itu d e  a n d  th e  
po lariza tio n  of th e  e lectrode is su ffic ien tly  s tro n g  to  a t ta in  th e  s tra ig h t sec tion  
of th e  cp vs. lg  j  cu rv e , or in  any  o th e r  case w hen  th e  anodic  or ca thod ic  p o la r iz ­
ation  is su ffic ien tly  h igh , th e  a p p a re n t tra n s fe r  coefficien ts are:

a  =  п 1я 1 ß ’ =  n m( l  — a m) (7)

w here x 1 an d  a m are th e  tru e  tra n s fe r  coeffic ien ts of th e  f irs t  and  th e  (m )-th  
step. In  th is  case, th e  k inetics of th e  e lec tro d e  process are  de te rm in ed  b y  th e  
firs t s tep  o f m e ta l io n iza tion  (anodic process) or m e ta l ion  red u c tio n  ca th o d ic  
process.

I t  can  be seen there fo re  from  re la tio n sh ip s  (5) and (6) th a t  if  th e  lin ea r  
sections on b o th  th e  anodic and  c a th o d ic  p o la riza tio n  curves are due to  th e  
re la tiv e ly  low  ra te  c o n s ta n ts  of th e  sam e re a c tio n  step , th e  following exp ression  
is va lid  fo r th e  sum  o f th e  a p p a re n t tra n s fe r  coefficien ts:

x 'k +  ß'k — z m  1 (8)

sim ilarly  as in  th e  case o f th e  s ing le-step  m echan ism . I f  th is  cond ition  is n o t 
fulfilled, th e n

x k +  ßk ^  zm (9)
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I f  th e  electrode process is n o t a m u ltis tep  p rocess, th e  ap p ro x im a te  v a lu e  of 
th e  ra t io  oc’/ß ’’ is a lw ays 1. In  th e  case o f  a stepw ise m echan ism , th e  ra tio  
«7/9’ can  only be eq u a l o r n ea rly  equal to  1 i f

к —1 m

2 n‘ =  2  ( 10)
1=1 !=fc+l

a n d  i f  th e  E qs (7) are  v a lid , an d  nx =  n m.
T he above co n sid e ra tio n s concern ing  a ’ an d  ß ’ are su itab le  to  e s tab lish  

th e  ex istence  o f a s tepw ise  m echanism .
O n th e  basis o f re la tio n sh ip s  (3)—(6), i t  c an  also be estab lish ed  th a t  i f  th e  

k in e tic s  of th e  process p roceed ing  via m  successive ch a rg e -tran sfe r steps is n o t 
in flu e n c e d  b y  d iffusion , a m ax im um  of m  d iffe re n t lin ear sections can  be o b ­
se rv e d  on th e  anodic  an d  ca th o d ic  <p vs. lg  j  cu rv es  [4.] The slopes o f th e  s tra ig h t  
lin es  increase w ith  in c reas in g  po la riza tio n , a n d  th e  m ag n itu d e  o f th e  a p p a re n t 
t r a n s fe r  coefficient decreases. T he tra n s fe r  coeffic ien ts of th e  lin ea r  sec tions 
p e rm it  to  d e te rm ine , u sin g  re la tionsh ips (5) an d  (6), w hich  o f th e  re a c tio n  
s te p s  is ra te -d e te rm in in g  in  th e  in d iv id u a l p o te n tia l ranges. T he n u m b er o f 
l in e a r  sections fo u n d  ex p e rim en ta lly  is g en era lly  less th a n  m, ow ing to  th e  fa c t 
th e  t h a t  feasible e lec tro d e  p o te n tia l (c u rre n t density ) range is n o t su ffic ien tly  
w ide.

L osev  et al. [3 , 5 , 6] found  in  th e ir  s tu d y  o f b ism u th  am algam , in  a cco rd ­
ance  w ith  th e  above, th re e  lin ea r sections on  th e  ca thodic  p o la riza tio n  cu rv e , 
w hile  tw o linear sec tions could be sep a ra te d  on th e  anodic p o la riza tio n  cu rve .

U nder th e  co n d itio n s discussed ea rlie r, i.e. i f  re la tio n sh ip s  (1) an d  (2) 
a re  v a lid , th e  c o n c e n tra tio n  of th e  in te rm e d ia te s  a t  th e  e lec trode  surface can  
be  ca lcu la ted . F o r a process occuring in  tw o  one-electron  steps, th is  concen­
t r a t io n  has been g iven  b y  L osev  etal. [7 ]. In  th e  general case discussed above, 
th e  follow ing expression  is o b ta ined  fo r th e  c o n cen tra tio n  o f th e  k - th  in te r ­
m e d ia te  (ck) a t th e  e lec trode  surface:

cko
m

2
i=k+ 1

n i
i

П  К
\p=k+l

- 1  i - 1

/ / * *s=k Ji

m
+  Y l  k ks

s=k+ 1

m \ —1
_/_/ cm°° ( 4 )

lp=*+l /

w h ere  kk =  1.
L e t us now  in v e s tig a te  th e  possib le v a r ia tio n  of ck0 w ith  th e  anodic  

p o la riza tio n . F o r th e  sake  o f sim plicity , th e  case o f cmco =  0 w ill be considered . 
T h e n , from  E q . (11):

' QCfco
dtp

(1 2 )
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w here

A  =
1 П  A' J  J f kx.

p = k+1 s —k
from  expression  (11).

U nder th e  cond ition  g iven an d  w ith  th e  n o ta tio n s  used , j ,  A  and

'9  A  \

dj

are  alw ays p o sitiv e  for anodic p o la riza tio n , while
дер j

дер

I is alw ays n eg a tiv e .

A ccordingly , ck0 increases w ith  anodic  p o la riza tio n  if

while i t  decreases if

A э п

9 9 .
> j

Э А

дер

A [ Э Л
Э ср

< j
' 0 А

дер

ckо does n o t change w ith  anodic p o la riza tio n  if

9/'
дер

Э A
дер

(13)

(14)

(15)

I t  can  he  seen from  th e  above  re la tionsh ips, an d  p a r tic u la r ly  from  E q s.
(13) and  (14), t h a t  a t  low anodic  p o la riza tio n , th e  re a liz a tio n  o f cond ition  (13),
i.e. th e  increase  o f ck0 w ith  anodic  po la riza tio n , is to  be expec ted , because th e  
v alue  of A  is re la tiv e ly  h igh an d  th a t  of j  sm all. A t h ig h er anod ic  p o la riza tio n , 
cond ition  (14) can  be realized , i.e. in  th is  case th e  co n cen tra tio n s  of th e  M*k+ 
ions a t  th e  e lec trode  surface decrease w ith  anodic p o la riza tio n . C ondition  (15) 
m ay  be rea lized , w hen  th e  anodic  po lariza tio n  is su ffic ien tly  s trong  an d  th e  
cond ition  n 1tx1 =  n(fc+1j£Z(k+1%.

As can  be  seen from  re la tio n sh ip  (11), cond ition  (14), i.e. th e  decrease o f 
ck0 w ith  anod ic  p o la riza tio n , can  be realized  only in  th e  case of к =  (m  — 1), 
w hen  th e  anod ic  p o la riza tio n  is su ffic ien tly  high, an d  n lx 1 <  V m  [3, 6]. I f  
th is  la t te r  co n d itio n  is n o t fu lfilled , ê m_ ^ 0 can  on ly  in crease  ( n ^  >  n moc.m) 
or rem ain  c o n s ta n t ( n ^  =  n mx m) u n d e r th e  given co n d itions w hen  th e  
anodic p o la riza tio n  is changing. I t  shou ld  be m en tioned , how ever, th a t  w hen  
th e  process is in flu en ced  also b y  d iffusion, th e  va lu e  o f с̂ т_ ц 0 can  decrease 
also in  th e  case o f n 1ccl =  nmx m [8, 9].
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In  the course of the preparation of О-substitu ted  hydroxylam ines possessing 
histidine decarboxylase-inhibiting action, a novel procedure of dephthaloylation has 
been worked ou t: th e  N -(substituted-oxy)-phthalim ides were dephthaloylated by 
prim ary amines instead of the hydrazine m ethod known from  the literature.

A dvantages o f th e  procedure consist in its wide u tility , mild conditions, high 
yields and in th e  fac t th a t  the method is useful in synthesizing also O -substituted 
hydroxylam ines contain ing groups sensitive to  hydrazine, in favourable yields.

In  a study  of th e  reaction mechanism, N -alkyl-N ’-(substitu ted  oxy)-phthalam ide 
interm ediates were successfully isolated. The following factors influencing the reaction 
were studied: solvent, dilution, basicity of th e  prim ary  amines and steric relations. Of 
the compounds prepared, 2-hydroxy-5-carbom ethoxybenzyloxyam ine will be the sub­
jec t of clinical trial.

In  th e  liv ing  o rgan ism , h istam ine  is fo rm ed  from  h is tid in e  b y  d ecarb o x y l­
a tio n  an d  th is  process is c a ta ly zed  b y  th e  enzym e-h is tid in e  decarboxy lase [1]. 
As several diseases are  evoked  b y  h is tam in e  form ed in  p a tho log ica lly  h igh  
am o u n ts , our en d eav o u r w as th e  research  o f a h istid in e-d ecarb o x y lase  in ­
h ib ito r  th a t  m ig h t be th e ra p e u tic a lly  useful fo r re d u c tio n  of th e  h is tam in e  
level. O f th e  com pounds described  in  th e  l i te ra tu re , B rocresine (3 -hydroxy-4- 
b rom benzy loxyam ine) [2] is one of th e  b est know n su b stan ces for th is  pu rpose . 
O th e r h y d ro x y lam in e  d e riv a tiv e s  were re p o rte d  b y  Hámor et al. [3].

Several O -su b s titu te d  hydroxy lam ines h av e  been  p rep a red  for in v e s ti­
g a tio n  o f th is  effect. A m ong  th e  know n m eth o d s [4], th e  follow ing one [5] 
seem ed to  he th e  m o st usefu l: reac tion  o f an  R X  h a lid e  w ith  N -hydroxy- 
p h ta lim id e , an d  iso la tio n  o f th e  R O N H 2(II) e n d p ro d u c t a f te r  d e p h th a lo y la tio n  
of th e  N -(su b stitu ted -o x y )-p h th a lim id e  I  o b ta in ed .

A d v an tag es o f th is  m e th o d  are th a t  th e  in te rm e d ia te s  (I) are well- 
c rysta llizab le  and  th e  p h th a lo y l p ro tec tin g  g roup  can  be sp lit off b y  m eans o f
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h y d ra z in e  w ith in  a few  h o urs. On th e  o th e r  h an d , th e  use o f th e  h y d raz in e  has 
th e  d isad v an tag e  th a t ,  because  of its  g re a t nucleopn ilic ity , i t  m ay  also re a c t 
w ith  o th e r  fu n c tio n a l g roups (ester g roups, m obile halogen  a tom s). F u r th e r ­
m ore , th e  y ield  of th e  h y d raz ino lysis  declines sign ifican tly  w hen  th e  scale of 
th e  ex p erim en ts  is increased .

T herefo re , we ca rried  o u t th e  d ep h th a lo y la tio n  u n d e r m ild er cond itions. 
A lip h a tic  p rim ary  am ines p ro v ed  to  be v e ry  useful for th is  p u rp o se  an d  th is  
m e th o d  could  be genera lly  em ployed  fo r th e  syn thesis  o f com pounds o f ty p e  II. 
In  th e  reac tio n  o f eq u im o la r am o u n ts  o f I an d  th e  p rim a ry  am ine, N -alky l- 
p h th a lim id e  (III) is fo rm ed  [6] in  a d d itio n  to  th e  desired  en d  p ro d u c t (II); 
h o w ev er, i f  an  excess o f  th e  am ine is u sed , III reac ts  fu r th e r  an d  N ,N ’-d ia lky ]- 
p h ta la m id e  (IV) is o b ta in ed .

NOR R'NH. RON Hs -

II

NR

III

T h e overall re a c tio n  proceeds acco rd ing  to  th e  m echan ism  o f n u c leo ­
p h ilic  su b stitu tio n s . (See on th e  n e x t p .)

In  th e  f irs t  s tep , th e  lone e lec tro n  p a ir  of th e  n itro g en  a to m  of th e  am ino 
g ro u p  a tta c k s  on th e  electroph ilic  ca rb o n  a to m  of th e  im id e  (I) a n d  th e  
‘ca rb in o lam in e’ ‘A’ is fo rm ed  in  a rev e rs ib le  process. T he im ide  b o n d  o f th is  
ca rb in o lam in e  is sp lit in  an  irrev e rs ib le  process to  give an  N -a lk y l-N ’-(sub- 
s t i tu te d  o x y )-p h th a lam id e  of ty p e  V. In  th is  su bstance  th e  am ine , because  of 
its  g re a te r  nucleoph ilic ity , s ta r ts  an  in tram o lecu la r a t ta c k  on th e  e lec troph ilic  
c a rb o n  a to m  of th e  h y d ro x am ic  ac id  bo n d  and  gives rise to  th e  ‘carb ino l- 
a m in e ’ ‘B ’ in a reversib le  process; th is  in te rm e d ia te  is th e n  stab ilized  b y  elim ­
in a tin g  R O N H 2 (II) in  an  irreversib le  reac tio n . S im u ltaneously , N -a lk y lp h th a l- 
im ide  (III) is fo rm ed th a t  reac ts  fu r th e r  w ith  th e  excess o f th e  p r im a ry  am ine 
to  y ie ld  N ,N ’-d ia lk y lp h th a lam id e  (IV),
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T his reac tio n  can  also be effec ted  w ith  sa lts form ed from  p rim ary  am ines 
an d  organic acids, how ever, i t  fails w ith  th e  salts consisting  o f p rim ary  am ines 
an d  inorgan ic  acids. In  th e  course of th e  reac tio n , th e  s a lt o f II w ith  an  o rganic  
acid  as w ell as N -a lk y lp h th a lim id e  are  o b ta in ed  even in  th e  case w hen  a m o lar 
excess of th e  am ine sa lt is p re sen t. In  th e  reac tio n  steps, th e  substances II, III, 
IV an d  V w ere iso la ted  an d  th e ir  s tru c tu re s  verified  b y  spectroscopy. T he 
carb ino lam ines ‘A’ an d  ‘B ’ could  n o t be iso la ted  so far.

D uring  th e  s tu d y  o f th e  reac tio n , th e  role of som e fac to rs h av e  b een  
in v es tig a ted  in  deta il.

Role o f the solvent

W hen th e  reac tio n  is ca rried  o u t w ith o u t so lven t or in  a po lar so lv en t 
(alcohols), th e  p ro d u c ts  II an d  III (or II and  IV) are  o b ta in ed . W h en  th e  
so lv en t is non-po lar, e.g. benzene, th e  ra te  of th e  d ep h th a lo y la tio n  reac tio n  
decreases in  th e  te m p e ra tu re  in te rv a l from  8 to  12 °C to  such  a degree th a t  th e  
N -a lk y l-N ’-(su b s titu te d  o x y )-p h th a lam id es  of ty p e  V are  iso la ted  in  n e a rly  
q u a n ti ta t iv e  y ield :

v
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These com pounds a re  s tab le  u n d er th e  u su a l cond itions for a long tim e , 
b u t  on pyrolysis (above th e  m elting  p o in t) o r on h ea tin g  in  a so lven t th e y  
un d erg o  fu r th e r  tra n s fo rm a tio n  and  give rise  to  th e  p ro d u c ts  II and  III. W hen 
th e  reac tio n  is ca rried  o u t  in  po lar, ap ro tic  so lv en t (e.g. in  n itro m e th an e ), th e n  
sim ilarly , substances o f  ty p e  У are o b ta in ed . I t  is to  be n o te d  th a t  th e  in te r ­
ac tio n  o f I w ith  seco n d a ry  am ines (e.g. m orpho line , p iperid ine) also leads to  
com pounds of ty p e  У in  a h igh y ield . H ow ever, on h ea tin g  th e se  la t te r  su b ­
stances, th e  s ta r tin g  m a te r ia l  (I) is recovered .

T he reac tio n  ta k e s  a d ifferen t course w hen  I an d  a p rim a ry  am ine are 
allow ed to  reac t in  m e th a n o l (or e th an o l), b u t  at a great (200-fold) dilut ion  
ratio, a t  a te m p e ra tu re  be tw een  5 and  10 °C. In  th is  case, solvolysis becom es 
p ro m in en t, and  th e  e s te rs  o f N -(su b s titu te d  o x y )-p h th a lam ic  acids are ob­
ta in e d :

О

I f O H /R 'N H ,  

á

VI

NOR

T he p rim ary  am in e  does n o t p lay  a p a r t  in  th is  reac tio n , for VI can  also 
be p rep ared  from  I an d  th e  ap p ro p ria te  alcohol, in  th e  absence o f any  p rim a ry  
am ine. C om pounds o f ty p e  VI are re la tiv e ly  stab le , b u t  a t  te m p e ra tu re s  above 
th e  m elting  p o in t th e y  give b ack  th e  s ta r tin g  su b stan ce  (I) w ith  th e  elim ination  
o f th e  alcohol.

Role of the p rim ary  am ine

T he m ain  d r iv in g  force of th e  re a c tio n  is th e  difference betw een  th e  
basic ities of th e  e n te r in g  and  leav ing  am ine . (The d issocia tion  co n stan ts  o f 
a lip h a tic  p rim ary  am in es an d  oxyam ines d iffer by  ab o u t 5 o rders of m agn itude .)

W hen th e  re a c tio n  is carried  c u t a t  a tm ospheric  p ressu re , in  aqueous or 
alcoholic so lu tion , w ith  am m onia or p r im a ry  a lip h a tic  or alicyclic am ines (e.g.
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n -b u ty l-, a lly l-, re-amyl-, cyclopropyl-, cyc lohexy lam ine), i . e .  w ith  s tro n g  b ases , 
th en  th e  reac tio n  proceeds rap id ly  an d  easily . T he sam e holds tru e  of th e  h ig h ly  
basic seco n d ary  am ines (m orpholine, p iperid ine). H ere  th e  reac tio n  com es, o f 
course, to  an  end  a t  Y.

T he ra te  o f reac tio n  is n o t s ig n ifican tly  in flu en ced  b y  an increase in  th e  
len g th  o f th e  ca rb o n  chain . H ow ever, w ith  am ines con ta in in g  b u lk y  a lk y l 
groups (b en zh y d ry lam in e , t-b u ty lam in e), th e  tim e  o f reac tio n  is co n sid e rab ly  
longer — p ro b a b ly  owing to  steric  h in d ran ce  — an d  com pounds o f  ty p e  V 
are iso la ted  only  in  a low yield .

A ccom plishm en t b y  p rim ary  am ines o f th e  d e p h th a lo y la tio n  offers 
several a d v an tag es :

(a) I f  th e  end  p ro d u c t II or its  sa lt is in so lub le  in  th e  reac tio n  m ed iu m , 
d ep h th a lo y la tio n  is effected  b y  such am ines w here III rem ains dissolved a f te r  
th e  reac tio n  is over (e.g. n -b u ty lam in e). A t th e  en d  o f  th e  reaction , II (o r its  
sa lt p rep a red  b y  th e  ad d itio n  of an acid) is th e n  iso la te d  b y  f iltra tio n ;

( b)  w hen , hovew er, II rem ains d issolved a f te r  accom plishm ent o f  th e  
reac tio n , th e  p r im a ry  am ine and  its  q u a n ti ty  shou ld  be chosen such t h a t  III 
or IV fo rm ing  along w ith  II will be p re c ip ita te d  fro m  th e  m ix tu re  (N -cyclo- 
p ro p y lp h th a lim id e , N ,N ’-d icy c lo p ro p y lp h th a lam id e) an d  II is th e n  o b ta in e d  
from  th e  f i l t ra te ;

(c) th e  m ildness of th e  m ethod  is show n b y  th e  fa c t th a t  i t  is usefu l also 
in  th e  syn th esis  o f such  p ro d u c ts  of ty p e  II w here  th e re  is a b ran ch in g  on  th e  
carbon  a to m  n e x t to  th e  oxyam ine group II c an d  g  [7], a lth o u g h  th e  y ie ld s are  
m odera te  in  th is  case;

(d ) even in  th e  presence of groups sensitive  to  h y d raz in e  (e.g. e s te r g ro u p , 
m obile halogen), th e  h y d ro x y lam in e  d e riv a tiv es  a re  o b ta in ed  b y  our m e th o d  
based  on am inolysis in  a n ea rly  q u a n tita tiv e  y ield .

I t  shou ld  be n o ted  th a t  th e  reac tions o f N -su b s titu te d  p h th a lim id es w ith  
p rim ary  am ines [8—14], fo r rem oval o f th e  p ro te c tin g  p h th a lo y l g roup  are  
know n from  th e  lite ra tu re . I t  is, how ever, ev id en t t h a t  th e  reaction  o f I w ith  
p rim ary  am ines is in  som e respects d iffe ren t from  th e  in te rac tio n  of N -a lk y l- 
ph th a lim id es w ith  am ines. T he reac tio n  of I w ith  p r im a ry  am ines p ro ceed s 
u n d er m uch  m ilder cond itions th a n  th e  ring  cleavage o f N -a lk y lp h th a lim id es 
b y  am ines. A n ad d itio n a l difference is th a t  I can  be  b ro u g h t in to  re a c tio n  
w ith  th e  sa lts  consisting  o f a lip h a tic  p rim a ry  am ines and  organic ac id s; 
N -a lk y lp h th a lim id es do n o t re a c t in  th is  w ay .

To our know ledge, no o th e r re su lts  h av e  been  pu b lish ed  on th e  alcoholic 
solvolysis of N -a lk y l-p h th a lim id es. In  th e  m ean tim e , B r o w n  et al. re p o r te d
[15] th a t  l-(2 -am in o x y e th y l)-cy to sin e  and  l-(2 -am in o x y e th y l)-N (4 )-m eth y l- 
cy tosine w ere p rep a red  from  th e  co rrespond ing  p h th a lim id o  com pounds b y  
am m onia or m eth y lam in e , respective ly , u n d e r  p ressu re  an d  th is  p ro ced u re  
was used for N -m eth o x y -, N -bu toxy- an d  N -b en zy lo x y p h th a lim id e , to o . H o w ­
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ev er, th e  reac tio n  w as n o t  in v es tig a ted  in  d e ta il and  i t  w as on ly  supposed  
t h a t  th e  cleavage b y  m eth an o lic  am m onia  o f  N -a lk o x y -p h th a lim id es  could  be 
g en era lly  used for th e  syn thesis  of a lk o x y am in es .

T ab le  I  shows th e  substances p re p a re d  b y  th is  m ethod  [16]. I t  is e v id e n t 
t h a t  th e  procedure  is eq ua lly  su itab le  fo r th e  syn thesis of O -alky l, 0 -(su b -  
s t i tu te d  benzyl)- an d  0 -(h e te ro cy c ly lm e th y l)-h y d ro x y lam in es .

A lthough  th e  m e th o d  proved  to  be g en era lly  useful in  our ex p e rim en ts , 
in  som e cases th e  h y d raz in o ly sis  tu rn e d  o u t to  be m ore reasonable  fo r o b ta in in g  
th e  en d p ro d u c t II (Ilm , n).  These an d  th e  su b stan ces  p rep ared  o n ly  b y  h y d ra ­
z ino lysis (IIo, p)  a re  show n in T ab le  I I .  D a ta  of th e  co rresp o n d in g  in te r ­
m ed ia te s  (I) are fo u n d  in  T able I I I  an d  th o se  o f ty p e  V in T ab le  IV .

T he m a jo rity  o f o u r com pounds d isp lay ed  an  inh ib itin g  effect ag a in s t th e  
h is tid in e -d eca rb o x y lase  enzym es. T he m o st ac tiv e  substances in h ib ite d  th e  ra t-  
s to m ach -h is tid in e  decarboxy lase  a t  a c o n c e n tra tio n  of 5 x l 0 _e— 1 0 ~ 7 m ole in 
vitro. I n  vivo, th e y  p ro v e d  to  be effective in  a dose of 15—45 m g/kg  of body- 
w e ig h t and  s ig n ifican tly  reduced  th e  h is ta m in e  level of ra ts to m a c h  an d  ra tlu n g . 
O f th e  substances m en tio n ed  above, He (2 -h y d ro x y -5 -carb o m eth o x y -b en zy l- 
oxy-am ine) had  an  an tiin fla m m a to ry  a c tio n , to o , and th e  tox ico log ica l d a ta  
also  p roved  fav o u rab le  [17, 18].

E x p erim en ta l

M.p.’s were determ ined on a Kofler block and  are uncorrected.

P reparation  of N-(substituted-oxy)-phthalim ides (I )

To a m ixture of N -hydroxyphthalim ide (0.093 mole), the appropriate halide compound 
(0.1 mole) and dim ethylform am ide (120 ml), a solution of abs. triethylam ine (0.103 mole) in 
dim ethylform am ide (30 ml) was added by drops a t  5 —10 °C, w ith stirring and cooling in ice- 
w ater, during about 3 brs. The reaction m ixture was allowed to stand 3 days and  then  poured 
into 10% hydrochloric acid (600 ml) or into 600 m l of w ater, if the substituen t R contained a 
basic nitrogen atom . The crystals which p recip ita ted  were filtered off, washed w ith w ater and 
recrystallized.

P reparation of 0 -substituted hydroxylamines ( I I)

1. By aminolysis
Method A:
The N -(substituted-oxy)-phthalim ide (0.1 mole) was made to react w ith  the prim ary 

am ine (0.1 mole) in e thanol (200 ml) and the pH  of the m ixture was then  ad justed  to  Congo 
blue by ethanolic hydrogen chloride solution. The precipitation of II hydrochloride was com­
pleted  by adding ether and the salt was filtered off and  dried. From the filtra te , the N-alkyl- 
phthalim ide could be isolated in a nearly q u an tita tiv e  yield. In addition to elem ental analyses, 
the products were identified by IR  and NMR spectra . The salts obtained were usually re­
crystallized from dry or aqueous methanol or ethanol.

Method B:
A m ixture of the  N -(substituted-oxy)-phthalim ide (0.05 mole) and cyclopropylam ine 

(0.1 mole) was heated a t  60 °C. After cooling, the m ix tu re  was tr itu ra ted  w ith 1IV HC1 and the 
acid-insoluble p art (N ,N ’-dicyclopropylphthalam ide, yield 95 to 97%) was filtered  off. The pH 
of the acidic filtra te  was ad justed  to 7 to 7.5 by adding K H C 03. The p recip ita ted  m aterial was 
isolated by filtration  (if solid) or by ex traction  w ith chloroform (if oil); subsequently , the 
appropriate salt was prepared.
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2. B y hydrazinolysis
A m ixture of N -(substituted-oxy)-phthalim ide (0.2 mole), hydrazine hydrate  (0.2 mole) 

and ethanol (200 ml) was boiled, w ith stirring, for 2 hrs. The reaction m ixture was le t to  stand  
overnight, the precipitated crystals (phthaloylhydrazine) were filtered off and washed w ith 
ethanol. The ethanolic solution was acidified to Congo blue by ethanolic hydrogen chloride 
and precipitation of the oxyamine hydrochloride was completed by  adding ether. The crystals 
were filtered off, washed and dried. Usually, the end-products were obtained in m oderate to 
good yields.

Preparation of 4-nitrobenzyloxyamine by aqueous am m onia

A m ixture of N-(4-nitrobenzyloxy)-phthalim ide (0.03 mole) and 6% aqueous am m onium  
hydroxide solution (150 ml) was stirred a t room tem perature for 6 hrs. The m ixture was then 
acidified to  Congo blue and, after filtra tion , phthalam ide could be isolated in a yield of 95%. 
The filtra te  was made alkaline w ith K 2C 03, extracted  w ith ether and the etheral phase was 
dried ever K2C03. A fter rem oval of the drying agent, 4-nitrobenzyloxy-am ine hydrochloride 
precip ita ted  from the ethereal solution on the addition of ethanolic hydrogen chloride solution.

Reaction of N -(substituted-oxy)-phthalimides w ith amines in  aprotic solvents
(A) In  benzene

A m ixture of the N -(substituted benzyloxy)-phthalim ide (0.1 mole), the appropriate 
am ine (0.1 mole) and abs. benzene (400 ml) was stirred a t about 10°C for 6 hrs. and allowed to 
stand  overnight. The crystals which precip itated  were filtered off, washed w ith benzene and 
e ther and dried.

(B) In  nitromethane
A  solution of n-butylam ine (0.74 g; 0.01 mole) in n itrom ethane (10 ml) was added 

dropwise to  a m ixture of N -(4-nitrobenzyloxy)-phthalim ide (2.98 g; 0.01 mole) and n itro ­
m ethane (60 ml), w ith stirring, a t 20 °C within 15 min. The m ixture was stirred a t room  tem ­
pera tu re  for 24 hrs, the crystals which precip itated  were filtered off, washed w ith n itrom ethane 
and ether, and dried to give N -(n-butyl)-N ’-(4-nitrobenzyloxy)-phthalam ide (3.03 g; 82.4%).

Pyrolysis of N-(n-butyl)-N-(4-nitrobenzyloxy)-phthalam ide

N -(n-Butyl)-N ’-(4-nitro-benzyloxy)-phthalam ide (7.42 g; 0.02 mole) was heated for 15 
m in in an oil ba th  a t 140 —150 °C. The oil obtained was dissolved in chloroform, extracted  four 
tim es w ith aqueous hydrochloric acid and dried over M gS04.

A fter evaporation of the solvent, th e  residue was distilled fractionally  to yield 3.62 g 
(89.0% ) of N-(/i-butyl)-phthalim ide [19].

The aqueous acidic solution was sa tu ra ted  w ith K 2C03, ex tracted  w ith ether and the 
ethereal phase dried over K 2C 03. From  the ethereal solution, 4-nitrobenzyloxyam ine hydro­
chloride was precipitated by ethanolic hydrogen chloride in a yield of 3.0 g (89.5% ), m.p. 
2 0 7 -2 1 0  °C [3,6].

Reaction of N-(4-nitrobenzyloxy)-phthalimide with benzhydrylamine

A m ixture of N-(4-nitro-benzyloxy)-phthalim ide (2.98 g; 0.01 mole) benzhydrylam ine 
(1.84 g; 0.01 mole) and 60 ml of ethanol was boiled, w ith stirring, for 5 hrs. and let to stand  
overnight. The precip itated  crystals were filtered off, washed w ith cold ethanol and dried to 
give 1.85 g (82%) of N -(4-nitro-benzyloxy)-phthalim ide, m.p. 195 — 198 °C [1].

The filtra te  was evaporated under reduced pressure, the residue dissolved in ether and 
trea ted  w ith ethanolic hydrogen chloride to  yield 0.65 g (83.5%) of 4-nitrobenzyloxyam ine 
hydrochloride, m.p. 208 — 210 °C [3, 6].

Reaction of N-(4-nitrobenzyloxy)-phthalimide w ith n-butylam m onium  acetate

A solution of N -(4-nitro-benzyloxy)-phthalim ide (2.98 g; 0.01 mole) and n-butylam m o- 
nium  acetate (0.02 mole) in ethanol (80 ml) was refluxed for 3 hrs. (The solution of n-butyl- 
am m onium  acetate was prepared by dissolving 1.46 g of n-butylam ine in 15 ml of ethanol and 
titra tin g  potentiom etrically w ith glacial acetic acid un til the end-point.) A bout 80% of the
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NOR + R'NHo

Table I

0 -Substituted hydroxyl-

RONHo (as hydrochloride)

П

Reac- Reac-

R  M
Yield +

II Method* R ’ in  R*NH2 time temp. %
hrs °C

a CH3CH =CH CH 2 A cyclo-C3H5 0.4 60 87.9

b 3-N 02-4-ClCeH 3CH2 l2l] A nC4Ha 0.65 78 94.8

C 3-N 02-4-ClC6H 3CHMe A nC4H9 72 24 47.2

d 4-nC8H 170-3,5 -  (OCH3)2-C6H2CH2 A
В

nC4H9
cyclo-C3H5

2
0.65

40
60

76.4
79.3

e 2-OH-5-COoCH3-C6H 3CH2 A
В

nC4H9
cyclo-C3H5

4
0.3

65
60

84.0
91.2

f 2-0H-3-N0„-5-C02CH3-C6H2CH2 A nC4H9 24 24 85.5

g Pyridyl-3-CHMe A nC4Hg 72 24 59.5

ь 3-NO2-4-OHC0H 3CH2 A CBH5CH2 0.4 78 83.0

i 3-0H -4-N 02C„H3CH2 A nC4H9 4 65 68.0

i 3-N 0 2-4-BrC6H 3CH2 A nC4H9 0.4 78 81.0

к 3-N02-4-CH30C,.H3CH2 A nC5H „ 0.5 65 79.0

I 4-ОСН3-3 ,5 -а2С6Н 2СН2 A nC4H 9 0.4 78 82.0

q Dibenzo [a,e]cycloheptatrien-5-yl A nC4H9 0.4 78 85.5

C6H5CH2 [20] A nC4H„ 72 24 81.0
r A nC4H9 1 60 89.0

s 3-N02C6H4CH2 [3) A
A

nC4H9
CH2=C H C H 2

0.65
0.65

78
65

87.9
79.2

t 4-N02C6H4CH2 l3l A nC4H9
H

0.65
8

78
24

89.5
79.0

u Pyridyl-2-CH2 [3] A nC4H9 1 78 94.0

в cyclo-C3H5 0.3 100 72.1

V Pyridyl-3-CH2 l'd] В
A

nC5H 14
nC5H u

0.3
24

60
24

81.5
99.0

В nC4H9 0.3 60 83.3

Notes: * For m ethods A and B, see E xperim ental
-j- P reparative yields 
^  Sulfate
x Isolated as base; hydrobrom ide m.p. 182 —185°C 
П Known in  th e  literature
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amine hydrochlorides

Analysis, %
M.p.
°c Formula Found Calculated

c H N CI- C H N ci-

1 61 -164 c8h 20n 2o 6s * 35.45 7.54 10.43 11.90 35.50 7.42 10.30 11.75

1 14 -117 c8h 10ci2n 2o 3 38.12 4.03 11.12 27.94 38.07 3.95 11.14 28.05

oil c19h , 0c in o 4 61.34
61.42

8.12
8.31

3.79
3.74

13,22
12.97 61.30 8.09 3.77 13.05

14 6 -1 4 9 C9H11N 0 4x
54.71
54.76

5.71
5.68

7.07
7.12 54.82 5.64 7.10

19 6 -2 0 0 39.10 4.22 10.01 12.60 38.84 4.07 10.08 12.70

1 57 -162 с7н12сщ2о 7.12 32.70 6.95 33.20

182-185 c7h 9c in 2o 4 38.37 4.06 12.78 15.90 38.07 4.08 12.71 16.10

198 200 c,h 9c in 2o 4 37.80 4.14 12.68 15.80 38.07 4.08 12.71 16.10

17 9 -1 8 4 C7H8BrClN20 3 10.02 12.70 9.85 12.90

17 6 -1 7 9 C8H n ClN20 4 41.44 4.15 12.02 15.60 41.32 4.28 11.95 15.85

1 9 5 -197 C8H 10Cl3NO2 5.44 40.70 5.39 41.20

275
(dec.)

c15h 14c in o 69.49 5.44 5.32 13.63 69.41 5.39 5.39 13.65
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Table II

О-Substituted hydroxyl-

О NOR N2H4 H20 RONH2 (as hydrochloride;

Ü

П R Yield,
%

M.p.,
°c Formula

m 2,3-(OH).,-5-COXH3-C6H X H 2 72.9 330
(dec.)

C13H 1,N 0 11+

n 2-OH-5XON(Et)2X eH 3CH2 82.5 41
(dec.)

c 12h 18n 2o  +

о 8-OH-quinolyl-5XH2 41.6 2 19 -222 c10h 12ci2n 2o 2

p

N ote:

U racil-5XH2 

+ Hydrogen ta r ta ra te

59.5 263-265
(dec.)

c5h 8c in 3o 3

ethano l was evaporated in vacuum , the residue was shaken w ith dilute aqueous HC1, th e  oil 
w hich separated was ex tracted  w ith chloroform (3X 60 ml) and dried over M gS04. A fter 
rem oval of the drying agent, the filtra te  was evaporated and then  distilled fractionally  to  
give 1.3 g (65.0%) of N-(rc-biityl)-phthalimide [19].

The aqueous acidic solution was tr itu ra te d  w ith K 2C 03 extracted  w ith  4 X 80 ml of ether 
and th e  ethereal solution dried over K 2C 03.4-N itrobenzyloxyam ine hydrochloride was prec ip ita­
ted  from  the solution as described above, to  obtain  1.5 g (75.0% ) of the product, m .p. 
207 — 290°C [3, 6].

Reaction of N -(4-nitrobenzyloxy)-phthalim ide with anilinium  acetate

A m ixture of N -(4-nitro-benzyloxy)-phthalim ide (2.98 g; 0.01 mole) aniline (0.95 g; 
0.01 mole) and glacial acetic acid (1 ml) was heated  for 1 hr. on a steam  bath . The yellow 
m ix tu re  containing a precip itate was tr itu ra ted  w ith cold ethanol (5 ml), the crystals were 
filte red  off, washed and dried to give 1.9 g (86.3% ) of N -phenylphthalim ide [22]. By trea tm en t 
of the filtra te  w ith ethanolic hydrogen chloride and on the addition of ether, 1.66 g (81.2% ) of 
4-nitrobenzyloxyam ine hydrochloride was obtained, m.p. 207 —210°C [3, 6].

Solvolysis of N-(4-nitrobenzyloxy)-phthalimide in  m ethanol

(A) In  the presencee o f n-butylamine (in a 200-fold dilution)

A solution of n-butylam ine (0.74 g; 0.01 mole) in methanol (10 ml) was added to  N- 
(nitrobenzyloxy)-phthalim ide (2.98 g; 0.01 mole) dissolved in m ethanol (600 ml), a t  3 — 5 °C, 
w ith  stirring, during 10 min. The reaction m ix ture  was stirred a t 5 —10 °C for 4 hrs. and th en  
sto red  in a refrigerator for 2 days. The pearly  crystals which p recip ita ted  were filtered off,
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amine hydrochlorides

Analysis, %

Found Calculated

C H N ci- C H N ci-

43.10 4.82 3.84
Oxygen

48.61 43.06 4.73 3.86
Oxygen

48.50

48.83 6.83 6.83
Oxygen

37.24 48.61 6.25 7.23
Oxygen

37.15

45.49 4.59 10.68 26.84 45.62 4.56 10.64 26.99
31.08 4.16 21.59 18.19 31.00 4.14 21.71 18.37

washed w ith m ethanol and dried to yield 2.5 g (76.0% ) of m ethyl N -(4-nitrobenzyloxy)- 
phthalam ate.

The substance had  m.p. 163 — 165 °C w ith the loss of m ethanol, then  it became crystalline 
again to form N -(4-nitrobenzyloxy)-phthalim ide which, in tu rn , m elted a t 193 —195 °C [3].

(B) Without n-butylamine

N -(4-N itrobenzyloxy)-phthalim ide (2.98 g; 0.01 mole) was stirred w ith anhydrous 
m ethanol (600 ml) a t  5 —10 °C for 24 hours. The crystals were filtered off, washed w ith m ethanol 
and dried to give 1.75 g (58.7%) of N -(4-nitrobenzyloxy)-phthalim ide, m.p. 193 —194° C [3,6]. 
The filtra te  was evapora ted  and the residue taken  up in e ther; the crystals obtained were 
filtered off and dried to  yield 1.1 g (79.5%) of m ethyl N -(4-nitrobenzyloxy)-phthalam ate; m.p. 
first 163 —165 °C, and  th en  193 — 194 °C after resolidification. The substance was identical w ith 
th a t  obtained in reaction  A.

*

The authors are obliged to Dr. Sohár  for the spectroscopical investigations, to  D r. E* 
T o ldy  and Dr. L. Szabó for the analyses, and to Mrs. Mihály Med v e h á z i, Y. P a p  and 
S. Orosz for the useful technical assistance.
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Table III

N -(  Substituted-oxy) -phthalimides
О

I

I R
Yield,

%
M.p.,
°c Formula Found

Anab sis, %

Calculated

c H N c H N

a CH3CH =CH CH 2 87.0 110-113 C .A .N O , 66.42 5.18 6.51 66.45 5.14 6.45
b 3-NO.,-4-ClrIl.,CH., 90.5 194-195 C15H9C1N20 5 8.42 8.44
C 3-NO.,-4-ClC6H3CHMe 74.9 153-157 C16H n ClN20 5 8.04 8.11
d 4-пС8Н170-3,5-(ОСН3).,С„Н.,СШ 78.3 105-107 C„H 31NO(, 3.31 3.27
e 2-он-5-со,сн3-сгн.|Сн., 57.2 204-206 62.48 4.08 4.35 62.55 4.01 4.28
f 2-0H -3-N 02-5-C0,CH3-C„H2CH., 93.5 2 10 -213 c 17h 12n 2o 8 55.42 3.29 7.57 55.07 3.23 7.55

(dec.)
g Pyridyl-3-CHMe 67.4 102-105 c I5h 12n 2o 3 67.29 4.65 10.34 67.05 4.48 10.45
h 3-NO.,-4-HOC6H 3CH., 79.6 190-193 c15h 10n 2o 6 57.40 3.21 8.92 57.34 3.18 8.94
i 3-OH-4-N02CeH 3CH2 66.5 190-191 ^i5H1(,N2Ofi 57.27 3.24 9.01 57.34 3.18 8.94
j 3-N02-4-BrC,.H3CH, 87.4 196—200 C15H9BrN20 5 7.34 7.43
к 3-N02-4-CH,0C6H 3CH2 89.5 196-197 CleH 12N2Of> 59.24 3.86 8.66 59.32 3.74 8.64
1 4-OCH3-3,5-Cl.,C6H2CH2 84.8 167-169 CI6H u C1,N04 3.96 3.95
m 2,3-(0H)2-5-C02CH3-C6H2CH„ 84.5 189-191 c17h 13n o 7 59.51 3.95 4.02 59.55 3.80 4.08

(dec.)
n 2-OH-5-CON(C2H5).,-C6H 3CH, 84.2 166-169 ^ 2 0 ^ 2 0 ^ 2 ^ 5 65.18 5.50 7.65 65.20 5.45 7.61

(dec.)
о 8-OH-quinolyl-5-CIL 89.3 2 14 -216 c 18h 12n 2o4 67.38 3.79 8.91 67.51 3.75 8.76

(dec.)
p Uracil-5-CH„ 92.3 228-231 c 13h 9n 3o 5 54.12 3.15 14.53 54.28 3.13 14.62
4 Dibenzo[a,e]cycloheptatrien-5-yl 73.6 2 24 -227 C23H 15N 0 3 79.36 4.38 3.99 79.52 4.32 4.03
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Table IV

N -a lkyl-N '-( substituted-oxy ) -phthalamides

V

Analysis, %

V R 1 R* R*
Yield,

%
M .p .,

°c Form ula Found Calculated

C H N C H N

га CeH5- nC4H9- H 81.2 105-107 c I9h 22n ,o 3 70.02 6.77 8.56 69.93 6.79 8.40
rb c6h 5- cyclo-C3H 5- H 84.9 102-104 ^ 1 8 ^ 1 8 ^ 2 ^ 3 69.68 5.84 9.01 69.43 5.95 8.94
rc c0h 5- Morpholino- 1 75.2 108-110 ^1!)Н2о̂ 20 4 67.05 5.88 8.25 66.85 5.98 8.16
8 3-N02-C6H4- nC4H9- H 68.2 104-107 ^ 1 9 ^ 2 1 ^ 3 ^ 5 61.54 5.67 11.30 61.63 5.79 11.24
t a 4-NO,CeH4- -CH2CH(CH3)-CeH5 H 71.2 153-154 ^ 2 4 ^ 2 3 ^ 30 5 66.52 5.28 9.69 66.47 5.32 9.70
tb 4-N 02CeH4- nC4H 9- H 82.5 135-137 C19H21N30 5 61.56 5.65 11.35 61.63 5.79 11.24
tc 4-N 02-C6H4- Piperidino- 78.4 151-154 Q o H 2 l N 30 5 62.54 5.48 10.92 62.59 5.49 10.95
u Pyridyl-2- nC4H9- H 78.6 117-119 ^ 1 8 ^ - 2 1 ^ 3 ^ 3 66.14 6.42 12.80

66.05 6.43 12.85
V Pyridyl-3- nC4H9- H 77.3 9 4 -  97 ^ 1 8 H ‘2 l N 30 3 66.01 6.45 12.81
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CALCULATION AND D ETERM INATION OF T H E  IONIZATION PO TEN TIA L 
O F 4- AND 4’ MONOSUBSTITUTED CHALCONES

(SH O R T C O M M U N IC A T IO N )

Z. Dinya,* Gy . Litkei,* J .  Tamás** and G. Czira**
(Department o f Organic Chemistry, L . Kossuth University, Debrecen* and 

Central Research Institute o f the Hungarian Academy o f Sciences, Budapest**)

Received F ebruary  19, 1973

A pplying mass spectrometric and quantum -chem ical methods, the f irs t ioni­
zation po ten tia l (Ip) of m onosubstituted 4- and 4’-chalcones has been determ ined. 
A direct linear equation is proposed betw een Ip  values and energy coefficient of the 
highest occupied molecular orbital. This equation can be generalized for arom atic and 
unsatu ra ted  ketones. The peculiarity of functional I p —a + for 4- and 4’-R substituen ts 
has been in terp re ted  and the results have been brought into connection w ith the con­
jugation  behaviour of molecules.

Acta Chimica Academiae Scientiarum Hungaricae, 84 (2), pp. 181—185 (1975)

In  an  earlie r com m unication  [1], th e  q u a n tu m  chem ical c a lcu la tio n  of 
th e  f irs t (v ertica l) ion iza tion  p o ten tia l o f 4 -su b s titu te d  acetophenones has been 
rep o rted . C alcu la tions were perfo rm ed  on th e  basis o f Koopmans’ [2 — 5] 
th eo rem , using  th e  HM O m ethod  [6], an d  a v e ry  good ag reem en t w as o b ta in e d  
betw een  th e  ca lc u la ted  and  m easu red  values.

T he p re se n t com m unication  re p o rts  on th e  m ass sp ec tro m etric  an d  th e  
th eo re tica l d e te rm in a tio n  of th e  io n iza tio n  p o te n tia l of m o n o su b s titu te d  
4 -(I ; R ’ =  H ) an d  4 ’- ( / ;  R  =  H) chalcones:

О

No sim ilar in v es tig a tio n  of these  com pounds has been  rep o rted  in  th e  
lite ra tu re .

E xperim en ta l and co m p u ta tio n a l procedure

T he p re p a ra tio n  an d  physica l co n s ta n ts  o f th e  com pounds in v e s tig a te d  
h av e  been  re p o rte d  [7]. The m ass sp ec tro m etric  d e te rm in a tio n  of th e  io n iza tio n  
p o ten tia ls  w as done b y  th e  ‘sem ilog p lo t’ te ch n iq u e  [8], using  a M odel A E I  
MS-902 m ass sp ec tro m e te r. Io n  accelera tion  vo ltage  w as 8 kV, th e  ion iz ing

A cta  Chim . (B u d a p est)  8 4 , 1 9 7 5
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e lec tro n  c u rren t 10 [iA. B enzene w as used  as re fe rence  su b stan ce , th e  io n iza tio n  
p o te n tia l  of w hich w as ta k e n  as 9.40 eV [9].

C om pu ta tions w ere ca rried  ou t b y  th e  HM O [6, 7] an d  th e  co-SCF- 
LCAO-M O [10 —12] m eth o d s accord ing  to  a p ro g ram  w r itte n  for an  O D R A  
1204 com puter.

O n th e  basis of K o o pm a n s’ th eo rem  [2 — 5], th e  f irs t  ion iza tio n  p o te n tia l 
o f a m olecule is th e  n eg a tiv e  va lu e  of th e  energy  of th e  h ig h est occupied  
m o lecu la r o rb ita l (H O M O ):

I p =  -  E HOMO (1)

НИ0" 0 can  be g iven in  th e  follow ing fo rm :

E HOMO _  ao _|_ ^homo (2 )

w h ere  a 0 and  ß g are  c o n s ta n t p a ra m e te rs  fo r th e  carbon  a to m s of benzene, 
^HOMO is th e  energy  coeffic ien t o f th e  h ig h es t m olecular o rb ita l.

F ro m  E qs (1) an d  (2), a d irec t re la tio n sh ip  betw een  I  an d  ^ HOMO can  
be derived :

b  =  - - ( * »  + 7 HOM°ßo)  (3)

F o r given values o f x 0 an d  ß 0

I p =  a +  bX h ° mo (4)

In  th e  ca lcu la tio n  o f I p fo r ace to p h en o n es from  E q . (4), th e  values of 
a =  7.1 and  b — 2.5 g iven  b y  H e il b r o n n e r  et al. fo r a ro m a tic  h y d ro ca rb o n s , 
h a v e  been used  [6]. T h e  co m p u ta tio n s  re p o r te d  in  th is  com m u n ica tio n  are 
b a se d  also on an  eq u a tio n  of ty p e  (4), b u t  th e  values o f a an d  b h av e  been 
new ly  determ ined .

R esults and  discussion

E x p erim en ta l an d  HM O c o m p u ta tio n a l re su lts  are sum m arized  in  T ab le  I. 
T hese  calcu lations w ere p erfo rm ed  on th e  basis  o f th e  eq u a tio n

I p =  6.8 +  2.5%HOiVO (eV) (5)

The m easu red  an d  ca lcu la ted  v a lu es  are  in  excellen t ag reem en t. As 
co m p ared  to  HM O d a ta  (T able I), th e  re su lts  o f co-SCF-LCAO-MO calcu la tio n s 
(со =  0.5) are h ig h er b y  0 .8 — 1.2 eV, so t h a t  fo r these  ca lcu la tions th e  e q u a tio n

I p =  6.1 +  2 .5*нсш о (eV) (6)

A c ta  Chim . (B u d a p est)  8 4 , 1975
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Table I

Measured and calculated (H M O ) ionization potentials o f mono substituted 
4- and 4'-chalcones

R- I p  (exp)** 
(eV)

pHMO (eV) A I P *

(*V)
R I p  (exp)** 

(eV) I™ 0 (eV) A I V• 
(eV)

-N(CH3 ) 2 — — — -N (C H 3)2 — 8.10 —

- N H . 8.15 8.45 0.3 - n h 2 — — —

-OH 8.54 8.56 0.02 -OH 8.20 8.23 0.03

-OCH3 8.47 8.50 0.03 -OCH3 8.14 8.15 0.01

-CH3 8.61 8.58 - 0 .0 3 -CH3 8.36 8.42 0.06

- H 8.59 8.58 - 0 .0 1 -H 8.59 8.58 — O.Oi

-Cl 8.70 8.74 0.04 -Cl 8.62 8.64 0.02

- B r 8.73 8.75 0.02 - B r 8.61 8.64 0.03

- I — 8.77 — - I — 8.70 —

-NO. 8.93 8.93 0 -NO., 9.10 9 05 - 0 .0 5

* A I p  — Tp>calc Ip,exp ** =Ь0.05 eV

is su itab le . These eq u a tio n s can  be  generalized  for at,,/З-u n sa tu ra te d  a ro m atic  
c a rb o n y l com pounds. B y  w ay  o f exam ple, th e  ca lcu la ted  (H M O ) an d  m easu red  
I p v a lu es  are given for f lav o n e  (II) an d  for 2’-h ydroxycha lcone  (III):

О 0
II

ioTi
11

_  [  To)
III

I P (eV) calcu la ted : 8.70 eV 8.52 eY

I P (eV) m easured : 8.74 ±  0.05 eY 8.41 +  0.05 eV

I n  these  cases too  th e re  is a v e ry  good agreem ent be tw een  th e  experim en­
ta l  a n d  ca lcu la ted  values. ( In  th e  case of 2 ’-hydroxycha lcone  (III), th e  in tr a ­
m o lecu la r H -bond  betw een  2’-O H  an d  th e  carbony l group  h as  also been  con-
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s id e re d  in  th e  ca lcu la tio n s.) E x p e rim e n ta l an d  ca lcu la ted  I p va lu es  are p lo tte d  
in  F ig . 1 as a fu n c tio n  o f th e  B r o w n - ct + values o f th e  s u b s titu e n ts  [13].

B o th  th e  ca lcu la ted  a n d  ex p erim en ta l values increase  lin ea rly  w ith  th e  
cr+ o f th e  su b s titu e n ts . T h e  c h a ra c te r  o f th e  effects ex e rted  b y  th e  su b stitu en ts  
in  rin g s  A  and В  on th e  I p v a lu e  is iden tica l. E lec tro n  d o n o r (a + <  0) groups 
decrease , w hereas e lec tro n -w ith d raw in g  (cr+ > 0 )  su b s titu e n ts  increase th e  I p 
v a lu e s  re la tiv e  to  th e  u n s u b s t i tu te d  chalcones. H ow ever, th e  su b s titu e n ts  in

rin g s  A  and  В  do n o t a c t in  th e  sam e m easure. T he slopes o f th e  s tra ig h t lines 
a re  d iffe ren t: 0.4 in  th e  case o f 4 -R  an d  0.18 in  th a t  of 4 ’-R , i.e. 4 -R  su b stitu en ts  
h a v e  a stronger effect on  I p th a n  th e  4’-R  ones. T his f in d in g  su p p o rts  th e  
a ssu m p tio n  th a t  th e  v in y lb en zen e  p a r t  is th e  p rim a ry  charge  carrie r in  th e  
io n ized  m olecule. T he v e ry  m o d era te  slope of th e  cu rves can  be in te rp re te d  by  
th e  ex tended  co n ju g a tio n  o f th e  m olecule. (The slope o f th e  I p vs. a + s tra ig h t 
lin es  for p a ra su b s titu te d  benzenes and  acetophenones is 0.9 [14].) This is 
in d ic a te d  also b y  th e  low  I p va lue  (8.59 eV) o f u n su b s ti tu te d  chalcone 
( I ;  R  =  R ’ =  H ). (F o r com p ariso n : I p benzene =  9.4 eV [9]; I p acetophenone =  
=  9 5  eV [14]; / pvinylbenze„e =  9.0 eV [14].)

In  th e  case o f 2 ’-h y d ro x y ch a lco n e  (III), th is  c o n ju g a te d  system  is still 
m ore  ex tensive, b ecause , ow ing to  th e  2’-O H  group , a resonance-stab ilized  
c h e la te  system  (IV) is to  be  expec ted  [15], so th a t  th e  I p va lu e  m u st be low
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co m p ared  to  chalcone (I , R =  R ’ =  H ). E x p e rim e n ta l resu lts  co n firm  th is  
assu m p tio n .

O ur in v es tig a tio n s  were e x te n d e d  also to  com pounds of th e  f lav o n e  and  
iso flavone ty p e . T hese results w ill be rep o rted  in  th e  n ea r fu tu re .
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T R I A R Y L M E T H A N E S ,  V I *

REACTIONS OF N A PH TH O Q U IN O N E D IPH EN Y LM ETH ID ES 
W ITH  ORGANOM ETALLIC COMPOUNDS

M o h a m e d  A .-F . E l k a s c h e f , F a r o u k  M. E .  A b d e l - M e g e i d  and  S a l a h  M. M.
E l z e i n

( National Research Centre, D okki, Cairo, Egypt)
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R eactions of 1,2-naphthoquinone diphenylm ethides w ith organom etallic com­
pounds take  place by 1,4-addition, except w ith  1-naphthyllithium  where fu rth e r sub­
stitu tion  of th e  OH group by a 1-naphthyl group occurs. 1,4-N aphthoquinone 4-di- 
phenylm ethide undergoes 1,2-addition followed by m igration of the OH group to  C-6.

I t  has been  show n th a t  m e th y lm ag n esiu m  iodide reac ts  w ith  1 ,4-benzo- 
qu inone 4 -d ip h en y lm eth id e  and 1 ,4 -n ap h to q u in o n e  4 -d ip heny lm eth ide  (I) b y
1 ,6 -ad d itio n  to  give a [4 -(l-h y d ro x y p h e n y l)]a ,a -d ip h e n y le th a n e  an d  x -[4 -( l-  
h y d ro x y n aph thy l)]-(Z ,a-d ipheny le thane  (IVa) [2, 3], respective ly . P h e n y l-  
m agnesium  b ro m id e  gave w ith  these  com pounds, how ever, resins [3], b u t  w ith  
1 ,2 -n ap h th o q u in o n e  1 -d ipheny lm eth ide  (II) th e  p ro d u c t was l- (2 -h y d ro x y - 
n a p h th y l)  tr ip h e n y lm e th a n e  (Yb) [4, 5] th ro u g h  1 ,4-addition .

W e found  th a t  m ethy lm agnesium  iod ide  and  pheny lm agnesium  b ro m id e  
reac t w ith  1 ,2 -n ap h th o q u in o n e  1 -d ip h en y lm eth id e  (II) and  1,2- n a p h th o q u i­
none 2 -d ip h en y lm e th id e  (III) by  1 ,4 -ad d itio n  to  yield  a -[ l- (2 -h y d ro x y n a -  
p h th y l)]x ,a -d ip h e n y le th an e  (Va), a -[2 -(l-h y d ro x y n ap h th y l)]-x ,x -d ip h e n y le -  
th a n e  (Via), l-(2 -h y d ro x y n a p h th y l)  tr ip h e n y lm e th a n e  (Vb), and  2 -( l-h y d ro x y -  
n a p h th y l) tr ip h e n y lm e th a n e  (VIb), re sp ec tiv e ly . T he IR  sp ec tra  of th e se  
com pounds are  co m p a tib le  w ith  th e  s tru c tu re s  assigned to  th em  (cf. E x p e r i­
m en ta l), an d  th e ir  U Y  sp ec tra  are sim ilar to  tho se  of th e  respective  ca rb in o ls  
(Vc) [6] an d  (Vic) [6]; b u t  th e y  give no  co lour w ith  cone. H 2S 0 4.

* For P a r t У, see Ref. [1].
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P h en y llith iu m  re a c ts  w ith  II and  III in  an  analogous m an n er to  give th e  
sam e com pounds (Vb) a n d  (VIb), re sp ec tiv e ly . W ith  1 ,4 -naph toqu inone 1-di- 
ph en y lm eth id e(I), h ow ever, th is  reag en t as w ell as 1 -n ap h th y llith iu m  y ie ld s 
4 -( l-p h e n y ln a p h th y l)-  a n d  4 - ( l , l ,-h in ap h th y l)-d ip h en y lm e th an o l (V ila) a n d  
(V llb), respective ly . T h e  m .p . of V ila  d iffers  from  th a t  o f IVb; [5]. T hese 
com pounds give a g reen  co lour w ith  cone. H 2S 0 4. T he UV sp ec tra  of com pounds 
V ila  an d  V llb  (cf. T ab le ) and  th e ir  I R  sp e c tra  (cf. E x p erim en ta l)  a re  in  
su p p o rt of th e  assigned  s tru c tu re .

R epeating  th e  re a c tio n  of p h en y lm ag n esiu m  brom ide w ith  1 ,4 -n ap h th o ­
qu inone 1 -d ip h en y lm eth id e  (I) [3], we cou ld  iso la te , b y  th e  use of co lum n 
ch ro m ato g rap h y , co m p o u n d  V ila . T he fo rm a tio n  of com pounds V ila  an d  V llb  
in  th ese  reactions m a y  be exp lained  b y  a 1 ,2 -ad d itio n  to  th e  keto  group an d  
su b seq u en t io n iza tio n , as show n in  th e  follow ing reac tio n  sequence:

P h - C - P h P h -O -

A =  Li or MgBr 
a: R  =  Pb: b: R  =  a-naphthyl

P h - C — Ph 
I

OH

VII

C om pounds II an d  III reac t w ith  a -n a p h th y llith iu m  to  give 1-(1’,2- 
b in a p h th y l) -d ip h e n y l- l” -n ap h th y lm e th a n e  (VIII) and  2 - ( l , l ’-b in ap h th y l)-d i-  
p h e n y l- l” -n a p h th y lm e th a n e  (IX), re sp ec tiv e ly .
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R = ícnaphthyl

T he nam es fo r com pounds V III an d  IX  are  co rrec t* , acco rd ing  to  th e  follow ­
ing  num bering :

VIII

1(1 ',2-binaphthy 1 )dipheny 1 - 
1" -naphthy lmethane

IX

2-(l,r-binaphthyl)diphenyl- 
1 "-napht hylmethane

T his reac tio n  m a y  be  v isualized  as 1 ,2 -add ition  on th e  ca rb o n y l g roup  
follow ed b y  th e  re a c tio n  of th e  re su ltin g  ionized com p o u n d  w ith  a n o th e r 
m olecule o f a -n a p h th y llith iu m  as follows:

P h - C —Ph

RXi

P h - C - P h

R = Cf-napht hyl

C om pounds V III a n d  IX  gave no co lour w ith  cone. H 2S 0 4 an d  th e ir  IR  
sp ec tra  h av e  no O H  b an d s .

* See on page 188
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E xperim en ta l

Melting points are uncorrected. The analyses were m ade by  the M icroanalytical 
L aboratory , N.R.C.

Reaction of methylmagnesium iodide with 1,2-naphthoquinone 1-diphenylmethide (II)

A solution of m ethylm agnesium  iodide was prepared from  m ethyl iodide (3.1 ml; 0.05 
mole) in dry ether and a suspension of 1,2-naphthoquinone 1-diphenylm ethide (3 g; 0.01 mole) 
was added to  it. A fter stand ing  overnight and 3 hrs. reflux, the m ix ture  was trea ted  w ith cold 
d ilu te  hydrochloric acid. T he ethereal ex trac t of the reaction m ixture was washed w ith 4% 
sodium -carbonate solution and  then  w ith w ater, dried over N a2S 04 and th e  solvent was evap­
o ra ted . The remaining oil (Va) solidified under acetic acid (1.3 g; 40%  of theoretical yield) 
and  was crystallized therefrom ; m .p. 141 °C.

C24H„0O (324): Calcd. C 88.89; H  6.17;
Found C 88.75; H  5.80%.

IR  spectrum (CC14): 3485 cm -1 OH, 1380 cm -1 CH3.

Table of electronic spectra
Лпахп т  (log e)

Compound

Vb 273 283 293 310 333

(4.00) (3.80) (3.63) (3.22) (3.27)

Vc [6] 257 385 295 320 340

(3.75) (3.85) (3.75) (3.40) (3.45)

Via 300 312 322 335

(3.73) (3.70) (3.62) (3.25)
Vlb 295 302 315 322

(3.75) (3.73) (3.57) (3.53)

Vic [6] 290 310 320 350
(3.75) (3.60) (3.30) (2.50)

Vila 295
(4.08)

Vllb 298
(3.88)

Reaction of methylmagnesium iodide with 1,2-naphthoquinone 2-diphenylmethide (III)

From a reaction  as above, using 1,2-naphthoquinone 2-diphenylm ethide (III) instead 
of II, a-[2-(l-hydroxynaphthyl)]-a , a-diphenylethane (Via) (1.6 g; so%) was obtained.

C24H20O (324): Calcd. C 88.89; H  6.17;
F ound  C 89.15; H  6.04%.

Mol. wt. (electro therm al m ethod: 334).
IR  spectrum  (in CC14) 3480 cm -1 (OH), 1385 cm -1 (CH3).

Reaction of phenylmagnesium bromide with 1,2-naphthoquinone 2-diphenylmethide (HI)

Phenylm agnesium  brom ide, prepared from  brom obenzene (3 m l; 0.03 mole) in d ry  ether 
(40 ml), and 1,2-naphthoquinone 2-diphenylm ethide (III) (3g, 0.01 mole) were mixed and
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allowed to  stand  overnight and then refluxed for 4 hrs. A fter trea tm en t as above, th e  rem aining 
oil (VIb) solidified (2.5 g, 66%) under e thanol and was crystallized from  xylene; m .p. 200 °C.

C29H ,20 d  (386): Calcd. C 90.16; H  5.70.
Found C 90.67; H  5.90% .

IR  spectrum  (CC14): 3490 cm -1 (OH).

Reaction of phenylmagnesium bromide with 1,4-naphthoquinone 4-diphenylmethide (I)

In a reaction  as before, using 1,4-naphthoquinone 4-diphenylm ethide (I) (3 g; 0.01 mole), 
a fter evaporation  of the solvents, an oil was obtained; th is oil (Vila) was chrom atographed 
over alum ina and eluted w ith n-hexane. The solid residue (VII) (0.4 g; 11%) th a t  rem ained 
after evaporation  of the solvent was crystallized from  xylene and melted a t 174 °C (no de­
pression when mixed with the product of the n ex t experim ent).

Action of phenyllithium on 1,4-naphthoquinone 4-diphenylmethide (I)

To a solution of phenyllithium , prepared from  bromobenzene (3 ml; 0.03 mole) in  dry 
e ther (40 ml), a d ry  benzene suspension of 1,4-naphthoquinone 4-diphenylm ethide (I) was 
added. A fter standing overnight, the reaction m ixture was refluxed for 4 hrs. I t  was th e n  de­
composed w ith ice-cold dilute hydrochloric acid and ex tracted  w ith ether. The ethereal ex trac t 
was dried over N a2S 04, filtered and evaporated. The residual oil (Vila) solidified (2.1 g; 54) 
under m ethanol and was crystallized from  xylene; m .p. 174°C.

C ^H ^O  (386): Calcd. C 90.16; H  5.7
Found C 89.95; H  5.8% .

IR  spectrum  (nujol mull): 3600 cm -1 (OH).

Action of phenyllithium on 1,2-naphthoquinone 1-diphenylmethide (П)

From  a reaction as before, using 1,2-naphthoquinone 1-diphenylm ethide (II) (3 g; 0.01 
mole) an oily residue (Vb) was obtained th a t  solidified (1.5 g; 40%) under ethanol and  w as crys­
tallized from acetic acid; m.p. 155 °C [5].

C^H ^O  (386): Calcd. C 90.16; H  5.68;
Found C 89.91; H  5.75%.

IR  spectrum  (CC14): 3420 cm -1 (OH).

Action of phenyllithium on 1,2-naphthoquinone 2-diphenylmethide (III)

1,2-N aphthoquinone 2-diphenylm ethide (III) (3 g; 0.01 mole) and phenyllithium  (0.03 
mole), in a reaction  as above, gave an oil (VIb) th a t  solidified (2.1 g; 54%) under m ethano l 
and  was crystallized from  xylene; m.p. 200 °C.

Action of 1-naphthyllithium on 1,4-naphthoquinone 4-diphenylmethide (1)

A suspension of 1,4-naphthoquinone 4-diphenylm ethide (I) (3 g; 0.01) was added to  a 
solution of 1-naphthyllithium  (prepared from  1-brom onaphthalene, (4.2 g; 0.03 mole) in d ry  
e ther (40 ml). A fter standing overnight and 4 hrs. reflux, the m ixture was trea ted  w ith  d ilu te 
hydrochloric acid and extracted  w ith ether. The ethereal ex trac t was washed w ith 4%  sodium  
carbonate solution, then  w ith w ater, dried over N a2S 0 4 and evaporated. The residual oil was 
subjected to  steam  distillation. The rem aining viscous mass (Vllb) solidified [(1.1 g; 25% ) under 
toluene and was crystallized therefrom ; m.p. 215 °C. I t  gave a green colour w ith cone. H 2S 0 4 
bu t no colour w ith ferric chloride solution.

C33H 240  (436): Calcd. C 90.83; H  5.50;
Found C 90.40; H  5.77% .

IR  spectrum  (K Br) 3420 cm -1 (OH).
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Action of 1-naphthyllithium on 1,2-naphthoquinone 1-diphenylmethide (II)

From  a reaction as before, using 1,2-naphthoquinone 1-diphenylmethide (II) (3 g; 0.01 
mole) and 1-naphthyllithium  (0.03 mole), an oily residue was obtained, th a t was purified by  
steam  distillation after th e  usual treatm ent. The residual viscous mass (VIII) solidified (3.4 
g; 66% ) under ether and  was crystallized from to luene; m .p. 178°C.

C43H 30 (5 46): Calcd. C 94.51; H 5.49;
F ound  C 94.61; H  5.7% .

Action of 1-naphthyllithium on 1,2-naphthoquinone 2-diphenylmethide (III)

In  a reaction as above 1,2-naphthoquinone 2-diphenylm ethide (П1) (3 g; 0.01 mole) 
gave an oily residue th a t  was purified by steam  distilla tion . The residual viscous mass (IX ) 
solidified (3.3 g; 60% ) u n d er toluene and was crystallized therefrom ; m.p. 235 °C.

C43H 30 (5 46): Calcd. C 94.51; H  5.49;
Found  C 94.31; H  5.41% .
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The conform ational analysis of some N ,N’-dialkyl-l,5-diphenyl-diazabicyclo- 
(3.3.1) nonanes is described. On the basis of IR , NMR and dipole-m oment da ta  i t  has 
been shown th a t  w ith  an oxo group in position 9, the N ,N ’-dim ethyl derivative exists 
in a cha ir-boa t conform ation, while in the case of the N ,N ’-di-i-hutyl com pound the 
b o a t-boa t form  should also be considered. In  the 9-hydroxy derivatives a strong in tra ­
molecular hydrogen bond between the O H  and te rtia ry  n itrogen stabilizes one of the 
six-mem bered rings in the boat form.

Several s u b s ti tu te d  deriv a tiv es  o f 3 ,7-d iazabicyclo-(3 .3 .1)-nonane are  
know n  [ l a ] ,  w hich  a re  also designated  a f te r  M a n n ic h  [ lb ]  as ‘b isp id ines’. D es­
p ite  th e  g rea t n u m b e r  of these  com pounds, only th e  con fo rm ation  of N ,N ’-di- 
m eth y lb isp id in e  h as  been  exam ined  [2], in  c o n tra s t to  alicyclic, [3] 3-aza-, [4] 
an d  9-aza- [5] -b icyclo-(3.3.1) n onanes, w hose stereochem istries h av e  been  
th o ro u g h ly  s tu d ied . E x a m in a tio n  o f th e  conform ation  o f  b isp id ine d e riv a tiv e s  
p e rm its  to  e v a lu a te  th e  role o f n itro g en  atom s in  es tab lish in g  a stab le  co n ­
fo rm atio n , i.e. a decision  concerning w h e th e r or n o t th e  c h a ir-c h a ir  con­
fo rm a tio n  of th e  bicyclo-(3 .3 .1) n o n an e  sk e le ton  [3] is a lte re d  upon  rep lacem en t 
o f rin g  CH2 groups b y  n itrogen  atom s b ea rin g  various su b s titu e n ts .

V arious 1 ,5 -d ipheny lb isp id ines sy m m etrica lly  su b s ti tu te d  a t  th e ir  
n itro g en  a tom s w ere exam ined  in  o rd er to  determ ine  b o th  th e  con fo rm atio n  
o f th e  tw o p ip e rid in e  rings in  th e  3,7-diazabicyclo-(3 .3 .1) n o n an e  skele ton  a n d  
th e  o rien ta tio n  o f  th e  su b s titu e n ts  a t  th e  n itrogen  a to m s w ith  respect to  th e  
rings. This w as done b y  an  analysis o f in fra red  and  N M R  sp ec tra l, as w ell as 
d ipo le-m om ent d a ta .

I R = СНз, R'R" = 0  
II R = С(СНз)з, R'R" = 0

IV R = CH3, R' = H, R"= OH
V R = С(СНз)з, R ' = H, R "=  OH

III R'R" = О 
VI R’ = H, R" = OH
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Results

In te n se  B oh lm ann  ab so rp tio n s  [6] a p p e a r  a t  2800—2700 c m -1 in  th e  
in f ra re d  spectrum  o f I, II, IV and  V, w hich  a re  ab sen t in  th e  sp ec tru m  o f III 
a n d  VI. These d a ta  p ro v id e  usefu l in fo rm a tio n  concerning th e  o rien ta tio n  of 
th e  u n sh a re d  e lectron  p a ir  o f  th e  n itro g en  a to m s.

Table I

Dipole moments o f N ,N '-substituted 1,5-diphenylbispidines; 
benzene, 25.0 °C

Compound Dipole moment
(D)

N,N’-dimethyl-l,5-diphenylbispid-9-one I 3.34

N,N’-di-t-butyl-1,5-diphenylbispid-9-one II 3.86

5,7-diphenyl-l,3-diazaadamantan-6-one III 1.94

N,N’-dimethyl-l,5-diphenylbispidin-9-ol IV 2.66
N,N’-di-t-butyl-l,5-diphenylbispidin-9-ol V 4.09

T h e ex p erim en ta lly  dete rm in ed  d ipole m om ents of com pounds I —V are  
l is te d  in  Table I. T he d ipo le  m om ent of com p o u n d  VI, w hich  is less im p o r ta n t 
fo r th e  discussion p re se n te d  below, could n o t  be d e te rm in ed  because of so lu ­
b il i ty  difficulties.

T he dipole m o m e n t va lues ca lcu la ted  fo r th e  possib le con fo rm ations o f 
N ,N ’-d ia lk y l-l,5 -d ip h en y l-b isp id -9 -o n es a re  show n in T ab le  I I .  The ca lcu ­
la tio n s  were done b y  th e  u su a l v ec to ria l a d d itio n  of th e  co rrespond ing  b o n d  or 
g ro u p  m om ents c h a ra c te r is tic  of d ipo lar b o n d s. The b o n d -m o m en t values used  
in  th e  calcu lations a re  as follows: fic= o  =  3.10 D [7], рмЯз =  0.80 D [8]. 
W h en  calcu lating  th e  d ipo le  m om ents, th e  b o n d  angles w ere considered  to  be 
te tra h e d ra l .

Table II

Calculated dipole moments o f the possible conformations 
o f  N ,N ’-dimethyl-l,5-diphenylbispid-9-one (I)

Conformation* CC„ CC.,„ CB„ CBflia CB,,„ вве,« BB BBa,a

Dipole Moment (D) 2.17 2.53 3.43 3.51 2.17 2.53 4.63 3.51 2.17

* The symbols С, B, e, a, indicate the chair and  boat conform ation of the six-membered 
ring , and the equatorial and  axial position of the  N -m ethyl group, respectively.

In  th e  N M R sp e c tru m  of I and  II th e  m ethy lene  p ro to n s  give q u a r te ts  
a t  d 3.25 and 3.40, re sp ec tiv e ly . T he p ro to n s  of th e  R = C H 3 an d  R = C (C H 3)3 
g ro u p s  give rise to  sh a rp  abso rp tions a t  <5 2.37 and 1.2 p p m , respective ly . T he
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N M R  sp ec tru m  o f I I I  m erely  consists  o f th ree  lines: th e  C — CH2—N and  
N  — CH2—N p ro to n s give lines a t  d 3.82 and  4.27 p p m , w hile th e  pheny l 
p ro to n s  a t  d 7.30 ppm . The N M R  sp e c tra  of IV and  V show  considerab le  
d ev ia tio n s from  tho se  o f I  an d  II. O w ing to  th e  red u c tio n  o f  th e  C = 0  group , 
th e  CH2 u n its  o f th e  tw o s ix -m em bered  rings are an isochronous. A ccord ingly , 
tw o  q u a rte ts  a t  d iffe ren t chem ical sh ifts  ap p ear in th e  sp e c tru m  o f IV an d  V 
(T able  I I I ) .

D iscussion

N,N’-d im ethyl- and  N,N’-d i-t-b u ty l-l,5 -d ip h en y lb isp id -9 -o n e  ( I  and  I I )

On th e  basis of com paring  th e  experim en ta l a n d  ca lcu la ted  dipole 
m o m en ts , one has to  ta k e  th re e  co n fo rm atio n s in to  acco u n t in  th e  e luc ida tion  
of th e  conform ation  of com pound  I . A ccord ing  to  th e  d a ta  in  T ab le  I I ,  th e  
ex p e rim en ta lly  found  dipole m o m en t o f 3.34 D m ay co rresp o n d  to  th e  C B ^ , 
CB0 e and  B B ea con form ations. T he CCc e and  CCe a co n fo rm atio n s b u ilt  u p  of 
th e  u su a lly  m ore stab le  ch a ir co n fo rm atio n  of six -m em bered  rings are v e ry  
u n lik e ly ; th e  m easu red  dipole m o m en t o f 3.34 D is co n sid e rab ly  g rea te r th a n  
e ith e r  one of th e  values ca lcu la ted  fo r th e  u n d is to rted  c h a ir -c h a ir  confor­
m a tio n s  (2.72 an d  2.53 D). O w ing to  th e  m u tu a l repu lsion  b e tw een  th e  u n ­
sh a red  e lectron  p a irs , a d is to rtio n  o f th e  c h a ir-ch a ir-co n fo rm a tio n  skeleton ,
i.e. th e  sym m etric  receding  of th e  tw o  n itrogen  a tom s, w ou ld  only  s ligh tly  
a lte r  th e  dipole m o m en t ca lcu la ted  fo r th e  u n d is to rted  CCe a con fo rm ation  
(2.53 D). H ow ever, in  th e  case o f th e  CCei, conform ation , th e  dipole m om en t 
w ould  in  fac t decrease, as here  th e  u n sh a re d  electron p a irs  o f th e  n itro g en  
a to m s w ould assum e a n ea rly  p a ra lle l o rien ta tio n  and  th e  ca lcu la ted  dipole 
m o m en t reaches its  m in im um  (fx =  3.10 — 2 x 0 .8 0  =  1.50 D) for th e  p ara lle l 
o rie n ta tio n  of th e  u n sh ared  e lec tro n  p a irs . T he ex p erim en ta l values s tro n g ly  
fa v o u r a c h a ir -b o a t con fo rm ation  w ith  one or tw o eq u a to ria l N -m eth y l groups, 
th e  la t te r  being in d ica ted  by  th e  ap p ea ran ce  of the  B o h lm an n  b ands. T he 
d ipole m om ents ca lcu la ted  fo r th e  СВг <, an d  CBn e co n fo rm atio n s (3.43 and  
3.51 D) sa tisfy ing  th e  above re q u ire m e n ts , are in  good ag reem en t w ith  th e  
ex p erim en ta l v a lue  of 3.34 D. T h o u g h  th e  calcu lated  d ipole  m om en t o f th e

I, CB,.e I, CB»,e
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Table III

N M R  spectral data o f N^N^-Disubstituted-\^-diphenylbispidines*

I
R=CH3

II
R=C(CH3)S III IV

R =chs
V

R=C(CHS)S VI

N-R
2.37; s, 6H 1.21; s, 18H

- 2.06; s, 3H 0.97; s, 9H -

N’-R - 2.19; s, 3H 1.05; s, 9H -

CH** (ring 1)

3.25; q, 8H 
zIi âb =  47.2Hz 

J ab =  10.8Hz

3.40; q, 8H 
z1i>ab =  43.2Hz 

J aB =  10.5H z
3.82; q, 8H

2.32; q, 4H 
zh»AB =  61.3Hz 

J AB =  12.0Hz

2.44; q, 4H 
zIvAb =  70.4Hz 

J AB =  11.8Hz
3.20; bs, 8H

С Н Г  (ring 2) 3.05; q,4H 
Л д в  =  9.8Hz 

J AB =  10.0Hz

3.25; q,4H 
z)vAB =  16.4Hz 

J AB =  10.0Hz

N-CH2-N - - 4.27; s, 2H - — 3.65; s, 2H

H-9 - - — 4.34; s, 1H 4.24; s, 1H 3.4; s, 1H

CcH5 7.3; s, 10H 7.3; s, 10H 7.3; s, 10H 7.0 —7.5; ш, 10H 7.0 —7.5; m, 10H 7.0 —7.5; m, 10H

* ö-scale, TMS in ternal reference; /Ь д в  is calculated from the equation v ^ - v ^  =  Y(v4—vx)(v3—v2); Accuracy in J  in ± 0 .1  Hz. 
** M idpoint of quarte ts

SC
H

E
IB

ER
, N

Á
D

O
R

: 3,7-D
IA

ZA
BICY

CLO
-[3.3.1] N

O
N

A
N

ES



S C H E IB ER , NÁDOR: 3,7-DIAZABICYCLO-[3.3.1] NONANES 197

B B e (1 co n fo rm atio n  is close to  th e  m easu red  value, th is  con fo rm ation  inc ludes 
tw o u n fav o u rab le  s tru c tu ra l u n its : rings in  th e  b o a t con fo rm ation  a n d  ax ia l 
N —C H 3 group , th ere fo re , i t  m ay  be ru led  ou t. C onsequen tly , th e  p re fe rred  
con fo rm atio n  o f I  is C B ^  or CBac or b o th , b u t  anyhow  a c h a ir -b o a t con­
fo rm atio n . T he tw o  c h a ir -b o a t co n fo rm atio n s found  to  be p ro b ab le  d iffer 
only  in  th e  o r ie n ta tio n  o f e ith er o f th e  tw o  N —C H 3 groups.

T he co rrec tness o f these  conclusions is su p p o rted  b y  re la te d  co n fo r­
m a tio n a l analyses described  earlier. T h u s, D a R o o g e  an d  N e u m a n n  [9] fo u n d  
th e  d ipole m o m en t o f 3 -m ethy l-3 -azab icyclo  (3.3 .1)nonan-9-one, 3 -m ethy l-3 - 
azab icyclo -(3 .2 .1) octan-8 -one, an d  N -m eth y lp ip e rid o n e  to  be 2.89, 2.66 an d

2.8!) D 2.(Hi 1) 2.9i I)

2.91 D , re sp ec tiv e ly  (cf. Schem e). These d a ta  u n am b iguously  in d ica te  th a t  in  th e  
case of N ,N ’-d im e th y l-l,5 -d ip h en y lb isp id -9 -o n e  th e  ch a ir—chair co n fo rm atio n  
m ay  be ru led  o u t since th e  m om ent of th e  N -m eth y lp ip erid o n e  ring  (2 .7—2.9 D) 
w ould  be fu r th e r  decreased  b y  th e  c h a ir  con fo rm ation  o f th e  o th e r rin g , in  
c o n tra s t to  th e  v a lu e  o f 3.34 D found  ex p erim en ta lly .

T herefo re , th e  o th e r ring  m u st be a tta c h e d  in  b o a t con fo rm ation  to  th e  
p iperidone ring  in  o rd e r to  increase th e  electric  dipole m om en t o f th e  N- 
m e th y lp ip e rid o n e  sk e le ton  from  2 .7 —2.9 D to  3.3 — 3.4 D.

In  th e  N M R  sp ec tru m  of I  a q u a r te t  co rrespond ing  to  an  A B  ty p e  
sp in sy stem  can  be assigned  to  th e  m e th y len e  groups. T he ap p earan ce  o f a single 
AB q u a r te t  in d ica te s  th a t ,  owing to  ra p id  ring  in v ersion , tim e-av erag ed  
chem ical sh ifts  are be ing  observed. In  p rin c ip le  a rig id  ch a ir—b o a t con fo rm ation  
w ould  req u ire  tw o  d iffe ren t q u a rte ts  in  th e  N M R  sp ec tru m , b u t  th e  re la tiv e ly  
sim ple p a tte rn  observed  can  be a t tr ib u te d  to  a rap id ly  eq u ilib ra tin g  CB BC 
rin g  system .

T he dipole m o m en t of N ,N ’-d i-í-b u ty l-l,5 -d ip h en y lb isp id -9 -o n e  (II) is 
su rp ris in g ly  h ig h er th a n  th a t  of th e  co rrespond ing  N ,N ’-d im eth y l d e riv a tiv e
(I). T he s ligh t d ifference betw een  th e  d ipole m om ents o f N -m ethy l- an d  N -t- 
b u ty lp ip e rid in e  (0.80 D and  0.73 D) [8] can n o t ex p la in  th e  considerab le  
difference b e tw een  th e  d ipole m om ents o f I  an d  II. The n e a rly  id en tica l v a lu es  
of th e  dipole m om en ts  o f N -m ethy l- an d  N -t-h u ty lp ip erid in es  m ake i t  possib le

A cta  Chim . ( Budapest)  8 4 , 1975
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to  u se  th e  dipole m o m e n t values ca lcu la ted  fo r th e  possible conform ations of I  
(T able  I I )  for th e  e v a lu a tio n , in  a f irs t a p p ro x im a tio n , o f th e  p re fe rred  con­
fo rm a tio n  of N ,N ’-d i-t-b u ty lb isp id o n e .

Owing to  th e  k n o w n  co n fo rm atio n -h o ld in g  c h a rac te r  o f th e  te r t ia ry  
b u ty l  group, on ly  co n fo rm atio n s  ССе e, СВг е an d  B B P(, m ay  be of im p o rtan ce  
in  th e  case of II. O f th e se , a com parison  o f th e  ca lcu la ted  an d  m easured  d ipole 
m o m en ts  rules o u t CCe e to  leave  th e  CBe e a n d  BB^ e con form ations, for w hich  
th e  dipole m om ents c a lc u la ted  b y  ta k in g  in to  acco u n t th e  dipole m om en t o f 
N -t-b u ty lp ip e rid o n e  [8], a re  3.37 an d  4.40 D , re spec tive ly . In  th e  case o f th e  
CBe e conform ation , a d is to r tio n  of th e  rin g  (to w ard s th e  h a lf-ch a ir—b o a t co n ­
fo rm atio n ) w ould fu r th e r  decrease th e  d ipole  m om en t. I t  ap p ears , th ere fo re  
u n lik e ly  th a t  a d ra s tic  d e v ia tio n  from  th e  g eo m etry  of th e  reg u la r  six -m em bered

О

II , CBe,„ 

Scaled 3.37 I)

О

rin g s w ould cause th is  su rp ris in g ly  h ig h  d ipole m om en t. As th e  on ly  ex ­
p la n a tio n , one m u s t assum e th a t  I I  ex is ts  also in  th e  B B S e con fo rm ation  of 
h ig h er dipole m o m en t (4.40 D) and  th a t  th e re  is an equ ilib rium  betw een  con­
fo rm atio n s  C B ^  a n d  B B ee, w herein  B B ^  ap p ears  in  a considerab le  a m o u n t 
(40 — 50% ). T his is a r a th e r  su rp rising  re su lt  because no b o a t-b o a t  con fo r­
m a tio n  has been  o b serv ed  so fa r  in  th e  f ie ld  o f bicyclo-(3.3.1) nonane d e riv ­
a tiv es .

As in  th e  case o f  I , th e  N M R  sp ec tru m  o f I I  reveals a single reg u la r AB 
q u a r te t  assignable to  th e  CH2 groups. T h is m eans th a t  a fa s t  con fo rm ational 
equ ilib rium  of th e  ty p e  CB ^  BC ta k e s  p lace  sim ilarly  to  th e  case of I.

C onform ation o f  N,N’-d im ethyl- a n d  N ,N’-d i-t-b u ty l-l,5 -d ip h en y l-
bispid in-9-oI

The difference b e tw een  th e  co n fo rm atio n  of I  and  I I  concluded  m ain ly  
on th e  basis o f d ipo le  m o m en t m easu rem en ts , m an ifests  i tse lf  s trik in g ly  in  th e  
N M R  spec trum  o f IV  an d  V. T he fa c t t h a t  a h y d rogen  a to m  an d  a h y d ro x y l
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group  are a tta c h e d  to  carb o n  a to m  9 m akes th e  m ag n e tic  e n v iro n m e n t of th e  
m eth y len e  g roups in  th e  tw o six -m em bered  rings d iffe ren t. H ence i t  is ev iden t 
th a t  th e  m eth y len e  p ro to n s o f th e  tw o rings will show  d iffe ren t chem ical sh ifts 
(T able I I I ) .  T he q u a rte ts  a t  d 2.32 an d  2.44 in  th e  sp ec tru m  o f IV and  V, 
re sp ec tiv e ly  (T able I I I ) ,  can  be in te rp re te d  in  te rm s of th e  b o a t con fo rm ation  
stab ilized  b y  in tram o lecu la r h y d ro g en  bond ing  of one o f th e  tw o  rings o f b o th

V. R = С(СНз)з

IV and  V. T his a ssum ption  is su p p o rted  b y  th e  very  s im ila r sh ifts  an d  coupling 
c o n s ta n ts  o f th e  correspond ing  q u a r te t .  T he AB q u a r te t  fo r th e  o th e r  ring  o f 
IV and  V is co n sis ten t w ith  fa s t or slow ring  inversion.

A fu r th e r  piece of ev idence fo r th e  conform ation  o f IV an d  V w ith  in tr a ­
m olecu lar hyd ro g en  bond ing  is sup p lied  b y  in fra red  spectroscop ic  d a ta . T he 
sp ec tra  o f b o th  IV an d  V, ta k e n  in  0.1 M  so lu tion  in  CS2, rev ea l single О — H  
ab so rp tio n  b a n d s  a 3325 an d  3290 c m -1 , re spec tive ly . O n d ilu tio n  of th e  
so lu tions (up  to  0.001 M  c o n cen tra tio n ) no abso rp tio n  b a n d  ap p ears  a t  ab o u t 
3600 c m " 1, w hich  is ch a ra c te ris tic  o f m onom eric 0  — H  groups, w hile th e  ab ­
so rp tio n  freq u en cy  o f th e  h y d ro g en -b o n d ed  0  — H  g roups rem ains unch an g ed . 
T h u s, th e  h y d ro g en  bond  is, in  fac t, in tram o lecu la r an d  ra th e r  stab le .

Ow ing to  th e  bo n d  m om en ts m ade obscure b y  th e  em ergence o f hy d rogen  
bonds, th e  ex p erim en ta l dipole m o m en ts  o f IV and  V (2.66 an d  4.09 D , respec­
tiv e ly )  can  be co rre la ted  only  q u a lita tiv e ly  w ith  con form ations. T he h ig h  dipole 
m o m en t fo u n d  in  th e  case of V can  be in te rp re te d  in  te rm s  o f th e  n e a rly  para lle l 
a lig n m en t of th e  d ipo lar bonds to g e th e r  w ith  th e  co rrespond ing  bo n d  m om ents. 
Such a dipole a rran g em en t is sa tis fied  in  th e  BB co n fo rm atio n  o f V. T h e  con­
sid e rab ly  low er dipole m o m en t o f 2.66 D for IV  th a n  th a t  for V in d ica te s  
p a r t ia l  com pensation  of th e  b o n d  m o m en ts  w ith in  th e  m olecule, w h ich  m ay  
a c tu a lly  occur in  th e  CB co n fo rm atio n  of IV.

The tw o  re la tiv e ly  sh arp  sing lets in  th e  N M R sp e c tru m  o f VI (T able  I I I )  
can  be assigned to  th e  m ethy lene  g roups of fourC  —CH2—N  an d  one N —C H 2—N 
groups, w hich are  ap p ro x im a te ly  e q u iv a len t b y  coincidence. T his sp ec tru m , 
to o , p roves th a t  none of I, I I I ,  IV an d  V assum es an  a d a m a n ta n e -ty p e  c h a ir -  
c h a ir  con fo rm ation  w ith  ax ia l N -m eth y l group , because th e se  la t te r  give N M R 
sp e c tra  of q u ite  d ifferen t line s tru c tu re .
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Experimental

The compounds stud ied  have been prepared by know n procedures [10]. The infrared 
spectra  were recorded in K B r pellets on C. Zeiss UR-10 and MOM 2000 type  instrum ents.

The nuclear m agnetic resonance spectra were taken  a t  100 MHz (Varian HA-100) and 
60 M Hz (AEI-RS2) in chloroform  or carbon disulfide solutions, using TMS as in ternal reference.

The dipole mom ents w ere m easured in benzene solution a t  25.0°C. The instrum ent used 
and  th e  method of evaluation have been described earlier [11].

The authors are indeb ted  to  Professor A. R. K a t r it z k y  for the valuable comments and 
for th e  NMR facilities used by  one of them  (P. S.) in the Chemical School, U niversity  of E ast 
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In  th e  NM R spectra of d iethy l-2-form ylam ino- and 2-acetylam ino-2- 
(dibenzo(a,e)cycloheptene-5’)-yl m alonate (III: R  =  H ; Me) a strong diam agnetic shift 
of the ethyl and  acyl (formyl and acetyl, respectively) protons was observed relative 
to acylam idom alonic esters II, as a consequence of the anisotropic effect of the arom atic 
rings.

The d ib en zo cy c lo h ep ta trien  d e riv a tiv es  III (R  =  H , Me) were o b ta in e d  
by  tre a tin g  th e  ch lo ro  com pound I w ith  m alonic  e s te r d e riv a tiv e  II in  d ry  N ,N - 
d im ethy lfo rm am ide  in  th e  presence of sod ium  h y d rid e , because th e  u su a l 
m eth o d  [1] a p p ly in g  m e th an o l as so lv en t an d  sod ium  m eth o x id e  as base fa iled  
to  afford  III. T he s tru c tu re  of th e  com pounds o b ta in e d  w as proved  u n am b ig ­
uously  by  th e ir  IR  a n d  N M R sp ec tra  (T able I) as w ell as b y  th e  an a ly tica l 
resu lts.

A ccording to  th e  N M R  sp ec tra , th e  p ro to n s  o f th e  e th y l and  acyl g roups 
show  a s trong  d iam ag n e tic  sh ift in  com p o u n d  III as co m p ared  to  II, owing to  
th e  an iso trop ic  sh ie ld in g  effect of th e  тт-electrons [2]. W ith  space-filling a to m ic  
m odels i t  has been  show n th a t  in  th e  m olecules of III b o th  th e  e th y l and  acy l 
groups are in  th e  an iso tro p ic  shield ing cone o f th e  double  bonds of cyclohep ta- 
tr ien e  and  th e  a ro m a tic  rings, as th e  group  su b s titu tin g  th e  chlorine a to m  in  
com pound I is fo rced  in to  a quasi-axial position .

In  th e  sp e c tru m  o f th e  fo rm yl com pound  III (R  =  H ) a coupling co n ­
s ta n t  o f J n h - c h <=0) =  1 H z can be observed . A s im ila r C H —N H  coupling  
(7 H z) exists in  b o th  th e  fo rm am idom alon ic  e s te r  II (R  =  H ) an d  its  N -ace ty l 
analogue.

6 Acta Chim. (Budapest) 84, 1975



2 0 2 SOH Á R et a!.: D IAM AGNETIC SHIELD ING

Table I

Compound
IR  bands [cm-2] in KBr

vNH Vas^—0 „gC = 0 amide I /?NH VC—0

II (R = H ) 3 3 3 0 1760 173 5 1680 —  1500 1 2 7 0 , 1 2 4 0 , 
1 0 9 5 , 1030

1 2 1 0 ,

II (R = M e) 3 2 4 0 1755 1 7 3 5 1635 —  1540 1 2 3 0 , 1 1 6 5 , 
1 0 2 0 , 10 1 0

1 1 5 5 ,

III (R = H ) 3 2 5 0 1758 1 7 3 5 1650 —  1490 1 2 7 5 , 1 2 6 0 , 
1 0 9 0 , 1040

1 2 3 0 ,

III (R = M e) 3 3 8 0 1760 1 7 3 0 1675 1505 1 2 8 0 , 1 2 5 5 , 
1 0 4 5 , 102 0

1 2 0 0 ,

NMR signals in CDC13 [ŐtmS =  0 ppm]

<5R JC H s(E t)* «CH,(Et)V «сн* <5 ( =  CHM) <5NH

III (R  =  H) 7 .6 1 + 1 .03 3 .9 7 П 5 .8 0 6 .7 8 — 6 .8

III (R = M e) 1 .5 5 1.01 3 .9 5 0 5 .82 6 .7 0 — 6 .5

II (R = H ) 8 .3 + 1 .30 4 .3 1 5 .3 0 0 — — 7 .8 * *

II (R = M e) 2 .0 8 1 .29 4 .2 9 5 .2 3 0 - — 7 .4 0

zlán- ш  (R = H ) 0 .7 0 .27 0 .3 4 - - — 1.0

A ő h -n i  (R =M e) 0 .5 3 0 .28 0 .3 4 — — — 0 .9

* trip let, J  =  7 Hz
^  in  position 5 in III, and m ethine proton in  II 
V q u a rte t, J  =  7 Hz
□ th e  m ethylene protons are  no t equivalent, therefore, the q u a rte t shows a fu rth er AB 
sp litting  (All p a rt of an  A B X , multiplet)
+ doublet, J  -  1 Hz,
О doublet J  =  7.5Hz
** 2 X doublet. J  =  7.5 Hz and ^  1 Hz

Experim ental

T he melting points are uncorrected. IR  spectra  were recorded w ith a Perkin-E lm er 457, 
and  NMR spectra w ith a V arian A-60D spectrom eter.

Diethyl-2-acylamino-2-(dibenzo[a, e]cycloheptene-5’)-yl-malonate (III; R-Me)

A 50% slurry of N aH  in mineral oil (1.5 g) was added to dry  N ,N -dim ethylform am ide 
(5 cm3), and the stirred  m ix ture  was reacted a t  5 °C w ith a solution of II (6.52 g) in N ,N-di- 
m ethylform am ide (10 cm 3). The reaction m ix tu re  was stirred a t room tem perature  un til no 
m ore hydrogen evolved (4 hrs). Then com pound I [3] (7.17 g, 95% purity ) was added a t  0 — 5 °C 
in  small portions and stirring  of the reaction m ix tu re  was continued a t room  tem peratu re  for 5 
hrs. The solution was poured into w ater (100 cm 3) and was extracted  w ith  ethyl acetate  after 
acidifying w ith 10% HC1 to  pH  6. The residue, obtained after evaporating the solvent, was 
recrystallized from ethanol to  give III (R  =  Me) (4.3 g; 63%), m.p. 132 °C.

(C„4H25N 0 5). Calcd. C 71.0; H 6.20; N 3.44%;
Found  C 70.55; H  6.22; N 3.47.

Diethyl-2-formylaraino-2-(dibenzo[a, e]cycloheptene-5’)-yl-malonate (III; R =  H)
The reaction was carried out as described for III (R =  Me), using II (R  =  H) as s ta rting  

m aterial. 9.0 g (76.5% ) of III (R =  H) was ob tained , m.p. 135 —137 °C.
(C23H25N 05), Calcd. C 70.4; H  5.85; N 3.56;

Found  C 70.0; H  5.89; N 3.56%.
*

The authors wish to  th an k  A. F ü r je s  for technical assistance.
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4 - S - S U B S T I T U I E R T E  2 , 6 - D I N I T R O A N I L I N E *

E . PÁLOSI, К . H a RSÁNYI und G. HÉJA

(Pharmazeutische und Chemische Werke C H IN O IN )  
Eingegangen am  10. Jan u ar 1974

Es wurden in Stellung 4 m it M ethylthio-, Methylsulfinyl- bzw. M ethylsulfonyl- 
gruppen substituierte N ,N-D iaIkyl-2,6-dinitroaniline (2) aus S,S-D im ethyl(4-hydroxy- 
phenyl)sulfonium salz (4) als A usgangssubstanz bergestellt.

W ir deu ten  den  S ä u re c h a rak te r  des 2 ,4 ,6 -T rin itropheno ls (»Pikrinsäure«) 
sow ie d en  S äu red eriv a t-C h arak te r d er an s te lle  der H y d ro x y lg ru p p e  Chlor bzw . 
eine A m inogruppe en th a lte n d e n  V erb in d u n g en  au fg rund  d er a u f  den a ro m a ti­
schen  R ing  au sgedehn ten  V inylogie, d e r Phenylogie. E s s ind  neu erd in g s 
m eh rere , dem  P ik ram id  ( la )  ähnliche V erb in d u n g en  als h e rv o rrag en d e  H e rb i­
cide ( lb :  P la n a v in R; l c :  O ryzalin ; ld :  T re f la n 14) b e k an n t gew orden [1]; c h a ra k ­
te r is tis c h  fü r  sie is t, d aß  sie alle N ,N -d isu b s titu ie rte  2 ,6 -D in itroan iline  sind , die 
in  S te llu n g  4 eine s ta rk  e lek tro n en an zieh en d e  G ruppe e n th a lte n .

l a :  A =  N 0 2: R  =  H 
lb  A =  S 0 2C H 3; R  =  n-C3H 7 
lc :  A =  S 0 2N H ,;  R  =  n-C3H 7 
Id: A =  C F3; R  =  n-C 3H 7

Z u r U n te rs tü tz u n g  dieses Z usam m en h an g es se tz ten  w ir u ns das Ziel, 
N ,N -d isu b s titu ie rte  2 ,6 -D in itroan iline  h e rzuste llen , in  denen  d er e lek trische  
C h a ra k te r  des p a ra -S u b s titu e n te n  d u rc h  m in im ale S tru k tu rä n d e ru n g e n  b ee in ­
f lu ß t  w erden  kan n . U m  dieses P rin z ip  zu  verw irk lichen , v e rsu c h te n  w ir, in  
S te llu n g  4 schw efelhaltige G ruppen  e in zu fü h ren , in  denen d er Schw efel in  v er-

* Teil der D oktorarbeit von E . P á lo si
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sch iedenen  O x y d a tio n ss tu fe n  vorlieg t. U nsere  zw eite Z ielsetzung  dabei w a r 
e ine  Synthese, w elche eine  w eitgehende V ariie ru n g  d er S u b s titu e n te n  der a ro ­
m atischen  A m in o g ru p p e  erm öglich t.

OüN

2

2a: В =  SC H 3 
2Ь: В =  SO C H 3 
2c: В =  S 0 2C H 3

D a m ehrere  V e r tre te r  d er V erb in d u n g sg ru p p e  2c b e k a n n t sind  (z. B . 
R  u n d  R ’ =  n-C3H 7; in  d iesem  F a ll is t 2c =  lb ), u n te rsu c h te n  w ir a lte rn a tiv e  
M öglichkeiten zu  ih re r  H erste llu n g , w obei folgendes fe s tg es te llt w urde:

a) Infolge d e r e lek tro p h ilen  E ig en sch aft der O,0’-D in itro g ru p p en  is t die 
p rim äre  A m inogruppe m it  S äu ream id -C h arak te r n a c h trä g lic h  n ich t a lky lier- 
h a r .

b) Die p rim ä re  A m inogruppe  k a n n  m it A m inen  bzw . A m insalzen n ic h t 
in  eine nuk leophile  A u s ta u sc h re a k tio n  g e b ra c h t w erden .

c) Das in  R e a k tio n  g eb rach te  sek u n d äre  A m in  w ird  du rch  den T o lu o l­
su lfonsäureester v o n  8a, d. h . 8b n u r  m it sch lech te r A u sb eu te  a ry lie rt (8a is t  
2 c  analog, e n th ä lt  je d o c h  anstelle  der A m inogruppe eine H y d ro x y lg ru p p e). 
A us dem  M eth y lä th e r  v o n  8 (8c) k o n n te  —  im  G egensatz  zu  einzelnen L i te ra tu r ­
an g ab en  [2] —  k e in  2c gew onnen w erden . I n  beiden  R eak tio n en  w urden  b e ­
trä c h tlic h e  M engen v o n  8a, d er V erb in d u n g  m it pheno lischem  H y d ro x y l, f re i­
g ese tz t.

Aus diesen B e fu n d e n  ergab sich, d aß  sich als W eg zu einer p rinz ip ie ll 
vera llg em ein eru n g sfäh ig en  H erstellungsw eise von  V erb indungen  des T yps 2 
a lle in  die n u k leoph ile  A u stau sch reak tio n  v o n  A m inen  u n d  H alogenbenzo l­
d e riv a te n  b ie te t. U n te r  A nw endung d ieser R eak tio n  fü h r te n  w ir die S yn these  
v o n  V erb indungen  des T y p s 2c du rch  [3].

Im  w eiteren  m u ß te n  w ir die V orste llungen  bezüglich  der E in fü h ru n g  d e r 
N itro g ru p p en  im  E n d s c h r i t t  verw erfen . O bw ohl die G ru n d v erb in d u n g  2c 
(R , R ’ =  H) a u f  d iesem  W eg h e rgeste llt w u rd e  [4, 5], ersch ien  das V erfah ren  
bei 2a (R , R ’ =  H ) au fg ru n d  der M itte ilu n g  von  A. M. Sim onow  et al. [6] 
n ic h t aussich tsre ich . D ie gen an n ten  V erfasser b e o b ach te ten  bei der M ono­
n itr ie ru n g  des jD -Tosylam idothioanisols eine b e trä c h tlic h e  Sulfoxydb ildung .

A c ta  Chim. ( B u d a p est)  8 4 , 1975



PÁLOSI e t «I.: 4-S-SU BSTITU IERTE 2,6-D IM T R O A N IL IN E 2 0 7

A u ß erd em  sind bei d er N itrie rung  v o n  T h io p h en o lä th e rn  die S p a ltu n g  d er 
C— S -B indung [6, 7] u n d  der A u s ta u sc h  der T h io m eth y lg ru p p e  gegen eine 
N itro g ru p p e  [8] b e k a n n te  N eb en reak tio n en .

E ine  w eitere Schw ierigkeit g eg en ü b er der N itrie ru n g  von  A cylanilinen 
e rgab  sich in unserem  F a ll daraus, d a ß  w ir beim  N itrie ren  der die gew ünsch te  
te r t iä re  A m inogruppe en th a lten d en  V erb in d u n g  auch  m it e iner D esalky lie­
ru n g sreak tio n  rechnen  m u ß ten  [9]. E in e  de ra rtig e  R e a k tio n  b e o b ach te ten  w ir 
be im  N itrie ren  von  4 -(N ,N -D ip ro p y lam in o )-p h en y l-m eth y lsu lfo n  3a; n ach  der 
E in fü h ru n g  einer N itro g ru p p e  (3b) e rh ie lte n  w ir beim  w eite ren  N itrie ren , u n te r  
A b sp a ltu n g  der einen P ro p y lg ru p p e  d as  N -N itro d e riv a t 3c.

S02CH3
3

3a: R ,R ’ =  n-C 3H 7; D =  H  
3b: R ,R ’ =  n -C 3H 7; D =  N 0 2 
3c: R =  n -C 3H 7; R \  D =  N 0 2

A ufgrund  u n se re r  V orversuche u n d  L ite ra tu ra n g ab e n  w äh lten  w ir den  
W eg d er N itrie ru n g  des en tsp rech en d en  Sulfonium salzes zu r V erw irk lichung  
u n se re r  Z ielsetzung. B ek an n tlich  [1 0 — 12] können  n äm lich  S ,S -D im ethyl-S - 
pheny lsu lfon ium salze  m it gu te r A u sb eu te  n itr ie r t  w erden.

Als A usgangsm ateria l zur H e rs te llu n g  von  V erb in d u n g en  des T y p s  2 
e rsch ien  das aus P h eno l, D im eth y lsu lfo x y d  u n d  Salzsäuregas gew innbare S,S- 
D im ethy l-(4 -h y d ro x y p h en y l)-su lfo n iu m ch lo rid  4 [13] am  b e s te n  geeignet, da 
die H erste llu n g  von  S u lfonium salzen , die am  aro m atisch en  R ing  in  p a ra - 
S te llu n g  h a lo g en su b stitu ie rt sind, w esen tlich  k om pliz ie rte r is t  [14].

4 se tz t sich in  k o n zen tr ie rte r  schw efelsaurer L ösung in  das S u lfa t um , 
das m it der b e rech n e ten  Menge v o n  k o n z e n tr ie rte r  S a lp e te rsäu re  das S,S- 
D im eth y l-2 ,6 -d in itro -4 -th io -l,4 -b en zo ch in o n  5 liefert. D ie V erb indung  5 is t

A cta  Chim . (B u d a p est)  84 , 1975
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b e re its  seit län g e re r  Z e it b e k a n n t, jed o ch  w urde ih re  H erste llu n g  ziem lich  
u m stän d lich  gelöst [8, 15].

Bei ku rzze itig em  K ochen  von  5 m it H alogenw assersto ffen  in  w äßriger 
L ösung  e n ts te h t q u a n t i ta t iv  2 ,6 -D in itro -4 -(m eth y lth io )p h en o l 6a [8, 13b].

Beim  O x y d ie ren  v o n  6a m it W assersto ffperox id  in  essigsaurer L ösung  
e n ts te h t, in  A b h än g ig k e it von  der M enge des W assersto ffperoxyds, en tw ed er
2 ,6 -D in itro -4 -(m ethy lsu lfiny l)pheno l 7 oder 2 ,6 -D in itro -4 -(m ethy lsu lfony l)- 
pheno l 8 m it A u sb e u te n  ü b er 90% .

D er A u s tau sch  d e r phenolischen  H y d ro x y lg ru p p e  gegen Chlor is t ein  
häufiges V erfah ren  a u f  dem  G ebiete d er h e te ro a ro m atisch en  V erb indungen . In  
d er arom atischen  R e ih e  is t die H erste llu n g  von  P ik ry lch lo rid  aus P ik rin säu re  
m it P h o sp h o ro x y ch lo rid  in  G egenw art v o n  P y rid in  [16] sowie die H erste llu n g  
v o n  versch iedenen  N itroch lo rbenzo len  aus N itropheno len , m it T h iony lch lo rid  
in  hohem  Ü b ersch u ß  u n d  D im eth y lfo rm am id  als K a ta ly s a to r  [17], b ek an n t.

G egenüber den  b ish e r b e k a n n te n  V erfah ren  fan d en  w ir es v o rte ilh a fte r , 
den  A u stausch  d e r pheno lischen  H y d ro x y lg ru p p e  m it P h o sp h oroxych lo rid  in  
D im eth y lfo rm am id  v o rzunehm en . D as ch lorierende A gens is t das b e k a n n te  
A d d u k t aus P h o sp h o ro x y ch lo rid  u n d  D im eth y lfo rm am id  [18]. D er V orteil des 
V erfahrens lieg t d a r in , d aß  kein  Ü b ersch u ß  an  P hosphoroxych lo rid  b e n ö tig t 
w ird ; das 2 ,6 -D in itro -4 -(m eth y lth io )ch lo rb en zo l 9a, das 2 ,6 -D in itro -4 -(m ethy l- 
su lfiny l)ch lorbenzol 9b sowie das 2 ,6 -D in itro -4 -(m ethy lsu lfony l)ch lo rbenzo l 9c 
e n ts te h t m it fa s t  q u a n ti ta t iv e r  A usbeu te . D as überschüssige D im eth y lfo rm a­
m id  t r i t t  n ic h t m it dem  en ts tan d en en  C h lo rbenzo lderivat in  R eak tion , in  
G egensatz zu B eo b ach tu n g en  an  an d eren  B eispielen [19].

A cta  Chim . ( B u d a p est)  8 4 , 1975
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Cl

9

9a: В =  S € H 3 
9b: В =  SO C H 3 
9c: В =  S 0 2C H 3

Die A m inolyse d er Y erb in d u n g en  9 liefert die en tsp rech en d en  Anilin' 
d e r iv a tiv e  10 m it h e rv o rrag en d er A u sb eu te .

В

10

10a: В =  SCH 3; R ,R ’ =  n-C3H 7 
10b: В =  SCH 3; R ,R ’ =  (— CH2— )5 
Юс: В =  SCH 3; R ,R ’ =  (— 'CH2— )4 
lOd: В =  SO C H 3; R ,R ’ =  n-C3H 7

U n te r  den (M eth y lth io )-n itro an ilin en  w ar b ish er n u r  das 2-N itro-4- 
(m e th y lth io )an ilin  b e k a n n t, das d u rc h  h y d ro ly tische  M ethy lie rung  d er Thio- 
c y an g ru p p e  e rh a lten  w urde  [20].

W ir oxyd ierten  die 2 ,6 -D in itro -4 -(m eth y lth io )an ilin e  m it re c h t g u te r 
A u sb eu te  in  essigsaurer Lösung m it  1 Mol W assersto ffperoxyd  zu den  e n t­
sp rech en d en  4 -M eth y lsu lfin y ld e riv a ten  2b, m it überschüssigem  W assersto ff­
p e ro x y d  zu den 4 -M eth y lsu lfony lverb indungen  2c.

D as In te re ssan te  bei der le tz te re n  R eak tion  is t, d aß  se lb st bei ü b e r­
schüssigem  W assersto ffperoxyd  n u r  d as  Sulfon e n ts te h t u n d  keinerle i N -O xyd- 
b ild u n g  zu b eobach ten  is t. D ieser B e fu n d  is t um som ehr b eo b ach ten sw ert, da 
—  g em äß  den B eobach tungen  m eh re re r  F o rscher —  die R e a k tiv i tä t  gegenüber 
W assersto ffperoxyd  in  essigsaurer L ö su n g  in  der R eihenfolge té r t .  A m in  
S u lfid  A zinsticksto ff T hiolschw efel Ä th y len b in d u n g  ]>  a ro m atisch e  
B in d u n g  abn im m t [21].

In  unserem  F a ll sind  fü r das A usb le iben  der B ild u n g  von  N -O xyd  die 
s t a r k  e lek trophilen  S u b s titu en ten  des R inges v e ran tw o rtlich . D iese m achen

A c ta  Chim . ( B u d a p est)  8 4 , 1975
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Tabelle I

Zeichen Benennung Lösungsmittel Schmelzpunkt
CC

10a 2,6-Dinitro-4-(methylthio)-N,N-dipropylanilin Butanol Öl
10b l-(2,6-Dinitro-4-m ethylthio)-phenylpiperidin Äthanol 9 9 -1 0 1
10c l-(2,6-Dinitro-4-m ethylthio)-phenylpyrrolidin Äthanol 9 3 -  94
lOd 2,6-Dinitro-4-(methylsulfoxyl)-N,N-dipropylanilin Äthanol 8 6 -  87

lb 2,6-Dinitro-4-(methylsulfonyl)-N,N-dipropylanilin Isopropylalkohol 150-151

d as  einsam e E le k tro n e n p a a r  des S tickstoffs der A m inogruppe unfäh ig , eine 
d a tiv e  B indung zu b ild en , In  A bw esenheit so lcher G ruppen  k a n n  die se lek tive 
B ild u n g  des S-O xyds n ic h t  gelöst w erden. So e rh ie lten  z. B . K a r pe n k o  et al. [22] 
be i der O xydation  v o n  (jD -D im ethy lam inopheny l)-tert. b u ty lsu lfy d  m it W asser­
sto ffp e ro x y d  (p -D im e th y lam in o p h en y l)- te rt. bu ty l-su lfo n -N -o x id .

Aus den E rg eb n issen  d er A usp rü fung  ein iger u n se re r  V erb indungen  —- 
w ofü r w ir dem  A u ß e n h a n d e lsu n te rn eh m e n  M edim pex u n d  d er Dow Chem ical 
Co. zu D ank  v e rp f lic h te t  sind  — k o n n te  unsere  A nsich t ü b e r den Z usam m en­
h a n g  zwischen W irk u n g  u n d  S tru k tu r  b e s tä tig t  w erden . E in  w eiteres E rgebn is 
u n se re r  A rbeit is t  das n eu e , fü r  industrie lle  D u rch fü h ru n g  geeignete S y n th ese ­
v e rfah ren  des b e k a n n te n  H erb ic ids lb .

*

W ir danken H errn  I. R em po r t  für die M ikroanalysen und F rau  Dr. T. K u b in y i sowie 
Frl. J .  K un  und M. W u n d e l e  für die Teilnahme an der D urchführung der Versuche.

Experimenteller Teil

Die angegebenen Schm elzpunkte sind unkorrigiert.

2,6-D initro-4-(m ethylthio)phenyl-p-toluolsulfonat ( 6 b)

Zu der in 30 ml trockenem  Aceton gelösten, m it kaltem  W asser gekühlten Lösung von
6,2 g (0,027 mol) 2,6-Dinitro-4-(M ethylthio)phenol (6a) und 3,8 ml T riäthy lam in  wird u n te r 
R ühren  eine Lösung von 5,15 g (0,027 mol) Tosylchlorid in  15 ml trockenem  Aceton tropfen­
weise zugegeben. Das R eaktionsgem isch wird bei R aum tem peratu r w eitere 3,5 Stunden lang 
gerührt. Die abgeschiedenen K ristalle (Triäthylam m onium chlorid) w erden abfiltriert und das 
F il tra t eingedampft. Der R ückstand  wird m it W asser verrieben und  filtriert. Es werden 
9,53 g (92% ) 6b erhalten . N ach Umkristallisieren aus N itrom ethan, Schmp. 186— 187 °C.

Analyse С14Н 1О̂ 0 682 (384,39)
Вег. C 43,70% , “ H 3,16% , N 7,30% , S 16,68%
Gef. C 43,87%, H 3,29% , N 7,10%, S 16,50%

A c ta  Chim . ( Budapest)  8 4 , 1975
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Umkristallisiert aus
Aus­
beute

%

Analyse

Berechnet Gefunden

C H N s C H N s

97

Methanol 97 48,47 5,08 14,13 10,78 48,80 5,06 13,97 10,80

Ä thanol 99 46,63 4,62 14,83 11,32 45,91 4,23 14,65 11,05

Ä thanol-W  asser 82 47,03 5,81 12,76 9,73 46.93 5,67 12,40 9,79
Isopropylalkohol 91,5

2.6- D initro-4-(m ethylsulfonyl)phenyl-p-toluolsulfonat ( 8 b)

2,47 g (0,00645 mol) 6 b werden in 70 m l Eisessig gelöst und m it 2 ml 23%igem W asser­
stoffperoxyd 2 S tunden lang auf dem W asserbad erwärm t. D anach wird filtriert und ein­
gedam pft. Es werden 2,27 g (84,5%) 8 b erhalten . Schmp. nach U m kristallisieren aus Essig­
säure 180—181°C.

Analyse C14H 1()N20 9S2 (416,39)
Вег. C 41,32%, H  2,91%, N 6,73% , S 15,40%
Gef. C 41,48%, H 3,01% , N 6,63% , S 15,38%

2.6- D initro-4-(methylsulfonyl)-N ,N-dipropylanilin ( lb )

E in  Gemisch aus 1,25 g (0,003 mol) 8 b, 0,9 ml (0,0066 mol) D ipropylam in und  15 ml 
abs. Alkohol wird 1,5 S tunden  lang im Sieden gehalten. Die Lösung wird im V akuum  einge­
dam pft, der R ückstand m it 10 ml Wasser v e rse tz t und m it 2 X 10 ml Chloroform ausgeschüttelt.

Zur wäßrigen Lösung werden 660 m g (0,00324 mol) S-Benzylthiuronium chlorid zuge­
geben. Es werden 215 mg (21,2%) p-Toluolsulfonsäure-S-benzylthiuronium salz erhalten. 
Schmp. 171— 173 °C.

Die chloroformische Lösung wird eingedam pft und der ölige R ückstand  aus Isopropyl­
alkohol um kristallisiert. E s werden 250 mg (24,1% ) lb  erhalten. Schmp. 150— 151 °C.

Das alkoholische F il tra t wird eingedam pft und  der R ückstand  aus A thylacetat um ­
kristallisiert. Es werden 245 mg (31%) 8 a erhalten . Schmp. 220— 222 °C.

R eaktion von 2,6-D initro-4-(m ethylthio)phenyl-p-toluolsulfonat m it Dipropylamin

3,85 g (0,01 mol) 6 b und 3,4 ml (0,025 mol) D ipropylam in w erden in 50 ml Benzol 
gelöst und 3 S tunden lang  im  Sieden gehalten . Die benzolische Lösung wird eingedam pft, 
der R ückstand in Chloroform aufgenommen, die Lösung m it 2 n Salzsäure, m it W asser, m it 
5% iger N atrium hydrogencarbonatlösung u n d  wiederum m it W asser gewaschen und über 
N atrium sulfat getrocknet. Nach dem E indam pfen  der Lösung w erden 1,6 g (76% ) 2,6-Di- 
nitro-4-(m ethyl-thio)phenol (6 a) erhalten. N ach  Umkristallisieren aus M ethanol Schmp. 100— 
103 °C. (L iteratu rw ert [8] Schmp. 108 °C.)

2.6- D initro-4-(m ethylsulfonyl)anisol (8 c)

Zu einer aus 1,15 g (0,05 mol) N atrium  u n d  400 ml abs. M ethanol hergestellten N atrium - 
m ethylatlösung werden 14 g (0,05 mol) 2,6-D initro-4-(m ethylsulfonyl)chlorbenzol (9c) gegeben 
und das Reaktionsgem isch wird 3 Stunden lang  im Sieden gehalten. Nach dem Eindam pfen 
wird der R ückstand m it W asser behandelt. E s werden 11,05 g (80% ) 8c erhalten. Nach U m ­
kristallisieren aus M ethanol Schmp. 199—201 °C.

Analyse C8H8N20 7S (276,23)
Ber. N 10,15%
Gef. N 10,16%
Aus 8 c en ts teh t m it Dipropylamin in m ethanolischer Lösung bei 8stündigem Sieden 

die Verbindung 8 a m it phenolischer H ydroxylgruppe (Ausbeute 95,5% ).
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4- (Methylsulfonyl) -N,N-dipropylanilin (3a)

a) Das Gemisch von  38 g (0,1 mol) (p-Chlorphenyl)-m ethylsulfon [23] m it 150 m l 
D ipropylam in und 1 g N atrium jodid  wird im R ohr 25 Stunden lang bei 250 °C gehalten. Das 
Reaktionsgemisch w ird eingedam pft und der R ückstand  in Chloroform aufgenommen. Die 
chloroformische Lösung w ird m it verdünnter Salzsäure und m it W asser gewaschen und  über 
N atrium sulfat getrocknet. N ach dem A bdestillieren des Chloroforms wird der ölige R ückstand 
m it abs. alkoholischer Salzsäurelösung versetzt und  die erhaltene Lösung eingedampft. Die 
erhaltenen K ristalle w erden aus Isopropylalkohol um kristallisiert, wobei 21,3 g (73% ) 3a- 
H ydrochlorid erhalten w erden. Schmp. 165— 171 °C.

Analyse C13H 22C1N02S (291,84)
Вег. C 53,50%, H  7,60% , N 4,80% , CI“ 12,15%, S 10,98%
Gef. C 53,68% , H  7,64% , N 5,02% , CI“ 12,35%, S 11,20%
10 g des salzsauren Salzes werden in 50 ml W asser suspendiert, m it 2 n NaOH alkalisch 

gem acht und m it Chloroform extrahiert. N ach dem  Trocknen und E indam pfen werden 8,2 g 
öliges 3a erhalten.

NMR (CDC13) r  =  9,1 ppm  T rip le tt (6H) (Methyl)
8,3 M ultiplett (4H) (Methylen)
6,7 M ultiplett (4H) (Methylen)
7,0 Singulett (3H) (M ethylsulfonylmethyl)

2,2— 3,45 M ultiplett (4H arom .)
b) Ein Gemisch von 2,65 g (0,015 mol) (p-Am inophenyl)-m ethylsulfon [24], 3,32 g 

(0,015 mol) P г о p у 1 - p - 1 о I u о 1 s u I fо n a t  [25] und 1,5 g pulverisiertem  K alium hydroxid wird 
1 S tunde lang auf dem  W asserbad und anschließend 3 S tunden lang im  Ölbad bei 110— 120° C 
gehalten. Nach dem A bkühlen wird W asser zum Reaktionsgem isch gegeben und es wird m it 
Chloroform extrahiert. N ach  dem Eindam pfen des E x trak tes wird der harzige R ückstand m it 
Ä ther behandelt und  die dabei abgeschiedenen K ristalle werden ab filtriert. Es werden 0,7 g 
des Ausgangsstoffes zurückgew onnen. Die ätherische Lösung wird eingedam pft, der ölige 
R ückstand m it abs. alkoholischer HCl-Lösung behandelt, die Lösung eingedam pft, der R ück­
stand  aus Isopropylalkohol um kristallieiert. Es w erden 1,5 g 3a-C hlorhydrat erhalten (Schmp. 
176— 178 °C).

2-Nitro-4-(methylsulfonyl)-N,N-dipropylanilin (3b)

a) Zur Lösung von 0,25 g (0,001 mol) 4-(M ethylsulfonyl)-N,N-dipropylanilin (3a) in
2.5 m l Eisessig werden 0,22 m l (0,005 mol) 95% ige Salpetersäure zugegeben. Die Lösung wird 
24 S tunden bei R aum tem pera tu r stehen gelassen und  anschließend in 25 ml W asser gegossen. 
D as abgeschiedene Öl w ird m it Benzol ausgeschütte lt. Die benzolische Lösung wird m it 
W asser, m it N atrium carbonatlösung und w iederum  m it W asser gewaschen und getrocknet. 
N ach dem Eindam pfen w erden 0,15 g (50% ) öliges 3b gewonnen.

NMR (CDC13) г  =  9,15 ppm  T rip lett (6H) (Methyl)
8,4 M ultiplett (4H) (Methylen)
6,8 T rip lett (4H ) (Methylen)
6,92 Singulett (3H ) (M ethylsulfonylmethyl)

1,5— 2,9 M ultiplett (3H arom.) (1 ,2 ,4-trisubstituierter Benzol­
ring)

b) Zur Lösung von 2,36 g (0,01 mol) 2-Nitro-4-(methylsulfonyl)chlorbenzol [26] und
1.06 g (0,0105 mol) D ipropylam in in 20 ml abs. A lkohol werden bei Siedentem peratur 1,06 g 
(0,0105 mol) T riäthylam in tropfenweise zugegeben. Die Lösung wird w eitere 6 Stunden lang 
bei Siedetem peratur gehalten  und anschließend eingedam pft. Der R ückstand  wird in Chloro­
form  aufgenommen, die Lösung wird m it verdünn ter Salzsäure und  m it Wasser gewaschen 
und  eingedampft. Das N M R -Spektrum  des öligen R ückstandes (2,8 g 3b, 93,5% ) ist identisch 
m it dem Spektrum der nach a) hergestellten Verbindung.

2,N-Dinitro-4-(methylsulfonyl)-N-propylanilin (3c)

Zur Lösung von 2,55 g (0,01 mol) 4-(M ethylsulfonyl)-N,N-dipropylanilin in 35 ml E is­
essig werden unter R ühren  bei 5— 10 °C 5 ml konz. Salpetersäure tropfenweise zugegeben. 
Die Lösung wird 2 S tunden  lang bei 50 °C gerührt und  anschließend in Eiswasser gegossen.
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Die abgeschiedenen K ristalle werden zweimal aus Alkohol um kristallisiert. Es werden 1,9 g 
(63,5% ) 3c erhalten. Schmp. 98— 102 °C.

Analyse C10H 13N3O6S (303,28)
Вег. C 39,73%, H 4,33% , N 13,90%, S 10,85%
Gef. C 40,06% , H  4,23% , N 14,02%, S 10,99%
NMR (CDC13) T =  9,10 ppm  T rip le tt (3H) (Methyl)

8,30 M ultip lett (2H) (Methylen)
5.4— 6,05 M ultip lett (2H) (Methylen)

6,80 S ingulett (3H) (M ethylsulfonylmethyl)
1.4—  2,7 M ultip lett (3H arom.)

2.6- Dinitro-4-(methylthio)phenol (6a)

114,3 g (0,6 mol) S ,S-D im ethyl-(4-hydroxyphenyl)-sulfonium chlorid 4 [13] werden in 
120 m l konz. Schwefelsäure gelöst. U nter R ühren  und E is—K ochsalz-K ühlung wird -— hei 
T em peraturen  unterhalb  10 °C — tropfenw eise N itriersäure (bestehend aus 90 ml [1,2 mol] 
konz. Salpetersäure [D ichte 1,4] und  270 ml konz. Schwefelsäure) zugegeben. Das R eaktions­
gemisch wird über N acht stehen gelassen, dann  1,5 S tunden lang bei 90 °C gehalten und  nach 
dem  A bkühlen in Eiswasser gegossen. Die ausgeschiedenen gelben K ristalle (5) werden abfil­
tr ie r t  und m it W asser gewaschen. Die feuchten  K ristalle der V erbindung 5 werden in 540 ml 
konz. Salzsäure gelöst, 540 m l W asser w erden zugegeben und die Lösung wird eine Stunde 
lang im  Sieden gehalten. Das beim A bkühlen erstarrende rote Öl w ird abfiltriert und m it 
W asser säurefrei gewaschen. Es werden 108 g (78% ) 6a erhalten, Schmp. 105— 107°C. (L itera­
tu rw ert [8] Schmp. 108 °C.)

2.6- Dinitro-4-(methylsulfoxyl)phenol (7)

Zur Suspension von 23 g (0,1 mol) 6a in 200 ml Eisessig werden 8,7 ml 39%iges W asser­
stoffperoxyd (0,1 mol) gegeben und das Reaktionsgem isch wird 1,5 S tunden lang auf dem 
W asserbad erwärm t. Anschließend wird es im  V akuum  eingedam pft, der R ückstand m it W as­
ser behandelt, die abgeschiedenen K ristalle werden abfiltriert und  m it W asser gewaschen. 
E s w erden 23,1g (94% ) 7 erhalten. Schmp. 153— 154 °C. (L iteraturw ert [8] Schmp. 150 °C.)

2.6- Dinitro-4-(methylsulfonyl)phenol (8a)

a) Zur Suspension von 69 g (0,3 mol) 6a in 210 ml Eisessig werden 52,5 ml 39%iges 
W asserstoffperoxyd (0,6 mol) gegeben. Das Reaktionsgemisch wird 1 S tunde lang auf dem 
W asserbad erwärm t, wobei zunächst eine Lösung en ts teh t und alsbald die K ristalle der Ver­
bindung 8a abgeschieden werden. N ach dem  A bkühlen werden die K ristalle filtriert und m it 
W asser gewaschen. Es w erden 75 g (95,5% ) 8a erhalten ; Schmp. 221— 222°C. Durch U m kristal­
lisieren aus Ä thylacetat wird der Schm elzpunkt n ich t verändert.

Analyse C7HeN20-,S (262,20)
Вег. C 32,06%, H  2,30% , N 10,69%, S 12,23%
Gef. C 32,24%, H  2,55% , N  10,88%, S 12,16%
b) 28 g (0,1 mol) 9c werden in 100 m l D im ethylform am id gelöst und  eine Lösung von 

10 g (0,25 mol) N atrium hydroxyd in 20 ml W asser zugegeben. Die Lösung wird 1 Stunde lang 
im  Sieden gehalten und nach dem A bkühlen m it 10%iger Salzsäure angesäuert. Nach dem 
F iltrieren , W aschen m it W asser und  T rocknen werden 20 g (77% ) 8a erhalten. Nach U m ­
kristallisieren aus Ä thy lace ta t Schmp. 220— 221 °C. Die gemäß a) und b) hergestellten Sub­
stanzen 8a sind völlig identisch.

2.6- Dinitro-4-(methylthio)chlorbenzol (9a)

23 g (0,1 mol) 6a w erden in  40 ml D im ethylform am id gelöst. U n ter R ühren und Kühlen 
m it Eiswasser werden 9,2 m l (15,35 g; 0,1 mol) Phosphoroxychlorid tropfenweise zugegeben. 
Das Reaktionsgemisch wird im  siedenden W asserbad 1 Stunde lang gerührt. Nach dem A bküh - 
len w ird es auf Eis gegossen. Die abgeschiedenen orangefarbigen K ristalle werden filtriert und 
m it W asser gewaschen. Es w erden 24 g (96,5% ) 9a erhalten. Schmp. 117— 119°C. U m kristal­
lisieren aus M ethanol ändert den Schm elzpunkt nicht.

Analyse C7H5C1N20 4S (248,65)
Ber. CI 14,26%, S 12,89%, N 11,27%
Gef. CI 14,57%, S 12,94%, N 11,06%
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2,6-Dinitro-4-(methylsulfoxyl)ehlorbenzol (9b)

Das Gemisch von 12,55 g (0,05 mol) 9a, 50 ml Eisessig und  4,5 ml 38%igem W asser­
stoffperoxyd (0,05 mol) w ird 1 S tunde lang auf dem W asserbad erw ärm t. Die Lösung wird 
im  V akuum  eingedampft un d  der R ückstand m it W asser behandelt. N ach dem Filtrieren und 
Trocknen werden 11,82 g (89,5% ) 9b erhalten. Aus M ethanol um kristallisiert beträg t der 
Schm elzpunkt 127— 128 °C.

Analyse C7H5C1N20 6S (264,65)
Вег. C 31,77%, H  1,90% , N  10,59%, CI 13,40%, S 12,11%
Gef. C 31,87%, H 1,75% , N 10,76%, CI 13,39%, S 12,12%

2,6-Dinitro-4-(methylsulfonyl)chlorbenzol (9c)

a) Zur Suspension von 24,85 g (0,1 mol) 9a in 100 ml Eisessig werden 18 ml 38,5%iges 
W asserstoffperoxid (0,2 mol) zugegeben. Das Reaktionsgem iseh wird 1 S tunde lang auf dem 
W asserbad erwärm t. Zu dem  noch w arm en Gemisch werden 100 ml W asser zugegeben. Die 
abgeschiedenen blaßgelben K ristalle werden filtrie r t und m it W asser gewaschen. Es werden
25,8 g (92% ) 9c erhalten. Schm p. 201—203 °C. (L itera tu rw ert [3b] Schmp. 201—203 °C.) Bei 
der Schm elzpunktbestim m ung im  Gemisch m it einer authentischen Substanz t r i t t  keine Depres­
sion auf.

b) Zur Suspension von  26 g (0,1 mol) 8a in  50 ml D im ethylform am id werden un ter 
R üh ren  und Kühlen m it E isw asser 9,2 ml (15,35 g; 0,1 mol) Phosphoroxychlorid tropfenweise 
zugegeben. Das Gemisch w ird 1 S tunde lang bei R aum tem peratur und eine weitere Stunde 
lang auf dem siedenden W asserbad gerührt. N ach dem Abkühlen wird die Lösung auf Eis 
gegossen, die abgeschiedenen K ristalle werden filtrie rt und m it W asser gewaschen. Es werden 
27,13 g (97%) 9c erhalten. Schmp. 202—204 °C.

2.6- Dinitro-4-schwefelsubstituierte-N,N-Dialkylaniline (10)

Die alkoholische oder isopropylalkoholische Lösung von 1 Mol 2,6-dinitro-4-schwefel- 
substitu iertem  Chlorbenzol und  2 Mol des entsprechenden Amins oder 1 Mol des Amins und 
1 Mol Triäthylam in wird 2 S tunden  lang im Sieden gehalten. Nach dem  Abkühlen kristallisiert 
die Verbindung 10 in  bestim m ten  Fällen. In  anderen Fällen m uß das Reaktionsgemisch ein­
gedam pft werden; durch B ehandeln  des R ückstandes m it W asser w ird 10 abgetrennt und 
anschließend wird um kristallisiert. Die Angaben der hergestellten V erbindungen sind in Tab. I 
enthalten .

2.6- Dinitro-4-(methylsulfonyl)-N,N-dipropylanilin (lb)

a) 15,6 g (0,05 mol) 10a werden in 80 ml Eisessig gelöst und  9 ml 38%iges W asser­
stoffperoxyd werden zugegeben (0,1 mol). Die Lösung wird 1,5 S tunden lang auf dem W asser­
bad  erw ärm t und dann im  V akuum  eingedam pft. D er R ückstand wird m it W asser behandelt, 
f iltr ie r t und m it Isopropylalkohol gewaschen. Es werden 14,30 g (83% ) lb  erhalten. Schmp. 
150— 151 °C.

b) Zur Lösung von 3,30 g (0,01 mol) lOd in 16 ml Eisessig wird 1 ml 38%iges W asser­
stoffperoxyd (0,01 mol) zugegeben und  die Lösung wird 1 S tunde lang auf dem W asserbad 
erw ärm t. Das Reaktionsgem isch w ird wie bei a) verarbeite t. Es w erden 3,1 g (90% ) lb  erhal­
ten . Schmp. 150— 151 °C.
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BASISCHE ESTER MIT ANTIARRHYTHMISCHER
WIRKUNG

К . H a r sá n y i, G. H é ja  und D. K orbonits

( Pharmazeutische und Chemische Werke C H IN O IN )

Eingegangen am  10. Jan u a r 1974

Es wurden auf verschiedenen W egen Ester der allgemeinen Form e 
Ar-COO(CIi2)nN+H2-R (6) von therapeutischer Bedeutung hergestellt. W ährend bei 
A r =  3,4,5-Trimethoxyphenyl und n =  2 aus dem Säureamid (9) un ter der W irkung 
von  Säure der basische E ster gebildet w urde, konnte die О N-Acylwanderung bei 
der Esterbase n ich t durchgeführt werden.

B asische, sek u n d äre  oder te r t iä re  A m inogruppen  e n th a lte n d e  E s te r  von  
a ro m a tisch en  C arbonsäuren  gelang ten  zu e rs t als L o k a la n ä s th e tik a  zu einer 
R olle in  d er H eilkunde. E inige c h a ra k te ris tisch e  V ertre te r  d ieser G ruppe sind  
H e x y lc a in  1 [1], M onocain 2 [2] u n d  P a re th o x y c a in  3 [3]. E r s t  sp ä te r  w urde  
es in  d e r  th e rap eu tisch en  P rax is  b e k a n n t, daß  diese L o k a la n ä s th e tik a  das 
A u ftre te n  des a rry h th m isch en  Z u stan d es  hem m en. U n te r  den  F o rsch u n g s­
ergebn issen  der le tz te n  10 Ja h re  k a n n  m an  von  den zu d ieser V e rb in d u n g s­
g ru p p e  gehörenden , die A rbeit des H erzm uskels und  die D u rch strö m u n g  der 
K ra n z a rte r ie  s te igernden  P rä p a ra te n  des H exobend in  4 [4] u n d  das D iphenyl- 
a m y la te  5 [5] erw ähnen .

4
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Als F o rtse tz u n g  un se re r F o rschungen  a u f  d iesem  G ebiet m it 3,3-D i- 
p h en y lp ro p y lam in -D eriv a ten  [6] se tz ten  w ir uns das Ziel, sekundäre A m ino­
g ru p p en  e n th a lte n d e  E s te r  gem äß der allgem einen  F o rm el 6 herzustellen . I n  
d ieser Form el w u rd en  fü r  R  — vor allem  au fg ru n d  un se re r früheren  E rgebn is- 
se [6] —  A ralky l- bzw . C ycloalkylgruppen  gew ählt; diese w urden m it d e r 
Isop ro p y l-G ru p p e  e rg ä n z t, die in  den neu erd in g s in  d er M edizin sich einen  
P la tz  erobernden  /З-B lockern  eine Rolle sp ie lt. Z ur V ereste rung  w urden  v o r  
a llem  arom atische  C arbonsäu ren , u n d  zw ar analog  zu 4 u n d  5 A lkoxybenzoe- 
säu ren  verw endet, je d o c h  w urden, m it R ü ck sich t a u f  die b ek an n te  g e fäß er­
w eite rn d e  W irk u n g  d e r  N iko tin säu re  [7] au ch  h e te ro a ro m atisch e  C arbonsäuren  
einbezogen. Z w ischen  den  Alkohol- u n d  A m in o fu n k tio n en  w aren  —  d er b is ­
herigen  P rax is (s. 1— 5) en tsp rechend  — C;— C4 K e tte n  eingeschalte t.

©
A r—C O O — (C H 2)„— N H ,— R H O — (CH 2)„— N - R

I
A

6 7a: A =  H
7b: A =  CH,CcH 5

Z ur H ers te llu n g  d er V erb indungen  I — X X II w u rd en  m ehrere, im  w e se n t­
lichen  b ek an n te , V e rfa h ren  verw endet. E s soll b e m e rk t w erden , daß sek u n d ä re  
A m inogruppen  e n th a lte n d e  A lkohole n u r  d an n  m it A cy lierungsm itte ln  E s te r  
b ilden , w enn ih re  A m inogruppe  —  am  e in fachsten  d u rch  Salzbildung —  au s  
d er A cylierung ausgeschlossen  w erden. Die Salze d er A m inoalkohole w u rd en  
m it S äurechlorid  (V erfah ren  A) oder in  G egenw art v o n  den  W a sse ra u s tr itts -  
fö rdernden  M itte ln , m it  Säure (V erfahren  B) v e re s te rt.

N ach einem  b e k a n n te n  V erfahren  w erden  das S äurech lo rid  und  das Salz 
des A m inoalkohols in  d er Schmelze in  R eak tio n  g eb rach t [8]. Da der V organg  
die höhere T e m p e ra tu r  der Schm elze n ic h t b e n ö tig t, h ie lten  w ir es fü r g ü n stig e r , 
die R eak tion  in  L ö su n g  (z. B. in  Ä th y la c e ta t)  d u rch zu fü h ren , wobei das Salz 
des A m inoalkohols in  situ  gebildet w urde . In  a ro m atisch en  K ohlenw asser­
stoffen  als L ö su n g sm itte l w urde die V ereste ru n g  — n a c h  der B ildung des S ä u re ­
chlorids — d u rch  E in fü h re n  des A m inoalkohol-Salzes bew erkstellig t.

Z ur u n m itte lb a re n  V eresterung  m it S äu ren  (V erfahren  B) w u rd en  p -  
T oluolsu lfonsäure in  B enzol [9] oder N ,N ’-C arbonyld iim idazol in T e tra h y d ro ­
fu ra n  [10] v e rw e n d e t.
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An der B lock ierung  der A m inogruppe kom m t a u ß e r der Salzb ildung  
noch  irgendeine le ich t ab sp a ltb a re  S chu tzg ruppe  in  F rag e . So w urde  der 
te r t iä re  A m inoalkohol 7b v erw en d e t, d a  dessen A cylierung  eindeu tig  n u r  am
О -A tom  erfolgen k a n n . D as E n tfe rn e n  d er B enzylgruppe w urde  d u rch  H y d ro - 
genolyse des sa lzsau ren  Salzes 8 in  E isessig [11] d u rch g e fü h rt (V erfahren C).

CHsCeHe
Al— COslCHi),,—HN

R

8 Gle

H
Ar—CO — N—(СНз)„—OH 

n = 2. а
и

Bei den A cy ld e riv a ten  von  B e ta - u n d  G am m a-A m inoalkoholen  is t  die 
A cylw anderung  b e k a n n t. Ih re  R ic h tu n g  is t in  saurem  M edium  das O -A cylsalz, 
w äh ren d  in  basischem  M edium  die N -A cy lverb indung  (S äuream id) geb ilde t 
w ird  [12]. Die U m w an d lu n g  der S äu ream ide  9 in  6 d u rc h  A cy lw anderung  
w urde  durch  E rw ärm en  m it sa lzsäu reh a ltig em  Ä th y la c e ta t d u rch g efü h rt (V er­
fa h re n  D). Obw ohl w ir die A uslösung  des en tgegengese tzten  V organges n ic h t 
b eab sich tig ten , s te llte n  w ir bei der b io logisch  äu ß erst a k tiv e n  V erb indung  I I I  
(s. T abelle I) auch  die B ase d ieser V e rb in d u n g  her, um  ih re  S ta b ili tä t  bzw . ih re  
even tue lle  U m setzung  bei basischem  p H  zum  S äuream id  des T yps 9 zu u n te r ­
suchen . L etz teres k ö n n te  näm lich  h in sich tlich  der in te s tin a le n  R eso rp tion  von  
B ed eu tu n g  sein. Die B ase aus I I I  k o n n te  iso liert w erden , jedoch  gelang es 
w eder du rch  E rw ärm en  m it L ö su n g sm itte l, noch  durch  b asische  K a ta ly sa to re n , 
d a rau s  das S äu ream id  9 zu gew innen.

Die A b h äng igke it der О —>- N -A cylw anderung  v o m  S u b s titu e n te n  bei N- 
bzw . O -acylierten  D e riv a te n  von 1 ,2-A m inoalkoholen, im  G egensatz zum  e n t­
gegengesetzten  V organg , w urde  b e re its  d u rch  R ea se n b e r g  u n d  G oldberg  [12] 
b e o b ach te t, ohne je d o c h  eine th eo re tisch e  E rk lä ru n g  des V organgs zu geben.

Die S ta b ilitä t d er B ase von  I I I  (A r =  3 ,4 ,5 -T rim ethoxypheny l), die A b­
w esenheit der О —*- N -acy lw an d eru n g  s te h t in  vollem  E in k lan g  m it dem  
A dd itio n s-E lim in a tio n sm ech an ism u s dieses V organges, w elcher der b im o lek u ­
la re n  nuk leophilen  S u b s titu tio n , z. B . d er H ydro lyse d er E s te r  ähnlich  is t. Bei 
le tz te rem  V organg is t  die W irk u n g  des S u b s titu en ten  a u f  die H y d ro ly se ­
geschw indigkeit des a ro m atisch en  C arbonsäureesters w o h lb ek an n t (sie b e ­
t r ä g t  bei p -N 0 2-B enzoesäu reeste r das 525fache der G eschw indigkeit beim  
p -O C H 3-E ste r [13]). D iese W irk u n g  e rg ib t sich aus dem  G eschw indigkeits­
u n te rsch ied  bei d er A d d itio n  des n u k leoph ilen  Agens (O H ~ ) am  K o h len sto ff 
der E ste rca rb o n y lg ru p p e . Bei e inem  w eniger s ta rk  nuk leoph ilem  A gens 
g e lan g t dieser U n te rsch ied  noch  m eh r zu r G eltung. Folg lich  v e rd a n k t die 
B ase von  I I I  ih re  S ta b il i tä t  dem  T rim eth o x y b en zo esäu re -S tru k tu rte il, da  d e r 
zu r О —* N -A cylw anderung  b en ö tig te  A d d itio n ssch ritt am  A m inocarbonyl- 
K o h len sto ff infolge d er e lek tro n sto ß en d en  E igenschaft d e r M ethoxygruppe(n ) 
n ic h t Z ustandekom m en k an n . A uch  d er en tgegengesetzte  V organg b e im

7 * A cta  C h im . ( Budapest)  8 4 , 1975



2 2 0 HARSÁNYI e t al.: BASISCHE ESTER M IT A N TIA RRH Y TH M ISCH ER W IRK U N G

Tabelle I

Die V erbindungen stehen u n te r Paten tschutz

No. Ar n R
Lit.
n

und
R

Ver­
fahren

Verbin­
dungen

Aus­
beute

%

Schmp.
°C

i 3,4,5-Trimethoxyphenyl 2 Phenetyl 17 Ab 57 183-186

i i 3,4,5-Trimethoxyphenyl 2 Isopropyl 17 Ab 48 169-174

u i 3,4,5-Trimethoxyphenyl 2 Cyclohexyl 18 A - F 79 209-211

IV 3,4,5-Trimethoxyphenyl 2 3,4-Dimethoxy-
phenyläthyl

19 Ab 41 149-151

V 3,4,5-Trimethoxyphenyl 3 Cyclohexyl 20 Ab 68 173-174

VI 3,4,5-T rim ethoxyphenyl 2 Cycloheptyl Ad 20 176-180
VII 3,4,5-Trimethoxyphenyl 2 Cyclopentyl 12 Ab 33 162-166

VIII 3,4,5-Trimethoxyphenyl 4 Cyclohexyl 21 Ad 30 148-150
IX 3,5-Dimethoxy-4-hidroxy-

phenyl
2 Cyclohexyl

18 Ba 10 2 10 -213
X 3,4-Dimethoxyphenyl 2 Isopropyl 17 Ab 40 188-190

XI 3,4-Dimethoxyphenyl 3 Isopropyl 22 Ab 35 168-172
XII 3,4-Dimethoxyphenyl 3 Cyclohexyl 20 Ab 18 176-178

XIII 3,4-Dimethoxyphenyl 2 3,4-Dimethoxy-
phenyläthyl

19 Ab 23 138-140

XIV 2,4-Dichlorphenyl 2 Cyclohexyl 18 Ba 19 209-211
XV 2-Chlor-5-sulfamoyl- 

phenyl [23]
2 Cyclohexyl

18 Ab 3 2 16-219
XVI 3-Sulfamoyl-4-chlorphenyl

[24] 2 Cyclohexyl 18 Ad 31 260
XVII 3 -N itro - 4-chlor- 5 -sulfa- 

moylphenyl [25] 2 Cyclohexyl 18 Ba 4,5 248 Z.
XVIII 3-Pyridil 2 Phenetyl 17 Ab 54 215

XIX 3-Pyridil 2 Cyclohexyl 18 Ab 52 150
XX 3-Pyridil 2 Isopropyl 17 Ab 43 152-158

XXI 2-Furyl 2 Cyclohexyl 18 Ad 14 205-207
XXII 3-Methyl-5-phenyliso-

xazol-4-yl 2 Cyclohexyl 18 Ab 25 1 41-144

* XC1

S äu ream id  9 (Ar =  3 ,4 ,5 -T rim eth o x y p h en y l) k an n  le ich t g e d e u te t w erden: in  
d iesem  F a ll is t die W irk u n g  des S u b s titu e n te n  des a ro m atisch en  R inges —  
ähn lich  wie bei d e r sa u re n  H ydro lyse  d er E s te r  —  bei dem  P ro to n en an g riff  
beg innenden  V organg  u n b ed e u te n d  (die H ydro lysegeschw ind igkeit des p - N 0 2- 
B enzoesäureesters is t  d as  l,12 fache  d er G eschw indigkeit be im  p-O C H 3-E s te r
[14]).

A c ta  C ihm . (B u d a p e st)  8 4 , 1975



H A RSÁ NY I e t al.: BASISCHE ESTER M IT A N TIA RRH Y TM ISCH ER W IRK U NG 2 2 1

“f-
Ar-COO- (CH„)n-N H .,-R X~

Analyse

c H N ci- s
No.

Ber. Gef. Ber. Gef. Ber. Gef. Ber. Gef. Ber. Gef.

60,67 60,53 6,62 6,7 3,54 3,54 8,96 9,2 i
53,97 54,10 7,25 7,11 4,2 4,33 10,62 10,89 и
58,15 57,56 7,56 7,65 3,75 4,34 9,5 9,65 in
57,95 57,7 6,63 6,5 3,7 2,98 7,77 7,87 IV

58,83 59,5 7,79 7,79 3,61 3,64 9,14 8,91 V
58,79 58,26 7,79 7,9 3,61 3,31 9,14 8,9 VI
56,85 55,96 7,29 7,27 3,90 4,07 9,87 9,62 VII
59,77 59,33 8,03 7,97 3,49 3,52 8,83 8,61 VIII
56,84 57,05 7,30 7,15 3,90 4,26 9,87 9,79 IX

55,35 55,60 7,3 7,29 4,61 4,38 11,66 11,45 X
56,68 57,26 7,61 7,15 4,4 4,66 11,15 11,04 XI
60,4 60,9 7,98 8,01 3,92 4,04 9,91 9,88 XII
59,1 57,9 6,62 7,19 3,29 3,04 8,3 7,75 XIII
51,08 51,91 5,72 5,80 3,97 3,95 30,16* 30,55* XIV

45,34 45,2 5,58 5,5 7,05 7,09 8,92 8,59 XV

45,34 45,91 5,58 5,64 7,05 7,22 8,92 8,36 XVI

9,50 9,56 16,03* 16,47* 7,25 7,38 XVII
56,1 56,1 5,85 6,6 8,27 7,3 20,6 19,83 XVIII
52,5 51,4 6,65 6,8 8,8 8,59 22,2 21,07 XIX
54,0 53,9 7,15 7,9 11,45 11,31 14,5 15,41 XX
57,03 57,86 7,35 7,4 5,12 5,10 12,95 12,69 XXI

62,54 62,30 6,91 6,93 7,68 7,65 9,72 9,67 XXII

Die S y n th ese  der E s te r  6 w urde fe rn e r d u rch  A lk y lie ru n g sreak tio n en , 
aus 10 u n d  A m inen  [15] (V erfahren E ) sow ie aus 11 u n d  dem  N atriu m sa lz  d er 
C arbonsäure [16] (V erfahren  F) in d ipo la rem  ap ro tisch em  L ösungsm itte l b e ­
w erkstellig t.

©
CI—(CH ,)n—N H ,—R 

11
A r—COO—(CH.)n—CI 

10
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D ie h e rg este llten  V erb indungen  sin d  in  T ab . I  zu sam m en g efaß t. B eson­
ders die V erb in d u n g  III b esitz t eine in  m ed izin ischer H in sich t n u tz b a re  a n t i ­
a rrh y th m isc h e  W irk u n g . A ngaben  ü b e r  die W irk sam k e it d e r V erb in d u n g en  
so llen  an  an d ere r S telle  v e rö ffen tlich t w erden .

W ir sind H errn  Professor L. Sz e k e r e s  fü r die pharm akologischen U ntersuchungen, 
H errn  I. R em po r t  fü r die Mikroanalysen und  F räulein  M. WuNDELE für die A usführung der 
experim entellen A rbeit zu D ank verpflichtet.

E x p erim en te lle r Teil

Die Schm elzpunkte sind unkorrigiert.

2-Cycloheptylaminoäthanol

In  einem m it w asserabscheidendem A ufsatz versehenen Kolben w urden 56,1 g (0,5 mol) 
Cycloheptanon und 30,5 g (0,5 mol) Ä thanolam in in  200 ml Chloroform gelöst und  bis zum  
Abscheiden der berechneten W assermenge im  Sieden gehalten. Nach Abdestillieren des Lösungs­
m itte ls  wurde der R ückstand  im Gemisch von  200 ml M ethanol und 20 ml W asser m it 10 g 
N atrium borhydrid  reduziert. Nach 1-tägigem Stehen wurde die Lösung in 250 ml 10%ige 
Salzsäure gegossen und  bei verm indertem  D ruck eingedam pft. Der R ückstand  wurde in W as­
ser aufgenommen, m it 40% iger N atronlauge alkalisch gem acht und das abgeschiedene Öl m it 
Chloroform ex trahiert. N ach Abdestillieren des Chloroforms wurde der R ückstand  im V akuum  
fraktioniert. H aup tfrak tion  Kp.: 120—128°C/0,8—1 Hgmm.

ng: 1,4895, A usbeute: 43,6 g (55% )

V erfahren A

a) 2-Cyclohexylaminoäthyl-3,4,5-triniethoxybenzoat- Hydrochlorid (III)

6,92 g 3,4,5-Trimethoxybenzoylchlorid und  5,4 g 2-Cyclohexylam inoäthanol-H ydro- 
chlorid wurden trocken verm ischt und 1 S tunde lang auf dem W asserbad erhitzt. N ach dem 
A bkühlen wurde das Gemisch m it 25 ml wasserfreiem  Ä thanol verrieben und  abgesaugt. 9,9 g 
(88% ) III. Schmp. 203—208 °C. Aus wasserfreiem  Ä thanol um kristallisiert Schmp. 207— 
209 °C.

b) 2-Cyclohexylaminoäthyl-2-chlor-5-sulfamoylbenzoat-Hydrochlorid (XV)

6,3 g 2-Chlor-5-sulfamoylbenzoylchlorid und 4,4 g 2-Cyclohexylam inoäthanol-H ydro- 
chlorid wurden in 50 ml wasserfreiem Ä thy lace ta t bis zum Aufhören der G asentw icklung im 
Sieden gehalten. N ach dem Eindam pfen w urde m it Aktivkohle geklärt und  um kristallisiert. 
1,05 g (11%) XV. Schmp. 216—219 °C.

c) 2-Cyclohexylaminoäthyl-3,4,5-trimethoxybenzoat- Hydrochlorid (III)

2,86 g 2-Cyclohexylaminoäthanol w urden in  30 ml wasserfreiem Ä thy lace ta t gelöst und 
Chlorwasserstoffgas wurde bis zum Erreichen von pH  1 in die Lösung eingeleitet. D anach 
w urden 4,61 g 3,4,5-Trimethoxybenzoylchlorid zugegeben und das Gemisch wurde u n te r R ü h ­
ren  8 S tunden im Sieden gehalten. Nach dem  A bkühlen wurden 6,9 g (92,5% ) III abgeschieden 
Schmp. 207—209 °C.

d) 2-Cyclohexylaminoäthyl-3,4,5-trim ethoxybenzoat-H ydrochlorid (III)

Auf 2,12 g 3,4,5-Trim ethoxybenzoesäure w urden 10 ml Toluol gegossen und 1,19 g 
Thionylchlorid w urden zugegeben. Das Gemisch w urde bis zum Aufhören der Gasentwicklung 
im  Sieden gehalten. Die erhaltene Lösung w urde zu einer Suspension von 1,8 g 2-Cyclohexyl- 
am inoäthanol-H ydrochlorid  in 3 ml Toluol gegossen und bis zum A ufhören der Gasentwick-
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1 ung im  Sieden gehalten. Die nach A bkühlen ausgeschiedenen K ristalle w urden abgesaugt, m it 
wasserfreiem Ä thanol gewaschen und aus 96% igem  Ä thanol u n te r K lären m it A ktivkohle 
um kristallisiert. 2,96 g (79% ) III.

(Anstelle von Toluol wurde auch B enzol als Lösungsm ittel verw endet.)

V erfahren В

a) 2-Cyclohexylaminoäthvl-3,4,5-trim ethoxybenzoat-H ydrochlorid (III)

2,0 g 3,4,5-Trimethoxybenzoesäure, 1,8 g 2-CycIohexylam inoäthanol-Hydrochlorid und 
4,0 g p-Toluolsulfonsäure wurden in 40 m l Benzol 12 S tunden un ter Rückfluß im  Sieden 
gehalten. Nach dem A bkühlen wurde die L ösung m it 10 ml 15% iger N atrium carbonat-L ösung 
und anschließend m it 10% iger Salzsäurelösung ausgeschüttelt. Ans dem salzsauren Lösung 
w urden  0,67 g (19% ) I I I  abgeschieden (Schm p. 210 °C).

b) 2-Cyclohexylaminoäthyl-3,4,5-trim ethoxvbenzoat-H ydrochlorid (III)

Eine Lösung von 1,05 g 3,4,5-Trim ethoxybenzoesäure in 10 ml abs. T etrahydrofuran  
w urde un ter Kühlen tropfenweise zu einer Lösung von 0,8 g N ,N ’-Carbonyldiimidazol in 20 ml 
abs. Tetrahydrofuran gegeben. Anschließend w urde 0,5 S tunden bei R aum tem peratu r und 
1 S tunde bei 50 °C gerührt. Das nach dem E indam pfen  zurückgebliebene Öl wurde m it 0,8 g 
2-Cyclohexylam inoäthanol-H ydrochlorid in  20 m l Toluol versetzt und 15 S tunden im  Sieden 
gehalten. Nach dem A bkühlen wurden 0,4 g (21% ) II I  abgeschieden.

V erfahren C

2-(N-Benzyl-N-cyclohexylamino)äthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (8,

Ar =  3,4,5-Trim ethoxyphenyl, n — 2, R =  Cyclohexyl)
2,3 g 3,4,5-Trimethoxybenzoylchlorid und  2,7 g 2-(N-Benzyl-N-cyclohexylamino)- 

äthanol-H ydrochlorid (7b, R  =  Cyclohexyl, n =  2) [26] wurden in 30 ml Toluol bis zum  A uf­
hören der Gasentwicklung im  Sieden gehalten. Der nach dem Eindam pfen erhaltene R ück­
stand  wurde zweimal aus wasserfreiem Ä thano l um kristallisiert. A usbeute 2,5 К (55% ), 8. 
Schm p. 180— 182 °C.

Analyse:
Вег. C 64,71 H 7,38 N 3,02 CI“ 7,64 
Gef. C 64,78 H  7,52 N 2,98 CI“ 7,41

2-Cyclohexylaminoäthyl-3,4,5-trim ethoxybenzoat Hydrochlorid (III)

1,4 g 2-(N-Benzyl-N -cyclohexylam ino)äthyl-3,4,5-trim ethoxybenzoat-H ydrochlorid 
w urden in  35 ml Eisessig gelöst und in G egenw art von Palladium -K ohle hydriert. Die R eak­
tion  verlief sehr rasch. N ach Abfiltrieren des K atalysators wurde die Lösung eingedam pft. 
Es w urden 1,0 g (90% ) I I I  erhalten.

V erfahren D

N -(2 -Hydroxyäthyl)-N-cyelohexyl-3,4,5-trimethoxybenzamid (9)

(Ar =  3,4,5-Trim ethoxyphe­
nyl, n =  2, R =  Cyclohexyl)

4,3 g 2-Cyclohexylaminoäthanol und  3,04 g T riäthy lam in  w urden in 50 ml abs. Pyrid in  
gelöst. Bei 25—30 °C w urde eine Lösung von  6,92 g 3,4,5-Trimethoxybenzoylchlorid in 20 ml 
abs. Pyrid in  tropfenweise zugegeben. Das G em isch w urde weitere 3 S tunden bei 50 °C gerührt 
und bei verm indertem  D ruck  eingedampft. D er R ückstand  wurde in Chloroform gelöst, m it 
W asser gewaschen und w ieder eingedampft. Aus D iisopropyläther wurde, u n te r K lären  m it 
A ktivkohle, um kristallisiert. Es wurden 3,35 g (30% ) des B enzam idderivats erhalten. Schmp. 
125— 128 °C.

Analyse: C18H„7N 0 5 (337,41)
Вег. C 64,07 H 8,07 N 4,15 
Gef. C 64,25 H  8,04 N 4,25
Im  IR -Spektrum  m eldet sich eine s ta rk e  OH-Bande bei 3420 cm -1 und eine A m id­

bande bei 1620 cm -1.
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2-Cyclohexylaminoäthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (III)

1 g N -(2-H ydroxyäthyl)-l-cyclohexyl-3,4,5-trim ethoxybenzam id (9) w urden in 20 ml 
Ä thy lace ta t gelöst und m it HCl-Gas gesättigt. N ach 1-stündigem  Sieden w urden 0,75 g (66% ) 
III abgeschieden.

2-Cyclohexylaminoäthyl-3,4,5-trimethoxybenzoat

40 g 2-C yclohexylam inoäthyl-3,4,5-trim ethoxybenzoat-H ydrochlorid (III) w urden in 
200 m l W asser bei 40— 45° C suspendiert, m it 40% iger N atrium hydroxydlösung auf pH  8 ein­
gestellt, m it Chloroform ausgeschütte lt und die organische Phase im  V akuum  eingedam pft. 
Der R ückstand  wurde aus P etro lä ther u n te r K lären  m it A ktivkohle um kristallisiert. Es w ur­
den 32,1 g farblose K ristalle erhalten; Schmp. 48—50 °C. Zur Reinigung wurde die Substanz 
in 100 m l D ichlorm ethan gelöst, m it 30 m l 2 re N atrium hydroxydlösung durchgeschüttelt und 
die D ichlorm ethanphase w urde eingedam pft. Der R ückstand  wurde aus P etro lä ther um krista l­
lisiert. A usbeute 21,3 g (60% ) der Base von III, Schmp. 51— 53 °C.

Analyse C18H 27N 0 5 (337,41)
Вег. C 64,07 H 8,07 N 4,15 
Gef. C 64,27 H  7,94 N 4,17

Im  IR -S pek trum  m eldet sich eine intensive C abonylbande bei 1705 cm -1.

Umlagerungsversuche

1 g der Base von III und 0,05 g N atrium m ethy la t w urden in 25 m l Lösungsm ittel 
16 S tunden  auf dem W asserbad erhitz t; es w urde keine V eränderung beobachtet. Als Lösungs­
m itte l w urden Ä thy lace ta t, Benzol, Pyrid in , M ethyläthylketon, Sulfolan, D im ethylform am id, 
Ä thanol, Isopropyläther, N -m ethylpyrrolidon-2 verw endet.

Beim R ühren von 1 g der Base in 25 ml 2 re N atrium hydroxydlösung bei 50 °C w urde 
der E ste r hydrolisiert.

Verfahren E

2-Cyclohexylaminoäthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (III)

5,95 g Cyclohexylamin wurden in 10 ml D im ethylsulfoxyd gelöst und  eine Lösung von
5,5 g 2-C hloräthyl-3,4,5-trim ethoxybenzoat (10; Ar =  3,4,5-Trim ethoxyphenyl, re =  2) [15] 
in  20 m l D im ethylsulfoxyd wurde zugegeben. Das Gemisch wurde 8 S tunden auf dem W asser­
bad  erw ärm t und anschließend eingedam pft. Der R ückstand  wurde in  Chloroform gelöst, m it 
W asser gewaschen und  die chloroformische Phase m it HCl-Gas gesättigt. M it Ä ther gefällt 
w urden 2,3 g (31%) III erhalten.

Verfahren F

2-Cyclohexylaminoäthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (IH)

1,7 g N atrium -3,4,5-trim ethoxybenzoat, 1,45 g N -(2-Chloräthyl)cyclohexylamin- 
H ydrochlorid (11; R =  Cyclohexyl, n =  2) [27] und  einige N atrium jodid-K ristalle w urden 
in  30 ml D im ethylform am id gelöst. Das Gemisch w urde 24 S tunden auf dem W asserbad 
erw ärm t, die nach dem Abkühlen abgeschiedene Substanz abfiltriert und das F iltra t einge­
dam pft. Der R ückstand w urde aus 96% igem Ä thanol u n te r K lären m it Aktivkohle um krista l­
lisiert. Es wurden 0,75 g (27% ) HI erhalten.
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In  th e  s tru c tu re -a c tiv ity -re la tio n sh ip  s tud ies of b io logically  ac tiv e  
p ep tid e s , th e  sy n th es is  o f analogs p lays an  im p o r ta n t ro le. R ap id  an d  sim ple 
m e th o d s  are  g re a tly  needed  from  th is  p o in t o f  view . W e have  re c e n tly  re p o rte d  
a novel m ethod  o f p e p tid e  syn thesis  [1], in  w hich, w ith  or w ith o u t iso la tio n , an d  
sim ple p u rific a tio n  o f th e  in te rm e d ia te s , i t  is possible to  co n tro l ev e ry  s tep  of 
th e  sy n th esis  an d  th e  req u ired  tim e  fo r th e  sy n th esis  of m edium -size p ep tid e s  
is a p p ro x im a tiv e ly  one day . To d em o n stra te  th e  ap p licab ility  of th is  m e th o d , 
now  we w ish to  re p o r t  th e  novel an d  ra p id  syn th esis  of o x y toc in  in  d e ta il. T he  
re q u ire d  tim e  fo r th e  syn thesis  o f th e  p ro te c te d  n o n ap ep tid e  w as 10 h rs w ith  
an  overa ll y ield  o f 39% .

E xperim en ta l

General. Melting po in ts were taken  on a dr. T ottoli (Biichi) apparatus and are uncor­
rected. The optical ro ta tions were determ ined on a Perkin-E lm er 141 photoelectric polarim éter. 
The tic  was run  on Kieselgel nach Stahl, using the  following solvent systems: (1) EtO Ac: 
(pyridine: AcOH: w ater =  20 : 6 : 11) =  9 : 1 ;  (2) EtO A c : (pyridine : AcOH : w ater =  
=  20 : 6 : 11) =  4 : 1; (3) EtO Ac : (pyridine : AcOH : w ater =  20 : 6 : 11) =  3 : 2; (4) 
chloroform : п-hexane: AcOH =  8 : 1 : 1. The amino acid analyses were performed on a BioCal 
200 analyzer using Chromex UA 8 resin.

Synthesis of Z-Cys(Bzl)-Tyr(EO C)-Ile-Gln-A sn-Cys(Bzl)-Pro-Leu-Gly-N H 2. To a solu­
tion  of 0.62 g (4 mmol) Gly-NH8-H B r and 0.84 ml (6 mmol) of TEA  in 6 ml DMF, 0.80 g (2 
mmol) of BOC-Leu-OPFP [2] were added and after 5 min the solvent changed to 20 ml chloro­
form. This solution was ex tracted  w ith 10% citric acid solution and w ith 5% N aH C 03 solution, 
bo th  sa tu ra ted  w ith NaCl. A fter drying, the solvent was evaporated and the protected dipeptide 
(Ry =  0.5) was dissolved in  5 ml of freshly prepared 60% HBr/dioxane. A fter 5 min the di­
peptide • HBr(Ry =  0.15) was precip itated  and washed w ith d ry  ether then redissolved in the 
m ix ture  of 20 ml chloroform and 1 ml DMF. The pH  was adjusted  to 8.5 by  means of TEA.* 
To th is solution was added 2.1 g (4 mmol) of BOC-Cys(Bzl)-Pro-OPFP prepared according to 
[2] (m .p. 74 —75°C; R} =  0.7; analysis: calcd. C 54.1; H 4.7; N 4.9; found C 55.0; H  4.7; N 
5.0% ; ( oc) d4 =  —82.1°, c =  1, dioxane), and the excess of active ester was rem oved by tr i­
tu ra tio n  of the evaporated reaction m ixture w ith ether. The isolated te trapep tide  (Ry =  0.45; 
m .p. 161 —162 °C) was trea ted  w ith 10 m l of 60% H Br/dioxane and the free te trapep tide  
(Ry =  0.35) isolated by  m eans of d ry  ether was dissolved in 10 m l of DMF. To th is solution
1.6 g (4 mmol) of BOC-Asn-OPFP [2] was added and  after 5 m in the protected pentapeptide 
(Ry =  0.25) was isolated b y  tr itu ra tion  of the evaporated  reaction m ixture w ith chloroform. 
The deprotection was carried out by means of 13 m l H Br/dioxane and after 12 min the free 
peptide (Ry =  0.3) was isolated in the usual way, then  dissolved in 15 ml of DMF. To th is

* Before the acylation  reactions in every step, it  is im portan t to  ad just the pH  of the 
solution by means of TEA  and to  m aintain  this value during the reaction.
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solution 1.65 g (4 mm ol) of BOC-Gln-OPFP [2] was added, and after 25 min the solvent was 
rem oved and the p ro tected  hexapeptide (R / =  0.5) obtained by tr itu ra tion  of the residue w ith 
chloroform , was trea ted  w ith  15 ml of 60% H B r/dioxane for 12 min. The free peptide (Щ  
=  0.25) obtained by  m eans of d ry  ether trea tm en t, was dissolved in 15 ml of DMF and to this 
solution 2.4 g (6 mmol) o f BOC-Ile-OPFP [2] was added. A fter 25 min, working in the same 
m anner as described above, 1.05 g (55% yield based on BOC-Leu-OPFP) of isolated, protected  
hep tapep tide  (R) =  0.6) was obtained. 0.45 g (0.47 mmol) of the protected heptapeptide was 
tre a te d  w ith 20 ml of 50%  H Br/dioxane and the  free peptide (R / =  0.2) was isolated in the 
usual w ay then  redissolved in  8 ml DMF. To th is solution 1.56 g (3 mmol) of BOC-Tyr(EOC)- 
O P F P  (m .p. 160 —161°C; R} =  0.75; (a)B =  -2 3 .5 ° , c =  1, EtOAc) was added and after 25 
m in th e  resulting gel was precip itated  and isolated by  m eans of ethanol. The protected  octa- 
pep tide  (Ry =  0.7) was tre a ted  w ith 20 ml of 50% H B r/dioxane for 13 min and the free octa- 
pep tide  (R | =  0.3) obtained  by means of d ry  e ther was dissolved in 6 ml of DMF. In  th e  last 
cycle 1.53 g (3 mmol) o f Z-Cys(Bzl)-OPFP [3] was used in the acylation step for 25 m in and 
tb e  p ro tected  nonapeptide was isolated by  m eans of m ethanol. Overall yield: 0.47 g (39%). 
M .p.: 257 —258°C, R ) =  0.3, R / =  0.75, (a)B =  -4 6 .4 °  (c =  1.2 DMF).

Deprotection and oxidation. 250 mg of the p ro tected  nonapeptide obtained was selec­
tive ly  deprotected: first, th e  ethoxycarbonyl group was rem oved in liquid N H 3** (yield: 90.7% , 
R / =  0.70) then the o ther protecting groups in  one step in the usual way [4]. A fter oxidation 
in  th e  presence of H 20 2 th e  crude product was once purified on CM-Sephadex column and 
a fter liophylization 51.1 m g peptide was obtained w ith a to ta l activ ity  of 17.520 IU .

R E FE R E N C E S

[1] K is f a l u d y , L., S ch ö n , I., Szir t e s , T., N y é k i , О., L o w , M.: Tetrahedron L ett. 1785
(1974)

[2] K is f a l u d y , L., L öw , M., N y é k i , О., Sz ir t e s , T., Schön , I.: Liebigs Ann. Chem. 1421
(1973)

[3] K isfaludy, L., R oberts, J. E., J ohnson, R. H ., Mayers, G. L., K ovács, J.: J. Org.
Chem. 35, 3563 (1970)

[4] du  Vigneaud, V., R essler, C., Swan, J. М., R oberts. C. W., Katsoyannis, P. G.:
J . Amer. Chem. Soc. 76, 3115 (1954)

L aio s K is f a l u d y ! _„
I t  '  Sch"n I B u d ap est 10. Pf. 27. H u n g a ry .

** In  the presence of sodium m etal, a side reaction was observed, as indicated by  amino- 
acid analysis.
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РЕЗЮ М Е

Ионообменное равновесие некоторых моновалентных анионов
Э. Ф Е К Е Т Е  и Й. И Н Ц ЕДИ

Были определены константы ионообменного равновесия хлоратных, броматных, 
гидрокарбонатных, иодатных и гидроксильных ионов по отношению к хлоридным ионам. 
Изменения проводились на смоле Доуэкс 1 х 8  при температурах 18, 28 и 38°С. Н а основе 
уравнения Салмона, выведенного исходя из теории статистической термодинамики, были 
рассчитаны величины изменения свободной энтальпии, а такж е величины изменения 
энтальпии и энтропии.

Дипольная ассоциация нитробензола в неполярных растворителях
й. лиси

М олярная поляризация нитробензола была исследована в четыреххлористом угле­
роде, н-гептане и в бензоле. Н а основе результатов исследований можно заключить, что 
дипольная ассоциация нитробензола усиливается с увеличением концентрации нитробен­
зола. Д л я  описания результатов пригодным оказалось уравнение Сугдена.

Механизм окисления циклогексанона хлорамином-Т
С. П. МУШ РАН, Р. САНЕХИ и А. К. БО У З

Было проведено кинетическое изучение окисления циклогексанона хлорамином-Т в 
щелочной среде. Была обнаруж ена зависимость первого порядка по хлорамину-Т, цикло­
гексанону и щелочи. п-Толуолсульфонамид не оказывал, однако, никакого влияния. Н е­
значительный эффект ионной силы и сильный отрицательный эффект концентрации мета­
нола указываю т на то, что реакция протекает по механизму, включающему, в качестве 
ступени определяющей скорость реакции, взаимодействие энольного аниона циклогекса­
нона с хлорамином-Т. Различные термодинамические параметры, а  такж е результаты изо­
лирования конечного продукта — 1,2 -циклогександиона — подтверждают предложенный 
механизм.

О возможностях дигитального определения параметров контактно­
каталитического гидрирования этилена, III

Оценка констант стационарной скорости реакции
П. К Е Н И Г и П. ФЕЙЕШ

Бы л рассмотрен вопрос о том, что механизм Хориути Поляни, приписываемый 
контактно-каталитическому гидрированию этилена, в какой степени согласуется с литера­
турными кинетическими данными. Используя метод стационарных концентраций для



компонентов, адсорбируемых на катализаторе, численное решение дифференциального 
уравнения, выведенного в первой части этой серии сообщений, сопоставляли с эксперимен­
тальными кинетическими кривыми, причем оценка параметров производилась с помощью 
метода нелинейных наименьш их квадратов и на основе принципов, изложенных во второй 
части этой серии сообщений.

Строгий статистический анализ результатов оптимализации позволяет опознавание 
границ справедливости модели, а такж е ее дальнейшего развития. Результатом служ ат два 
возможных приближения этой проблемы, первое из которых правильно описывает кинети­
ку  изучаемой реакции при каком-то определенном составе смеси, но не способно отобра­
ж ать  влияния значительных изменений состава, в то время как  второе приближение хо­
рошо отраж ает последнее, однако, не прилегает к  отдельным кинетическим кривым с точ­
ностью, соответствующей строгим статистическим требованиям. Можно полагать, что 
основные положения ассоциативного механизма правильны, однако, приводят к  чрезмер­
ному упрощению действительных условий сорбции.

О кинетических уравнениях многостадийных электродных процессов, I
Л . КИШ и Й. ФАРКАШ

Было выведено и рассмотрено уравнение поляризационной кривой для много­
стадийной ионизации металлов и восстановления металлических ионов для случая пере­
напряж ения перехода. Н ами была рассчитана концентрация промежуточных продуктов у 
поверхности электрода в зависимости от потенциала электрода, то есть от плотности тока 
электрода.

Получение 0-замещенных гидроксиламинов, I
э. к а с т р е й н е р , г . с и л а д и , й . к о ш а р и , ж . ХУСТИ и  м . к ю р т и

В ходе получения 0-замещ енных гидроксиламинов, обладающих энзим-парализующим 
влиянием на гистидин-декарбоксилазу, из М-(замещенных окси)-фтальимидов был найден 
новый метод дефталоилирования, сущность которого заключается в том, что вместо гидра- 
зинового способа, известного в литературе, для удаления фталоил-группы были использо­
ваны первичные амины.

Преимущество данного метода заключается в возможности его широкого использо­
вания, проведении реакции в мягких условиях, высоких выходах, а такж е возможности 
использования для получения с хорошими выходами О-замещенных гидроксиаминов, со­
держ ащ их группы, чувствительные к  гидразину.

В ходе исследования механизма реакции удалось изолировать диамиды N-алкил- и 
1\т-(замещенный окси)-фталевой кислоты. Было исследовано влияние растворителя, раз­
бавления, основность первичных аминов и их стерических условий на ход реакции. Среди 
изученных соединений 2-гидрокси-5-карбометокси-бензилоксинамин был направлен на 
клинические исследования.

Триарилметаны, VI

Реакции нафтохинон-дифенилметидов с органометаллическими
соединениями

А. Ф. МОХАМЕД ЭЛКАСЧЕФ, Ф. М. Е. А БД ЕЛ Ь-М ЕГЕЙ Д  и С. М. М. ЭЛЗЕЙ Н

Реакция 1,2-нафтохинон-дифенилметида с органометаллическими соединениями 
происходит согласно механизму 1,4-присоединения. Исключение представляет 1-нафтил- 
литий, где наблюдается дальнейшее замещение группы ОН 1-нафтилловой группой. 1,4- 
Нафтохинон-4-дифенилметид реагирует по механизму 1,2-присоединения с последующей 
миграцией группы ОН к  С-6 .



Конформация 3,7-диазобицикло [3.3.1] нонанов, I
П. Ш ЕЙВЕР и к . НАДОР

Был описан конформационный анализ некоторых ]М,М’-диалкил-1,5-дифенил-диаза- 
бицикло [3.3.1] нонанов. На основе данных И К  и ЯМ Р спектроскопии, а такж е дипольных 
моментов, было показано, что 1М,М’-диметил производные с оксогруппой в полож ени и 
находятся в конформации стул-ванна, в то время как  в случае 1М,]М’-ди-трет-бутил произ­
водных следует считаться такж е и с конформацией ванна-ванна. В 9-гидрокси производ­
ных, между ОН и третичным азотом образуется сильный интрамолекулярный водородный 
мостик, который стабилизирует одно из шестичленных колец в форме стула.

Диамагнитное смещение системы дибензоциклогептатриенового кольца в 
некоторых производных ациламиномалонового эфира

П. ШОХАР, Й. КОШ АРИ и Э. К Е С Т РЕЙ Н Е Р

В ЯМ Р спектрах диэтил-2-формиламино- и 2-ацетиламино-2-(дибензо/а,е/циклоген- 
тен-5’)-ил-малонатов (III, R =  Н, Me) наблюдается сильное диамагнитное смещение 
этильных и ацильных (формил и ацетил, соответственно) протонов — по сравнению с ацил- 
амидомалоновыми эфирами II  — вследствие анизотропного эффекта ароматических колец.

4-8-Замещенные 2,6-динитроанилина
Э. ПАЛОШИ, К. ХАРШ АНИ и Г. Х Е Й Я

Исходя из Э,8-диметил-(4-гидроксифенил)-сульфониевой соли (4), был проведен 
синтез ]М,ГЧ-диалкил-2, 6 -динитроанилинов, замещенных в положении 4 метилтио-, метил- 
сульфинил- и метилсульфонил-группами.

Основные эфиры с антиаритмическим эффектом
К. ХАРШАНИ, Г. Х ЕЙ Я  и Д . К А РБО Н И Ч

Эфиры А р— С 0 2(СН2)п N H 2—R (6 ), имеющие терапевтическое значение, были полу­
чены различными путями. Хотя в случае амида кислоты (Ар = 3  4, 5-триметоксифенил и 
п =  2) (9) под влиянием кислоты образуется основной эфир, однако, миграцию ацила
0-*-N из основания эфира осуществить не удалось.
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T A N D E M  T I T R A T O R

К . I k r é n y i

(Eötvös Loránd University Petrology -  Geochemistry Department) 

Received Septem ber 24, 1973

A ti tra to r  was developed w hich can expand th e  conductom etric volum etric 
determ inations on the fields of acid-basic, redox, p recip itation , complexometric and 
chelatom etric titra tions. The construction  of the d ifferential recording conductom etric 
ti tra to r (Tandem  T itrato r) consists of a double titran t-delivery  system, a d ifferential 
conductivity  m eter, two conductom etric 'ell- and a recorder. By means of new end­
point indications the tandem  system  m al es possible th e  considerable elim ination of 
m atrix  effects and determ ination of two coi \ponents in  a simple titration.

1. In troduc tion

T he c o n s tru c tio n  o f a co n d u c to m etric  t i t r a to r  w as purposed w hich  can  
e x ten d  th e  co n d u c to m etric  en d -p o in t de tec tio n  on w id er fields of v o lu m e t­
ric  d e te rm in a tio n s .

T he co n d u ctan ce  can be m easu red  by  d irec t c u rre n t and  a l te rn a tin g  
cu rren t. In  case of d .c .-m easu ring  tech n iq u e  non  p o la rizab le  e lectrodes [1], 
cells w ith  a u x ilia ry  electrodes (e.g. [2]), or reversib le  redox  electrodes w ith  
low vo ltage  [3] are used  for e lim in a tio n  of u n d esirab le  effect of e lec tro d e  
po la riza tio n . K o h l r a t j s c h  suggested  th e  use of a lte rn a tin g  cu rren t for d ec rea s­
ing  of po la riza tio n . L ow -frequency  a.c. com pensa tiona l (bridge) m e th o d  or 
co n tin u o u sly  m easu ring  c o n d u c tiv ity  m eter are u sed  for d e te rm in a tio n  of 
ad m itta n c e , h o w ev er, th e  h ig h -freq u en cy  conductance  or susceptance also can  
be m easured  b y  bridge connection  (e.g. double T -b ridge  [4]). The oscillom etric  
ind ica tio n  is lim ited  b y  th e  ava ilab le  section  of fu n c tio n  betw een th e  o bserved  
sign and  co n cen tra tio n  (e.g. [5] 14. tab u la tio n ). B ecau se  th e  c o n d u c tiv ity  of 
sam ple is n o t g iven  only  b y  th e  ion  to  be t i t ra te d , m ay b e  th e  absence o f  e n d ­
p o in t d e tec tio n  can  be realized . F o r th is  reason, d isreg a rd in g  th e  d.c.- a n d  h igh- 
frequency  m eth o d s, th e  in d ic a to r  u n it  of th e  t i t r a to r  in  th e  following is a low  
frequency  c o n d u c tiv ity  m e te r w here  th e  c o n cen tra tio n  of ions and  th e  co n ­
d u c tiv ity  a re  lin ea r p ro p o rtio n a l in  f irs t ap p ro x im atio n .

The co n d u c to m etric  t i t ra t io n s  are n o t v e ry  fa r  cu rren t on th e  f ie ld  of 
app lied  an a litic a l chem istry , th e  reason  for th is  c an  be sum m arized  in  th e  
follow ing:

1 A c ta  Chitti. (B u d a p est) 8 4 , 1975
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W hen  th e  change o f  co n d u c tiv ity  o f t i t r a t in g  reaction  is s ig n ifican tly  less 
th a n  th e  co n d u c tiv ity  o f  sam ple so lu tion  to  be t i tra te d  (e.g. re d o x  ti tra tio n  
in  s tro n g  acidic m ed iu m , com plexom etric  t i t r a t io n  in buffered  m ed ium  etc.), 
th e  end -p o in t of t i t r a t io n  can be observed  poo rly , or th e  e n d p o in t detection  
does n o t occur.

N o t only th e  t i t r a t io n  reaction  causes th e  change of c o n d u c tiv ity  during  
th e  t i t r a t io n  b u t o th e r  effects too (d ilu tio n , change of te m p e ra tu re , change 
of d issociation , seco n d ary  reactions etc .) w hich  resu lt d e fo rm atio n s on th e  
lin e a r  section  of t i t r a t io n  curve, and  th e  u n c e r ta in ty  of en d -p o in t ev a lu a tio n  
can  arise.

T he change of c o n d u c tiv ity  in ce rta in  an a ly tica l reac tions, i.e. th e  change 
o f c o n d u c tiv ity  per g ra m  equ iv a len t, can  be  a ra th e r  low v a lu e , th e  ind ica tio n  
is n o t sensitive (e.g. som e ligand change reac tio n s , m olecule reac tio n s etc.).

T he tem p e ra tu re  co m pensa tion  (e.g. [6], [7] w ith  aid o f th e rm is to r) and  
th e  in itia l c o n d u c tiv ity  com pensation  [7], [14] are solved b y  m eans of expe­
d ie n t con d u c to m eter co n stru c tio n s. T itra t io n  w ith  re la tiv e  co n cen tra ted  
t i t r a n t  is used to  e lim in a te  th e  d ilu tion , h u t  th is  can dam age th e  accuracy.

T he overseas (e.g. Leeds and N o rtru p  Co., In d u s tr ia l In s tru m e n ts  Inc. 
etc .) and  th e  E u ro p ean  (e.g. R ad iom eter, M etrohm ) firm s p u t  in  c ircu la tion  
t i t r a to r s  w hich can o p e ra te  w ith  th e  a id  o f  conductom etric  in d ica tio n  too, 
b u t  th e se  in s tru m en ts  c o n s titu te  a su b o rd in a te  p a r t  beside th e  t i t r a to r s  based  
u p o n  p o ten tio m etric  in d ica tio n .

T he abo v e-m en tio n ed  troub les w ere p u rp o se d  to  be e lim in a ted  on the  b a ­
sis o f  d ifferen tia l m ea su re m e n t which is easy  to  find  a t th e  co n stru c tio n s of 
an a ly tic a l chem ical in s tru m e n ts . A ccord ing ly , th e  difference betw een  tw o, 
a p p ro x im a te ly  id en tica l system s is m easu red , w hich system s d iffer from  each 
o th e r  on ly  a t  the  sam p le  or th e  ad eq u a te  co m p o n en t of sam ple . T he sign of 
ex p ed ien t difference m e te r  can  be a d iffe ren tia ted  sign w hich is a change ra tio  
or d iffe ren tia l ra tio  to  th e  in te res ted  v a riab le , e.g. th e  co n cen tra tio n  of sam ple 
to  be  determ ined . O n th e  o th e r han d , th e  d e riv a tiv e  m ethod , w hich  is often 
u sed  in  th e  in s tru m e n t tech n iq u es  (e.g. p o te n tio m e tric  t i tra to rs ) , re su lts  in  th e  
d iffe ren tia l of sign in  th e  function  of tim e  (e.g. R-C c ircu it an d  inductive  
d e riv a tiv e  un it).

T he ti tr im e try  m easu rin g  betw een tw o  t i t ra t io n  system s o rig in a tes  from  
C o x  [8], and  th is is u se d  w ith  th e  aid o f th e rm o m etric  in d ica tio n  according 
to  B a r k ’s book of re fe ren ce  [9].

Tw o fu n d am en ta l construc tions o f au to m a tic  t i tra to rs  h av e  form ed: 
p re -se t an d  record ing  constru c tio n s. A ccord ing  to  R o b i n s o n ’s [10] and  
L i n g a n e ’s [11] in i t ia tiv e  w orks num ero u s ty p es  of a u to m a tic  titra to rs  
ap p ea red  till now. T h e  b u r e t  of p re-se t t i t r a to r s  differs from  th e  tra d itio n a l 
b u re t only  in the use o f  va lve  w hich delivers th e  flow of t i t r a n t ,  and  i t  is 
co n tro lled  by  the  m easu red  electrochem ical sign. The record ing  t i t r a to r s  have

Acta Chim. (Budapest) 84, 1975



IK R É N Y I: TANDEM  TIT R A T O R 231

a u n it de livering  u n ifo rm ly  the  t i t r a n t  w hich  is a p lunger b u re t in general. 
A lth o u g h  h ig h  accu racy  (0.10—0.05% ) is p rom ised  b y  th e  m an u fac tu rin g  
firm s in  th e  specifica tion  o f pre-set t i t r a to r s ,  th e  problem s of th e  p re -se t system  
arise d u rin g  th e  a n a ly tic a l chem ical p ra c tic e . T he p re -se t sign according to  
th e  en d -p o in t can be d ifferen t in th e  case o f d iffe ren t sam ples, therefo re  th e  
v a lu e  of th is  sign shou ld  be w orked o u t  ex p erim en ta lly  from  tim e  to  tim e. 
T he use o f t i t ra to rs  to  reco rd  the  t i t r a t in g  curve  proves to  be m ore a d v a n ta ­
geous w hen these  p ro b lem s appear. A ll th e  sam e, th e  p re -se t t i t r a to r s  are 
c u rre n t because th e y  su p p ly  a lo t o f t i tr im e tr ic  exercices u n d er sa tis fac to ry  
accu racy  an d  th e y  are  cheeper th a n  th e  reco rd ing  ti tra to rs .

T he possib ility  o f  pre-set c o n d u c to m e tric  t i t r a to r  was proposed  by  
D e l a h a y  [12] w here th e  t i t r a n t  d e liv e ry  w as con tro lled  b y  th e  d e riv a ted  
c o n d u c tiv ity  sign, b u t  th e  co n d u c to m etric  t i t r a to r s  are  m ade in  record ing  
co n stru c tio n  above all, because of m en tio n ed  problem s of con d u c to m etric  
in d ica tio n s . An ex am p le  of th is is th e  t i t r a to r  in  th e  follow ing, th e  ex p eri­
m en ta l ch a ra c te r  of th e  t i t r a to r  needs, as a m a tte r  o f course, to  be su itab le  
for record ing .

2. In s tru m e n t

A d ifferen tia l con d u c to m etric  reco rd in g  t i t r a to r  w as m ade on th e  above- 
m en tio n ed  concep tions. I t  consists o f  a double titra n t-d e liv e ry  u n it , tw o  
co n d u c to m etric  e lec tro d e  pairs im m ersing  in to  th e  t i t r a t in g  po ts, a record ing  
c o n d u c tiv ity  m eter m easu ring  th e  d ifference  b e tw een  th e  tw o cells, w hich w as 
nam ed  T an d em  T itra to r . The techn ica l n o m en c la tu re  uses th e  E nglish  ‘tandem " 
w ord  on double-series system s, th e  t i t r a to r  in  th e  follow ing m easures th e  co n ­
d u c tiv itie s  of cells in  series b u t c o n tra ry  sign connection .

2.1. Tandem  Titrator

T he dev e lo p m en t o f model of T a n d e m  T itra to r  w as carried  o u t b y  th e  
schem e in Fig. 1.

T he 1 m oto r d riv es  th e  2 screw  sp ind le  on w hich th e  3 th re a te d  ru n n e r 
feeds th e  5 p lungers o f  th e  4 b u re ts . T h e  q u a n ti ty  of t i t r a n t  u n till th e  stop  
of t i t r a t io n , i.e. th e  to ta l  p a th  of p lu n g e r feed, can  be a d ju s ted  b y  th e  6 lim it 
sw itches. A d ev ia tio n  betw een th e  zero  p o in t of th e  tw o p lungers can be 
p ro d u ced  by  th e  7 ca lib ra ted  screw. T h e  ra te  of de livery  an d  th e  un ifo rm  
m otio n  o f feed a d ju s tin g  in  advance a re  g u a ra n te e d  b y  th e  9 reg u la to r u n it  
w h ich  is connected  w ith  th e  8 ta c h o m e te r  g en e ra to r an d  is fed b ack  to  th e  
m o to r. T he b u re ts  ge t th e  t i t r a n t  from  th e  10 p o ts  and  feed in to  th e  11 t i t r a t ­
ing beakers. An analogous electrical sign p ro p o rtio n a l to  th e  q u a n tity  o f 
t i t r a n t  is supplied  b y  th e  12 helical p o te n tio m e te r  w hich is d riven  by  th e  
2  screw  spindle w ith  th e  13 gearing (like th e  K a t e m a n ’s system  [13]). T he

1* Acta Chim. (Budapest) 84, 1975



232 IK R É N Y I: TANDEM  TITRATOR

Fig. 1. Tandem  T itra to r

14  conduc tom etric  e lec trodes im m erge in to  th e  t i t r a t in g  beak ers , th e  cell 
c o n s ta n ts  of w hich are equal. T he 15 s tirre rs  supp ly  th e  in ten siv e  and  id en tica l 
m ix in g  o f sam ple so lu tions. T he difference betw een  th e  co n d u c tiv ities  o f so lu ­
tio n  is m easured  by  th e  16 d iffe ren tia l co n d u c tiv ity  m eter, its  sign gets to  th e  
f i r s t  channel of 17 reco rd e r, th e  analogous vo ltag e  o f t i t r a n t  vo lum e gets to  
th e  o th e r  channel from  th e  12 he lipo t.

T h e  constru c tio n  like th is  m akes possible to  reg istre  tw o variab les , th e  
c o n d u c tiv ity  and  th e  t i t r a n t  vo lum e, in th e  fu nc tion  of tim e  on th e  g ra p h , 
i.e. th e  k in e tic  in v e s tig a tio n  o f th e  t i t r a t in g  reac tio n  can be m ade possib le. 
T h e  k in e tic  t i t ra t io n  cu rv e  is genera lly  needed  developing a new  v o lu m e tric  
d e te rm in a tio n .

2.2 . In terflux iona l B uret

T he record ing  t i t r a to r s  o p era te  w ith  m o to r-d riv en  p lunger b u re ts  in  
gen era l (e.g. M etrohm  D osim at 415, 535, B eckm an A u to m atic  T itra to r ,

Acta Chim. (Budapest) 84, 1975



IK R É N Y L  TANDEM TITRA TO R 233

R ad io m ete r A u to b u re tte  A BU  13). The b u re ts  like th e se  h av e  a tw o-w ay cock 
on th e ir  to p . A t th e  one-w ay position  o f cock th e  t i t r a n t  can  be sucked in to  th e  
b u re t from  th e  p o t con ta in in g  th e  t i t r a n t ,  a t  th e  second-w ay  position  o f cock 
th e  t i t r a n t  can  be  fed  in to  th e  sam ple. A dead -space  is form ed betw een  th e  
cock and  th e  u p p e r  position  of p lunger, w herefrom  th e  t i t r a n t  can  be rin sed  
ou t only b y  re p e a te d , periodic w ashing or e lim in a tio n  o f p lunger. The so lu tion  
in  th e  dead-space  can  soil, d ilu te  th e  t i t r a n t .  T h erefo re , an  In te rflu x io n a l B u re t 
was developed fo r th e  T andem  T itra to r  in  w hich th e  so lu tion  s tream in g  
th ro u g h  th e  s tem  o f p lunger flows in to  th e  one d irec tio n , to  th e  t i t r a t in g  
beakers. W hen  th e  t i t r a n t  is changed, th e  p rev io u s t i t r a n t  can  be fro n ta lly  
displaced w ith  w a te r  an d  w ith  a new t i t r a n t .  A n exam ple  of im p lem en ta tio n  o f 
In te rf lu x io n a l B u re t is show n in th e  F ig . 2, w here  th e  20-m l-volum e b u re t  
has a hollow  stem  an d  plunger. T here are  g round-g lass-su rface  valves in  th e  
2 p lunger and  befo re  th e  1 o u tp u t ap e rtu re , a 3 d ro p  of qu icksilver increases 
th e  w eigh t of v a lv e  fo r th e  fa s t closing. T he 2 v a lv e  is closed and  th e  1 v a lv e  
is opened d u rin g  th e  t i tra tio n , w hen th e  b u re ts  a re  filling , th e  1 valve closes 
and  th e  2 v a lv e  opens th e  in te rflu x  of t i t r a n t  th ro u g h  th e  stem  of p lunger in to  
th e  b u re t. T he In te rf lu x io n a l B u re t like th is  w orks in  vertica l in s ta lla tio n . 
F o r th e  perfec t o p era tio n  of In te rf lu x io n a l B u re t n o t only  th e  slight fr ic tio n  
and  good closing shou ld  be assum ed b u t  th e  fa s t, ex ac t closing of valves to o .

T he re liab le  o p era tio n  of th e  ground-g lass p lu n g er b u re t (Fig. 2) can  be 
reached  b y  th e  use of an in te rn a l lu b ric a n t. 5 — 25%  glycerol in th e  t i t r a n t  
was m o stly  used  as an  in te rn a l lu b ric a n t. T he g lycerol is well soluble in  
aqueous and  som e non-aqueous m edia, i t  is genera lly  ind iffe ren t d u ring  th e  
acid-basic p re c ip ita tio n  and  com plexom etric  t i tra tio n s . The su lphuric  a n d  
phosphoric  acid w ere used as in te rn a l lu b ric a n ts  a t  th e  t i tra tio n  w ith  s tro n g  
o x id an t because  a g rea t deal o f ox id im etric  t i t r a t io n s  are  effected  in  th e  s tro n g  
acidic m edium .

2.3. D ifferen tia l Conductivity Meter

T he ty p ic a l p roblem  of low -frequency  co n d u c to m etric  t i tra tio n  is p re ­
sen ted  w hen  th e  c o n d u c tiv ity  of m ed ium  is h ig h er th e n  its  change d u rin g  th e  
t i tra tio n . Mu e l l e r  and  his co llabo ra to rs developed  an  in itia l c o n d u c tiv ity -  
com pensation  sy s tem  [7] w hich is a T -b rid g e -ty p e  co n d u c tiv ity  m eter. T h e  
co n d u c tiv ity  sign o f cell can be set to  zero before  th e  t i t ra t io n  w ith  an  a m p li­
tu d e -in d e p e n d e n t phase shift in  th e  zero -com pensating  b ran ch  o f b rid g e , 
m oreover, th is  c o n d u c tiv ity  m eter w as supp lied  w ith  an  au to m a tic  th e rm is to r  
con tro lled  te m p e ra tu re  com pensation  too .

A ccord ing  to  th e  req u irem en t of liq u id  c h ro m a to g ra p h y , th e  c o n d u c tiv ity  
d ifference o f th e  c lean  eluen t and  of th e  e lu a te  is needed  to  m easure. B y  reaso n  
of D u h n e ’s m e th o d  [14], four low -frequency  co n d u c to m etric  cells are co n n ec ted
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Fig. 2. In terflux ional B uret

in  a W h ea ts to n e  b ridge , an d  th e  o u tp u t sign  o f th e  bridge is rec tified , sm oo thed  
an d  reg iste red .

In  th e  case of h igh -frequency  c o n d u c to m e try , th e  princ ip le  o f d iffe ren tia l 
m easu rem en t is a d o p ted  in  m ultip le  w ay . T he Cr u se ’s oscillom etric  in s tru ­
m e n t [15] realizes to  m easure th e  freq u en cy  difference betw een  tw o u n its , 
w h ich  o p era te  one b y  one com paring  ca p a c itiv e  an d  in d u c tiv e  cells.

T he ex p ed ien t conversion  of a com m ercia l in s tru m e n t seem ed to  be 
p ra c tic a l in s tead  of m ak in g  a new c o n d u c tiv ity  m eter. The schem e o f a con-
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d u c tiv ity  m e te r is v isib le  in th e  F ig . 3.1. The v o ltag e  of 1 osc illa to r passes 
th ro u g h  th e  2 tran sfo rm er to  the  m easu rin g  c ircu it. The 4 dev ided  resis to r 
is connected  cyclically  w ith  the  3 co n d u c to m e tric  cell. T he voltage decreasing  
on th e  re sis to r gets th ro u g h  the  5 a m p lif ie r  and  th e  6 rec tifie r to  th e  7 m e te r 
or reco rd er o u tp u t. T he s ta b ility  of sy s te m  is assu red  b y  th e  8 n eg a tiv e  feed ­
back.

T h e  schem e of th e  conversed in s tru m e n t is show n in th e  F ig . 3.2. T he 
in d u c tiv e  connection  o f oscilla tor is c a rr ie d  ou t b y  th e  9 p h ase -in v erte r t r a n s ­
fo rm er w hich  devides th e  sign of th e  o sc illa to r in to  tw o  equal am p litu d es b u t  
c o n tra ry  phase  signs. These signs g e t to  th e  10 an d  11 cells, th e  re s u lta n t 
c u rre n t o f tw o cells flow s th ro u g h  th e  re sis to r w hich  is connected  be tw een  
th e  e a rth in g  p o in t an d  th e  cen tre  o f  seco n d ary  c ircu it of tran sfo rm er. W hen  
a va riab le  re s is to r (13) is sw itched on  in s te a d  o f one cell w ith  th e  12 sw itch , 
th e  in s tru m e n t w orks as a zero -com pensating  co n d u c tiv ity  m eter.

Fig. 3.1. C onductiv ity  Meter 
Fig. 3.2. D ifferential Conductivity M eter
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2.4 . Electrode Pairs

T he m easuring  e lec trodes consist o f tw o p la tin u m , or slig h tly  p la tin ized  
p la tin u m  sheets w hich  are  in su la ted  b y  p las tic . The cell co n stan ts  o f th e  
ap p ro x im a te ly  equal e lec trode  pairs can  be equa lized  b y  p la tin az in g . T he 
p la tin a z in g  of th e  e lec trode  p a ir  w ith  less cell co n stan ts  is being  co n tin u ed  
u n til  th e  difference o f co n d u c tiv ity  proves to  be of m inim um  value in  th e  
sam e so lu tion . A ccord ing  to  th e  d iffe ren tia l m easu rem en t th e  fo rm atio n  o f 
cells does no t m a tte r , on ly  to  keep th e  ap p ro x im a te ly  un ifo rm  cell c o n s ta n t 
v a lu e s  is needed in  p rac tice .

T he d is ta n c e  b e tw een  th e  e lectrodes an d  th e  wall o f b eak er, and  th e  
q u a lity  o f beak er in fluences th e  c o n d u c tiv ity . T his effect decreases w hen th e  
d is tan ce  betw een  th e  electrodes an d  th e  w all increases. T he t i t r a t io n  w ith  
fix ed  beakers and  e lec trodes is recom m ended  for th e  accuracy .

3. Titrations with Tandem Titrator

T he exam ples o f acid-basic, p re c ip ita tio n , redox  or com plexom etric  
t i t r a t io n s  will be show n for d e m o n s tra tio n  of en d -p o in t d e tec tio n  w hich are  
m ad e  possible b y  th e  T a n d e m  system . T he t i t ra t io n  curves in th e  figures a re  
copies of the  reg is te red  t i t r a t in g  g raphs. T he vo lum etric  d e te rm in a tio n s  b y  
T an d em  T itra to r  can  be  g rouped  accord ing  to  th e  end -p o in t de tec tio n  in  
th e  follow ing:

1. end-po in t d e tec tio n  b y  p rev en tiv e  e lim ination ,
2. end-po in t d e tec tio n  b y  th e  reac tio n  d ifference betw een  th e  t i t r a te d  

m ed ia ,
3. end -p o in t d e tec tio n  b y  th e  co n cen tra tio n  difference of com ponen ts 

to  be d e te rm in ed ,
4. end-po in t d e tec tio n  by  d iffe ren tia l in d ic a tio n ,
5. end-po in t d e tec tio n  b y  th e  co n cen tra tio n  d ifference o f t i t r a n ts ,
6. d e te rm in a tio n  o f  tw o com ponen ts b y  th e  ad eq u a te  co m bina tions o f 

e n d -p o in t d e tec tio n s  d u rin g  a t i t r a t io n  (T andem  titra tio n ).

T he d ifferen tia l co n d u c tiv ity  m e te r  m easures th e  d ifference of co n d u c ­
t iv i ty  betw een  tw o cells w ith o u t sign. I t  is th e  sam e for th e  in d ica tio n  o f 
t i t r a t io n  w heth er th e  d iffe ren tia l c o n d u c tiv ity  increases or decreases d u rin g  
th e  t i tra tio n . T he general effects o f th e  bu ffe r in fluences, th e  changes o f 
com plex  s tab ilities , d isso c ia tio n , so lu b ility  e tc . are aften  so com plica ted  th a t  
t h a t  t i t r a t in g  curve  o f ta n d e m  t i tr im e try  doesn ’t  consist o f s tra ig h ts  d u rin g  
a c e r ta in  t i tra tio n . B u t th e  u n am b ig u o u s an d  sign ifican t change of sign in  
th e  en d -p o in t (b reak -p o in t, s tep  or m ax im u m ) is defin itive  in  th e  resp ec t o f  
t i t r a t io n .
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3.1. T itra tion  by Preventive E lim ina tion

T he tw o t i t r a t in g  beakers co n ta in  th e  sam e a liq u o t p a rts  of sam ple  an d  
th e  so lu tions requ ired  for titra tio n  (ac id , basic, bu ffer, w a te r etc.). I f  th e  ion  
to  be t i t r a te d  is p rev en tiv e ly  e lim in a ted  from  th e  one beak er b y  m eans o f 
a m ask ing  reag en t, th e  reg istered  A d iffe re n tia l co n d u c tiv ity  sign o f T an d em  
T itra to r  o rig inates on ly  from  the t i t r a t in g  reac tio n , it  doesn’t  change d u rin g  
th e  o v e r- titra tin g  phase.

An exam ple of end -po in t de tec tio n  b y  p rev en tiv e  e lim ination  is in th e  
Fig. 4, w here ferri ions are m easured b y  th e  com plexom etric  t i tra tio n . T he 
end -p o in t de tec tio n  like th is  is p roposed  w hen th e  t i t r a t in g  s tra ig h ts  b ecom e 
curves accord ing  to  th e  change of m a tr ix  in  case of a tra d itio n a l c o n d u c to ­
m etric  t i t r a t io n , and  so th e  end-po in t d e tec tio n  can  becom e dou b tfu l. F o r 
th is  reason  th e  m a tr ix  effect is dec reased  by  th e  p rev en tiv e  e lim in a tio n  
above all.

3.2. T itra tion  by the Reaction Difference between the Titrated M edia

T he t i t r a n t  can  re a c t not only w ith  th e  ion to  be determ ined  b u t  w ith  
o th e r ions of sam ple so lu tion  too, how ever, th is  can  be avoided by th e  a d e q u a te  
selection  o f m a trix .

A d a  Chim . ( Budapest)  84 , J975
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In  case o f  ex am p le  in Fig. 5 th e  so lu tio n  co n ten ts silica te  ion  b esid e  
su lp h a te  ion  too . T h e  m a trix  of one te s t  so lu tio n  is acidic, th u s  th e  t i t r a n t  
(B aC l2 so lu tion) re a c ts  only  w ith  th e  io n  to  be t i t r a te d  (su lp h a te  ion) a n d  in  
th e  basic  m ed ium  o f o th e r so lu tion  i t  c an  also re a c t w ith  th e  o th e r ion  o f  
m a tr ix  (B a S i0 3 p re c ip ita te ). This d ifference  arises as a well d efin ed  sign o n  
th e  cu rve  of d iffe ren tia l co n d u c tiv ity  w h ere  th e  d ifferen t b eh av io u r o f m a tr ix e s

Fig. 5. E nd-po in t detection by the reaction  difference of titra ted  media

is show n b y  th e  s ig n ifican t change of o v e r- ti tra tin g  phase. This phase  is n o t  
alw ays a lin ea r s tra ig h t  because th e  co n d u c ta n c e  of so lu tions changes in  d if­
fe re n t w ays a t  th e  d iffe ren t m atrixes (e.g. th e  second phase of t i t r a t in g  cu rv e  
in  th e  Fig. 5).

The d ifference o f  t i tra t in g  reac tio n s  can  be used to  t i t r a te  tw o e q u a l 
so lu tions w ith  d iffe ren t q u a lity  reag en ts . In  consequence of th e  th e o re tic a l 
an d  p rac tica l p ro b lem s, th e  d e te rm in a tio n  like th is w asn ’t  carried  ou t.

3.3. T itra tion  by Concentration D ifference o f  Component to be Determ ined

A t th is  e n d -p o in t detection  th e  sam ples con ta in  th e  ion  to  be d e te rm in e d  
in  know n d iffe ren t q u an titie s . In  th e  case o f exam ple in Fig. 6, th e  one b e a k e r  
inc ludes no ch lo ride ion , th e  o th e r  in c ludes an  a liquo t p a r t, so th e  d iffe ren tia l

A cta  Chim . ( B u dapest)  8 4 , 1975
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Fig. 6. E nd-poin t detection by the difference of concentration

co n d u c tan ce  changes d u rin g  th e  a rg en to m etric  t i tra tio n , b u t  d u ring  th e  o v e r­
t i t r a t in g  phase it  doesn’t  change.

A n  exam ple of red o x  t i t r a t io n  is show n in Fig. 7 w here th e  one t i t r a t in g  
b e a k e r  co n ta in s  th e  double  q u a n ti ty  of ion  to  be d e te rm in ed  (ferro ion) th a n  
th e  o th e r  one. The end -p o in ts  belonging to  th e  tw o c o n cen tra tio n s  can he well 
e v a lu a te d  on th e  cu rve  of v a n a d a to m e tric  t i t r a t io n . Two para lle l t i tra tio n s  
are  m ad e  b y  th e  en d -p o in t d e tec tio n  of ad d itiv e  d ifference, w hich increases 
th e  accu racy  of d e te rm in a tio n . I f  th e  co n d u c tan ce  of sam ple so lu tion  is 
s tro n g ly  in fluenced  b y  th e  m a tr ix , th e  a liq u o t p a r t  o f sam ple gets in to  th e  tw o 
b eak ers , an d  the  ad e q u a te  q u a n ti ty  o f th e  ion to  be de te rm in ed  is added  in to  
th e  one b eak er (e.g. FeSO,, so lu tion  co n stitu te s  th e  ad d itiv e  d ifference a t  th e  
F e 2+ t i t r a t io n  of a tta c k e d  slag). In  th is  w ay  th e  second p a r t  o f t i t r a t io n  
m akes possible th e  fac to rin g  of t i t r a n t .

3.4. T itra tion  by D ifferen tia l E n d-po in t Detection

I f  th e  co n cen tra tio n  d ifference m en tio n ed  w ith  th e  m e th o d  in  p o in t 3.2. 
is s tro n g ly  decreased ( th eo re tica l in fin ite s im a l sm all va lue), th e  d iffe ren tia l

A cta  Chim . (B u d a p e st)  84 , 1975
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en d -p o in t de tec tion  is ca rried  ou t. T he T an d em  T itra to r  basing  on d ifferen tia l th e  
p rinc ip le  is avaiab le  fo r reg is tra tio n  of th e  t i t r a t in g  curve  d eriv a ted  by  th e  con­
c e n tra tio n . The s ig n ifican t change of sign on th e  d iffe ren tia l curve is expec ted  
o n ly  a t  th e  p e rip h e ry  o f en d -p o in t, th u s  th e  m ore sensitive  stage  o f in s tru ­
m e n t is useful. I f  th e  co n d u c tan ce  cu rve  in  th e  fu n c tio n  of t i t r a n t  q u a n tity

h as a b reak  or s tep  change a t  th e  en d -p o in t, th e  d e riv a ted  curve form s a step  
or m ax im um  cu rv e , respective ly .

The ac id im etric  t i tra tio n s  of sodium  h y d ro x id e  in th e  Fig. 8.1., and  
p o ta ss iu m  b ica rb o n a te  in  th e  Fig. 8.2. w ere ca rried  o u t b y  hydroch lo ric  acid 
w ith  d ifferen tia l in d ica tio n . T he req u ired  t i t r a t io n  difference is m ade b y  a 
screw  (Fig. 1.7) w hich feeds a l i ttle  th e  p lunger of one b u re t before th e  t i t r a ­
tio n . This b u re t has a preference to  th e  o th e r, i f  in th is  m an n er th e  difference 
o f tw o , paralle l sh ifted  t i tra tio n s  is m easu red , accord ing  to  th e  C o x ’s t i t r a ­
tio n  [8]; th is  p ro ced u re  elim inates m o stly  th e  d is tu rb in g  effects form ing  during  
th e  titra tio n .

A c ta  Chim . ( Budapest)  8 4 , 1975
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3.5. T itration by the Concentration Difference o f  T itran ts

I f  the  tw o eq u a l sam ples are t i t r a te d  b y  th e  t i t r a n ts  w hich have a l i t t le  
d iffe ren t co n cen tra tio n  fro m  each o ther, a reag en t d ifferen tia l end -p o in t 
de tec tio n  is form ed. T he c o n c e n tra tio n  difference b e tw een  th e  tw o so lu tions

isn ’t  co n stan t, as i t  w as seen in  th e  previous p o in t, h u t  i t  increases during  th e  
de livery  of t i t ra n ts . T he c o n d u c tiv ity  is d iffe ren tia ted  n o t b y  th e  co n cen tra ­
tio n  b u t  b y  a lin ea r fu n c tio n  of concen tra tion .

A n exam ple of ac id -basic  t i t ra t io n  on th e  F ig . 9 is show n for th e  use 
of reag en t d ifferen tia l en d -p o in t detection . T he co n fo rm atio n  of d iffe ren tia l 
t i t r a t in g  curves in th e  F igs. 8 and  9 can be ex p la in ed  b y  th e  Fig. 10. T he 
conductances of th e  in d iv id u a l cells (k j and  k.,) an d  th e  d ifferen tia l c o n d u c t­
ances (A x and d 2) a re  il lu s tra te d  by  th e  exam ples o f  acid-basic ti tra tio n s , 
in th e  Fig. 10.1. in  case o f d ifferen tia l in d ica tio n , an d  in th e  Fig. 10.2. in  case 
o f reag en t d iffe ren tia l en d -p o in t detec tion . T he e n d -p o in ts  are po in ted  o u t 
from  th e  b u re t 2 in th e  F ig . 8.1., 8.2. and  th e  b u re t 1 in th e  Fig. 9.

Acta  Chim . (B u d a p est) 84 , 1975
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Fig. 9. End-point detection by the difference of titra n t concentrations

3.6. Tandem  Titration

M easurem ent o f tw o  com ponen ts d u rin g  one t i t ra t io n  w ith  th e  T an d em  
T i t r a to r  is nam ed serial or ta n d e m  t i t r a t io n  o f an exam ple of w hich  is seen 
in  th e  F ig . 11 in  case o f a rg en to m etric  t i t r a t io n  of a so lu tion  co n ta in in g  chlo­
rid e  a n d  brom ide ions. I n  one sam ple so lu tion  th e  silver ch lo ride an d  b ro ­
m ide  p rec ip ita te  in th e  n e u tra l  m ed ium . In  th e  o ther so lu tion  th e  am m onium  
h y d ro x id e  h inders th e  p re c ip ita tio n  o f silver chloride (p rev en tiv e  e lim ination ), 
o n ly  th e  silver b rom ide p rec ip ita te s . T he d ifferen tia l co n d u c tan ce  doesn’t  
c h an g e  to  the  to ta l p re c ip ita tio n  of silver b rom ide (the f irs t  s tra ig h t o f t i t r a t ­
in g  cu rve), hereupon th e re  is a change o f sign in  consequence o f th e  reac tio n  
d ifference  betw een th e  ch lo ride p re c ip ita tio n  and  th e  am m ine-com plex  fo rm a­
tio n  o f  silver, and th e  d iverse  b eh av io u r o f silver n itra te  in  th e  basic (am m o­
n iu m  a c e ta te  am m onium  h y d rox ide  buffer) and  w eakly  acid ic  (am m onium  
a c e ta te -a c e tic  acid buffer) m edia  is in d ic a te d  b y  th e  change o f sign a f te r  th e  
to ta l  p rec ip ita tio n  of ch lo ride (th e  th ird  s tra ig h t of curve, m a tr ix  d ifference).

T he selection of a d e q u a te  t i t r a n ts  an d  m asking agen ts an d  th e  co m b in a ­
tio n  o f  end-po in t d e tec tio n  m ethods can  m ake th e  T andem  T itra to r  ava ilab le

A c ta  C h im . ( Budapest)  84 , 1975
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Fig. 10. R elation between the titra tin g  curves of conductom etry and T andem  titrim etry

to  d e te rm in e  tw o com ponen ts s im u ltan eo u sly  during  a single t i t r a t io n  in  th e  
sam e so lu tion . The m ethod  m akes possible n o t only th e  fa s te r  d e te rm in a tio n  
b u t  a m ore ex ac t resu lt th a n  th e  in d iv id u a l t i tra tio n s  of tw o  com ponents.

4. S um m ary

A differen tia l co n d u c to m etric  t i t r a to r ,  th e  T andem  T itra to r , was con­
s tru c te d  w hich consists of a doub le  t i tra n t-d e liv e ry  u n it, tw o con d u c to m etric  
cells, a n d  a record ing  low -frequency  d iffe ren tia l co n d u c tiv ity  m eter. The 
t i t r a n t  is fed  b y  tw o in te rflu x io n a l, in te rn a lly  lu b rica ted  g round-g lass b u re ts . 
T he co n d u ctan ce  difference of tw o  cells is m easu red  b y  a co n v e rte d  co n d u c tiv ­
i ty  m eter.

T h e  T andem  system  m akes som e new  end-po in t d e te c tio n  possible, 
decreases th e  m a trix  effects, can  t i t r a te  tw o com ponents s im u ltan eo u sly  and 
ex ten d s  th e  conductom etric  m eth o d s on w ider fields of t i t r im e try .

Acta  Chim . ( B u dapest)  8 4 , 1975
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Fig. 11. E nd-point detection a t the Tandem  titra tio n
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ÜBER DEN MECHANISMUS 
DER AN NICKELPULVER KATALYSIERTEN 

HYDROGENOLYSE VON BUTAN

A. Sá r k á n y , L. G uczi und P . T é t é n y i

(Institu t fü r  Isotope der Ungarischen Akademie der Wissenschaften, Budapest) 

E ingegangen am 6. Jun i 1973

Die Hydrogenolyse von u-B utan und 2-M ethylpropan wurde an N ickelpulver als 
K atalysator im T em peraturgebiet 150 — 260 °C un tersucht. Das M olarverhältnis des 
W asserstoffs zum Kohlenw asserstoff wurde bei den Versuchen zwischen 10 und  3 
variiert. Die Selek tiv itä t der R eaktionskom ponente w urde als Funktion des W asser­
stoffpartialdrucks, der T em peratur und  der kata ly tischen  A ktiv itä t stud iert. Die 
Selektivität der Hydrogenolyse (Spr) w ächst m it steigendem  W asserstoff-Partialdruck, 
m it der A bnahm e der kataly tischen  A ktiv itä t und  der R eaktionstem peratur. Durch 
P ropan -l-14C, Zw ischenproduktm arkierung wurde bestä tig t, daß die nichtselektive 
Hydrogenolyse von  n-B utan und 2-M ethylpropan durch das Fehlen des Gleichgewichtes 
der Zwischenproduktadsorption erk lärt werden kann. Die Versuchsergebnisse w eisen 
darau f hin, daß  an Nickel »stark« dehydrierte Kohlenw asserstoffradikale entstehen 
können, die an der Oberfläche schnell weiterreagieren.

1. E in leitung

D er M echanism us des k a ta ly tisc h e n  H y d ro sp a lten s  g e sä ttig te r  K o h len ­
w asserstoffe w urde in  frü h eren  U n te rsu ch u n g en  überw iegend  d u rch  H ydro- 
sp a lten  von  Ä th an  [1— 7] u n d  P ro p a n  [8 —12] an  versch iedenen  Ü b erg an g s­
m eta llen , h a u p tsäch lich  an  N i s tu d ie r t. E in  V ergleich  der k in e tisch en  P a ra ­
m ete r zeig t, daß  kein  U n te rsch ied  bei der W echselw irkung b e id e r K o h ­
lenw asserstoffe m it d er O berfläche au fzu fin d en  is t, D er geschw ind igkeit­
bestim m en d e  S c h r itt  is t zw ar in  beiden F ä llen  d er B ruch  d er С—C B in ­
dung an  der O berfläche, beim  P ro p an  können  die G eschw indigkeiten  der 
S p a ltu n g  der С—C B indung  u n d  d er D esorp tion  des Ä th an s u n te r  gew is­
sen V ersuchsbed ingungen  verg lichen  w erden. D u rch  R ad io k arb o n -M ark ie ­
rung  w urde  bew iesen, daß  der M echanism us der H ydrogenolyse bei g ro ß ­
m assigem  Zerfall d e r P a ra ff in k e tte  d u rch  die A nnahm e »starker« und  
»schwacher« W echselw irkungen  [12] der K ohlenw asserstoffe  m it dem  N ickel­
k a ta ly sa to r  e rk lä r t w erden  k an n . K em ball u n d  M ita rb . kam en  zu  gleichen 
Schlußfo lgerungen  an  E isen  [13] bzw . an h o c h a k tiv e n  P la tin film en  [14].

In  der vo rliegenden  A rb e it w ird  über die H ydrogeno lyse v o n  B u ta n  
b e ric h te t. A n d er so n  [8, 9] u n d  Sh e ph a r d  [10] fan d en , daß  die H y d ro g en o ­
lyse von  B u tan  u n d  P ro p an  an N ickelfilm en bzw . an  N i-haltigen  K a ta ly sa ­
to ren  n ic h t se lek tiv  is t , d. h ., das S p a lten  in  überw iegendem  M aße zu  M ethan
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als H a u p tp ro d u k t fü h r t .  H a n sel  [15 ,16] u n d  K o ch lo efl  [17] s te llte n  dagegen 
fe s t, d aß  die D em eth y lie ru n g  ein iger g e sä ttig te r  K ohlenw assersto ffe  (z. B. 
n -O k ta n , n-D ekan) b is zu  n ic h t zu hoher K onversion  se lek tiv  v e r lä u f t. Die 
b ish erig en  Ergebnisse d e u te n  d a ra u f  h in , d aß  die V erte ilung  d er Zw ischen­
p ro d u k te  bzw. die V ersch ied en h eit der S e le k tiv itä t eng m it dem  V erhältn is  
d e r un tersch ied lichen  O b e rfläch en in te rm ed iä ren  [30] v e rb u n d en  is t. U nsere 
U n te rsu ch u n g en  zielen au ch  d a ra u f  ab, die G ü ltig k e it des x-M echanism us 
(S p a ltu n g  der C-C B ild u n g  am  K e tten en d e ), w ie er von  K ik u c h i [18, 19], 
Matsum oto  [20, 21] u n d  K o ch lo efl  [17] an  N ickel e n th a lte n d e n  K a ta ly sa ­
to re n  b estim m t w u rd e , fü r  träg erfre ie  N i-K a ta ly sa to re n  beim  ex tensiven  
H y d ro sp a lte n  zu k o n tro llie re n  u n d  andererse its  den  M echanism us des H ydro- 
sp a lte n s  durch P ro p a n - l - 14C -Z w ischenproduk tm ark ierung  zu erforschen .

2. Experimenteller Teil

F ü r die V ersuche v e rw en d e ten  w ir ein v o lls tän d ig  aus G las verfe rtig tes  
U m lau fsystem  [22], w ie es in  frü h eren  M itte ilungen  (vgl. [7, 12]) beschrieben  
w u rd e . D er A blauf d er R e a k tio n  u n d  die R a d io a k tiv itä t  der m a rk ie r te n  K om ­
p o n e n te n  w urden  d u rc h  R ad io g asch ro m ato g rap h ie  b e s tim m t. P ro b en  von 
1,0 m l bei jedem  P a r t ia ld ru c k  w urden  an  einer 6 m  langen  Säule, gefü llt m it 
S q u a la n  (18 G ew .% ) a u f  C hrom osorb-W  bei 15 °C g e tren n t. D ie K ohlenw asser­
s to ffe  w urden d u rch  m ehrfache  D estilla tio n  gerein ig t. Die R ein igung  des 
W assersto ffs erfolgt m itte ls  D iffusion d u rch  eine e rh itz te  P a llad iu m h ü lse . D er 
N ic k e lp u lv e r-K a ta ly sa to r  w urde  d u rch  die R ed u k tio n  von  N icke lh y d ro x y d  
m it W assersto ff (50 m l/m in) bei 350 °C h erg este llt. Die spezifische O berfläche 
b e tru g  3,6 m 2/g.

3. Ergebnisse

Die H ydrogeno lyse  von  n -B u ta n  w urde  im  T em p era tu rg eb ie t 160 — 
260 °C bei versch iedenen  M ischungsverhältn issen  W a sse rs to ff : re-B utan d u rch ­
g e fü h rt. Das M olverhältn is  des W asserstoffs zum  K o h lenw assersto ff w urde bei 
d en  V ersuchen m eistens zw ischen 10 und  3 v a riie r t. A bb. 1 zeig t typ ische  
K u rv e n . Beide Z w isch en p ro d u k te  (P ro p an  u n d  Ä th an ) w eisen ein M axim um  
au f. D ie G eschw indigkeitsg leichung der H ydrogeno lyse  w urde b e s tim m t als 
f^n-B ut =  k 'pn-B UtpH2. D ie R eak tio n so rd n u n g en  sind  in  der T abelle  I  zusam ­
m en g este llt. W assers to ff h e m m t bei tie fe r T e m p e ra tu r  die H y d ro sp a ltu n g  des 
B u ta n s . Bei 263 °C w ä c h s t die R eak tionsgeschw ind igkeit in  dem  u n te rsu c h te n  
P a rtia ld ru ck b e re ich  m it ste igendem  W asse rs to ff-P a rtia ld ru ck . D ieser E ffek t 
is t  n och  b edeu tender b e i der H ydrogenolyse von  re-Hexan [23]. M an k a n n  au f 
G ru n d  dieser E x p e rim e n te  w eiterh in  fests te llen , d aß  die R eak tio n so rd n u n g

A c ta  Chim . (B udapest) 8 4 , 1975
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Abb. 1. Die Hydrogenolyse von  n-B utan  am Nickelpulver bei 252 °C

Tabelle I

Temperaturabhängigkeit der Reaktionsordnungen 
bei der Hydrogenolyse von n-Butan

T°C Ph ^n -B u t a b

167 20—222 5—30 0,98 - 1 ,6
182 3 4 -  200 10—22 0,97 — 0,7
182 250-350 10 _ — 0,97
202 32—183 1 0 -  24 0,99 — 0,03
227 34 -192 12—32 0,98 0,00
245 38—201 11—43 0,97 0,00
263 4 2 -  72 15 — +0,13
263 122-183 15 — 0,00

bezüglich  des W asserstoffs n u r  in  e inem  engen P a rtia ld ru ck b e re ich  als k o n ­
s ta n t b e tra c h te t  w erden  kann  u n d  m it s te igendem  W asse rs to ff-P a rtia ld ru ck  
noch  n eg a tiv e r w ird . D ie sche inbare  A k tiv ierungsenerg ie  des n -B u ta n -H y d ro - 
spalten s  b e trä g t  e tw a  131 ^  5 k J  • M o l '1 (aus den  A nfangsgeschw indigkeiten  
im  T e m p era tu rb e re ich  197— 250 °C b es tim m t). D ie A nfangsgeschw indigkeit 
des n -B u ta n -H y d ro sp a lte n s  is t 2 ,8 — 3-m al größer als die des P ro p an s [12] u n ­
te r  ähn lichen  B ed ingungen . Die R e a k t iv i tä t  des 2-M ethy lp ropans is t 1 ,2— 1,5- 
m al größer als die des n -B u tan s. D ie  e rh a lten e  A ktiv ierungsenerg ie  u n te r ­
scheidet sich n ic h t bed eu ten d  v o n  d e r des n -B u tan s  [12].
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Die S e le k tiv itä t d e r  H ydrogenolyse des n -B u ta n s  w urde als F u n k tio n  
des W asse rs to ffp a rtia ld ru ck s , der T e m p e ra tu r  u n d  der k a ta ly tisch en  A k tiv itä t 
u n te rsu c h t. Die S e le k tiv itä t  fü r die K o m p o n en te  S, lä ß t  sich folgenderw eise 
ausdriicken  [18]:

_  n W iii4tn ,  
n _ x

У iWi
i = l

( 1 )

w obei Wi die G eschw ind igkeit des i K o h len sto ffa to m e  en th a lten d en  K o h len ­
w asserstoffes d a rs te llt . I n  den A bb. 2 u n d  3 bzw . in  T ab . I I  sind die a u f  die 
A nfangsgeschw ind igkeiten  ex trap o lie rten  W erte  der S e lek tiv itä ten  an g efü h rt, 
d ie fü r  S Pr u n d  S aí im  V erlau f der Z eit M ax im alw erte , fü r  Sjviet dagegen einen 
M inim alw ert besitzen .

Abb. 2. Die V eränderung der Selektivität als F unktion  der W asserstoff-K onzentration 
( ren B u t =  1,47 X 10~4 Mol, Д — Ä than, -|-----Propan, О — M ethan)

Die S e le k tiv itä t fü r  das P ro p an  w äch st, fü r Ä th a n  und  M ethan  v e rm in ­
d e r t  sie sich, wie A bb . 2 und  3 zeigen, m it ste igendem  W asse rs to ff-P a rtia l­
d ru ck  und  m it d er A bnahm e der R e a k tio n s te m p e ra tu r .

Die A bnahm e d e r k a ta ly tisch en  A k tiv itä t  v e ru rsach t eine ähnliche W ir­
k u n g , d. h ., die S e le k tiv itä t fü r das P ro p a n  H y d ro sp a lten  n im m t zu. D ie 
E rgebn isse  sind in  T a b . I I  zusam m engeste llt. D ie Ä nderung  der A k tiv itä t  des 
K a ta ly sa to rs  w ird  d u rch  die A nfangsgeschw ind igkeit der B u tan ab n ah m e  
c h a rak te ris ie rt. A us T a b . I geht h ervo r, d aß  die R eak tionsgeschw ind igkeit in 
bezug  au f n -B u ta n , zum indest bis zu n ic h t zu großer K onversion , nach  einer
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Abb. 3. Die Selektiv ität der Kydrogenolyse von  ra-Butan als Funktion  der T em peratur 
(n“ But =  L 4 7 X 1 0 -o  Mol, О — Пн, =  7,81 X 1 0 -4 Mol, д  — п°Нг =  1 5 ,6X 10 “ * Mol)

Tabelle II
Die Selektivität und die Anfangsverteilung der Produkte des n-Butan-Hydrospaltens 

als Funktion der katalytischen Aktivität

No w n B u t  

Mol s -1m -2 j s c3h 8 c3H8
Mol%

1
S C2H ,

C2H ,
MoI% S C H4 CH,

Mol%
сгн ;Ьег

Mol%

i 2,34 ■ 10-» 0,31 9,9 0,22 7,0 2,58 82,9 36,4

3 1,42 0,49 17,2 0,17 6,1 2,18 76,6 29,6

4 1,04 0,59 22,2 0,15 5,7 1,91 72,3 25,0

5 8,305 ■ 10- 10 0,68 27,4 0,14 5,6 1,65 66,8 19,7

6 6,12 0,73 30,1 0,13 5,4 1,56 64,4 17,2

7 5,706 0,81 35,5 0,12 5,4 1,34 59,0 11,7
8 3,61 0,85 39,1 0,11 5,3 1,20 55,4 8,1

9 2,55 0,88 42,4 0,09 4,7 1,09 52,8 5,1

10 1,63 0,91 43,8 0,08 3,9 1,09 52,2 4,2

11 1,05 0,93 45,2 0,07 3,6 1,05 51,1 3,9

12 7,23 ■ 1 0 -” 0,96 46,8 0,04 2,0 1,05 51,2 2,2

13 6,36 0,97 47,8 0,02 1,4 1,03 50,8 1,5

14 5,19 0,98 48,5 0,01 0,9 1,02 50,5 1,0

15 4,22 0,98 49,0 0,01 0,6 1,01 50,3 0,6

* E rrechnet aus der Gleichung Cber =  0,5 (С, —C3); T =  158 °C, n °n .B u t =  6,82 X 
10"5 Mol, г°Иг =  6,86 X 10~4 Mol.
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Abb. 4. Zeitabhängigkeit des Logarithm us der B utankonzentration  bei 158 °C, i»h . =  6,8 X
IO“ 4 Mol)

R e a k tio n  e rs te r O rd n u n g  ab läu ft. W ie aus A b b . 4 ersich tlich  is t, e rgab  d ie  
lo garithm ische  T ran sfo rm a tio n  dennoch  keinen  lin e a re n  Z u sam m en h an g , d e r 
u n se re r  M einung n a c h  h au p tsäch lich  du rch  V erg iftu n g  der O berfläche  d u rc h  
die B ildung von K o h len sto ffd ep o siten  e rk lä rt w erden  k an n . N ach  je d e r  U n te r ­
su ch u n g  w urde die Z irku la tio n san lag e  bis a u f  e tw a  10“ 5 T o rr ab g esau g t u n d  
d ie O berfläche m it W assers to ff abgespü lt. In  jedem  Fall ersch ien , wie au ch  
d ie  u n te ren  K u rv e n  d er A bb. 4 zeigen, M ethan  u n d  um  eine G rö ß en o rd n u n g  
w en iger Ä th an  in  d er G asphase. Die k a ta ly tisc h e  A k tiv itä t  e rre ich te  d en  
frü h e ren  W ert t ro tz  des A bspülens der O berfläche  m it W assers to ff n ich t. A u f 
G ru n d  dieser E x p e rim e n te  k an n  m an  n ic h t en tscheiden , ob der irrev e rs ib le , m it  
dem  W assersto ff w enig  reak tiv e  Teil aus g ra p h ita r tig e n  M ateria lien  [2 4 ,2 5 ] 
o d er F lächen- bzw . e ind im ensionalen  P o ly m eren  [26] b e s teh t.

Zur U n te rsu ch u n g  des R eak tio n sm ech an ism u s w urde eine P ro p a n -
l - 14C -M arkierung v e rw en d et, die v o r  den V ersuchen  in  1— 2 M olprozent zu m  
B u ta n  gem ischt w u rd e . Die spezifische A k tiv itä t  des P ro p an s, ppr w ar l,2 m C i/ 
m M ol.

D as H y d ro sp a lte n  des n -B u ta n s  lä ß t sich bei der A nnahm e, d aß  d as  
C -C  B in d u n g ssp a lten  n u r  an  den K e tte n e n d e n  erfo lg t, nach  fo lgendem  S chem a 
darste llen :

[C4]* [C3]g [C2] ,

II A IfT 1 Í
11 , [ c 2]a - = u i

,[C 3] a — 4 1

[C4L  — - [ c i ] ............. [C J a

{[ C l] a ..................................

(2)
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Abb. 5. Die spezifische R ad ioak tiv itä t des P ro p an s und  Ä thans in Hydrogenolyse von n-B u tan
als F u nk tion  der Zeit

Bezeichnungen: • ,  218 °C; □, 221 °C; O, 235 °C; A ,  249 °C; But =  3 ,2x  10-4 Mol; п н , =  
9,68X 10_4 Mol; n°Pr =  4 ,4 1 х 1 0 “6 Mol; + ,  182 °C, n»But =  l,5 9 x  1 0 -4MoI; n°Hs =  16,32X

10 ~4 Mol; nQpr =  4,6 X 10- 6 Mol

D er P o sitio n  der M arkierung  e n tsp re c h e n d  gÄt ^  1/2 gpr w enn  Ä th a n  n u r  
aus P ro p a n  en ts teh en  k an n . Die Y ersuchsergebn isse  sind a u f  A bb. 5 u n d  6 
d a rg es te llt. Die spezifische R a d io a k tiv i tä t  des P ro p an s n im m t ab , da  aus 
rc-B utan (hzw. aus 2-M ethylpropan) la u fe n d  das u n m ark ie rte  P ro d u k t e n ts te h t 
u n d  som it sich die K o n zen tra tio n  des Iso to p s  im  P ro p an  v e rm in d e rt. P a ra lle l 
m it d ieser N eigung ä n d e rt sich die spezifische  A k tiv itä t des Ä th an s , die n u r  
bei g roßem  W assers to ff-P artia ld ru ck  u n d  bei n iedrigen T em p era tu ren  an  den  
th eo re tisch en  W ert he ran k o m m t. (Siehe K u rv e n  in  A bb. 5 wo bei T  =  182 °C, 
H 2/H C  ~  10, S Pr 1, bzw . au f A bb. 6 wo bei T =  188 °C, H 2/H C ^  12, 
S Pr 1.) M it ste igender T em p era tu r w e ich t die spezifische R a d io a k tiv i tä t  
des Ä th a n s  b ed eu ten d  von  dem  th e o re tisc h e n  W ert ab. E ine  in  T endenz ä h n ­
liche K u rv e  bekam en  w ir (siehe A bb . 6) m it 2 -M e th y lp ro p a n -P ro p a n -l-14C- 
M ischung.

D er U n tersch ied  in  den spezifischen  R a d io a k tiv itä te n  zw ischen Ä th a n  
u n d  P ro p a n  (gÄt <[ 1 /2 j5Pr) d eu te t an , d a ss  sich das en ts teh en d e  Ä th a n  au ch  
a u f an d ere  W eise als in  einer K o n se k u tiv re a k tio n  b ilden  k an n . Diese M ög­
lich k e it v e rsu ch ten  w ir a u f  G rund d e r B ru tto g esch w in d ig k e iten  zu p rü fen . 
Ä th a n  k a n n  sich näm lich  aus n -B u ta n  d u rc h  das S p a lten  der C C -B indung  
zw ischen dem  zw eiten u n d  dem  d ritte n  K o h len s to ffa to m  auch  in  einem  S c h r it t  
b ilden . A us der B ru tto g esch w in d ig k e iten  lä ß t sich im  F alle  iv3 =  0 u n d  in
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Abb. 6. Die spezifische R ad ioak tiv itä t des P ropans und  Ä thans bei der Hydrogenolyse von
2-M ethylpropan

O, 225 °C; □, 238 °C; niB =  3,22 x  10~4 Mol; =  9,87 X 10 - 4 Mol; np r =  4 ,3X 10- 6 Mol; 
+ ,  188 °C; n°iB =  2 ,3 X IO“4 Mol; п°Нг =  28,2 x  IO“4 Mol; n°Pr =  2,4x  10 ~6 Mol

Tabelle III

Anfangsverteilung der Komponenten bei der Hydrogenolyse von n-Butan bei £1 /.- =  0

T°C ПН2
Mol

n°B ut
Mol

—  W °

1 3
Ä j = i iW>

Anfangsverteilung in Mol%

CH4 c2He C3H 8 CzH ,l'er

168 19,38 ■ 1 0 -4 5,31 • 10 -4 1,01 53,0 4,9 42,2 5,4
172 7,55 • 1 0 -4 1,71 • 10~4 1,00 52,1 3,4 44,3 3,9
172 7,19 • IO“ 4 1,63 • i o - 4 1,00 52,2 4,3 43,4 4,4
172 6,63 ■ 10- 4 1,75 ■ 10-4 1,01 52,7 5,1 42,1 5,3
183 20,21 • 1 0 -4 5,35 • 10 -4 1,02 54,7 8,0 37,2 8,7
194 7,39 • 10- 4 1,59 ■ 10-4 1,01 53,0 4,7 42,1 5,4
194 6,95 • 10- 4 1,71 ■ 10-4 1,01 53,5 5,5 40,9 6,2

194 24,93 • 10- 4 1,63 • IO 4 1,03 50,7 1,4 47,8 1,4

C2ber =  0,5(Cj— C3)

K en n tn is  der P ro p a n - sowie der M e th a n k o n z e n tra tio n , dem  oben a n g e fü h rte n  
Schem a en tsp rech en d , die Ä th a n k o n z e n tra tio n  berechnen  [18].

W enn die R e a k tio n  nu r an dem  K e tte n e n d e  ab lä u ft, b ild e t sich m it d em  
V erb rau ch  des B u ta n s  in  gleicher M enge M eth an  u n d  P ro p an  bzw. Ä th an  u n d  
2 M ethan . In  d er T abe lle  I I I  sind die a u f  den Z e itp u n k t N ull e x tra p o lie r te n  
W erte  der b e rech n e ten  und  der ex p erim en te ll e rm itte lte n  Ä th a n k o n z e n tra tio ­
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nen  an g efü h rt. F a s t  in  jedem  Fall sind  die b erechne ten  A n fan g sk o n zen tra tio ­
n en  des Ä th an s  g rößer als die in  den V ersuchen  b es tim m ten  W erte , obw ohl 
die aus der B ilanzgleichung b e rech n e ten  u n d  die experim en te ll b es tim m ten  
G eschw ind igkeiten  der B u tan ab n ah m e  in  E in k lan g  w aren . (Siehe die v ie rte  
S p a lte  in  T abelle  I I I .  W ir m üssen bem erken , daß  die b e rech n e ten  W erte  des 
Ä th a n s  k leiner sind , w enn d irek te  Ä th an b ild u n g  v o rkom m t.) D er U n tersch ied  
zw ischen den b e rech n e ten  und  b es tim m ten  W erten  w äch st m it s te ig en d er 
T em p era tu r , v e rm in d e rt sich aber, wie aus der Tabelle I I  h e rv o rg eh t, m it d e r 
A bnahm e der k a ta ly tisc h e n  A k tiv itä t. D ie B edingung iv3 =  0 w urde d u rch  
Ä th a n -14C -M arkierung k o n tro llie rt. E tw a  bis 205 °C k o n n te n  w ir M eth an -14C 
n ich t anw eisen.

Die M öglichkeit der d irek ten  Ä th an b ild u n g  w urde au ch  du rch  H ydro - 
sp a lten  von 2 -M ethy lp ropan  u n te rsu c h t. D iese E rgebnisse sind  in T ab . IV

Tabelle IV

Anfangsverteilung der Komponenten bei der Hydrogenolyse von n-Butan und 2-Melhylpropan

Komponente T °c -W&.Mol • m-2 • s_1
Anfangsverteilung in Mol%

c3H, C2H. CH4

n-C .H 10 257 2,21 • IO“8 29,3 4,9 65,7

i-C4H 10 253 2,20 ■ 10-* 30,6 4,5 64,8

n-C4H ,0 247 1,27 • 10 -8 34,1 4,0 61,8

i-C4Hio 242 1,22 ■ 10 -8 34,8 4,1 61,0

n-C4H ,0 231 4,87 • IO“ 9 36,1 2,1 61,7

i-C4H,o 228 4,89 ■ 1 0 -9 37,7 1,8 60,4

n-C4H ]0 217 2,32 • IO“ 9 45,6 0,9 53,4

i-C4H J0 218 2,61 • IO“9 44,1 1,3 54,6

n ° ,=  1,55 • 10-4 Mol, nU i=  16,2 • IO“ 4 Mol

an g efü h rt. D ie S p ek tren  der b e s tim m ten  A n fan g sk o n zen tra tio n en  u n te rsc h e i­
den sich n ich t sonderlich  von dem  K o m p o n en ten sp ek tru m  des n -B u tan s  (bezo­
gen a u f  die gleichen B u tan ab n ah m e). Sie s tim m en  m it den  frü h eren  U n te r­
suchungen  [18—21] übere in  u n d  zeigen, d aß  die d irek te  Ä th a n b ild u n g  aus 
n -B u ta n , d. h. die S p a ltu n g  in der /5-Position n ich t v o rk o m m t.

N eben  dem  H y d ro sp a lten  t r i t t  Isom erisierung  des n -B u ta n s  bzw . 2-Me- 
th y lp ro p a n s  n ic h t ein. Die A nnahm e, d aß  die Isom erisierung , d. h. die U m la ­
gerung  der P a ra ff in k e tte  an  der O berfläche s ta ttf in d e t, ab er die nachfo lgende 
H ydrogeno lyse der Iso m erk e tte  gü n stig er is t als die D eso rp tio n , schein t 
logisch zu sein. D iese E rk lä ru n g  w endete  K ik u c h i in  seiner A rb e it [19] an . 
E r  fan d , daß  sich  die Isom erisa tion  von  n -P e n ta n  an h o ch ak tiv em  Irid iu m  
n ic h t absp ie lt, obw ohl Irid iu m  nach  A ngaben  von B o u d a rt  [27] bei der
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Iso m erisa tion  von  N e o p e n ta n  a k tiv  is t . D urch  H y d ro sp a lte n  von P ro p an -
1-14C u n te rsu c h te n  w ir die M öglichkeit d er U m lagerung  der K a rb o n k e tte  m it­
te ls  der spezifischen R a d io a k tiv itä te n  d er K o m p o n en ten  im  T em p era tu rg eb ie t 
zw ischen 180—300 °C. W enn  die Iso m eris ie ru n g  para lle l m it der H ydrogeno- 
lyse von P ro p a n - l-14C a u f tre te n  sollte, d a n n  m uß  gem äß  dem  un te ren  Schem a 
anfangs gÄt =  0,5 gpr sein , w ährend  d er R eak tio n  v e rä n d e rt sich ab er das 
V erhä ltn is  QhJ qpt zw ischen  0,5 und  1 ab h än g ig  von  dem  P ro p an -2 -14C-Teil.

^ Ä t/^ Р г  C __  1 £*M et/f?Pr P . t t / i 'p r  О С.. 1 ? M e t / - P r

V, A l ~  v. v2 Ät v , - 1/»

(3)

1 о 1 o ~ 4/3

1— 14C
Hydn

genolyse

Iso m e ri­
sierung

Hydro-
genolyse

A bb. 7 zeig t die ty p isch e  K urve . D ie Ausw e rtu n g  d er V ersuchsergebnisse 
zeig t, daß  das V e rh ä ltn is  0Ät/pPr im  M itte lw ert, abgesehen  vom  M eßfehler,

5 0  1 0 0  1 5 0
t (min)

Abb. 7. Zeitabhängigkeit der K onzentration und  der spezifischen R adioaktiv itä t der P ro­
dukte der H ydrogenolyse von P ro p an -l-14C (nfj, =  8 ,2 x lO - 4 Mol)
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n ic h t g rößer als 0,5 is t, d. h ., die Isom erisierung  n ic h t ab läu ft bzw. der iso­
m erisierte  Teil in der G rö ß en o rd n u n g  des M eßfehlers liegt. Die S ta n d a rd ­
abw eichung  von  рд4/(5рг b e tru g  in  diesen V ersuchen 3— 4 X 1 0 '2.

Diskussion

Die T em p era tu r, hei der die H y d ro sp a ltu n g  des n -B u tan s an N ickel­
p u lv e r b eg inn t, lieg t e tw a bei 160 °C, sie liegt um  20 °C tie fe r als beim  P ro p an
[12]. D ie R eak tio n so rd n u n g  bezüglich  des W asserstoffs is t bei gleicher T em ­
p e ra tu r  im  F alle  des n -B u ta n s  w eniger n egativ , als bei Ä th a n  [7], P ro p an  [12] 
u n d  n eg a tiv e r als bei n -H ex an  [23], w as durch  die E rle ich te ru n g  der A d so rp ­
tio n  m it s te igender A nzah l der K oh lensto ffa tom e e rk lä r t  w erden k an n . Diese 
inh ib ierende W irkung  des W assersto ffs w urde auch  be i A u stau sch reak tio n en  
[22, 28, 29] g esä ttig te r K ohlenw assersto ffe  festgeste llt. B ei 263 °C e rre ic h t die 
B eak tio n so rd n u n g  jed o ch  einen positiv en  W ert. W ir nehm en  an, d aß  sich 
d ie  B edeckung fü r  W asse rs to ff w egen der exo therm en  A d so rp tio n  m it ste igender 
T e m p e ra tu r  v e rm in d e rt und  d ad u rch  die D issozia tion  des W asserstoffs aus 
dem  K ohlenw assersto ff in  großem  M aße a u ftr i t t .  E in  Teil der en ts teh en d en  
s ta rk  d eh y d rie rten  R ad ik a le  n im m t an  der R eak tion  n ic h t  te il, d. h. »die a rb e i­
te n d e  O berfläche« v e rm in d e rt sich w egen S elbstverg iftung .

Die H ydrogeno lyse des n -B u tan s  läu ft n u r bei tie fen  T em p era tu ren  u n d  
bei großen Ü berschüssen  des W assersto ffs (siehe A bb . 5 u n d  6) se lek tiv  ab. 
Die V ersuchsergehnisse  b e s tä tig en , d aß  n ich t n u r die T e m p e ra tu r  u n d  der 
P a r tia ld ru c k  des W assersto ffs , sondern  auch das V orleben  des K a ta ly sa to rs  
die S e lek tiv itä t des H y d ro sp a lten s  beeinflußen . E s w u rd e  b e s tä tig t, d aß  die 
P a ra ff in k e tte  auch  bei w eitg eh en d er S paltung  n u r  am  E nde  des K o h len ­
w assersto ffgerüstes erfo lg t. W ir k o n n te n  keinen so lchen  H inw eis fin d en , der 
eine d irek te  Ä th an b ild u n g  oder sogar Isom erisa tion  aus n -B u tan  an n eh m en  
lä ß t. Bei gleichen A nfangsgeschw ind igkeiten  d e u te t die V erte ilung  der aus 
n -B u ta n  bzw. 2 -M eth y lp ro p an  en ts teh en d en  S p a ltp ro d u k te  n ich t a u f  einen 
U n tersch ied  des R eak tio n sm ech an ism u s h in . D er U n te rsch ied  in  der V e rte i­
lung  is t w ahrschein lich  a u f  die versch iedenen  T e m p e ra tu ren  zu rü ck zu fü h ren . 
B em erkensw ert is t w e ite rh in , d aß  die aus B ru tto g esch w in d ig k e iten  b e re c h ­
n e ten  A n fan g sk o n zen tra tio n en  des Ä th an s  fast in  je d e m  F a ll größer sind  als 
die experim en te ll e rm itte lte n  W erte . In  diesem F a ll is t der U n tersch ied  
im  R eak tionsm echan ism us zu suchen.

Die A bw eichung der spezifischen  R a d io a k tiv itä t des Ä thans von  d er des 
P ro p an s b e s tä tig t, daß  die G eschw indigkeiten  der D eso rp tio n  und  der O ber­
f läch en reak tio n  bei den Z w isch en p ro d u k ten  [12] verg lich en  w erden k ö n n en . 
Diese E rgebnisse sind  in  E in k lan g  d a m it, daß an  N ickel s ta rk  d eh y d rie rte  
K oh lenw assersto ffrad ikale  e n ts te h e n  können , die m it der G asphase n ic h t in
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A dsorp tionsg le ichgew ich t sind , d aß  die u n m a rk ie r te n  P ro p a n ra d ik a le  an  der 
O b erfläch e  m it U m gehung  (der G asphase) w eiterreag ieren  k ö n n en . Dies d eu te t 
d a ra u f  h in , daß fü r die an  der H ydrogeno lyse te iln eh m en d en  K ohlenw asser­
sto ffe  m indestens zwei S o rp tio n szu stän d e  [30] angenom m en w erden  können

[C3]g [k]g
it it it

[C4k [Сзк [C2k
it it it

[C4k > [ k k t k k

v o n  denen  die le tz te re  [ C ,k  F o rm  eine s tä rk e re  C hem isorp tion  m it kleinem  
H /C -V erhältn is, die v o r le tz te  dagegen eine lockere O berflächenspecies d a r­
s te ll t . G em äß dem  m o d ifiz ie rten  Schem a e x is tie r t  das G leichgew icht zwischen 
d e n  R ad ik a len  [C,]Ql u n d  [C/]„2 n ich t, w enn die B esetzung  der O berfläche durch 
W asse rs to ff klein is t, d. h . in F o rm  [C,]aj die F lydrogenolyse d er K ohlenstoff- 
B in d u n g  günstiger is t als die C -N i-B indungen .

A u f G rund u n se re r E x p erim en te  k ö n n en  w ir w eite rh in  festste llen , daß  
die Ä nderung  der S e le k tiv itä t  m it den geom etrischen  Ü berlegungen  von 
P o n e c  [31] und  A n d e r s o n  [32] im  E in k lan g  s te h t. M it d e r A bnahm e der 
K o o rd in a tio n szah l d er a k tiv e n  Z en tren  (das h e iß t, m it s te igendem  W asser­
s to ff-B edeckungsgrad  o d er m it der A n h äufung  des K arb o n d ep o sits  an der 
O b erfläche) wird die F o rm a tio n  der in großem  Masse d e h y d rie rte n , in »deep« 
H y d ro sp a lte n  te iln eh m en d en  K ohlenw assersto ffrad ikale  zu rü ck g ed rän g t. D ie 
n ied rig e  R e a k tio n s te m p e ra tu r  oder d er große W asse rs to ff-P a rtia ld ru ck  
b e g ü n s tig t dem zufolge die se lek tiv e ,s ich  an d e rn  K o h len sto ffk e tten en d e  absp ie­
le n d e n  C -C -B in d u n g ssp a ltu n g . Die Y ersuchsergebnisse b e s tä tig e n , wie es m it 
d e r P ro p a n - l-14C -Z w isch en p ro d u k tm ark ieru n g  bew iesen w u rd e , daß  die B il­
d u n g  des Ä thans u n te r  so lchen  B edingungen a u f die E in s te llu n g  des A dsorp­
tionsg leichgew ichts des Z w ischenproduk ts P ro p an  zu rü ck zu fü h ren  is t. M it 
s te ig en d em  D issozia tionsgrad  der K ohlenw assersto ffrad ika le  n im m t das M aß 
des ex tensiven  H y d ro sp a lte n s  zu, d. h ., die S e le k tiv itä t is t k lein . Diese E rschei­
n u n g  k an n  unserer M einung n ach  m it der A nnahm e e rk lä r t w erden , daß  die 
G eschw indigkeiten  d er D eso rp tion  und  der O b erfläch en reak tio n  der s ta rk  
chem isorb ierten  K o h len sto ffrad ik a le  v erg le ichbar sind.
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The л -electronic structures and  spectra of d isubstitu ted  benzenes containing two 
different halogen atom s have been calculated  by the MIM and P P P  methods.

The MIM energies and w avefunctions as well as the P P P  spectral da ta , charge 
densities, bond orders, and л -contributions to  the dipole m om ent of hetero-disubstitu ted  
halobenzenes are compared with th e  resu lts obtained for mono- and hom o-disubstituted 
compounds.

The same accuracy has been achieved in the calculation of hetero- and homo- 
d isubstitu ted  as well as m onosubstitu ted  compounds, using the same starting  param ­
eter system.

1. In tro d u c tio n

O nly a few calcu lations are to  be  found  in  th e  lite ra tu re  for th e  ji-elec- 
tro n ic  p ro p ertie s  o f h e tero -d ihalobenzenes. P a r i s e r — P a r r — P o p l e  ( P P P )  

calcu la tions [1, 2] h av e  been re p o r te d  fo r fluoro - and  chlorobenzenes [3, 4] 
b u t accord ing  to  ou r knowledge th e  h e te ro -d isu b s titu te d  halobenzenes b e a r­
ing brom o and  iodo su b stitu en ts , h a v e  n o t y e t been  tre a te d . M olecules in  M ole­
cules (MIM) ca lcu la tio n s [5, 6, 7] fo r  hetero -d ihalobenzenes were n o t m ade 
a t all.

The purpose  of th e  p resen t w o rk  is to  in v es tig a te  th e  a p p licab ility  of 
th e  above tw o app ro x im atio n s an d  th e  p a ra m e te rs  used  for th e  ca lcu la tio n  
of m ono- an d  h o m o -d isu b stitu ted  ha lo b en zen es [8, 9] to  h e te ro -d isu b s titu ted  
d eriv a tiv es .

2. M IM  m ethod

2.1. M ethod o f  calculation

The version  o f th e  MIM m eth o d  used  has been  described p rev iously  [8]. 
The ca lcu la tio n  w as perfo rm ed  on th e  sam e m odel used for the  hom o-dihalo- 
benzenes [9 j: th e  benzene ring  w as co nsidered  as accep to r and th e  halogen 
atom s as donors. T he energies of e lec tro n ic  tra n s itio n s  and  th e  co rrespond ing  
w avefunctions w ere calcu lated .
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T h e charge tra n s fe r  (CT) energies w ere de te rm in ed  b y  th ree  d ifferen t 
m e th o d s : th e  p o in t ch a rg e  [2], th e  charged  sphere  [1], and  th e  Mataga—  
N ish im o t o  [10] a p p ro x im a tio n s .

T h e  s ta rtin g  v a lu es  used are co llected  in  T ab les I  and  I I .  T ab le  I  co n ­
ta in s  th e  v a len ce -s ta te  ion iza tion  p o te n tia ls  ( f (x), e lectron affin ities  (A ), 
e ffec tive  nuclear charges (Z;t), o ne-cen ter repu lsion  in teg ra ls  ( y ^ )  an d  th e  
b o n d  d istances (гсм). T h e  I^  values o f th e  halogen  atom s w ere ca lcu la ted  b y

Table I

Starting parameters

Iх z i* (e) V  (eV) A v
(eV)

V W -
(eV) r C[JL (A)

c 3.25 [И ] 11.16 [12] 0.03 [12] 1J .13 [12] 1.40 [17]
F 5.20 [11] 34.00 12.61 [13] 21.39 [15] 1.30 [17]

ci 6.10 [И ] 24.37 11.34 [14] 13.03 [15] 1.70 [17]
Br 7.60 [И ] 17.8 10.5 [13] 7.3 [16] 1.86 [17]

Í 7.60 [И ] 18.35 9.55 [13] 8.80 [16] 2.05 [17]

Table II

Diagonal elements of the interatomic matrix and interaction elements between the CT states

Donor (D)
Fluoro Chloro

Point Sphere M. N. Point Sphere M. N.

T 1 T 1i D 1’ J D t 7.161 7.736 9.274 7.058 7.576 8.856
2 2 

T'd ,’ t d , 8.640 8.770 9.876 7.960 8.105 9.195

t 1 T 1i  Do’ 1 D3 8.271 8.512 9.726 7.735 7.973 9.110
2 2 

r D,  r D, 7.531 7.995 9.424 7.284 7.708 8.940

- ( Т о 2- т 1 >  (T k -  T o ) 0.641 0.448 0.261 0.390 0.229 0.147

Energies of benzene (eV) 4.881 6.077

Bromo Iodo

Point Sphere M. N. Point Sphere M. N.

T 1 T 11 D, ’ 1 D, 6.566 7.104 8.460 5.968 6.322 7.559

Tl  . T D, 7.322 7.437 8.700 6.591 6.689 7.784

Tk ’ Tk 7.133 7.353 8.640 6.436 6.597 7.728
T 2 T 21 Do ’ 1 D, 6.755 7.187 8.520 6.124 6.414 7.615

- ( < - < ) <  ( I ’d , ~  ^ o .) 0.328 0.144 0.104 0.270 0.159 0.098

Energies of benzene (eV) 6.738 Ref. [19]
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m eans of K w iaticow ski’s form ula [18], i.e. th e  ex p erim en ta l f ir s t  io n iza tion  
p o te n tia l  o f th e  co rrespond ing  alkyl h a lid e  was ta k e n  as A  . T he d e ta ils  o f 
T ab le  I  show th a t ,  c o n tra ry  to  the e x p e c ta tio n , th e  yu(i va lues do n o t change 
m onotonously  w ith  increasing  a tom ic  n u m b er. W herever possible (F , Cl), 
th e  d a ta  used w ere ta k e n  from  th e  H iisze —Jaffe tab le s  [12] w hich  ap p ea r 
to  be th e  m ost re liab le . The data  series com m only  used  in  th e  l i te ra tu re  do 
n o t change m on o to n o u sly  w ith  the  a to m ic  n u m b er o f halogen  a to m s [16, 28]. 
A lth o u g h  m onotonously  changing d a ta  series can  also be found  in  th e  l i te ra ­
tu re  [29], th e y  req u ire , however, e n tire ly  d iffe ren t ß  re sonance-in teg ra l 
va lues and  th e  resu lts  o b ta in ed  are n o t b e t te r  e ith er. Also th e  effective nuclear 
charge  does n o t change m onotonously  w ith  th e  atom ic  n u m b er, i t  is id en tica l 
for B r an d  I  for b o th  Slater [11] a n d  B urns [30] charges. In  th is  w ork  we 
used  th e  Slater v alu es . T able I I  c o n ta in s  th e  d iagonal e lem ents o f th e  in te r ­
ac tio n  m a trix  (th e  exp erim en ta l energ ies o f  th e  f ir s t  th ree  benzene b an d s 
m easu red  in  cyclohexane solution, a n d  th e  c a lcu la ted  CT energies) as well as 
th e  in te rac tio n  e lem ents betw een th e  CT s ta te s . T he low er index  of D denotes 
th e  position  of su b s ti tu tio n , while th e  u p p e r  index  of T  refers to  th e  CT tra n s i­
tio n s belonging to  th e  tw o  d ifferent e x c ite d  benzene s ta te s .

T he resonance in te g ra l o f th e  c a rb o n —halogen  b o n d  (ß^ßf w as ta k e n  as 
a v a riab le  p a ra m e te r  w ith  values — 1.0 , — 1.5 an d  — 2.0 eV.

2.2. Results and discussion

2.2.1. Energies o f  electronic transitions

As an exam ple, th e  calculated  energ ies of th e  f irs t  tw o л —л*  tra n s itio n s  
of he tero -d ihalobenzenes fo r some d iffe re n t su b s ti tu e n t p a irs  for w hich  ex p e ri­
m en ta l d a ta  are to  be  fo u n d  in  the  l i te r a tu r e  are  given in  F igs 1— 3 as a fu n c ­
tio n  o f ß^c and ßvc • T he experim en ta l energ ies are  in d ica ted  as h o rizo n ta l lines 
in  th e  figures. The ßMc deno tes the re so n an ce  in te g ra l belonging to  th e  bo n d  
invo lv in g  a halogen a to m  of sm aller a to m ic  n u m b er, w hile ßvc re la tes  to  th a t  
o f g rea te r  atom ic n u m b er. The resu lts fo r  ortho-, meta- an d  p a ra -d e r iv a tiv e s  
are given in  Figs 1, 2 a n d , 3, respective ly , a n d  in  all cases th e  th ree  ap p ro x im a­
tions used  are in d ica ted . I t  can be seen  th a t  th e  tra n s itio n  energies depend  
a lm o st linearly  on ß^c a n d  ßvc in  the in te rv a l  considered . I t  can  be e stab lish ed  
th a t  accep tab le  re su lts  a re  ob tained  in  th e  ß  in te rv a l b e tw een  — 1.0 an d  — 2.0 
eV b u t  to  give a fix e d  ß  v a lu e  ch a rac te ris tic  o f a su b s titu e n t, seem s a rb itra ry . 
F o r th is  reason, th e  energ ies calculated  b y  th e  th re e  ap p ro x im atio n s are  show n 
in T ab le  I I I  for all co m pounds w ith th e  v a lu e s  th a t  h av e  given th e  b e s t resu lts  
for th e  mono- and  h o m o -d isu b stitu ted  d e r iv a tiv e s  [8, 9]. This allow s a com ­
parison  w ith  the  re su lts  o f  th e  mono- a n d  h o m o -d isu b s titu te d  d e riv a tiv es  on 
a u n ifo rm  basis. T he exp erim en ta l d a ta  o f  T ab le  I I I  re fer to  cyclohexane

3 A cta  Chim . ( B u dapest)  8 4 , 1975



262 M A RTIN , K ISS: CALCULATION O F T H E  jr-ELECTRONIC STRUCTURE

Acta Chim. (Budapest) 84, 1975

F
ig

. 
1.

 x
---

---
-x

 O
rt

/io
-f

lu
or

oc
hl

or
o-

, 
ч--

---
---

Ь 
or

i/i
o-

fl
uo

ro
br

om
o-

, 
О

...
...

...
О

 o
rt

ho
-c

hl
or

ob
rо

то
-.

, 
□

 •
 • 

• 
• 

□ 
or

th
o-

br
o-

m
oi

od
o-

be
nz

en
es

: 
E

ne
rg

ie
s 

of
 t

he
 f

ir
st

 t
w

o 
si

ng
le

t 
tr

an
si

ti
on

s 
as

 a
 f

un
ct

io
n 

of
 ß

^Q
 a

nd
 ß

^
 c

al
cu

la
te

d 
by

 t
he

 p
oi

nt
 

ch
ar

ge
, 

ch
ar

ge
d 

sp
he

re
 a

nd
 M

a
t

a
g

a
—

 N
is

h
im

o
t

o
 a

pp
ro

xi
m

at
io

ns
. 

T
he

 h
or

iz
on

ta
l 

lin
es

 r
ep

re
se

nt
 t

he
 e

xp
er

im
en

ta
l

va
lu

es



Sp
he

M ARTIN, KISS:'CALCULATION OF T H E  ^-ELECTRO N IC STRUCTURE 263

3* Acta Chim. (Budapest)) £4j 1975»

M
et

a-
de

ri
va

ti
ve

s.
 

C
om

po
un

ds
 a

nd
 

no
ta

ti
on

 a
re

 
th

e 
sa

m
e 

as
 i

n



264 M ARTIN, K ISS: CALCULATION OF T H E  зг-EL EC TR O M C  STRUCTURE

Q
CM

Q
гм
I

О

Ы.
£

öo
£

Acta Chim. (Budapest) 84, 1975

Pa
ra

-d
er

iv
at

iv
es

. 
C

om
po

un
ds

 a
nd

 
no

ta
ti

on
 a

re
 t

he
 s

am
e 

as
 i

n



M ARTIN, KISS: CALCULATION OF T H E  л -ELECTRONIC STRUCTURE 265

Table III

Energies calculated by the M IM  method

Approximation
Calculated energies (eV) Experimental 

energies (eV) Ref.
Point Sphere M. N.

1 2 3 4 5 6

( - / ? C - F) ( - ß c - a )  (eV) (1.0) (1.5) (1.0) (1.5) (1.5) (2.0)

l-fluoro-2-chlorobenzene - 0 .2 % — 0.277 — 0.447 (4.592) ([24])
4.717 4.724 4.654 4.558 [20]
5.658 5.758 5.724 5.794

l-fluoro-3-chlorobenzene -0 .2 9 8 — 0.278 — 0.451 (4.592) ([24])
4.717 4.724 4.654 4.558 [20]
5.718 5.798 5.778 5.767

l-fluoro-4-chlorobenzene — 0.294 — 0.275 — 0.443 (4.500) ([24])
4.710 4.717 4.638 4.476 [20]
5.582 5.704 5.653 5.767

( - ß c - F )  (~ ß c-B r)  (eV) (1.0) (1.5) (1.0) (1.5) (1.5) (2.0)

l-fluoro-2-bromobenzene — 0.311 — 0.289 — 0.460 (4.583) ([25])
4.688 4.695 4.635 4.661 [21]
5.552 5.693 5.692 5.876

1 -fluoro-3-bromobenzene — 0.312 — 0.290 — 0.463 (4.580) ([26])
4.688 4.695 4.635 4.661 [21]

5.616 5.737 5.751 5.821

1 -fhioro-4-bromobenzene — 0.309 — 0.287 — 0.455 (4.484) ([27])
4.679 4.687 4.617 4.575 [21]

5.473 5.634 5.616 5.713

(~ ß c -F )  (— ß c - 1) (eV) (1.0) (1.0) (1.0) (1.0) (1.5) (1.5)

l-fluoro-2-iodobenzene -0 .2 0 0 — 0.188 -0 .3 4 9
4.745 4.751 4.682

5.536 5.694 5.733

l-fluoro-3-iodobenzene — 0.201 — 0.188 -0 .3 5 1
4.745 4.751 4.682

5.583 5.730 5.783

l-fluoro-4-iodobenzene — 0.199 — 0.187 — 0.346
4.739 4.745 4.669
5.477 5.645 5.667
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Table II I  (continued)

Calculated energies (eV) Experimental
Approximation

Point Sphere M. N. energies (eV) Ret.

1 2 3 4 3 6

(— ßc-Cl) (—ßc-Вт) (eV) (1.5) (1.5) (1.5) (1.5) (2.0) (2.0)

l-chloro-2-bromobenzene -0 .4 2 0 — 0.392 — 0.586

4.621 4.631 4.564 4.575 121 j
5.432 5.583 5.580 5.834

l-chloro-3-bromobenzene -0 .4 2 4 — 0.396 — 0.593

4.621 4.631 4.563 4.575 [21]

5.573 5.682 5.689 5.848

l-chloro-4-bromobenzene — 0.416 — 0.389 — 0.578

4.599 4.611 4.530 4.525 121]

5.299 5.476 5.457 5.535

( - ß c - a ) ( - ß c - d  (eV) (1.5) (1.0) (1.5) (1.0) (2.0) (1.5)

l-chloro-2-iodobenzene — 0.313 — 0.294 — 0.479
4.674 4.683 4.608

5.446 5.601 5.624

l-chloro-3-iodobenzene — 0.315 — 0.296 — 0.483

4.674 4.683 4.608

5.557 5.685 5.716

l-chloro-4-iodobeiizene -0 .3 1 1 -0 .2 9 2 -  0.473
4.660 4.670 4.583

5.340 5.512 5.518

(— ßc-Br) ( ~ ß c -  l) (eV) (1.5) (1.0) (1.5) (1.0) (2.0) (1.5)

l-bromo-2-iodobenzene — 0.327 — 0.306 -0 .4 9 1
4.647 4.657 4.590 4.900 [21]

5.382 5.554 5.594 5.276

5.964 6.149 6.297 5.904

l-bromo-3-iodobenzene -0 .3 2 9 — 0.308 0.496

4.647 4.657 4.590

5.526 5.654 5.695

l-bromo-4-iodobenzene -0 .3 2 5 — 0.304 — 0.486

4.630 4.641 4.563 4.768 [21]

5.265 5.455 5.483 5.102
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so lu tions an d  th e  d a ta  in  b rack e ts  are  th e  0 - 0  b a n d  energies of th e  low est 
n -n *  tra n s itio n s  in  v a p o u r  spec tra . Since th e  ca lcu la tio n  reproduces th e  la t te r  
va lues, as ex p ec ted , th e  ag reem en t w ith  these  is genera lly  b e tte r . T h e  ca l­
cu la ted  energies o f th e  m ono-halobenzenes v a ry  w ith  th e  a tom ic n u m b er o f  th e  
halogen  a to m  in  th e  sam e o rder as th e  ex p erim en ta l va lu es  of th e  0 - 0  b a n d s , 
th e  ex p erim en ta l b an d  m ax im a, how ever, do n o t follow  th e  p red ic ted  o rder. 
The w avenum bers o f 0 - 0  b an d s  for th e  f ir s t  тг-electron ic  tran s itio n s  in  m ono- 
halobenzenes ( c m - 1) are  F : 37 819, Cl: 37 052 [31], B r: 36 997, I :  36 760 [32]. 
T he sam e o rd er w as re p o rte d  b y  P etrusica  [33] fo r th e  second a n d  th ird  
b an d s of m ono-halobenzenes as well as th e  f ir s t  b a n d s  o f hom o- an  h e te ro - 
d isu b s titu te d  de riv a tiv es . In  sp ite  of th e se  d iscrepancies we used th e  energies 
of th e  b a n d  m ax im a  as exp erim en ta l v a lues since th e  0 —0  b an d  fo r m ore 
com plicated  com pounds is often  n o t availab le . C onsequen tly , th e  e x p e ri­
m en ta l va lues c an n o t be considered as accu ra te . F o r  th is  reason a sim ple 
ca lcu la tion  w as m ade to  e s tim a te  th e  e rro r o f th e  exp erim en ta l d a ta  u sed . 
T he m ean d ev ia tio n  of th e  energy  o f th e  b a n d  m ax im u m  from  th e  0  0  b a n d  
was ca lcu la ted  fo r som e m ono- and  d isu b s titu te d  com pounds and  fo u n d  to  be 
ab o u t 4 %  fo r th e  f ir s t  tw o bands.

T he ca lcu la ted  an d  ex p erim en ta l energies of d isu b s titu te d  d e riv a tiv e s  
are  alw ays sm aller th a n  th o se  of th e  co rrespond ing  m o n o su b stitu ted  com ­
pounds. C om parison of th e  isom ers show s th a t  th e  ca lcu la ted  energy  o f th e  
f ir s t  b an d  fo r th e  ortho an d  meta com pounds is th e  sam e and  alw ays h ig h er 
th a n  th a t  of th e  p a ra  isom er. This is in  com plete  accordance  w ith  th e  ex p e ri­
m e n ta l d a ta  ex cep t fo r l-b ro m o -2-iodobenzene w hich  seem s to  be a sim ilar 
excep tion  as 1,2-d iiodobenzene [8] w here th e  ex p erim en ta l energy o f th e  f ir s t  
b a n d  is la rg e r th a n  th a t  of th e  meta d e riv a tiv e . T his anom aly  of th e  ex p e ri­
m en ta l d a ta  is p ro b a b ly  caused  b y  s te ric  h in d ran ce  ow ing to  th e  la rg e  size 
o f th e  su b s titu e n ts . T he change in  th e  m olecu lar g eo m etry  an d  in  th e  o v erlap  
betw een  th e  bon d in g  e lectrons are th e  re su lts  o f ste ric  in te rac tio n . W ith  
decreasing overlap , th e  co rrespond ing  resonance  in te g ra l decreases. To v e rify  
th is , ca lcu la tions have  been  carried  ou t w ith  red u ced  ß  va lu es  and  a m od ified  
geom etry . A ccord ing  to  th e  re su lts , th e  d is to rte d  g eo m etry  h a rd ly  in fluences 
th e  ca lcu la ted  energies, b u t  th e  red u c tio n  o f ß  s tro n g ly  increases th e  tra n s it io n  
energies (one ß  u n it  changes th e  f irs t  b a n d  energy  b y  ab o u t 0.5 eV). T his 
seem s to  ju s t ify  th e  above assum ption .

The d a ta  o f T ab le  I I I  show  th a t  i t  is possible to  o b ta in  sa tis fac to ry  
resu lts  for h e te ro -d isu b s titu te d  d e riv a tiv e s  b y  using  ß  values te s te d  w ith  
m ono- an d  h o m o -d isu b s titu te d  com pounds. I n  m ost cases th e  b est re su lts  are  
o b ta in ed  w ith  th e  Mataga— N ishim oto  a p p ro x im a tio n , w hereas th e  la rg es t 
dev ia tions be tw een  th e  ca lcu la ted  an d  ex p e rim en ta l va lues are genera lly  
found  w ith  th e  p o in t-ch a rg e  ap p ro x im atio n . T he g re a te s t difference be tw een  
th e  ex p erim en ta l an d  ca lcu la ted  energies occurs for th e  second b and  of 1-chloro-

A c ta  Chim . ( Budapest)  8 4 , 1975
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Table IV

Wavefunctions calculated by the M IM  method

Energy (eV)
Approx.
(-fie-u)l-ß c -v )

W ave function

W o Vb 1u Vie,. У,Е Ш » я » ' * 4 , W t ‘D i 1 D 4
yj'T’«1

l-fluoro-4-bromobenzene
— 0.455 M. N. .976 . 0 1 1 — .010 .122 .181

4.617 .961 — .120 .126 - .2 1 6
5.616 - .0 4 6 .852 — .351 — .217 .319
6.420 1.5 .193 .935 — .132 .266
6.514 .021 .447 .873 .104 - .1 6 1
9.680 2.0 — .088 .198 — .243 .929 .178

10.113 - .1 4 3 .222 .941 — .211
9.194 — .194 — .185 .235 .255 .899
9.045 .138 — .249 .285 .916

1 -chIoro-4-bromobenzene
— 0.578 M. N. .970 .001 — .001 .168 .175

4.530 .946 — .150 .192 — .215
5.457 — .009 .810 — .392 - .2 9 3 .322
6.354 2.0 .240 .921 - .1 9 6 .237
6.490 .004 .506 .843 .119 — .136
9.603 2.0 — .099 .264 - .3 2 5 .859 — .280
9.743 - .2 0 8 .337 .813 — .427
9.159 — .222 — .135 .172 .367 .877
8.887 .068 — .126 .514 .846

1 -bromo-4-iodobenzene

— 0.486 M. N. .973 — .009 .008 .179 .147
4.563 .945 -.138 .214 — .206
5.483 .014 .796 — .377 — .314 .354
6.342 2.0 .244 .901 — .227 .279
6.483 .001 .520 .827 .128 — .174
9.242 1.5 — .145 .251 — .317 .897 — .101
9.209 — .200 .351 .884 — .237
8.113 — .180 — .183 .271 .220 .901
7.989 .087 - .2 1 7 3.49 .908
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1 -bromo-4-iodobenzene
— 0.304 

4.641 
5.455 
6.266 
6.406 
7.876 
7.947 
6.808 
6.890

Sphere

1.5

1.0

.979

.010

.041
- .1 0 9

— .166

.944

.266

— .193 

.028

l-bromo-4-iodobenzene
-0 .325 Point .976

4.630 .939
5.265 .013
6.232 1.5 .281
6.534 - .1 5 9
7.565 1.0 — .090
7.867 — .196
6.310 — .114
6.803 .013

- .0 0 8
.108

.007

.701
.781

— .340

.643 .637

.306
.490

— .484

- .0 4 7
— .372

.494

- .0 0 9
.112

.008

.613
.752

— .338

.280 .625

.337
.517

— .606

- .6 5 8
.394

— .359

.163
.231

.120
— .210

— .379
- .2 6 9

.500
.498

.067 — .418

.799
.820

— .150
— .222

.433
.449

.734
.812

.175

_______

.239
.126

— .219
— .435

— .264
.567

.535
.527 .478
.688

.801
— .195

- .2 2 8
.170

.481
.630

.784
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2-brom obenzene (6 .89%  o f th e  ex p erim en ta l value). T hus th e  erro r of th e  
ca lc u la ted  energy is n o t  m u ch  g rea te r th a n  th e  u n c e r ta in ty  o f th e  experi­
m e n ta l values.

2.2 .2 . W avefunctions

T he w avefunctions fo r p a ra -b ro m o h a lo b en zen es ca lc u la ted  b y  th e  
Mataga— N ishim oto  a p p ro x im a tio n  an d  th e  resu lts  fo r para -b ro m o io d o - 
benzene  obtained  b y  th e  p o in t-ch a rg e  an d  charged -sphere  ap p ro x im atio n s are 
g iven  in  Table IV  as ex am p les . T he CT s ta te s  give only  sm all con tribu tions 
to  th e  w avefunctions b e long ing  to  th e  f ir s t  fou r energies. T he re su lts  ob tained  
are  consisten t w ith  th e  e x p e rim en ta l b a n d  assignm ent, viz ., th e  g round  s ta te  
o f  benzene gives th e  la rg e s t co n tr ib u tio n  to  th e  g ro u n d -s ta te  configura tion  
y>0, a n d  th e  order o f la rg e s t co n tr ib u tio n  to  th e  excited  co n fig u ra tio n s y>1—  
is B.lu, B lu, E lu, E lu,. A t re la tiv e ly  large CT energies th e  CT s ta te s  do n o t 
m ix  w ith  benzene s ta te s  to  such an  e x te n t th a t  th e  o rd er o f th e  electronic 
tra n s itio n s  of benzene shou ld  change. T he c o n tr ib u tio n  o f CT s ta te s  to  th e  
f i r s t  fo u r excited co n fig u ra tio n s  alw ays increases w ith  decreasing  e lectro­
n e g a tiv ity  of the  h a lo g en  a tom .

A t low CT energies a n d  ß  va lues, s tro n g  m ixing  betw een  th e  benzene and  
CT s ta te s  can be e x p e c te d , as observed  for diiodobenzenes ca lcu la ted  w ith  
th e  po in t-charge an d  ch arged -sphere  ap p ro x im atio n s [9]. A sim ilar m ixing 
o f  s ta te s  can be e x p e c te d  for th e  brom oiodobenzenes. In  th e  po in t-charge  
ap p ro x im atio n  th is  m ix in g  occurs for all th ree  isom ers a t ßic  v a lu es  o f — 1.0 and  
— 1.5 eV; in  the  ch a rg ed -sp h ere  ap p ro x im atio n , on th e  th e  o th e r  han d , there  
is no  m ixing because o f  th e  la rg e r s ta r tin g  CT energies. F o r  th is  reason  th e  
p o in t-ch a rg e  a p p ro x im a tio n  gives poorer re su lts  in  th is case.

3. P P P  m ethod

3.1. Method o f calculation

T he P P P  m eth o d  w as used in  th e  sam e w ay  as before [4, 8 ] to  determ ine 
th e  charge density  an d  bond  o rder m a tr ix , th e  sing let tra n s it io n  energies, 
th e  po la riza tion  d irec tio n s  an d  th e  m ag n itu d e  an d  d irec tion  o f  th e  л -electron 
c o n tr ib u tio n  to  th e  d ipo le  m om en t.

T he s ta rtin g  d a ta  a re  co llected  in  T ab le  I. F o r ßcc — 2.39 eV was tak en  
as in  Ref. [8]; th e  ß^c a n d  ßvc va lues are  g iven in  T ab le  V. T hese ß values 
a re  id en tica l w ith  th o se  used  for hom o-d ihalobenzenes, o b ta in e d  as the  best 
v a lu es  in  a ^ -v a ria tio n  ca lcu la tio n  [4, 8]. T he tw o -cen te r rep u ls io n  in teg ra ls 
w ere calcu lated  b y  th e  Mataga— N ish im o to  a p p ro x im a tio n  [10].

A c ra  Chim . ( Budapest)  8 4 , 1975
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Table V
Spec'ral data calculated by the P P P  method

Compound 
ßcfi (eV) 
Pdv (eV)

Calculated Experimental
Ref.

E (eV) f - E (eV) lg £ /
1 2 3 4 5 6 7 8

1 l-fluoro-2-chlorobenzene 4.605 0.029 33.3 4.558 3.18 0.036 [20]
5.594 0.149 320.0 5.794 4.00 0.240

ß c F  — — 2-20 6.482 1.184 29.4

ß c a  — —2.20 6.581 0.861 119.8

2 l-fluoro-3-chlorobenzene 4.635 0.017 143.9 4.558 3.00 0.024 [20]
5.716 0.104 29.3 5.767 3.93 0.204

ß c F  =  —2.20 6.442 1.231 157.0

ß c a  — —2.20 6.554 0.895 249.1

3 l-fluoro-4-chlorobenzene 4.539 0.060 90.0 4.476 3.06 0.028 [20]
5.621 0.343 0.0 5.767 3.74 0.132

ß c F  =  — 2.20 6.735 1.084 0.0

ß c a  — —2.20 6.761 0.903 270.0

4 l-fluoro-2-bromobenzene 4.615 0.026 23.9 4.661 3.08 0.029 [21]
5.548 0.171 326.8 5.876 3.95 0.216

ß CF =  - 2 .2 0 6.388 1.069 32.2

ß c B r  =  -1 -8 0 6.528 0.759 123.4

5 l-fluoro-3-bromobenzene 4.640 0.015 154.4 4.661 3.00 0.024 [21]
5.658 0.155 19.1 5.821 3.90 0.192

ß c F  =  - 2 .2 0 6.330 1.070 155.6

ß c B r  =  — 1-80 6.488 0.774 248.4

6 l-fluoro-4-bromobenzene 4.559 0.050 90.0 4.575 3.02 0.025 [21]
5.564 0.381 0.0 5.713 3.85 0.168

ß c F  =  —2.20 6.672 0.922 0.0

ß c B r  =  — 1-80 6.674 0.740 270.0

7 l-fluoro-2-iodobenzene 4.600 0.027 198.1
5.397 0.216 337.8

ß c F  =  - 2 .2 0 6.148 0.608 53.5

ß u  = - 1 - 4 0 6.346 0.539 160.0

8 l-fluoro-3-iodobenzene 4.624 0.015 340.7
5.465 0.256 187.1

ß c F  =  —2.20 6.157 0.652 133.9

Оi-H1IIО«Q. 6.209 0.407 214.9

9 l-fluoro-4-iodobenzene 4.546 0.044 90.0
5.413 0.414 0.0

ß c F  =  —2.20 6.259 0.169 270.0

ft:, = - 1 , 4 0 6.488 0.363 0.0
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Table V (continued)
Compound 
ßca (eV) 
ßcv (eV)

Calculated Experimental
Ref.

E (eV) / a E (eV) lg E /
1. 2 3 4 5 6 7 8

10 l-chloro-2-bromobenzene 4.585 0.033 20.7 4.575 2.50 0.008 [21]
5.474 0.169 306.7 5.834 4.12 0.312

ß c a  = - 2 . 2 0 6.280 1.140 31.8

ß c B r  =  -1 -8 0 6.483 0.712 122.2

11 l-chloro-3-bromobenzene 4.614 0.018 160.6 4.575 2.60 0.010 [21]
5.627 0.116 42.8 5.848 3.08 0.029

ß c a  =  —2.20 6.177 1.168 150.1

ß c B r  =  — 1.80 6.423 0.730 241.7

12 1 -chloro-4-bromobenzene 4.526 0.055 90.0 4.525 2.62 0.010 [21]
5.478 0.464 0.0 5.535 4.13 0.324

ß c c i  =  —2.20 6.666 0.943 0.0

О CO II 1 C
O о 6.672 0.773 270.0

13 1 -chloro-2-iodobenzene 4.571 0.033 194.9
5.353 0.188 321.7

ßCCi =  - 2 .2 0 6.066 0.796 224.5

ß c \  = - 1 . 4 0 6.306 0.491 151.0

14 l-chloro-3-iodobenzene 4.599 0.017 346.8
5.469 0.209 195.2

ß c a  = - 2 . 2 0 5.997 0.826 141.6

■с
ъ

n II 1 о 6.173 0.394 232.0

15 1 -chloro-4-iodobenzene 4.516 0.049 90.0
5.354 0.484 0.0

ß c a  =  —2.20 6.275 0.156 270.0

ß d  = — 1.40 6.483 0.287 0.0
16 l-bromo-2-iodobenzene 4.578 0.027 203.8 4.900 2.81 0.016 [21]

5.316 0.188 136.7 5.276 4.00 0.240

ß c B r  =  -1 -8 0 5.983 0.840 40.3 5.904 4.40 0.600

ß c i  = - 1 . 4 0 6.251 0.416 146.1

17 1 -bromo-3-iodobenzene 4.603 0.013 336.6
5.455 0.194 201.1

ß c B r  =  — 1-80 5.873 0.838 142.2
ß c i  = — 1.40 6.126 0.352 235.1

18 l-bromo-4-iodobenzene 4.533 0.041 90.0 4.768 3.13 0.032 [211
5.304 0.510 0.0 5.102 4.26 0.432

"G
o

О CD II CO О 6.264 0.159 270.0

ß c i  =  ^  1-40 6.432 0.106 0.0
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3.2. Results

3.2.1. T ransition  energies

The exp erim en ta l an d  ca lcu la ted  spectra l d a ta  for all hetero -d ihalo - 
benzenes are show n in  T ab le  Y. The ca lcu la ted  energies arc  given on ly  for th e  
four low est singlet tran s itio n s . The energies of th e  h e te ro -d isu b s titu te d  d e riv a ­
tives are alw ays low er th a n  those of th e  tw o co rrespond ing  m o n o su b s titu ted  
com pounds. The sam e tre n d  is observed  for th e  ex p erim en ta l va lues, excep ting  
th e  brom oiodobenzenes. A n ex p lan a tio n  for th e  ex trem e  values o f 1-brom o- 
2-iodobenzene is given in  Section  2.2.1. A com parison  o f th e  isom ers shows 
th a t  th e  ca lcu la ted  energy  of th e  f irs t  b a n d  decreases in  th e  o rd er meta, ortho, 
p ara , while th e  ex p erim en ta l energies for th e  ortho- an d  m eta-derivatives are 
th e  sam e b u t  for th e  para  isom er low er. From  T able Y i t  is obvious th a t ,  by  
app ly ing  th e  ß^c values used for m ono- and  h o m o -d isu b stitu ted  d eriv a tiv es , 
th e  energies can be o b ta in ed  w ith  n ea rly  th e  sam e accu racy  for all th e  com ­
p ounds in v estig a ted : th e  g re a te s t d ev ia tio n  of th e  f ir s t  b a n d  occurs w ith
1- brom o-2-iodobenzene (6 .57% ), w hile for the  second b an d  w ith  1-chloro-
2- brom obenzene (6 .17% ).

3.2.2. Oscillator strengths and polarization  directions

T able V con ta in s th e  ca lcu la ted  oscilla tor s tre n g th s  to g e th e r  w ith  th e  
experim en ta l ones o b ta in ed  from  th e  eq u a tio n  /  =  e/41 700 [22]. T he ca lcu­
la te d  values are in  sa tis fac to ry  ag reem en t w ith  th e  ex p e rim en ta l d a ta .

In  T able V th e  ca lcu la ted  p o la riza tio n  d irec tions a re  given b y  th e  angles 
(a) m easured  in  clockw ise d irec tion  from  th e  bond  axis o f th e  halogen  su b s titu ­
e n t hav ing  th e  h igher a tom ic  num ber. T he ca lcu la ted  p o la riza tio n  d irections 
are  n o t id en tica l w ith  those  o f th e  h o m o -d isu b stitu ted  benzenes because of 
th e  h e te ro  su b s titu tio n .

3.2.3. Charge densities and bond orders

In  T able V I charge  densities on th e  halogen a to m s (q ) an d  th e  bond  
orders of th e  carbon  halogen  bonds (p^c) are  given. T he row s of th e  T able 
give th e  and  p ßc values for a halogen a tom  in th a t  com pound  w hich con­
ta in s  th e  a to m  given in  th e  head ing  of th e  T ab le  as second su b s titu e n t. S im i­
la rly  to  th e  hom o-dihalobenzenes, th e  charge  d en sity  an d  b o n d -o rd er values 
do n o t show an  u n am b ig u o u s  co rre la tio n  w ith  th e  a to m ic  n u m b er of th e  
halogen . This is caused b y  th e  d ev ia tio n  o f th e  s ta r t in g  p a ra m e te rs  from  the  
m ono tony . In  groups of d iffe ren t ha logen -a tom  p a ir s  th e  charge densities and  
b o n d  orders are as expected . T he charge  d en sity  o n  th e  su b s titu e n t in  meta 
position  is n ear to  th a t  of th e  m o n o su b stitu ted  d e r iv a tiv e , while in  ortho-
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an d  p a ra  positions i t  is g re a te r . T he o rd er of charge densities is ortho para  ^> 
meta.

F igu re  4 show s, as exam ples, th e  m olecu lar d iag ram s o f th e  th ree  chloro- 
brom obenzene isom ers a n d  th o se  o f para  halogenobrom obenzenes. The charge 
d e n s ity  on the  o rtho-carbon  a to m  is th e  la rg est w hile th a t  in  meta position  is 
th e  sm allest, and th e  o th e r  possib le cases being betw een  th is  tw o ex trem es: 
o o }> o -p  ß> о m  )> p  m  ]> m  m.

3 .2 .4 . D ipole moments

In  T able У I I  th e  co m p o n en ts  of th e  я -e lec tron  c o n tr ib u tio n  to  th e  dipole 
m o m en t (/ay, fiz) as w ell as th e  m ag n itu d e  (fi in  D ebye u n its ) an d  th e  d irection  
(d) o f  th e ir  re su lta n t a re  g iven; <5 is th e  angle in  clockw ise d irec tion  from  th e  
b o n d  axis of th e  h a lo g en  s u b s titu e n t h av in g  th e  g re a te r  a to m ic  num ber. The 
p o s itio n  of th e  m olecu le  in  a C artesian  system  of co o rd in a tes  is show n in 
F ig . 5. The ca lcu la ted  v a lu e s  show  th e  expec ted  changes. O n com parison  w ith  
th e  exp erim en ta l d a ta  [23] i t  is a p p a re n t th a t  th e  ca lcu la ted  values are sm aller 
ow ing  to  th e  neglect o f  ct co n tr ib u tio n s , b u t  are  la rg e r th a n  w ould  be expected  
on th e  basis o f тг-e lec tro n  co n tr ib u tio n s  only , considering  th e  exp erim en ta l 
d ifference betw een  th e  d ipole m om en ts  of a lky l an d  p h en y l derivatives. F o r 
m ono-halobenzenes b o th  th e  ca lcu la ted  and  ex p erim en ta l dipole m om ents 
h a v e  th e  m ax im um  v a lu e  fo r ch lo robenzene, using  th e  ß^c va lues of T able Y 
g iv ing  best f i t  for th e  sp e c tra l  d a ta . I f  id en tica l ß^c va lu es  are  used, th e  n- 
e lec tro n  co n tr ib u tio n  in c reases  m onotonously  w ith  th e  a to m ic  n um ber of th e  
halogen . As th e  sam e ß ßc v a lu es  w ere used  for th e  ca lcu la tio n  o f b o th  dihalo-

ТаЫе VI

Charge densities and bond orders of the

F Cl
o r t h o m e t a p a r a o r t h o m e t a p a r a

9f 1.9299 1.9249 1.9282 1.9305 1.9254 1.9288

Pf- c 0.2614 0.2763 0.2671 0.2601 0.2752 0.2656

Cl
4c\ 1.9236 1.9182 1.9219 1.9242 1.9187 1.9225

Pci-c 0.2729 0.2882 0.2784 0.2717 0.2872 0.2771

Br
?B r 1.9410 1.9364 1.9397 1.9415 1.9370 1.9403

P B r - C 0.2384 0.2528 0.2434 0.2371 0.2516 0.2417

I
41 1.9530 1.9490 1.9519 1.9535 1.9495 1.9525

P I - C 0.2114 0.2250 0.2160 0.2100 0.2238 0.2143
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Br Ur

1.9188

a)

b)
Fig. 4. Molecular diagram s of some brom ohalobenzenes

halogen atoms calculated by the PPP method

B r I

ortho m eta para ortho m eta p ara

1.9292 1.9256 1.9280 1.9282 1.9255 1.9273 1.9250

0.2638 0.2747 0.2676 0.2669 0.2748 0.2695 0.2756

1.9227 1.9188 1.9216 1.9215 1.9186 1.9207 1.9176

0.2757 0.2869 0.2792 0.2790 0.2871 0.2815 0.2886

1.9401 1.9368 1.9393 1.9390 1.9367 1.9385 1.9356

0.2413 0.2517 0.2443 0.2443 0.2519 0.2465 0.2537

1.9523 1.9494 1.9517 1.9513 1.9492 1.9509 1.9483

0.2139 0.2238 0.2168 0.2169 0.2242 0.2190 0.2261
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Table YII

Components of the я-electron contribution to the dipole moment and the magnitude (in Debye units) 
and the direction of their resultant calculated by the PPP method

ortho méta para
ortho meta para

ö ö ö

H у H z н Н у H z H H y H z H

F F -1 .5 9 0 1.59 — 0.82 0.48 0.95 0 0 0 30.0 60.0
Cl C l — 2.03 0 2.03 — 1.05 0.61 1.22 0 0 0 30.0 60.0
B r B r -1 .6 9 0 1.69 —  0.87 0.50 1.00 0 0 0 30.0 60.0
I I -1 .4 1 0 1.41 —  0.72 -0 .4 2 0.84 0 0 0 30.0 60.0
F Cl -1 .8 1 —  0.13 1.82 —  1.06 0.33 1.11 -0 .2 3 -0 .1 3 0.26 25.9 47.5 0.0
F B r -1 .6 3 -0 .0 2 1.63 -0 .8 7 0.44 0.98 — 0.04 -0 .0 2 0.04 29.4 56.8 0.0
F I 1.49 0.07 1.50 -0 .7 2 0.53 0.90 0.12 0.07 0.14 32.7 66.2 180.0
C l B r -1 .8 5 0.12 1.86 —  0.87 0.72 1.12 0.20 0.11 0.23 33.6 69.7 180.0
Cl I — 1.72 0.21 1.73 — 0.72 0.81 1.08 0.36 0.21 0.41 36.9 78.4 180.0
B r I -1 .5 5 0.09 1.55 — 0.72 0.59 0.93 0.16 0.09 0.18 33.4 69.4 180.0

F / j , y  =  0.83

СОTf»ÖII / i  =  0.96 6  : : 180.0
Cl / Х у  =  1.07 / i z  =  0.62 / 1 =  1.24 ö  =  180.0
B r / i y  =  0.89 / i z  =  0.51 / X  =  1.03 Ö  =  180.0
1 f i y  =  0.74 ! h  =  0.43 / 1  =  0.85 <5 =  180.0
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benzenes and  m ono-halobenzenes, h ere  too  th e  la rg es t тг-co n trib u tio n  is 
o b ta in ed  for th e  ch lo ro  derivatives. T h e  co rrespond ing  exp erim en ta l v a lu es , 
how ever, decrease w ith  th e  atom ic n u m b er.

+  Z

+ У
Fig. 5. Coordinate system used in the calculation of halobenzenes
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REAKTIONSKINETISCHE BEITRÄGE 
ZUR UNTERSUCHUNG DER RINGSCHLUSSREAKTION 

VON CARBÄTHOXY-2-(3-CHLORPHENYLAMINO)-
ÄTHYL ACRYL AT

L. Szotyory , A. Ü j h i d y  und I . S zabó

( Forschungsinstitut fü r  Technische Chemie der Ungarischen Akademie der Wissenschaften) 

Eingegangen am  26. Septem ber, 1973

Es w urde die Reaktionskinetik der R ingschlußreaktion von l-Carbäthoxy-2-(3- 
chlorphenylam ino)-äthylacrylat in  verschiedenen K onzentrationen und bei verschiede­
nen T em peraturen  studiert. Als R eaktionsm edium  diente das D iphyl m it einem G ehalt 
von 10% Paraffinöl. Der R eaktionsablauf w urde durch Abwägen der nach verschiedenen 
Reaktionszeiten ausgeschiedenen festen  Substanz verfolgt. E s wurde die zeitliche 
Änderung der K onzentration des E ndproduk tes , des 3-Carbäthoxy-4-hydroxy-7-chlor- 
chinolins graphisch dargestellt und  es w urden M axim um kurven erhalten, woraus auf 
konsekutive R eaktion  geschlossen w erden konnte. Aus diesen K urven w urden die 
G eschwindigkeitskonstanten m it drei verschiedenen M ethoden erm ittelt. Aus den 
letzteren w iederum  wurden die K onstan ten  des A rrheniusschen Zusammenhanges be­
stim mt. Es w urde versucht, den U nterschied zwischen den R esultaten  bei K onzen­
trationen von 5 und  10% m it einem Salz-Effekt zu erklären.

Die in  S te llu n g  4 m it einer A lk y lam ino-G ruppe  su b s titu ie r te n  C hinolin- 
D e riv a te  besitzen  eine bedeu tende physio logische W irk u n g  und  w erden se it 
den vierziger J a h re n  als w irksam e A rzn e im itte l gegen die M alaria v e rw en ­
d e t [1—4]. Zu ih re r  H erste llung  k a n n  im  allgem einen das V erfah ren  von Go u l d  
u n d  J acobs [5] v e rw en d e t w erden, w onach  die l-C a rb ä th o x y -2 -a ry lam in o - 
ac ry leste r einer R in g sch lu ß reak tio n  u n te rw o rfen , die en ts tan d en en  V e rb in ­
dun g en  h y d ro ly s ie rt u n d  deca rb o x y lie rt w erden  u n d  anschließend  w ird die 
H y d ro x y l-G ru p p e  in  S tellung  4 d u rch  den gew ünsch ten  S u b stitu en ten  e rse tz t.

Die R in g sch lu ß reak tio n  geh t a u f  die E in w irk u n g  von  W ärm e vor sich. 
N ach  L ite ra tu ra n g a b e n  [1— 3, 5] lieg t die o p tim ale  T e m p e ra tu r  der R eak tio n  
bei 240— 250 °C, d esh a lb  verw endet m an  als L ö su n g sm itte l D ip h en y lä th e r, 
D ip h y l oder M inera lö lfrak tionen  m it höh eren  S ied epunk ten . Im  obigen T e m ­
p e ra tu rb e re ich  lä u f t  die R in g sch lu ß reak tio n  in  15— 60 M inuten  m it g u te r  
A u sbeu te  ab.

Im  Laufe u n se re r  A rbeit v e rsu c h te n  w ir, du rch  B estim m ung  von re a k ­
tionsk in e tisch en  D a te n , die R ich tig k e it des von  R a y c h a u d h u r y  und B a s u  [6] 
sp e k u la tiv  fe s tg es te llten  R eak tio n sm ech an ism u s zu b es tä tig en . A ußerdem  
h ie lte n  w ir es fü r  n ö tig , den zeitlichen  V e rla u f d er R e a k tio n  in  der U m gebung  
d e r von  Gould  u n d  J acobs [5] v orgesch lagenen  T em p era tu rw erte  fes tzu -
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s te llen , auch  desw egen, w eil das P ro d u k t d er R ing sch lu ß reak tio n  h itzeem p ­
fin d lic h , u n d  die B estim m u n g  der o p tim a len  R eak tionsbed ingungen  n u r  a u f 
d iese W eise m öglich is t.

D ie R eak tion  k a n n  wie folgt fo rm u lie rt w erden:

H

X = m -c h lo r: (I) X = 7 -ch lo r: (II)

D er S u b s titu e n t X  s te h t in  d er R eak tionsg le ichung  fü r  Chlor, F lu o r, 
M eth o x y - oder P h en o x y -G ru p p e , fü r schw efelhaltige G ruppen , A m ino-, A cety l- 
u n d  die N itro -G ruppe . D ie A rt und  S te llu n g  dieser G ruppen  am  R ing k ö n n en  
die physiologische W irk u n g  des E n d p ro d u k te s , die G eschw indigkeit der R in g ­
sch lu ß reak tio n  sowie die gebildete M enge der N eb en p ro d u k te  s ta rk  b ee in ­
flu ssen .

Y om  pharm ako log ischen  G esich tsp u n k t is t das C h ino lin -D erivat, das 
C hlor in  S tellung 7 e n th ä lt ,  eines d er w irk sam sten . D eshalb  w urde die R in g ­
sch lu ß reak tio n  v o n  l-C a rb ä th o x y -2 -(3 -ch lo rp h en y lam in o )-ä th y lac ry la t ge­
p rü f t ,  deren  E n d p ro d u k t 3 -C arbäthoxy-4 -hydroxy-7 -ch lo rch ino lin  w ar.

D a die R eak tio n  in tra m o le k u la r  v e r lä u f t, a rb e ite t m an  zw eckm äßig  in  
s ta r k  v e rd ü n n te r  L ösung , u m  in te rm o lek u la re  N eb en reak tio n en  zu verm eiden . 
D er zeitliche V erlau f d er R eak tio n  w urde  zw ischen 230 255°C in 5- u n d  10% -
ig e r L ösung der V erb in d u n g  (I) verfo lg t. Als L ösungsm itte l w äh lten  w ir 10%  
P a ra ff in ö l en th a lten d es , frisch  destillie rtes  D iphyl. D a das E n d p ro d u k t in  
D ip h y l k a lt  unlöslich  is t, die Z erse tzu n g sp ro d u k te  dagegen löslich sind , e r­
fo lg te  die E rm ittlu n g  des U m satzes d u rch  W ägen des w äh ren d  der R eak tio n  
au sfa llenden  E n d p ro d u k te s .

A u f G rund d er IR -S p e k tre n  u n d  d ü n n sch ich tch ro m ato g rap h isch en  
B estim m u n g en  von  (II) w urde fe s tg es te llt, d aß  die M enge d e r in  in te rm o le k u ­
la re n  R eak tionen  en ts teh en d en , un löslichen  N eb en p ro d u k te  v e rn ach lässig ­
b a r  is t.

D ie A usw ertung  d er E rgebnisse  w u rd e  d adurch  e rle ic h te rt, daß  die R in g ­
sch lu ß reak tio n  p ra k tis c h  u n u m k e h rb a r is t. U n ter b e s tim m te n  B ed ingungen  
k o n n te  eine A u sbeu te  v o n  97,0%  an  V erb in d u n g  (II) e rre ich t w erden. M it der 
V erlän g eru n g  der R eak tio n sze it n ah m  a b e r  die A usbeu te  ab . Dies k a n n  d a ­
d u rc h  v e ru rsach t w erden , wie R a y c h a u d h u k i  und  B a s u  [2] nachgew iesen 
h a b e n , daß  das p rim ä re  P ro d u k t (II) h itzeem p fin d lich  is t. E rh i tz t  m an  dieses 
n äm lich  längere Z eit in  D iphy l, so e rfo lg t eine teilweise U m se tzu n g  zu 7-Chlor-
l-ä th y l- l,4 -d ih y d ro -4 -o x o ch in o lin -3 -ca rb o n säu re  (III), 7-C hlor-4-äthoxy-chi- 
n o lin  (IV) bzw. 7 -C h lo r-l-ä th y l-l,4 -d ih y d ro -4 -o x o -ch in o lin  (V).
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О ОС2Н 5 О

(V)

Die B estim m u n g  der G eschw ind igke itskonstan ten  der Z ersetzungsreak- 
tio n  bei versch iedenen  T em p era tu ren  erm ög lich te  e inerseits die A usw ertung  
des abk lingenden  A b sch n itte s  der K u rv en , die die zeitliche K o n z e n tra tio n s­
än d eru n g  des p rim ä re n  P ro d u k tes  zeigen, andererse its  e rgab  sich die G eschw in­
d ig k e itsk o n stan te  d er Z erse tzungsreak tion  d irek t d u rch  die W iederauflösung  
des a b g e tren n ten  p r im ä re n  P roduk tes u n d  d u rch  zeitliche V erfolgung seiner 
th erm isch en  Z erse tzung .

Auswertung der Ergebnisse

E s w urden  die im  L aufe der M essungen festg este llten  W erte  der K o n ­
z e n tra tio n  des p r im ä re n  P ro d u k tes  in  A b h än g ig k e it v o n  der Z eit d a rg es te llt 
u n d  w ir erh ielten  im  F alle  der K o n z e n tra tio n  0,153 Mol/1 (5% ) die K u rv en  
a u f  A bb. 1, bei d er K o n zen tra tio n  0,305 Mol/1 (10% ) die a u f Abb. 2; ü b e r 
240 °C zeigen die K u rv e n  ein M axim um .

Bei der A u sw ertu n g  der K urven  g ingen w ir von der V erm utung  aus, d aß  
die R eak tio n  k o n sek u tiv en  C harak ter h a t ,  sow ohl die p rim äre  R eak tio n  als 
au ch  die sek u n d ären  R eak tio n en  I. O rd n u n g , und  die sekundären  R eak tio n en  
m it den  Z erse tzungsreak tionen  des p r im ä re n  P ro d u k te s  iden tisch  sind. D ie 
Z erse tzu n g sp ro d u k te  s ind  in D iphyl löslich . D aß  die p rim äre  R eak tio n  I . 
O rd n u n g  is t, w ird  d u rc h  den in tram o lek u la ren  C h a ra k te r  dieser R eak tio n

Abb. 1. Änderung der K onzentration  des prim ären P roduktes in A bhängigkeit von der Zeit, 
bei der K onzentration von 0,153 Mol/1 (5% )
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Abb. 2. Änderung der K onzentration  des prim ären Produktes in A bhängigkeit von der Zeit, 
bei der K onzentration  von 0,305 Mol/1 (10%)

u n te r s tü tz t .  N ach R a y c h a u d h u r i  u n d  B asu  [6 ] is t der e rste  R e a k tio n ssc h ritt  
d e r Z erse tzungsreak tion  die S p a ltu n g  d er E s te rb in d u n g  C—O:

D a dieser S c h ritt v e rm u tlich  die lan g sam ste  P hase  d e r k o n sek u tiv en  
Z e rse tzu n g sreak tio n  is t, k a n n  der ganze P rozeß  k inetisch  n a c h  dem  fo lgenden  
S ch em a behandelt w erden :

А - “ 1

1 . * - В — о -  [С]

(I) (П) (На)

D (III) 

E (IV)

U n te r V orausse tzung  dessen, daß  sow ohl die 1. als auch  die 2. R e a k tio n  
v o n  e rs te r O rdnung is t, ge lang t m an zu r folgenden R eak tio n sg esch w in d ig ­
keitsg le ich u n g :

cB =  k l  cAo ■ [е~ы  е~ы ] ; (1)
k2 Aq

und  k„ =  R e a k tio n sk o n s ta n te n , 
сд0 =  A n fan g sk o n zen tra tio n  der S ubstanz  A ,
cB =  K o n z e n tra tio n  der S ubstanz  В  im  Z e itp u n k t (.
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N ach dem  E in se tzen  von cB =  y c Ao e rh ä lt m an fü r  die Z e itab h än g ig k e it 
d er A usbeu te  (у ) d er S ubstanz  В  den  fo lgenden  Z usam m enhang :

у  = ---- --------\e~ klt —  . (2)
k 2 -  k ,

W enn m an  die D eriv ie rte  der G le ich u n g  (2) N ull g le ichsetz t und  an  S telle  
v o n  t  den der m ax im alen  A usbeu te  en tsp re c h e n d en  Z e itw ert t 0 e in se tz t, so 
e rh ä lt m an  den A u sd ruck :

dy =  _ ; Щ _ e_klt0 +  e_kA =  Q (3)
dt k 2 k \  к^ k\

E rse tz t  m an  das V e rh ä ltn is  k2/k1 d u rc h  K ,  so gelang t m an  zur tra n sz e n d e n ten  
G leichung

k jt0 (K  -  1) =  I n K .  (4)

Die A u sw ertu n g  der R esu lta te  w u rd e  m it fo lgenden  M ethoden d u rc h ­
g efü h rt:

a) D a am  A nfang  der R eak tio n  d ie  die G eschw ind igkeit der Z erse tzu n g s­
re a k tio n  b estim m en d e  K o n zen tra tio n  des P ro d u k te s  (II) im  V ergleich m it der 
von  (I) gering is t, u n d  ferner nach  R a y c h a u d h u r i  u n d  B asu  bzw. un seren  
B eo b ach tu n g en  die Z erse tzung  von (II) im  u n te rsu c h te n  T e m p e ra tu rin te rv a ll 
langsam  v e rläu ft, w u rd e  die Z e rse tzu n g sreak tio n  im  e rs te n  A b sch n itt (bis zu r 
H albw ertsze it) als v ern ach lässig b ar b e tra c h te t .  So w urde  die au f G ru n d  der 
die K o n zen tra tio n sän d eru n g  des P r im ä rp ro d u k te s  besch re ibenden  K u rv e  
ab lesbaren  H a lb w ertsze it b erechne te  G esch w in d ig k e itsk o n stan te  als K o n ­
s ta n te  der p rim ären  R eak tio n  angesehen . N ach  B estim m u n g  des den K u rv en - 
m ax im a en tsp rech en d en  Z eitw ertes u n d  E in se tzen  des le tz te ren  in  die G lei­
chung  (4), lö sten  w ir die G leichung d a n n  m it einem  R echner und  e rh ie lten  
die W erte , die in  d er T abelle I  m it k ia a n d  k2a b eze ich n et sind . Diese M ethode 
k o n n ten  w ir n a tü r lic h  n u r  bei den M ax im um  k u rv en  an  w enden.

b) W ir b e s tim m te n  den W ert v o n  k 1 a u f  die u n te r  P u n k t a) e rw äh n te  
W eise u n d  u n te r  V erw endung  des zu r 60. M inu te  geh ö ren d en  W ertes cB, b e rech ­
n e ten  w ir m it H ilfe d er G leichung (1) die W erte  von  k2 (in der T abelle k2b). 
So k o n n te  jede  K u rv e  ausgew erte t w erd en .

c) D as e inm al b e re its  iso lierte  p rim ä re  P ro d u k t (II) lö sten  w ir e rn e u t 
a u f  u n d  nach  dem  E rw ä rm e n  von  v e rsch ied en er D au er a u f  verschiedene T e m ­
p e ra tu re n  b e s tim m te n  w ir du rch  Z urü ck w äg en  des R ü ck stan d es  die G eschw in­
d igke it der th e rm isch en  Z erse tzung . U n te r  V o rausse tzung  einer R e a k tio n  
e rs te r  O rdnung  e rm itte lte n  w ir die G esch w in d ig k e itsk o n stan ten  k2C a u f  G ru n d  
des Z usam m enhanges

c b  =  CB0 • e ~ K c t ■ ( 5 )
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U n te r V erw endung  der so e rh a lte n e n  k2C-W erte  und  der einzelnen P u n k te  
d e r  en tsp rech en d en  K u rv e n  w u rd en  m it H ilfe  d er G leichung (1) die genaueren  
W e rte  der G esch w in d ig k e itsk o n stan te  d e r p rim ären  R e a k tio n  (k lc) b e s tim m t. 
D ie K u rv e n p u n k te  m u ß te n  so gew äh lt w erd en , daß  sie sich a u f  dem  an ste ig en ­
d en  A b sch n itt der K u rv e n  b e fin d en , in  d e r N ähe des M axim um s, wo die K o n ­
z e n tra tio n  des p rim ä re n  P ro d u k te s  d u rc h  beide G eschw in d ig k e itsk o n stan ten  
b ed e u te n d  b ee in flu ß t w ird.

Tabelle I

Gemessene und berechnete Reaktionsgeschwindigkeitskonstanten 
bei verschiedenen Konzentrationen und Temperaturen

Konz. Temp. kia 2̂ a kjS
[min-1]

&1C Kc

[Mol/1] [%]
[°C] [min [min [min J] [min ']

230 0,0351 — 0,672 • 1 0 -3 0,0361 0,715 ■ 1 0 -3
235 0,0815 — 0,900 • 10- 3 — —

0,153 5 240 0,1230 7,231 • 1 0 -4 1,034 • IO“ 3 0,1352 1,150 • 1 0 -3
245 0,2665 9,087 • 1 0 -5 1,373 • 1 0 -3 — —

250 0,3745 2,982 • 10~3 2,382 • IO"3 0,3998 2,550 • 1 0 -3
255 0,4529 5,134 ■ 1 0 -3 4,503 • 1 0 -3 — —

230 0,0295 —

1ОО1—
1 0,0308

n1ОЮосо

235 0,0513 — 2,022 • IO“ 3 — -

0,305 10 240 0,0949 1,414 ■ 1 0 -6 2,367 • IO“3 0,0960 2,417 • 1 0 -3
245 0,1690 2,243 ■ IO“ 3 2,570 • 1 0 -3 - —

250 0,2634 2,400 • 1 0 -3 3,660 • i o - 3 0,3020 3,796 • 1 0 -3
255 0,2948 6,992 • 10"4 5,310 ■ 1 0 -3 — —

Die A bw eichung zw ischen den  G eschw in d ig k e itsk o n stan ten  fü r die 5- 
u n d  10% ige L ösung  is t  v e rm u tlich  m it dem  sog. »Salz-Effekt« zu e rk lä ren . 
W en n  die den R ingsch luß  ergebende zyk lische , ak tiv ie rte  K o m p lex v erb in d u n g  
w en iger so lv a tie rt is t  als das A usgangsm olekü l, so w ird  d er A b lau f der R e a k ­
tio n  d u rch  die K o n zen tra tio n se rh ö h u n g  gehem m t, da sich an  der S o lv a ta tio n  
a u c h  die A usgangsm oleküle  bete iligen , u n d  d adurch  die B ildung  eines a k t i ­
v ie r te n  K om plexes e rschw ert w ird.

Zur U n te rs tü tz u n g  un se re r V e rm u tu n g  fü h rte n  w ir die R eak tio n  auch  in  
G eg en w art von su b s titu ie r te n  A n ilin -D eriv a ten  m it v e rsch iedener E le k tro n e n ­
v e rte ilu n g  d. h. versch iedenen  D ipo lm o m en ten  durch. Bei e iner T e m p e ra tu r  
v o n  240 °C, u n te r  A nw endung  einer L ösung  von  0,153 Mol/1 (5% ig), w obei 
d ie  M enge der A n ilin -D eriv a te  im  R eak tionsgem isch  25 Mol %  b e tru g , w u rd en  
d ie  in  A bb. 3 gezeig ten  K u rv en  e rh a lte n .

W ie ersich tlich , n ah m  die R eak tionsgeschw ind igke it in jedem  F alle  ab . 
M it zunehm ender D ie le k tr iz itä tsk o n s ta n te  bzw. P o la ris ie rb a rk e it der A nilin -
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D eriv a te  v e rs tä rk te  sich der E ffek t in  geringem  M aße. Dies schein t unsere  
V orste llung  ü b e r d en  »Salz-Effekt« zu u n te rs tü tz e n .

Z ur F e s ts te llu n g  d er R ich tigke it d er in  T abelle  I  an g efü h rten  W erte  der 
G esch w in d ig k e itsk o n stan ten  zeichneten  w ir u n te r  V erw endung  der W e rte ­
p aa re  — ko fü r  versch iedene  T e m p e ra tu ren  die cB-t-K u rv e n  au f u n d  b eo b ­
a ch te ten , in  w elchem  M aße sie die ex p erim en te ll e rh a lten en  P u n k te  an n äh e rn . 
Als B eispiel w ird  in  A bb . 4 eine R eihe so lcher K u rv e n  v o rgeste llt, die bei 
250 °C und  bei e in er K o n zen tra tio n  von  0,305 Mol/1 (10% ) ausgem essen w u r­
den. Die T endenz des K urvenverlau fcs w ar auch  in  den ü b rigen  F ällen  ähn lich .

A us dem  A b la u f  d er au f Abb. 4 gezeig ten  K u rv e n  is t  ersichtlich , d aß  die 
experim en te ll e rm itte lte n  P u n k te  am  b e s te n  d u rch  die m it der A u sw ertungs­
m ethode  c au fg eze ich n e te  theo re tische  K u ry e  a n g e n ä h e rt w erden. Die geringe 
A bw eichung der K u rv e  b w urde du rch  die V ernach lässigung  der Z ersetzungs-
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^  0.12 5 
Ő
5  0.100

CD

°  0.075 

0.050 

0025 

0

__J

/ p ------ +ohne Zusats toff
□ mit 25 тоГ/о p-Toluidin

----- о mit 25 mol0/« Anilin
Amit 25 mol °/e m-Chlor- 

anilin
_____ i_____ 1_____ 1_____ 1_____

И

Zeit [min]
10 1A

Abb. 3. Einfluß von verschiedenen Zusatzsubstanzen auf die Reaktionsgeschwindigkeit

Abb. 4. A nnäherung der experimentell erm itte lten  Punk te  un ter Verwendung der nach den 
verschiedenen Methoden erhaltenen R eaktionsgeschw indigkeitskonstanten
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re a k tio n  am  R eak tio n san fan g  v e ru rsa c h t, w äh ren d  die v e rh ä ltn ism äß ig  s ta rk e  
A bw eichung  der m it d er M ethode a au fgezeichneten  K u rv e  d er U n g en au ig k e it 
d er B estim m u n g  der M axim um -S tellen  zuzuschre iben  ist. D ie k la-W erte  s ind  
in  d e r R egel k leiner als die klc-W erte , w as gleichfalls m it der V ernach lässigung  
d er Z erse tzu n g sreak tio n  im  B ereich  d er H a lb w ertsze it zu e rk lä ren  is t.

U n te r  V erw endung  der m it d er M ethode c e rh a lten en  A ngaben  w u rd en  
die F u n k tio n e n  lg к —  1/T  zur B estim m u n g  der K o n s ta n te n  der A rrh en iu s- 
schen  G leichung

_E*_
к =  А  ■ e RT (6)

aufgeze ichne t (A bb. 5).

Abb. 5. Graphische B estim m ung der Arrheniusschen K onstanten

D ie m it der g raph ischen  M ethode b erech n e ten  D a ten  sind  in  T abelle  I I  
a n g e fü h rt.

Tabelle II

Nach der graphischen Methode bestimmte Konstanten der Arrheniusschen Gleichung

Konz.
Reaktion

А
[min >]

E *
[Kcal/Mol][Mol/1] [%]

0,153 5 Prim är 1,08 • 1024 63,84
Sekundär 3,3 • 1 0 11 33,28

0,305 1 0 Prim är 2,15 • 1022 59,28
Sekundär 9,7 • 1 0 5 19,60

D ie an g efü h rten  W erte  sind n a tü r lic h  D u rch sch n ittsw erte  fü r  den  B e­
re ich  v o n  230—250 °C, da w ir die B erü ck sich tig u n g  der zw ar geringen  ab er 
ex is tie ren d en  T e m p e ra tu rab h ä n g ig k e it d er K o n s ta n te n  A  u n d  E*  v e rn a c h ­
lä ss ig t haben .
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E xperim en te ller Teil

D urchführung der Versuche

Die entsprechende Menge (90 bzw. 95 g) von 10% Paraffinöl enthaltendem  D iphyl wurde 
in ein 200 ml fassendes hitzebeständiges, m it Schliff versehenes zylindrisches Glasgefäß einge­
wogen. Gas Gefäß wurde dann  m it einem Deckel verschlossen, der m it Therm om eter, R üh­
rer, Gaseinleitungsrohr und  D osierstutzen ausgerüstet war. Der R ührer wurde in Gang gesetzt 
und  das Gefäß in  ein elektrisch beheiztes Ö lbad getaucht. Wir ließen durch den L uftraum  des 
Gefäßes m it einer Geschwindigkeit von 20 1/h Argongas durchström en und  erhöhten die Tem ­
p era tu r im Gefäß um  2 — 3°C über die geplante V ersuchstem peratur. Dabei wurde dafür Sorge 
getragen, daß die Erw ärm ungsgeschwindigkeit am Ende der Aufheizung etwa 2 — 2,5°C/Min. 
betragen soll. D anach erfolgte die schnelle Zugabe des abgewogenen und auf 160 °C vorge­
w ärm ten geschmolzenen l-Caräthoxy-2-(3-chlorphenylam ino)-äthylacrylats. Nach einigen 
Sekunden stellte sich die gewünschte T em peratur ein, die wegen der niedrigen W ärm ekapazität 
des Systems gu t geregelt w erden konnte. Die Tem peratur des Gemisches wurde fü r die ge­
wünschte Dauer beim entsprechenden W ert gehalten, unterdessen wurde intensiv gerührt. 
Zur U nterbrechung der R eaktion wurde dann schnell 50 ml kaltes 10% Paraffinöl enthaltendes 
D iphyl zum Gemisch gegeben. Gleichzeitig wurde das heiße Ölbad en tfern t und zwecks K ühlung 
des Reaktionsgefäßes durch ein kaltes, stark  gerührtes Ölbad ersetzt. Das abgekühlte Gemisch 
w urde über N acht stehen gelassen, um  die vollständige Ausfällung des Niederschlages zu er­
reichen. Anschließend folgten die F iltra tion  auf einer G4-Fritte, das W aschen m it P etro läther 
bis zur D iphylfreiheit, T rocknen im V akuum  bei 100 °C und die Auswaage.

V ersuchsm aterial

Das technisch reine 93 —94%ige l-C arbäthoxy-2-(3-chlorphenylam ino)-äthylacrylat 
wurde aus Petro läther um kristallisiert und im V akuum  bei 45 °C getrocknet. Zur Prüfung der 
R einheit des M aterials w urde der Schm elzpunkt bestim m t (Schm elzpunkt: 54 — 56 °C).

Das als Lösungsm ittel verw endete D iphyl wurde vor den einzelnen Versuchen im Va­
kuum  frisch destilliert. Als R ohstoff für die Vakuum destillation diente technisches R ohdiphyl 
oder ein F iltra t aus vorangehenden Versuchen. Das als Lösungsm ittelsubstanz verw endete 
Paraffinöl war wasserklar und  analytisch rein.
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The specific mean-square dipole mom ents of poly-(trifluorochloroethylene) and 
of polyene oligomeres w ith a phenyl end-group change linearly w ith the reciprocal 
molecular weight. Thus, under the given conditions, these polymers do not form  second­
ary structure . The mean dipole mom ents of the repeating  un its of these polym ers have 
the  values of 0.12 D ( —CFC1—CF2 —) and  1.02 D ( — CH =  C H —), respectively. In  the 
cases of polyene oligomers w ith dim ethylam ine end-group, poly(y-benzyl-L-glutamate) 
and phenylsiloxane ladder polymers deviations from th e  linearity  are observed. On this 
basis th e  existence of a secondary structure  can be assum ed in  these series of com pounds.

In tro d u c tio n

I t  has been show n earlier th a t  th e  in v es tig a tio n  of th e  op tical ro ta tio n  
[I , 2] an d  dipole m o m en t [3] o f d issolved m acrom olecules as a fu n c tio n  o f th e  
size of th e  m olecule m ay  give ce rta in  in fo rm a tio n  as regards th e  m o lecu la r 
s ta te  an d  secondary  s tru c tu re . I t  w as fo u n d  [2] th a t  for th e  d e tec tio n  o f  th e  
secondary  s tru c tu re  th e  specific ro ta tio n  [oc] an d  th e  specific m ean -sq u are  
dipole m o m en t (уй2/М ) can be co n v en ien tly  used  since th e  op tica l ro ta t io n  
is closely re la te d  to  th e  dipole m om en t o f th e  m olecule [4]. I t  has been  show n 
[1, 2, 3] th a t ,  in  general an d  th u s  also in  a n u m b e r of th e  cases s tu d ied , th e re  
is a lin ea r  re la tio n sh ip  betw een  th e  v a lu e  o f [«] or f i 2/ M  and  rec ip rocal m olec­
u la r w eigh t. T he in te rc e p ts  of th e  s tra ig h t lines th u s  ob ta ined , w hich  are 
ch a rac te ris tic  o f th e  rep ea tin g  u n its  [5], are d iffe ren t if  th e  o rie n ta tio n  an d  
ro ta tio n  o f th e  o therw ise iden tica l re p e a tin g  u n its  differ, as e.g. in  th e  case 
of lin ea r an d  cyclic po ly (d im ethy lsiloxanes) [6], lin ea r  m a lto d ex trin s  an d  
cyclic S chard inger d ex trin s  [1] as well. U sing th e  d a ta  of Goodman  et al. [7—  
10], we h av e  show n th a t  dev ia tions from  th e  l in e a r ity  [2] ind ica te  th e  ex istence  
of secondary  s tru c tu re . This is in  com plete  acco rdance  w ith  th e  re su lts  o f 
Go o dm an  et al. [7— 10] o b ta ined  earlie r b y  m eans o f an o th e r m eth o d .

* Synthetic linear polymers X X X I: K oloriszt. É rt. 13, 272 (1971); A cta Chim. (B uda­
pest), 79, 133 (1973).

** Presented a t the jubilee session of the Macromolecular Committee of the H ungarian  
A cadem y of Sciences, B udapest, 11th December 1973.
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R ecent in v estig a tio n s

Since th e  above resu lts  concern ing  th e  specific m ean-square  dipole 
m o m e n t were based  th u s  fa r  only on a r a th e r  lim ited  n um ber o f ex p erim en ta l 
d a ta  (on 8 po lym er hom ologous series), we h a v e  now  ex te n te d  o u r considera­
tio n s on th e  dipole m o m en ts  to  fu r th e r  p o ly m er hom ologous series on th e  basis 
o f  l i te ra tu re  d a ta . T he d a ta  used in  th e  p re se n t s tu d y  are lis ted  in  T ab le  I.

Table I

Dipole moments of the members of some polymer homologous series 
and the data used for the calculations 

Poly-(trifluorochloroethylenes):
—(CFC1—CF2)p— (fractionated samples)

p M M(D)* (1 /M )x l0 -4 Д* p 7M)x io-5

4.3 500 0.545 20.0 0.2970 59.4
6.0 700 0.56 14.3 0.3136 44.8
7.7 900 0.59 11.1 0.3481 38.6
9.5 1100 0.595 9.1 0.3540 32.3

* See [11]

Polyenes:

X —(CH =  CH)p— c f  (benzene. 25°C)
X H

x  =  —N(CH3)3

P Mol. wt. i-(D)* (1/M )x 10-4

1 99 6.24 101.0 38.94 0.393
2 125 7.67 80.0 58.83 0.471
3 151 8.24 66.2 67.90 0.450
4 177 8.50 56.5 72.25 0.366

* See [12]

P Mol. wt. Я Щ (1 /M )x l0 -4 Я Д2/М

1 132 3.60* 75.8 12.98 0.097
2 158 3.80** 63.3 14.44 0.091
5 236 4.16*** 42.4 17.31 0.073

* See [12] ** See [13] *** See [14]
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Table I (continued)

, . . [—NH-

Poly(y-benzyl-i-glutamates) : 
-C II -C O

(CH,)2

i n -  • • 

-COOCH,
(CHClj containing 1—2% 
dimethylformamide, 20°C, 
fractionated samples)

p M  x 103* m * (1/M)xl0-7 jZ’xlO3 Ji2/M

426 9 3 .4 1090 107.1 1.180 12.6

639 140 1560 71.4 2.434 17.4

1096 240 2600 41.7 6.760 28.2

1379 302 3160 33.1 9.986 32.1

See [15]

Phenylsiloxane ladder polymers:

. . .  —  Si— O— . . .
^  I (in benzene)

!
. . .  — Si— О—  I . . .

L  I J  n

Mx 10й* (l/JVf)xl0-' ц*/М х lO3

0.89 9.0 112.40 0.9

1.27 9.0 78.74 0.7

2.14 16 46.73 1.2

2.79 25 35.84 2.4

3.67 30 27.25 2.4

4.56 50 21.93 5.1

7.08 74 14.12 7.7

8.75 80 11.43 7.4

10.7 100 9.35 9.9

16.7 130 5.99 11.3

33.5 220 2.98 15.4

* See [16— 18]
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In  o u r fu r th e r  ca lcu la tio n s only such  d a ta  h av e  been used  fo r ap p lica tio n  
w h ere  a t  least th re e  values were av a ilab le  w ith in  th e  sam e p o lym er h o m o l­
ogous series. A p a r t  o f  th e  d a ta , in  c o n tra s t  to  ou r earlie r in v es tig a tio n s , 
re fe rs  n o t only to  hom ogeneous, w ell-defined  oligom eric com pounds b u t  also 
to  fra c tio n a ted  sam p les  w ith  an  av erag e  m olecu lar w eight. T hus th e  re la tio n ­
sh ips estab lished  u p  to  the  p resen t can  be generalized  to  a g rea te r  e x te n t.

O n th e  basis o f th e  dipole m o m en t va lues to  be found  in  th e  l i te ra tu re  
w e h av e  ca lcu la ted  th e  specific m ean -sq u a re  dipole m o m en t of th e  in d iv id u a l 
oligom eric com pounds and  polym er frac tio n s . These are also given in  T ab le  I. 
S im ila rly  to  our m e th o d  applied  ea rlie r, th e  values o b ta in ed  w ere p lo tte d  
a g a in s t th e  rec ip rocal m olecular w eigh t. T he resu lts  are show n in  Figs 1— 4.

Fig. 1. Specific m ean-square dipole m om ents of poly(trifluorochloroethylenes) as a function
of the reciprocal molecular weight

Fig. 2. Specific m ean-square dipole m om ents of polyene oligomers as a function of the re ­
ciprocal molecular w eight (phenyl end-group: curve 1; — N(CH3)2 end-group: curve 2)
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Fig. 3 .  Specific mean-square dipole m om ents of poly(y-benzyl-L-glutamates) as a function
of the reciprocal molecular weight

Fig. 4. Specific mean-square dipole moments o f phenylsiloxane ladder polymers as a function
the reciprocal m olecular weight

D iscussion

T he F ig . 1 an d  th e  stra ig h t line n u m b er 1 of F ig . 2 in d ica te  th a t  th e  
p o in ts  lie w ith  a good ap p rox im ation  on  a line. C onsequently , th e  re la tio n sh ip

z
M

a
M

+  b

es tab lish ed  earlier, w h ich  is essen tia lly  a special fo rm  o f th e  e q u a tio n

M
+  b
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■where q> is a specific q u a n ti ty  (see [3] an d  [5]), is also valid  in th e  in te rv a l 
s tu d ie d  for polyene oligom ers w ith  p h en y l e n d -g ro u p  and  for po ly -(trifluo ro - 
ch lo re thy lene). F ig . 1 show s also th e  c o n s ta n ts  (slope: m  and  in te rc e p t: b) 
of re la tio n sh ip  o b ta in e d  by  th e  m e th o d  o f averages. The in te rc e p t of th e  
s tra ig h t  line 1 Fig. 2 w as dete rm in ed  g ra p h ic a lly . I ts  v a lue  is also given 
in  F ig . 2.

F rom  the  s tra ig h t  line in Fig. 1 and  from  th e  s tra ig h t line n u m b er 1 in  
F ig . 2 th e  conclusion can  be d raw n th a t  in  th e  exam ined  in te rv a l, u n d e r th e  
g iven  experim en ta l cond itions, n e ith e r  po ly (trifluo roch lo roethy lene) no r 
p o ly en e  oligom ers w ith  pheny l end-group  do fo rm  secondary  s tru c tu re . T ab le  
I I  in d ica tes  th e  m ean  dipole m om ents (/u) of th e  ind iv idual rep ea tin g  u n its  
fo r in fin ite ly  high m o lecu lar w eight p o ly m ers  ca lcu la ted  on th e  basis o f con­
s ta n ts  b ob tained  from  th e  in te rc e p ts .

Table II

Mean dipole moment o f the repeating units o f polymers not forming any 
secondary structure under the given conditions, in the case o f M  =  oo

Repeating unit
Molecular 

weight of the 
repeating unit

(M.)

Value of constant 
b V- (=

— (CFCl —C F,) — 116.5 11.4 x  10~5 0.12 D
- ( C H = C H ) 26.0 4 X 1 0 - 2 1.02 1)

(benzene, 25°C)

A case qu ite  d iffe re n t from  th e  above is th a t  of polyene oligom ers w ith  
d im eth y lam in e  en d -g ro u p  (curve 2, F ig . 2). T he p lo t here y ields a cu rve  
passin g  th ro u g h  a m ax im u m . S im ilarly , d ev ia tio n  from  th e  lin e a rity  can be 
observed  in  th e  cases of po ly (y -benzy l-L -g lu tam ate) a t 20°C in chloroform  
c o n ta in in g  1 — 2 %  d im eth y lfo rm am id e  (F ig . 3) an d  pheny lsiloxane lad d e r p o ly ­
m ers in  benzene (F ig . 4). As a lread y  p o in ted  o u t [2], th is  ind ica tes th a t ,  u n d e r 
th e  given ex p erim en ta l cond itions, a seco n d ary  s tru c tu re  is form ed. T he e x is t­
ence of th is seco n d ary  s tru c tu re  in  p h en y ls ilo x an e  lad d er po lym ers was su c ­
cessfu lly  p roved  b y  ex perim en ts as well, b y  T svetkov  et al. [16—18].
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The densities of some oligo- and  polyacenaphthylenes obtained in different ways 
were determined. The oligomer prepared  in the iodine-initiated solid-state oligomeri­
zation had the h ighest density. I ts  X -ray  powder diffractogram  was resolved in to  its 
Gaussian components. The diffraction angles corresponding to  the Gauss m axim a were 
indexed as a monoclinic unit cell, using a =  11.7, b =  7.62, c =  9.82 A and ß =  90° as 
param eters. The space group is P 2,.

The atom ic coordinates of th e  threo  and erythro-acenaphthylene monomeric 
un its  were com puted by minimizing th e  conformational energies. The conform ational 
energy of the polym er chains was b u ilt up from either three or erythro segments com­
pu ting  it  as a function  of the dihedral angles (9^ , <p2) between the monomeric units of 
the  main chain.

No regular polym er chain can he formed from merely erythro segments because 
of steric hindrances. The function of conform ational energy of threo isotactic chain has 
four local minima; th e  deepest one corresponds to  a 2, helix. Three regular chains of 
minim um energy were obtained for syndio tactic  polymers having 2 t and 4 t helices as 
well as a series of sym m etry centres. T he 2 , helical structure corresponds to  the oligo­
m er cell representing the absolute m inim um  of the energy. 2 , helix and the series of 
sym m etry centres are built up very sim ilarly  to  each other and can be derived from  the 
monomeric structure  by small tran sla tio n s i.e., they may be isomorphous w ith the 
monomeric structure.

The polym er consisting of a com bination  of erythro and threo segments has a 2j 
helix structure too h u t the energy of th e  chain is much higher then th a t of pure threo 
chains.

In  our previous p ap er [1], re su lts  from  s tru c tu ra l in v es tig a tio n s  o f 
acen ap h th y len e  (ACN) m onom er c ry s ta ls  w ere rep o rted . T he possib ility  of 
to p o ta c tic  so lid-sta te  po lym eriza tion  w as d em o n stra ted  due to  m onom er 
m olecules capable o f free  ro ta tio n  in  th e  la ttic e  a t room  te m p e ra tu re . S im ilar 
re su lts  w ere ob tained  ind irec tly  from  X -ra y  d iffrac tion  and  in fra red  sp ec tro s­
copy [2]. I t  was estab lish ed  th a t  th e  acen ap h th y len e  po lym er p ro d u ced  in  
th e  liq u id  s ta te  by  ra d ic a l, i.e. th e rm a l in itia tio n , show ed a m ore irreg u la r 
s tru c tu re  th a n  th a t  p ro d u ced  in th e  so lid  s ta te  by  r ia d ia tio n  in itia tio n  or in  
th e  l iq u id  s ta te  by  Z ieg le r—N a tta - ty p e  c a ta ly s ts . The m ost reg u la r s tru c tu re  
w as o b ta in e d  in oligom ers form ed in  th e  solid s ta te  b y  in itia tio n  w ith  iodine.

B a r r a l e s -R iejnda an d  P e p p e r  [3] estab lished  th a t  in  po lym ers p re ­
p a red  b y  th e rm al in it ia tio n  or, in th e  liq u id  s ta te , by  in itia tio n  of B F 3, m ono­
m er u n its  o f b o th  threo an d  erythro co n fo rm atio n  were p re sen t in  sp ite  of th e  
fac t t h a t  th e  erythro conform ation  co u ld  n o t form  in d iv id u a l po lym er chains

A cta  Chim . ( Budapest)  84 , 1975



298 CSER, H A RD Y : STRUCTURAL STU D IES ON POLYA CEN A PH TH Y LEN E

due to  steric  h in d ran ces. As th e y  d e m o n s tra te d , th e  p o lym er chains were m ore 
flex ib le  th a n  w as e x p e c te d , i.e., th e ir  seg m en ta l len g th  w as sm aller th a n  th a t  
ex p ec ted  on th e  basis  o f d im ensions of th e  nom om er u n its .

S tory  and Ca n t y  [4] drew  th e  conclusion from  spectroscopic  d a ta  of 
p o ly acen ap h th y len e  th a t  m onom er u n its  o f three con fo rm ation  were p resen t 
in  th e  po lym er as e ith e r  iso tac tic  or sy n d io tac tic  chains. In  our p rev ious 
w ork  [2], i t  was su p p o sed  b y  X -ra y  d iffrac to g ram s an d  in fra red  sp ec tra  th a t  
th e  o rdered  oligom er w as likely  to  have  a th re o  iso tac tic  s tru c tu re  w ith  21 or 
3X helix .

S tu d y in g  th e  ch em ica lly  induced  p o ly m eriza tio n  of ACN [5], th e  p ro d u c t 
w as found  to  rem ain  in  isom orphism  w ith  th e  m onom er up  to  16—18 p er cen t 
o f conversion  a t  60°C. T h e  previous in v es tig a tio n s  o f p o ly acen ap h th y len e  have  
been  followed in  o rd er to  give a m ore co rrec t in te rp re ta tio n  of th e  forced iso ­
m orph ism  and  phase  d iag ram  of th e  po lym er/m o n o m er system . F o r a m ore 
u n am biguous e v a lu a tio n  of th e  exp erim en ta l re su lts , th e  rep o rted  X -ray  d if­
f ra c tio n  and  in fra red  spectroscopic d a ta  [2] are  su p p lem en ted  b y  d en sity  
m easu rem en ts  an d  con fo rm ation  analysis.

E xp erim en ta l and  ca lcu la tio n  m ethods 
D ensity m easu rem en ts

D en sity  of p o lym ers was d e te rm ined  b y  flo ta tio n  m ethod  in  aqueous 
CaCL solution . Since th e  polym ers are  fine  pow ders, densities are given as 
averages of tw o lim it v a lu e s , due to  ce rta in  techn ica l reasons. The u p p e r lim it 
corresponds to  th e  d e n s ity  of th e  liq u id  in  w hich all po lym er partic les raised 
from  th e  bo tto m  of th e  vessel a fte r 120 m in u tes , w hereas th e  lower lim it re p re ­
sen ts  an  unequ ivocal sed im en ta tio n  on th e  b o tto m  of th e  vessel a fte r 120 m in ­
u te s . A d ensity  was accep ted  when th e  difference betw een  th e  tw o lim it values 
d id  n o t exceed 0.008 g • cm :i. The f lo ta tin g  liqu id  was th e rm o sta te d  for 
25 ±  0.01°C. I ts  d e n s ity  was m easured  b y  th e  p icnom etric  m ethod .

C alcu lation  of the con fo rm ation  energy

C onform ation  o f  th e  polym er w as ca lcu la ted  b y  a co m p u te r p ro g ram  
(PO L Y M E R ) based  on th e  m ethod  of D e  Sa n t is  et ál. [7]. A tom ic co o rd ina tes 
are p resen ted  in  a p o la r  coord inate  sy stem  re la ted  to  th e  preceding  a to m s 
accord ing  to  th e  p a t te rn  of Fig. 1. L,- is a v ec to r (valence) from  th e  a to m  
i —  1 to  th e  a to m  i ; ©( is th e  valence angle betw een  L i_ 1 and  L (; <pi is th e  
d ih ed ra l angle b e tw een  th e  L ;_2 — L t_ x an d  th e  L ,_ x — L i p lanes ( tra n s­
position  =  0°).
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X , - 2  X j

Table I

Atom ic coordinates o f  threo-dimethylacenaphthylene

i  x, (A) (A) z, (A) U  (A) ®i (°) w (°) Type of 
atoms

1 — 0.7782 — 0.0068 2.1141 1.538 111.651 54.514 3
2 — 1.1826 — 0.0083 0.6446 1.556 111.651 0 3
3 — 2.4355 — 0.0360 — 0.0052 1.524 108.145 115.495 2

4 — 2.4644 — 0.0253 — 1.4259 1.412 132.793 — 118.555 2

5 — 1.2513 — 0.0063 — 2.1805 1.421 118.565 0.142 2
6 0.7782 0.0068 2.1141 1.429 120.719 179.158 2

7 1.1826 0.0083 0.6446 1.524 105.388 -  62.664 2
8 2.4355 0.0360 — 0.0052 1.412 132.793 — 0.972 2

9 2.6444 0.0252 — 1.4259 1.421 118.565 — 0.144 2

10 1.2513 0.0053 — 2.1805 1.429 120.719 — 179.158 2
11 — 0.000 0.0000 — 0.1089 1.402 107.113 60.341 2

12 0.0000 0.0000 — 1.5178 1.416 120.213 — 179.811 2

13 — 1.2594 — 0.7941 2.7126 1.100 101.121 — 124.372 1
14 — 3.3437 — 0.0428 0.5719 1.076 120.153 178.802 1

15 -3 .4 0 4 7 — 0.0129 — 1.9505 1.077 120.3296 — 2.027 1
16 -1 .2 9 8 9 0.0053 — 3.2541 1.075 119.353 — 0.172 1

17 1.2594 0.7941 2.7126 1.100 116.346 169.863 1

18 3.3437 0.0428 0.5719 1.076 120.153 — 178.802 1

19 3.4047 0.0128 — 1.9505 1.077 120.329 2.027 1

20 1.2989 — 0.0054 -3 .2 5 4 1 1.075 119.353 0.172 1

21 1.3567 1.2589 2.7688 0.0 0.0 0.0 4
22 1.3567 — 1.2589 2.7688 1.538 111.651 54.514 4

In  Tables I  a n d  I I ,  atom ic c o o rd in a te s  o f threo and  erythro a c e n a p h th y ­
lene m onom er u n its  a re  p resen ted  in  a p e rp e n d ic u la r  D escartes co o rd in a te  
sy s tem  (Á) w ith  th e  Cn  atom  in  i ts  o rig in  or in  a po la r coo rd ina te  sy stem  
(F ig . 1) re la ted  to  th e  preceding a to m s. A tom ic  co o rd in a tes  o f T ables I an d  I I  
w ere ca lcu la ted  b y  a  com puter p ro g ra m  (C O N FO R M ) [1] using  th e  W e s t .
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Table II

Atomic coordinates o f erythro-dimethylacenaphthylene

i x, (A) Y< (A) z,- (A) L, (A) Si (°) <pt (°) Type of 
atoms

1 — 0.7809 0.0375 2.1180 1.544 119.403 173.441 3
2 — 1.1826 — 0.0002 0.6458 1.557 118.333

ОО

3
3 — 2.4355 — 0.0403 -0 .0052 1.526 107.597 -  120.090 2
4 — 2.4644 — 0.0258 -1 .4259 1.413 132.737 126.196 2
5 -1 .2 5 1 3 — 0.0057 -2 .1749 1.421 118.590 1.974 2
6 0.7762 0.0479 2.1199 1.426 120.355 — 178.416 2
7 1.1826 0.0347 0.6473 1.528 105.355 60.480 2
8 2.4355 0.0238 -0 .0052 1.413 132.940 0.673 2
9 2.4644 0.0168 — 1.4259 1.421 118.677 0.181 2

10 1.2513 0.0049 — 2.1749 1.426 120.529 179.268 2
11 0.0000 0.0022 -0 .0 9 9 4 1.398 106.948 -  54.552 2
12 0.0000 0.0000 -1 .5143 1.415 122.218 1.339 2
13 — 1.2183 -0.7773 2.7044 1.095 98.724 123.142 1
14 — 3.3436 -0 .0 4 2 4 0.5749 1.078 118.590 179.603 1
15 — 3.4023 — 0.0177 -1 .9541 1.076 120.556 2.334 1
16 — 1.2871 0.0046 -3 .2527 1.078 119.795 0.033 1
17 1.2191 — 0.7722 2.6979 1.097 113.547 — 63.692 1
18 3.3436 0.0343 0.5745 1.077 119.929 139.367 1
19 3.4023 0.0102 -1 .9542 1.076 120.557 0.107 1
20 1.2871 — 0.0043 -3 .2 5 2 7 1.078 119.795 — 0.242 1
21 — 1.5222 1.2221 2.7739 0.000 0.000 0.000 4
22 1.5250 1.2112 2.8021 1.544 119.403 178.441 4

Fig. 2. Numbering of th e  acenaphthylene m onom eric u n it and the reference system of the
polar coordinates
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h e i m e r —H e n d r ic k s o n —W i b e r g  m e th o d  for three- and  ery thro-d im ethyl- 
acen ap h th y len e  m odels. N u m b erin g  o f a tom s and  co n stru c tio n  of th e  po la r 
c o o rd in a te  system  is il lu s tra te d  in  F ig . 2.

T he m onom er u n its  c h a ra c te riz e d  in  th is  w ay  were in co rp o ra ted  in to  
6 -m em bered  chains (C j-C2—C{-C2) an d  changes in  th e  energy  co rrespond ing  
to  a m onom er u n it were d e te rm in ed  as a func tion  of th e  d ih ed ra l angle for 
th e  C2—C[ bond.

T he m onom er u n its  w ere supposed  rig id  an d  th e ir  ro ta tio n  energy  a ro u n d  
th e  b o n d , th e  repulsion, a t tra c t io n  an d  e lec tro s ta tic  energies w ith in  th e  m ole­
cule an d  betw een  th e  chain  segm en ts w ere ca lcu la ted . T he in d iv id u a l energies 
were ca lcu la ted  b y  th e  follow ing fu n c tio n s:

Epoiy  =  — 2  У  и  { 1 — c o s  [ n a  (<Pi,

+  E  e,j
R°. 12 R4;U -  2 ^ e u

IJ

R u R ij)
+  Z

-<p№  +

332 q,qj

w here Vfj th e  p o ten tia l b a rr ie r  o f th e  ro ta tio n  a ro u n d  th e  C2—C{ bond  (kcal/ 
m ole),

ríjj eq. 3 for th e  C2—C( b o n d ,
(pij th e  d ihedra l angle,
(fij th e  d ihed ra l angle a t  th e  m in im um -energy  s ta te ,
Rjj  th e  d istance  betw een  th e  atom s i and  j  (Á),
R'lj th e  sum  of v an  d er W aals rad ii o f th e  atom s i an d  j  (Á), 
etj  th e  p o ten tia l co rrespond ing  to  th e  d is tan ce  of m in im um  energy 

(R°i j )  betw een  th e  a to m s i an d  j  (kcal/m ole),
th e  electric charge of  th e  a tom s calculated  b y  th e  m e th o d  of 

D el  R e [8 ] in e lectrons, 
e° th e  dielectric co ns tan t .

E ach  chain  segm ent consists o f  one m onom er u n it in  th e  iso tac tic  m odel 
an d  a p a ir  o f m onom er u n its  re la tin g  w ith  a m irro r to  each o th e r (w here <p 
co o rd ina tes have an  opposite  sign) in  th e  sy n d io tac tic  m odel.

P a ra m e te rs  of th e  energy  fu n c tio n s  in  th e  PO L Y M E R  p ro g ram  are  su m ­
m arized  in  th e  T able I I I .

Results

D ensities and  pack ing  coeffic ien ts ca lcu la ted  on th e  basis o f m olecular 
in c rem en ts  o f Slonimskii et al. [9] are  p re sen ted  in  T able IV  for po lym ers 
p rep a red  in  d iffe ren t w ays. I t  can  be s ta te d  th a t  rad ica l polym ers or p ro d u c ts  
p rep ared  in  th e  liqu id  s ta te  h av e  low er d en sity  th a n  those p rep a red  in  th e
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Table III

Parameters o f the potential functions used in P O LYM E R  
and CO NFO RM  programs

vpol
ij

1 2 л * м в |IA Ri j ) 1 Ríj ' JH I  +  ^  +  T  ( t o l j  -  v b ) ) n )

R°ij= R°i R" e i j  ^ e i e j l ( e i  "h ej )

Atom Type 4
(kcal/mole)

я?
(A)

Hydrogen 1 0.0085 1.20
Carbon (sp2) 2 0.0880 1.85
Carbon (sp3) 3 0.0880 1.85

e° =  3.5

Parameters o f the CON F O R M  program 

E t o t  =  Y Z k e ( l i j  l / j ) -  +  2 E  к /h ( tl ijji ; — t h j j k ) -  -(- £poi

Type 
of bond

fc,
(rndyn/Á) 4 '(A)

4(kcal/mole) tpijWll

1—2 5.0 1.08 —

1 - 3 4.6 1.094 —
2—2 7.0 1.396 6.0 0.2
2 - 3 4.5 1.509 0.46 0.3
3 - 3 4.4 1.512 0.138 0.3

Type of 
bond angle

h h
(mdyn A rad - 2) t/l°

1 - 2 - 2 0.66 120.0
2- 2 - 2 0.40 120.0
2 - 2 - 3 0.40 120.0
1 - 3 - 2 0.24 109.5
1 - 3 - 3 0.24 109.5
2 - 3 - 3 0.40 109.5
3 - 3 - 3 0.40 109.5

solid s ta te  or b y  ionic m echanism . A correspond ing  degree of reg u la rity  is also 
fo u n d  in the  d iffrac to g ram s [2].

A d iffrac to g ram  o f an oligom er form ed in th e  solid s ta te  b y  iodine in i t ia ­
tio n  an d  m u ltip lied  b y  L p is illu s tra te d  in  Fig. 3. T he d iffrac togram  was g ra p h i­
ca lly  resolved in to  e lem en ta ry  G aussian  peaks rep resen ted  by  d o tte d  lines. 
L ocations of m ax im a  o f th e  18 G aussian  peaks could be indexed  accord ing

A c ta  Chim . ( B u dapest) 8 4 , 1975
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Table IV

Densities and packing coefficients o f poly- and oligoacenaphthylene

Product Density 
(g cm-»)

Packing
coefficient

R ad ica l or th erm al in it. in liquid 1.154 0.6525
Z ie g l e r — N atta  in it. in liquid or

R a d ia tio n  in it. in solid 1.178 0.6661
Iod ine in it. in solid (oligomer) 1.223 0.6919

Table V

Crystallographic data o f oligoacenaphthylene

a =  11.7 Á F ceI| =  874.0 Á3 Space group =  P2,
b =  7.6 Á gm =  1.223 g cm-3 P000 =  320
c =  9.8 Á oc — 1.229 g cm-3 M  = 8 6
ß  =  90 deg. Z = 4

to th e  m onoclinic c ry s ta l s tru c tu re .*  T ab le  Y co n ta in s  th e  cell d a ta  of th e  space  
g roup , while d a ta  fo r th e  indexed lines are p resen ted  in  T ab le  VI.

O n th e  basis o f  in c lina tion  angles of th e  axes, th e  e lem en tary  cell o f th e  
po lym er was fo u n d  to  be a pseudo o rth o rh o m b ic  la ttic e  consisting of fou r 
m onom er u n its . S ince 020 is the  line o f h ig h es t re la tiv e  in te n s ity  (010 an d  
030 lines are m issing), th e  cell is p resu m ab ly  o f space g roup  P 2, and  th e  axis 
2 t corresponds to  th e  chain  axis of th e  po lym er. In  th is  case, th e  chain  perio d  
w ould be 3.8 Á w h ich  could no t be a rran g ed  b y  in se rtio n  of a m onom er u n it 
in to  th e  chain . T h u s  th e  period of th e  chain  com prises 2 m onom er u n its  t o ­
gether. A ccording to  N a t t a  [10], i t  can  be supposed  th a t  th e  h igh ly  re g u la r  
chain  consists o f sy n d io tac tic  segm ents.

The co n fo rm atio n  energy of a i/ireo-isotactic p o lym er is p lo tted  in  F ig . 4 
ag a in st th e  d ih ed ra l angle tpv  The curve h as  four local m in im a a t 2, 150, 208 
an d  283.5 degrees. T he energy  barriers be tw een  th e  m in im a are classified in to  
tw o d ifferen t p a irs , th e ir  m agn itude  m akes an  in te rch an g e  of th e  tw o  k in d s  
of chain  im possib le. E v en  th e  energy b a rrie rs  w ith in  th e  pairs of m in im a are  
q u ite  high. C h a rac te ris tic  d a ta  of po lym er chains co rrespond ing  to  th e  m in im a 
are collected in  T ab le  V II . The chain o f low est en erg y  (qtq =  208°) is s im ila r

* The determ ination  of cell param eters using only small am ounts of reflections is u n ­
certain. The degree of accuracy of the data given in  Table V can be estim ated by the same 
values of the calculated and measured densities as well as of the calculated and m easured 
reflection angles expressed by their sinus in Table V I. The space group w ith the sm allest 
sym m etry was chosen, accepting only the sym m etry elem ents found by system atic absence of 
reflections (2,) P 2 1/m  and  orthorhom bic P 22,2 are also possible space groups, however, they  
are ra ther unprobable, as they  are unfavourable from  the point of the close packing of chains 
(s. A. I. K it a ig o r o d s k ii: Organic Chemical C rystallography, Interscience, N.Y. 1961).
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Fig. 3. X -ray diffractogram  of oligoacenaphthylene prepared by iodine in itia tion  m ultiplied 
by Lp. D otted lines illustrate the Gaussian components of th e  curve

]<ig. 4. Conformation energy of the isotactic t/ireo-polyacenaphthylene as a function of the
dihedral angle cp1 (E total)
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Table VI

Peak maxima and Miller indices of gaussein components 
in the diffractogram of oligoacenaphthylene

No. 20
(deg)

sin20 index sin2© index sin2© index sin2©

l 8.0 0.0062 001 0.0066
2 11.6 0.0108 101 0.0110
3 15.2 0.0175 200 0.0176
4 18.8 0.0266 002 0.0264
5 23.0 0.0397 020 0.0398 112 0.0404

6 24.8 0.0460 021 0.0463 202 0.0440

7 27.4 0.0560 311 0.0561 212 0.0571 220 0.0573
8 29.2 0.0635 103 0.0638 221 0.0639

9 30.6 0.0697 400 0.0697 013 0.0693
10 32.4 0.0833 222 0.0837
11 35.2 0.0915 130 0.0942

12 37.8 0.1049 123 0.1035 322 0.1057 412 0.1060

13 41.2 0.1239 204 0.1232
14 42.4 0.1310 232 0.1333 214 0.1341 303 0.1289
15 43.8 0.1392 403 0.1390 323 0.1387
16 45.0 0.1466 304 0.1452 024 0.1453

17 46.4 0.1535 332 0.1553 314 0.1551 521 0.1563

18 48.0 0.1655 004 0.1650 601 0.1651

Table VII

Minimum-energy positions of polyacenaphthylene

R° Ф D Type of Note<Ti <P2 (kcal/mole) (A) (d«g-) (A) helix

2 _ 21.67 1.939 52.06 1.912 7, isotactic three

150 — 22.46 0.987 140.80 1.759 5j{ „

208 — 17.35 0.737 166.91 2.100 2, „  „

283.5 — 32.86 0.566 107.61 2.391 io 3

100 100 17.20 0.785 175.53 3.614 2, syndiotactic threo

0 90 27.04 1.196 — 3.667 c

60 120 21.61 2.597 89.6 2.600 4,

300 332 63.22 1.207 167.53 3.807 2, erythro threo
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PACN 210

Fig. 5. Structure of th e  lowest-energy chain of isotactic ikreo-polyacenaphthylene

Fig. 6. Conformation energy of syndiotactic direo-polyacenaphthylene as a function of 
d ihedral angles <p, and <p2. I ,evei lines refer to energy differences of 5 kcal/mole. F irst line

corresponds to 40 kcal/mole (f?total)

to  th e  s tru c tu re  of t h a t  ch arac terized  b y  2, helix  in  a prev ious p ap er (Fig. 5). 
H ow ever, the  period  o f th e  po lym er chain  is considerab ly  sm aller th a n  3.8 Á 
o f th e  d iffrac togram s.

In  Fig. 6, th e  con fo rm ation  energy  o f t/ireo-syndio tactic  poly-ACN is 
p lo tte d  against d ih ed ra l angles <pr an d  qp2 . C h arac te ris tic  d a ta  of th e  po lym er 
ch a in s  corresponding  to  th e  m inim a o f th is  sym m etrica l d iag ram  are also 
co llected  in T able V II . B ecause of th e  sy m m etry  cond itions of th e  d iagram
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PACN 90 /0  T-S

F 7. Structure of the syndiotactic ihreo-polyacenaphthylene chain of dihedral angles of
0/S0 deg.

I'ie. It. Structure of tbc syndio tactic  t/ireo-polyacenaphthylene chain of dihedral angles of
60/120 deg.
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l'ig . 9. Structure of the syndiotactic i/irco-polyacenaphthylene chain of dihedral angles of
100/100 deg.

Fig. 10. S tructure of a m inim um -energy prythro-thrpo-\H)l\ acenaphthylene chain
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(2 p e rp en d icu la r m irro r p lanes), th re e  k inds of po lym er chains correspond 
to  th e  te n  m inim a. D ih ed ra l angles o f 0 /9 0 ,0 / —90; 6 0 /1 2 0 ,—60/— 120,60/— 120, 
— 60/120; and  100/100, — 100/— 100 re fer to  po lym ers ch a rac te rized  b y  a series 
of sy m m etry  cen tres (F ig . 7); by  4 X he lix  (Fig. 8); an d  2г helix  (F ig. 9) re ­
spective ly .

F o r iso tac tic  chains of erythro segm en ts, no v a lu e  o f angle y ie lded  a chain  
w hich h ad  th e  atom s of its  th ird  f if th  m onom er u n its  n o t excessively  close 
to  th e  f irs t one. O nly a single such site  w as found  in  po lym er chains consisting  
of p a irs  of erythro and  threo m onom er u n its . I ts  d a ta  are  also inc luded  in 
T ab le  V II . H ow ever, conform ation  energy  is r a th e r  h igh , th u s  th e  s tru c tu re  
of th e  m onom er u n it m u s t be changed  in  th e  p resence of such  a segm ent. 
B ecause of th e  steep p o te n tia l hollow, no ro ta tio n  is possible a ro u n d  th e  bond . 
T he po lym er is d e m o n s tra te d  in Fig. 10.

D iscussion

P ack in g  coefficien t o f the p o lym er w ith  th e  h ighest d en sity  (i.e. th e  
oligom er) is com parab le  to  th a t  of c ry s ta llin e  m onom er (0.6971) or, in  general, 
th e  c rysta lline  a ro m atic  com pounds. M olecular vo lum e o f th e  am orphous 
po lym er ca lcu la ted  from  th e  atom ic vo lum es o f Sl o n im sk ii  [9] an d  th a t  of 
van K r e v e l e n  an d  H o f t y z e r  [11] is q u ite  th e  sam e. T he co rrespond ing  d en ­
sities are 1.055 g • c m 3 a n d  1.012 g ■ c m -3  (accord ing  to  Sl o n im sk ii  an d  van 
K r e v e l e n  resp .) are  essen tia lly  low er th a n  th e  low est m easured  value . B y 
ca lcu la tin g  th e  d en sity  o f th e  am orphous p o ly m er from  th a t  o f th e  oligom er, 
w hich is still c ry sta lline  [11], 1.069 g • cm -3  w as o b ta in ed . I t  is on ly  sligh tly  
h igher th a n  th a t  e s tim a te d  b y  th e  a to m ic  volum es. I t  can , th ere fo re , reaso n ­
ab ly  he supposed th a t  th e  oligom er p rep a red  b y  iodine in itia tio n  has a high 
degree of c ry s ta llin ity . I t  seem s to  be p ro v ed  b y  th e  good ag reem en t betw een 
densities ca lcu la ted  from  cell d a ta  an d  m easured  b y  th e  f lo ta tio n  m ethod. 
On th e  c o n tra ry , th e  d e n s ity  of th e  m o st d iso rdered  p o lym er fo rm ed  in  th e  
liqu id  s ta te  b y  rad ica l in itia tio n  is even  considerab ly  h igher th a n  th a t  e s ti­
m a ted  fo r th e  am orphous po lym er.

In  pow der d iffrac to g ram s of po ly - and  o ligo -acenaph thy lenes, tw o 
peaks are  alw ays p resen t (d, =  3.8, d, =  5.3 Á) [2]. T he fo rm er one corresponds 
to  th e  tra n s la tio n  u n it o f th e  chain p e rio d , i.e. to  th e  elongation  D  along the  
helix  axis w ith  a rep ea ted  tu rn in g  by  Ф angle. F rom  th e  re su lt of conform a­
tio n a l analysis those va lu es  are accep ted  to  ap p ro x im a te  th e  rea lities w hich 
fu llfil th is  condition .

T his condition  is n o t m et in iso tac tic  po lym ers as ap p ears  from  th e  d a ta  
of T ab le  V II , while is rea lized  in tw o sy n d io tac tic  po lym ers (d ihed ra l angles 
0/90 an d  100/100), and  in  th e  polym er b u ilt  up from  threo and  erythro segm ents.
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T h e th ree-po lym er s tru c tu re  is v e ry  sim ilar (Figs 7, 9 an d  10) in  sp ite  of th e  
g re a t difference in  th e  s te ric  a rra n g e m en t of th e  a to m s. C o n struc tion  of th e  
p o ly m er chain assigned to  th e  m in im u m  p o in t of con fo rm atio n -en erg y  fu n c ­
tio n s  o f synd io tactic  p o ly m er chains ap p ro x im ates  th e  2, helix , th u s , i t  is m ost 
lik e ly  th a t  th is is th e  p o ly m e r chain  w hich form s th e  c ry s ta l la ttic e  of th e  
o ligom er p repared  by  iod ine  in itia tio n . T he c ry s ta l la ttic e  h av in g  th e  2, helix  
ang le  p laced in th e  21 ax is  of th e  la ttic e  is show n in F ig . 11. I t  w as checked  
b y  calcu lations th a t  a to m ic  d istan ces  b e tw een  th e  a d jacen t chains w ere no t 
sm a lle r  th a n  the  sum  o f v a n  der W aals rad ii of th e  atom s.

РАС N 100/100 T-S P 2,

Fig. 11. Location of the low est-energy syndiotactic t/ireo-polyacenaphthylene in the un it
cell of the oligomer

An additional fe a tu re  o f th e  chain  show n in F ig . 9, is th a t  i t  can  be 
re la te d  d irectly  to  th e  c ry s ta l la ttic e  of th e  m onom er. T his re la tio n  is co n ­
sp icuous when th e  ch a in  axis o f th e  po lym er is p ara lle l to  th e  axis x  o f th e  
m onom er crystal (7 .679 Á) an d  in te rsec ts  th e  p lane  у — z a t  th e  p o in t of 
у  =  0.25, 2 =  0.25. In  th is  case, m onom er u n its  o f th e  p o ly m er are  sh ifted , 
w ith  respect to  th e ir  lo ca tio n s in  th e  m onom er c ry s ta l, in  th e  p lane  o f th e  
m olecule towrard  th e  ch a in  axis o f th e  polym er. T his po lym er chain  can , th e re ­
fo re , rem ain  isom orphous w ith  th e  m onom er c ry s ta l w ith o u t an y  d ifficu lties. 
H  ow ever, the slight d ifferences betw een  th e  tw o s tru c tu re s  m ake th e  ex istence  
o f a whole isom orphous series im possib le . T hus th e  isom orphism  is lim ited  
in  tim e  according to  th e  o b se rv a tio n s [5].

In  the  iso tac tic  m odel, th e  po lym er chains are  ex trem ely  rig id . T he 
energy  barrier be tw een  tw o  a d ja c e n t con fo rm ation  s ta te  (e.g. be tw een  21 an d  
4 , helix) exceeds 20 kcal/m ole . In  th e  sy n d io tac tic  m odel, how ever, th e  energy  
b a rrie rs  betw een th e  m in im a  are  as low as 5 to  10 kcal/m ole. A ltho u g h  a p o ly ­
m er chain  is capable o f tra n s fo rm a tio n  from  one con fo rm ation  s ta te  to  a n o th e r  
in  so lu tion  (sequentia l len g th s  are  re la tiv e ly  sm all), th e  energy  h a rrie r  is to o
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h ig h  a n d  p re v e n ts  t h e  re a liz a tio n  o f  th e  sa m e  c o n fo rm a tio n  a long  th e  w h o le  
c h a in  d u rin g  th e  p r e c ip ita t io n  w h ic h  w o u ld  b e  n ee d e d  fo r  th e  c ry s ta l l iz a tio n  
( te r t ia r y  n u c le a tio n  [12]). T he ‘p a r t ic le  s ize’ e s t im a te d  b y  th e  line  w id th s  is 
a b o u t  30 Á, in d ic a t in g  t h a t  a t  le a s t on e  m o n o m e r u n i t  o f  a n  av e rag e  p e r io d ic i ty  
o f  20 h as  a c o n fo rm a tio n  d if fe re n t f ro m  t h a t  o f  th e  m a in  ch a in . F o r an  a c tu a l  
p o ly m e r , th e re fo re , o n ly  th e  a v e ra g e  p e r io d ic i ty  o f  th e  c h a in s  an d  th e ir  f i t t i n g  
as cy lin d ers  a p p e a r  in  d if f ra c to g ra m s  (10 .8  Á ). T h e  l a t t e r  id e n t i ty  p e r io d  is  
c o n s is te n t w ith  th e  p la n e  d ia g o n a l a c o f  p s e u d o -o r th o rh o m b ic  o ligom er ce ll, 
su g g e stin g  a te t r a g o n a l  a r ra n g e m e n t o f  th e  o rd e re d  p o ly m e r  (d ih ed ra l a n g le  
o f  60/120 dg .).

T h e  w av e  n u m b e r  o f С- H  v a le n c e  v ib r a t io n s  in  in f ra re d  sp e c tra  d e p e n d s  
on  th e  in te r a c t io n  b e tw e e n  th e  H  a to m s  b o n d e d  th e  a d ja c e n t  C a to m s. St o r y  
a n d  Canty  [4] t r ie d  to  d e te rm in e  th e  c o n fo rm a tio n  o f  th e  m a in  ch a in  o f  p o ly ­
a c e n a p h th y le n e  b y  m e an s  of th e  in f ra re d  s p e c tru m  o f  cis- a n d  ira n s -d e c a le n e . 
F re q u en c ie s  o f th e  С H  va lence  v ib r a t io n  o f  th e  m a in  c h a in  a re  in  th e  r a n g e  
o f  2800 to  3000 c m - 1 . P o ly m ers  fo rm e d  in  th e  liq u id  s ta te  b y  Z ie g l e r  —N a tta  
c a ta ly s ts  show  a c o m p o s ite  b a n d  o f  s e v e ra l lin es  [2 ]. O ligom ers an d  p o ly m e rs  
p re p a re d  in  th e  so lid  s ta te  b y  io d in e  a n d  r a d ia t io n  in i t ia t io n ,  re sp e c tiv e ly , 
g ive a re la tiv e ly  b r o a d  b a n d  a t  a b o u t  2900 c m ~ 4  T h is  b a n d  has a h ig h e r  
f re q u e n c y  th a n  t h a t  o f  tra n s-d e ca len e  (2842 c m - 1 ) b u t  lo w e r  th a n  t h a t  o f  
c is-d eca len e  (2924 c m  ]). W ith in  th e  th re e -m o n o m e r  u n i t  H—С—C-H d ih e d ra l  
ang le  is 54 deg. w h ile  t h a t  w ith in  th e  p o ly m e r  c h a in  ag re es  in  m a g n itu d e  w ith  
th e  d ih e d ra l an g le  o f  th e  m ain  c h a in , i.e. 100 deg. fo r 100/100 c o n fo rm a tio n . 
T h e  tw o  h y d ro g e n  a to m s  in  th e  r in g  m a y  v ib r a te  a t  a lo w er fre q u e n c y  s in c e  
th e  d ih e d ra l an g le  is  sm a lle r  (is n e a r e r  to  th e  tr a n s - s i tu a t io n ) .  On th e  o th e r  
b a n d , i ts  f re q u e n c y  m a y  also  be h ig h e r  b e c a u se  o f  th e  in c re a s in g  effec t o f  th e  
f iv e -m e m b e re d  m o n o m e r  ring  on  th e  f re q u e n c y . T h is  is th e  rea so n  o f  o v e r ­
la p p in g  o f th e  tw o  b a n d s .  T he v ib r a t io n  o f  h ig h e r  f re q u e n c y  (v' =  2955 c m - 1 ) 
o b se rv e d  fo r less r e g u la r  p o ly m ers  m a y  p re s u m a b ly  b e  a sso c ia te d  w ith  th e  
erythro se g m en ts . A t  th e  sam e t im e , th e  v ib r a t io n  f re q u e n c y  o f /  =  2855 
cm  1 (a sh o u ld e r  fo r  T iC l3 an d  a p e a k  fo r Z i e g l e r  c a ta ly s ts )  m a y  c o rre sp o n d  
to  th e  CH  v ib r a t io n  o f  iso ta c tic  s e g m e n ts  o f  0/90 c o n fo rm a tio n  h a v in g  a  d i­
h e d ra l ang le o f  208°.

B y  c o m p a riso n  o f  th e  ab o v e  d a ta ,  i t  c a n  b e  s ta te d  t h a t  th e  p o ly m e r  
fo rm e d  in  th e  so lid  s t a te  b y  r a d ia t io n - in d u c e d  p o ly m e r iz a tio n  is a three threo 
s y n d io ta c tic  c h a in  w i th  2X h elix  s t r u c tu r e  —  so le ly  d u e  to  th e  s o lid -s ta te  
re a c tio n  —  w h ich  s t r u c tu r e  is o c c a s io n a lly  re p la c e d  b y  c h a in  seg m en ts  w ith  
c e n tre s  o f s y m m e try ,  b e in g  s im ila r to  th e  2 t h e lix . T h e  o ligom er p re p a re d  in  
th e  so lid  s ta te  b y  io d in e  in it ia t io n  is h ig h ly  c ry s ta l l in e , co n s is tin g  o f  m ic ro ­
c ry s ta ls  o f p se u d o -o r th o rh o m b ic  cells o f  m o n o c lin ic  P 2 X sp a ce  g roup  in  fo rm  
o f a threo threo s y n d io ta c t ic  23 h e lix  c h a in .

6* Acta  Chim . ( Budapest)  84, 1975
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CATALYTIC PROPERTIES OF MAGNESIUM FLUORIDE
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The properties of porous m agnesium  fluoride obtained by the action of hydro­
fluoric acid on a solution of magnesium sulphate are described. Samples of magnesium 
fluoride calcined a t various tem peratures were investigated for cata ly tic  properties in 
some model reactions. Some conclusions concerning the nature  of acid sites on the 
magnesium -fluoride surface are given.

M agnesium  fluo ride , owing to  its  h igh th e rm a l s ta b ility , chem ical in e r t­
ness, revealed , am ong  o thers, by  i ts  re s is tan ce  to  ca lc ina tion  in oxygen and  
re la tiv e ly  high h a rd n ess  (6 on M ohs’ scale), is a su b stan ce  well ad ap ted  for 
use as ca ta ly s t su p p o rt. D espite th e se  m erits, we know  o f b u t  a single p ap er [1] 
on th e  p rep a ra tio n  o f m agnesium  flu o rid e  in  porous fo rm . T h a t  in v estig a tio n  
w as re s tric ted , how ever, to the  ad so rp tiv e  p ro p ertie s  o f m agnesium  fluoride 
xerogel dried a t 120— 150°C. T here is still a lack  of d a ta  re la tin g  to  th e  p ro p ­
erties of porous M gF2 calcined a t  th e  h ig h er te m p e ra tu re s  essential for 
ca ta ly sis . N or are th e re  d a ta  av a ilab le  on th e  ca p a b ility  o f th e  M gF2 surface 
to  ca ta ly ze  chem ical reactions.

M agnesium  flu o rid e  ca ta ly s ts  fo r our c a ta ly tic  in v es tig a tio n  were p re ­
p a re d  b y  th e  ac tion  o f hydrofluoric  acid on a so lu tion  of m agnesium  sulfate. 
A fte r p re lim inary  te s ts , we decided on a 40 %  M gS 04 so lu tion  to  w hich, on 
h e a tin g  to  40°C, we added  a 40%  so lu tio n  o f h y d ro flu o ric  acid. T he p rec ip ita te  
w as le f t in co n tac t w ith  th e  m o th er liquo r for 24 h rs. T he rem ain ing  solution  
was th e n  decan ted  an d  th e  p re c ip ita te  w ashed  w ith  d istilled  w ater, dried  
a t 105°C for 5 h rs, an d  divided in to  p o rtio n s w hich  w ere calcined, respectively , 
a t 315, 400, 500, 700, 900 and 1100°C in an  a tm o sp h ere  of air.

The surface a rea  of the  M gF2 p re p a ra tio n  was d e te rm in ed  ch rom ato - 
g raph ica lly  w ith  a 212C P erk in -E lm er so rp to m ete r. The ca rrie r gas was helium , 
th e  ad so rb a te  n itro g en .

T he ca ta ly tic  a c tiv ity  of th e  M gF2 sam ple was s tu d ied  in  th e  reac tio n  
o f cum ene crack ing  as well as in  t h a t  of cyclohexene isom eriza tion  and  th e  
co n co m itan t reac tio n  of hydrogen  d isp ro p o rtio n a tio n . T he conditions of 
m easu rem en ts w ere th e  sam e as th o se  described  in  Ref. [2]. In  all cases, 
th e  ca ta ly tic  a c tiv ity  w as expressed  in  te rm s o f th e  p ro d u c t k K  of th e  B a s -
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s e t t — H abgood  eq u a tio n  [3]. T he to ta l  surface ac id ity  was m easu red  cliro- 
m a to g rap h ica lly  b y  t i t r a t io n  w ith  p y rid in e  a t th e  te m p e ra tu re  w here the  
c a ta ly t ic  ac tiv ity  te s ts  w ere perfo rm ed . H ow ever, assessm ent of th e  occur­
ren ce  of B roensted  acid  sites was b ased  on t i t ra t io n  a t  th e  sam e te m p e ra tu re  
(315°C) w ith  2 ,6 -lu tid ine  b y  th e  m eth o d  recen tly  proposed  by  B e n e s i  [4] 
fo r selective poisoning o f p ro to n  cen tres .

The surface area  o f th e  m agnesium  fluoride p re p a ra tio n s  calcined  in  the  
300— 500°C range a m o u n te d  to  som e te n s  of m 2/g. U pw ards o f 400°C, how ever, 
som e sligh t decrease in  su rface  a rea  w as observed (Table I). U pw ards o f 500°C, 
in te n se  sin tering  of th e  f in e  pores ta k e s  place and  th e  surface area  decreases 
d ra s tic a lly . S in tering  in  th e  te m p e ra tu re  range in v es tig a ted  (300 1100°C) is
acco m p an ied  by  an  increase  in  b u lk  d ensity  b y  n ea rly  20% . N evertheless, 
th e  increase in com pactness of th e  sam ple ap p a re n t as an  increase  in  bulk

Table I

Surface area and bulk density of magnesium fluoride preparations

Catalyst
Tem perature

[°C] Colour
Surface area

[™7g]
Bulk density 

fg/cm»]

MF-3 315 Darkish sand-coloured 40.5 0.89
MF-4 400 Sand-coloured 40.8 0.91

MF-5 500 Light sand-coloured 33.4 0.95

MF-7 700 Orange-pink 5.0 0.99

MF-9 900 Pinkish 0 .8 1 .0 1

MF-11 1100 Light cream-coloured 0.3 1.05

Table II

Surface acidity of the investigated preparations, 
determined by chromatographic titration at 315°C

Catalyst
T itration with 2,6-lutidine T itration  w ith pyridine

[umol/g] [/xmol/m2] [fimol/g] [jUmol/m2]

MF-3 13.3 0.33 17.2 0.42

MF-4 8.7 0 .2 2 49.5 1 .2 1

MF-5 0.0 0 .0 0 0.0 0 .0 0

MF-7 0.0 0 .0 0 0.0 0 .0 0

MF-9 0.0 0 .0 0 0.0 0 .0 0

MF-11 0.0 0 .0 0 0.0 0 .0 0

A-9.5/VIII* 1 .1 0 .0 1 26.9 0 .2 0

* A lum ina w ith  a surface a rea  of 134 m'2/g, for de ta ils  see Ref. [2].
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d en sity , is in  no sim ple re la tio n  w ith  its  m echan ical resistance . The la t te r  
p ro p e rty  was fo u n d  to  increase only  up to  a th e rm a l processing te m p e ra tu re  
of 700°C, w hereas a fu r th e r  rise in  te m p e ra tu re  led to  a decrease in  m echanical 
resistance .

The surface p ro p e rtie s  of m agnesium  flu o rid e  w ere found  b y  us to  p re sen t 
ce rta in  sim ilarities w ith  those  of active a lu m in a  (Table I I ) . The Lewis n a tu re  
of th e ir  surface is, how ever, less m arked  th a n  in  th e  case of alum ina, w here 
p ro to n  ac id ity  is negligible. As i t  is show n b y  t i t r a t io n  w ith  2 ,6 -lu tid ine  
(which, for steric  reasons, undergoes specific ad so rp tio n  a t  th e  B roensted  acid  
sites [4]), the  to ta l  su rface  ac id ity  of M gF2 co n ta in s  a c o n tr ib u tio n  from  p ro to n - 
donor centres. T h e  la t te r ,  in th e  p resen t case, m ay  consist of an ad m ix tu re  
of su rface-hydroxy l g roups in tro d u ced  in  th e  process o f p rep a ra tio n  w hose 
ion ization  ab ility  is en h an ced  by  neighbouring  e lec tro n eg ativ e  fluorine a tom s.

The resu lts  lis ted  in  T ab le  I I I  show th a t  th e  m ost ac tiv e  of th e  m agnesium  
fluoride p rep a ra tio n s , n am ely  th e  c a ta ly s t M F-3, is m ark ed ly  less active w ith  
regard  to  cum ene c rack ing  th a n  th e  silica-alum ina c a ta ly s t o f th e  c rack ing  
reaction . H ow ever, th e  crack ing  a c tiv ity  values re fe rred  to  u n it surface a rea  
of th e  c a ta ly s t su g g est th a t  th e  co n cen tra tio n  of p ro to n -d o n o r centres on th e  
surface of m agnesium  fluoride  is high.

C o n tra ry  to  th e ir  ra th e r  low crack ing  a c tiv ity , th e  lo w -tem p era tu re  
m agnesium  flu o rid e  p rep a ra tio n s  (M F-3 an d  M F-4) reveal a considerable 
a c tiv ity  in a n o th e r  m odel reac tio n  of acid ca ta ly sis , viz. o f isom erization  
cyclohexene to  m eth y lcy c lo p en ten es, ta k in g  p lace on a lum ina  w ith  th e  p a r ­
tic ip a tio n  of Lew is cen tres  [5]. M F-4 is m ark ed ly  th e  m ore active p rep a ra tio n  
of th e  tw o, w hereas w ith  reg ard  to  th e  a m o u n t of bonded  2 ,6-lu tid ine, th e

Table III

Catalytic activity of the investigated preparations 
in the process of cumene cracking at 315°C

Catalyst
Г mol ~1 Г mol "1 __
L g s atm  J ^m 2 s atm  J

MF-3 9.32 2.3

MF-4 -0 .3 6 0.1

MF-5 0.00 0.0

MF-7 0.00 0.0

MF-9 0.00 0.0

MF-11 0.00 0.0

A-9, 5 /V III 0.00 0.0

S tandard  I* 15.94 0.7

* C om m ercial silica— alum ina ca ta ly st, for deta ils see R ef. [6].
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Table TV

Catalytic activity of the investigated preparations in skeletal isomerization 
and hydrogen- disproportionation reactions at 315°C

Catalyst

Isomerization H ydrogen disproportionation

. Г mol ”1 Г mol I Г mol I кгГ mo1
L g »«Im  J [ m 2 s a tm j L g s atm  J |_m2 s atm  J

MF-3 0.85 2.1 0.82 2.0
MF-4 2.67 6.5 0.51 1.3
MF-5 0.00 0.0 0.00 0.0
MF-7 0.00 0.0 0.00 0.0
MF-9 0.00 0.0 0.00 0.0
MF-11 0.00 0.0 0.00 0.0

A-9.5/VIII 2.03 1.5 0.37 0.3

s itu a tio n  is reversed . T h is would su g g est th a t ,  in  th e  case o f  MgF., too , th e  
iso m eriza tion  of cyclohexene proceeds a t  Lewis acid sites.

P rep ara tio n s  M F-3 and M F-4 w ere also found to  be effective c a ta ly s ts  
o f th e  concom itan t reac tio n  of h y d ro g en  d isp ro p o rtio n a tio n  ( tran sfo rm a tio n  
o f  cyclohexene in to  th e  co rrespond ing  sa tu ra te d  h y d ro ca rb o n  an d  s im u lta ­
neous fo rm ation  of ‘co k e’ —  a p ro d u c t poor in  hydrogen).

In  order to  ch a rac te rize  m ore closely  th e  n a tu re  of th e  MgF., surface, 
we h av e  perform ed assays for th e  p resence  of active sites p ro m o tin g  m odel 
reac tio n s  such as e th a n o l d eh y d ra tio n , o x id a tio n  of iod ides to  iodine, n itro u s 
o x ide  decom position  a n d  ox idative  d eh y d ro g en a tio n  of e thy lbenzene. A lum ina, 
d ep en d in g  on th e  m a n n e r  of its  p re p a ra tio n , is a ca ta ly s t o f all these  reactions, 
a lth o u g h  the  o x id a tio n  o f iodide an ions [2] tak es  place on ly  on a lu m in a  sam ­
ples con ta in ing  a well defined  a d m ix tu re  of su lfates. M agnesium  fluo ride  tu rn s  
o u t to  be active on ly  w ith  respect to  alcohol d eh y d ra tio n ; hence, its  surface 
co n ta in s  no centers ac tiv e  in th e  o th e r  reactions m en tio n ed .

Conclusions

(i) On th e  su rface  of m agnesium  fluoride, Lewis as well as B roensted  
acid  sites are p re sen t; th e  c o n tr ib u tio n  o f th e  la t te r  to  th e  to ta l  ac id ity  o f th e  
c a ta ly s t  is higher th a n  on alum ina  b u t  low er th a n  on silica-a lum ina c a ta ly s t.

(ii) On ca lc in a tio n  a t abo u t 500°C th e  acid sites o f m agnesium  fluoride 
un d erg o  d estru c tio n ; such  th e rm a l processing  deprives M gF2 of its  a c tiv ity  
as c a ta ly s t for c rack in g  and  sk e le ta l isom erization  of h y d ro ca rb o n s and  for 
h y d ro g en  d isp ro p o rtio n a tio n .
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4-PYRONES, YIP
F U R T H E R  REACTIONS OF 4-PY RON ES

M . A . - F .  E l k a s c h e f , F .  M .  E .  A b d e l - M e g e i d , K . - E .  M .  M o k h t a b

and F .  A .  G a d

(National Research Centre, Dokki, Cairo, Egypt)
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4-A lkylidene(4H )pyran has been prepared by the reaction of diazoalkanes w ith  
4-thiopyrones. 5,6-benzoflavone with phenyl- or benzyl-magnesium halides afforded 
4,4-diphenyl or 4,4-dibenzyl derivatives, while th is compound with p-m ethoxyphenyl- 
magnesium brom ide, and 2-methylchromone w ith  phenylm agnesium  bromide afforded 
the corresponding 4-hydroxy-compounds.

2-Styrylchrom ones were found to react therm ally  or photochemically to give 
maleic anhydride or naphthoquinone adducts.

4 -P y ran y lid en eace tam id es  and  4 -(am inoa lky lidene)-py rans are know n to  
be p o ten t d rugs [2, 3]. W e tr ied  to  p rep are  4 -p y ran y lid en eace tic  acid e s te r ty p e  
com pounds b y  re a c tin g  c a rb e th o x y m e th y ltrip h en y lp h o sp h o n iu m  halide w ith  
9 -xan thone, 2-chloro- an d  2 -b rom o-xan thone , 2 ,6 -d im ethy l- and  2 ,6-d iphenyl- 
4 -pyrone, flav o n e , an d  5 ,6-benzoflavone, b u t  o b ta in ed  only th e  s ta r tin g  s u b ­
stances. T his re su lt w as n o t unexpected  ow ing to  th e  low re a c tiv ity  of th e  
carbonyl group . W h en  e thy l- or m eth y l-trip h en y lp h o sp h o n iu m  iodide w as 
tr ied  w ith  th ese  sam e com pounds, th e  s ta r t in g  ketones were also o b ta in ed  
to g e th e r w ith  e thy l- o r m e th y l-d ip h en y lp h o sp h in e  oxide la  or b [4].

4 -P y ran y lid en eace tic  acids were, how ever, p rep ared  b y  th e  ac tion  o f 
d iazoacetic acid e ste r on th iopyrones in  th e  presence o f copper bronze an d  
subsequen t sap o n ifica tio n  o f th e  esters o b ta in ed . T hus, 2-chloro- and  2-brom o- 
x an th y lid en eace tic  acids ( I la  and b. R =  H) an d  2-(p-ch lo rosty ry l)-4 -chrom - 
eny lideneacetic  acid (III . R =  H) were p rep ared .

CHCOOR

II

a: X  = Cl, b: X  = Br

CHCOOR

* P a r t  V I, see R ef. [1].
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2-M ethy l-4 -th iochrom one w ith  d iazo m eth an e , as u sual, gave d ith io l 
m ethy lene  e th e r  (IV).

T he change of th e  carb o n y l g roup  in to  an e th y len ic  group could  also be 
effec ted  b y  changing  th e  fo rm er in to  a th io ca rb o n y l g roup  follow ed b y  t r e a t ­
m en t w ith  copper b ronze . T hus 2 ,2’-d ichloro- and  2 ,2’-d ib ro m o -9 ,9 ’-d ixan- 
thy lid en es (Va and  b) w ere o b ta in ed .

a: X = C 1, b: X = B r

2 -N itro -4 -x an th io n e , w hen tr e a te d  in  th e  sam e w ay, affo rded  2 -n itro - 
4 -x an th o n e , perh ap s b y  a tm ospheric  o x id a tio n , while 2 -(p -ch lo rosty ry l)- 
4 -th ioch rom one was recovered  u n ch an g ed .

5 ,6 -B enzoflavone, w hen tre a te d  w ith  benzylm agnesium  brom ide, afforded
4 ,4 -d ibenzy lflavone (VIb) in stead  of th e  expected  4 -hydroxy  d e riv a tiv e  w hich 
we in ten d ed  to  d e h y d ra te  to  th e  co rrespond ing  4-benzylidene-5 ,6-benzo- 
flavone.

H a lf  of th e  a m o u n t of th e  G rig n ard  reagen t afforded b o th  VIb an d  u n ­
changed  henzoflavone. The double su b s titu tio n  m ay be due to  th e  increased  
re a c tiv ity  of th e  in itia lly  form ed, ion ized  G rignard  com plex (A)  because  of
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d ire c t a tta c h m e n t of th e  reac tio n  cen te r to  tw o a ry l g ro u p s and  co n ju g a tio n  
w ith  a th ird  p h en y l g roup  (cf.  io n iza tion  of tr ia ry lm e th a n e s  [5]).

®OMgX

This e x p lan a tio n  is su p p o rted  by  th e  reac tio n  of pheny lm agnesium  
brom ide w ith  2 -m eth y lch ro m o n e  (one ph en y l g roup  less) w hich gave 2 -m ethy l- 
4 -pheny lchrom en-4-o l (V II), an d  th e  ac tio n  of p -m e th o x y p h en y lm ag n esiu m  
brom ide on 5 ,6-benzoflavone w here th e  p -m e th o x y p h e n y l group will p a rtia lly  
neu tra lize  th e  p ositive  ch arg e  on C-4 p rev en tin g  fu r th e r  a t ta c k  and  enab ling  
th e  fo rm atio n  of co m p o u n d  V III.

R = СбШОСНз ( p- )

2-(o-, m-, or p -ch lo ro sty ry l)-4 -ch ro m o n e , w hen  boiled  w ith  m aleic a n ­
h y d rid e  in xylene, a ffo rded  ad d u c ts  IX  (cf.  Ref. [6]).

T he ort/io-chloro d e riv a tiv e , on hydro lysis w ith  sodium  hyd ro x id e , 
afforded  th e  co rrespond ing  d icarboxy lic  acid. F rom  a sim ilar reac tio n  using  
n a p h th o q u in o n e  w ith  2-(o-ch lorostyry l)-4-chrom one, we o b ta in ed  th e  co r­
respond ing  ad d u c t X.

IX

T he sam e reac tio n  could be effected  pho tochem ica lly  by  ir ra d ia tio n  of 
2 -styry l-4-chrom one an d  m aleic an h y d rid e  in  th e  presence of benzophenone 
as sensitizer, lead ing  to  a d d u c t IX  (H  in s tead  of Cl) [6].
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E xperim en ta l

Melting points are uncorrected  and have been measured on a Kofler microscope. Micro­
analyses were performed by th e  M icroanalytical Laboratory , N.R.C., E gypt. The IR  spectra 
were measured in K Br. L ight petroleum  used, b.p. 70 -80°C, unless otherwise indicated.

Reaction of carlethoxym ethyltriphenylphosphonium  bromide with 4-pyrones
2,6-Dimethyl-, 2,6-diphenyl 4-pyrone, 2-boromo- and 2-chloro-xanthone, 5,6-benzo- 

flavone, N-methyl- or N -ethyl-pyridone in dry dioxane, when treated  w ith a solution of carbe- 
thoxym ethyl-triphenylphosphonium  bromide [7] in absolute ethanol in the presence of sodium 
ethoxide, were recovered unchanged.

Reaction of methyl- ar.d ethyl-triphenylphosphonium  iodide with 4-pyrones
When a solution of flavone, 5,6-benzoflavone, xanthone, 2-chloro-, 2-bromo- or 2-nitro- 

xanthone in dioxan was added to a solution of methyl- or ethyl-triphenylphosphonium  iodide 
in absolute ethanol, in the presence of lithium  ethy late , only m ethyldiphenylphosphine oxide 
(m .p. and mixed m.p. [4]: 108°C) or ethyldiphenylphosphine oxide (m .p. and mixed m.p. [4]: 
121°C) was isolated.

Reaction with ethyl diazoaeetate
Л m ixture of 2-chloro-, 2-brom o-xanthone, or 2-(p-chlorostyryl)-thiochromone (0.015 

mol) w ith ethyl diazoaeetate (4.5 ml) in dry xylene (125 ml) was refluxed for 30 m in in presence 
of copper bronze (3.5 g) under carbon dioxide atm osphere. The reaction m ixture w*as filtered 
and evaporated to dryness. The residue was dissolved in a m ixture of ethanol (125 ml) and 
sodium hydroxide (45 ml 8%  solution), refluxed for 2 hrs, concentrated and acidified w ith 
hydrochloric acid. The corresponding carboxylic compounds were obtained.

2-Chloroxanthione gave lib  in 65°0 yield; m.p. 191°C (ethanol). C,-H(JC10., (272.5). 
Calcd. C 66.05; И 3.30; Cl 13.03. Found C 66.53; H 3.74; Cl 13.08°o. IR  1700 cm “ 1 (COOH), 
3450 c m - 1 (OH).

2-Bromocanthione gave Xlbin 70% yield; m.p. 180 — 1°C (decomp.) (benzene). C15H9B r0 3 
(317). Calcd. Br 25.24. Found Br 25.20%.

2-(p-Chlorostyryl)-4-thiochrom one gave II I  in 42% yield: m.p. 272°C ClyH n C10., (324). 
Calcd. Cl 10.94. Found Cl 10.00% .

Reaction of diazom ethane w ith 2-m ethyl-4-thiochrom one
2-M ethyl-4-thiochromone (0.5 g, 0.0028 mol) in dry benzene (50 ml) was added to a 

solution of diazom ethane (from  30 g nitrosom ethylurea). The reaction m ixture was kep t in the 
ice chest for 2 days and then  a t room tem perature  for another 2 days. The solvents were 
distilled off and the residual solid (0.3 g, 25%) was crystallized from ether (colourless crystals). 
4,4’-di-(2-m ethylchrom enylidene)-4,4’-dithiol m ethylene ether (IV) melted a t 168°C. 
Co,H,80.,S., (366.) Calcd. C 68.85; H 4.92; S 17.9. Found C 68.83; H 5.05; S 17.43%. IR  770 e n r 1 
(CH2).

Action of copper bronze on thiones
A m ixture of 2-chloro-, 2-bromo-, 2-nitro-xanthone or 2-(p-chlorostyryl)-4-thiochrom one 

(0.008 mol) in dry xylene (100 ml) w ith copper bronze (2.5 g) was refluxed for 8 hrs. The reaction
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m ixture was filtered while hot and a solid was formed on cooling. I t  was crystallized from  the 
proper solvent.

2-Chloroxanthione gave Va in 45% yield; m.p. 308°C [8] (xylene); IR  1085 c m -1 
(Cl), 1620 c m " 1 (>C =  C<).

2-Brom oxanthione gave Vb in 40% yield; m.p. 300°C (xylene). C26H 14Br20.> (518). 
Calcd. Br 30.89. Found Br 30.21%. IR  1070 c m " 1 (Br), 1620 cm “ 1 (>C=C<).

2-N itroxanthione gave 2-nitroxanthone b u t 2-(p-chlorostyryl)-4-thiochrom one did not
react.

Reactions of Grignard reagents w ith 2-m ethylchromone and with 5,6-benzoflavone
A solution of 2-m ethylchrom one or 5,6-benzoflavone in dry benzene was added to  a 

cold solution of arylm agnesium  halide and the reaction m ixture was refluxed for 4 hrs, cooled 
and decomposed w ith a m ixture of crushed ice and dilute hydrochloric acid. The m ix ture  was 
extracted w ith ether and the ethereal ex trac t was evaporated. The residue was crystallized from  
the proper solvent.

5,6-Benzoflavone (2.7 g; 0.01 mol) w ith (i) phenylm agnesium  bromide (0.03 mol), after 
4 hrs of refluxing gave 4.4-diphenyl-5,6-benzoflavone (Via) (1.5 g; 37%); m.p. 190 ^1°C  
(m ethanol). C;ilH220  (410). Calcd. C 90.73; H  5.37. Found C 90.57; H 5.26%. IR  showed no OH 
or С — О bands.

The same reaction, when repeated using 0.015 mol of phenylmagnesium bromide, gave 
the starting  substance.

(ii) Benzylm agnesium  chloride (0.03 mol), after 4 hrs 'of refluxing gave 4,4-dibenzyl-5,6- 
benzoflavone (VIb) (2.0 g; 46% ); m.p. 128°C (m ethanol). C33H260  (438). Calcd. C 90.41; 
H 5.94. Found C 90.45; H 5.68%. IR  showed no OH or C =  0  bands.

(iii) Benzylm agnesium  chloride (0.015 mol), after 10 hrs of refluxing afforded VIb (0.5 g; 
12%) and 1.6 g of unchanged 5,6-benzoflavone.

(iv) p-M ethoxyphenylm agnesium  bromide (0.03 mol), after 4 hrs of refluxing afforded 
4-(p-methoxyphenyl)-5,6-benzoflavone-4-ol (VIII) (2.1 g; 55.3% ); m.p. 165 °C (m ethanol). 
C26H20O3 (380). Calcd. C 82.10; H 5.26. Found C 82.27; H 5.04%. IR  3445 c m "1 (OH).

2-M ethylchromone (3.2 g; 0.02 mol) w ith phenylm agnesium  bromide (0.1 mol), a fter 4 
hrs of refluxing gave 4-phenyl-2-m ethylchromen-4-ol (VII); m.p. 177°C (m ethanol); (0.8 g; 
16%). CIf(H 140 2 (238). Calcd. C 80.67; H 5.88. Found C 81.03; H 5.76%. IR  3450 cm “ 1 (OH).

2-(o-, in -. and j>-chlorostyryl)-4-ehromone
To a solution of 2-methyl-4-chromone (1.5 g; 0.009 mol) in absolute ethanol (50 ml), 

chlorobenzaldehyde (1.5 g; 0.01 mol) and sodium m etal (0.2 g; 0.009 mol) were added. The 
reaction m ixture was filtered after 12 hrs. The solid was washed with alcohol and then  boiled 
with aceticacid (5 ml) and filtered.

2-(o-Chlorostyryl)-4-chromone crystallized from benzene to give 69% yield, yellow 
crystals; m.p. 191°C. C17H,,C10., (282.5). Calcd. C 72.1 H 3.89; Cl 12.57. Found C 72.22: H 4.46; 
Cl 12.23%. IR  1080 c m - 1 (Cl), 1620 c m " 1 (>C =C <), 1675 c m "1 (>C =  0<). NMR <5 6.3 
(CH =  CH, doublet, 15 cps), b 6.83 Q>CO —CH =  C, singlet), arom atic protons higher th an  <5 7.0.

2-(m-Chlorostyryl)-4-chrom one; m.p. 162°C (benzene) in  65% yield. (Found C 72.31; 
H 4.00; Cl 12.20%). IR  1085 cm “ 1 (Cl), 1670 c m " 1 (>C =  C<), 1675 c m "1 (>C =  0<).

2-(p-Chlorostyryl)-4-chromone, 226°C (benzene), was obtained in 61% vield. (Found C 
72.16; H 4.14; Cl 12.62%). IR  1095 cm “ 1 (Cl), 1670 cm *1 (>C =  0<).

A solution of 2-(o-, m- or p-chlorostyryl)-4-chrom one (0.01 mol) and maleic anhydride 
(4 g; 0.04 mol) in xylene (30 ml) was refluxed for 12 hrs, concentrated and cooled. The pre­
cipitate form ed was isolated, washed w ith ethanol and crystallized from xylene.

2-(o-Chlorostyryl)-4-chromone gave adduct IXa in 43% yield; m.p. 270°C (xylene). 
C21H 13C105 (380.5). Calcd. C 66.23; H 3.42; Cl 9.33. Found C 66.70; H 3.72; Cl 8.99% . IR  
1655 c m - 1 (>C =  0 )  1730 and 1760 c m "1 ( - С О - O -  C O -) .

Compound IXa. when hydrolyzed w ith sodium hydroxide in aqueous methanol and 
acidified w ith hydrochloric acid, a fford id the corresponding dicarboxylic acid in 60% yield; m.p. 
257°C (m ethanol). C ,,H ,5C10e (398.5). Calcd C 63.80; II 3.76. Found C 63.93; H 3.73%. IR  
1720 cm -1 (COOH), 3100 cm -1 wide band (OH).

2-(m-Chlorostyryl)-4-chromone gave adduct IXb in 67% yield; m.p. 240°C (xylene). 
(Found Cl 8.75% .) NMR b 2.05 (H 2, doublet, 3 cps), Ő 2.93 (H 3 doublet, 3 cps), ő 3.40 (II,,
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doublet, 3 cps), <5 3.91 (H 5 doublet, 9 cps), ä 7.78 (H t, doublet, 9 cps), arom atic protons higher 
th an  S 7.0.

2-(p-Chlorostyryl)-4-chromone gave adduct IXc in  70% yield, m.p. 230°C (decomp.) 
(xylene). (Found Cl 9.40% .) IR  1655 cm “ 1 (>C =  0 ) , 1785 c m '1 ( - С 0 - 0 - С 0 - ) .

Form ation of the p-naphthoquinone adduct
2-(o-Chlorostyryl) chrom one (0.01 mol) and p-naphthoquinone (0.015 mol) were fused 

together for 10 hrs under carbon-dioxide atm osphere. The fused mass, after cooling, was 
ex trac ted  w ith xylene. The xylene was evaporated and  th e  residual oil solidified under ether to  
give adduct X in  90% yield; m.p. 250°C (ethanol). C.>7H 17C10;1 (440.5). Calcd C 73.55; H  3.85. 
Found C 73.75; H 4.07%.

Photochem ical preparation of the maleic acid anhydride adduct
2-Styrylchromone (3 g; 0.012 mol), benzophenone (3 g; 0.016 mol) and maleic acid 

anhydride (5 g; 0.05 mol) were irradiated  w ith an  H P K  125 W Philips lam p for 50 hrs in dioxane 
(350 ml). The solvent was evaporated  and the residual solid (IX, H instead of Cl) (0.2 g; 5% ) 
crystallized  from xylene; m .p. and mixed m.p. [6] 246°C.
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S E L E K T I V E  S P A L T U N G  V O N  T H I O G L Y K O S I D E N  

M I T  D I C H L O R M E T H Y L - M E T H Y L Ä T H E R

I. F a r k a s , R. B o g n á r , M. M. M e n y h á r t , A. K . T á r n á i ,

M. B i h a r i * und J .  T a m á s *

( Institut fü r  organische Chemie, Kossuth-Lajos-Universität, Debrecen und 
* Zenlralforschungsinstitut fü r  Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am 1. O ktober 1973

A cetylierte Alkyl- und  Aryl-l-thio-/?-D-gluco- und -galaktopyranoside (1 —13) 
werden durch D ichlorm ethyl-m ethyläther/ZnCl2 zu a-Acetochlor-D-glucose (III) bzw. 
a-Acetochlor-D-Galaktose (IV) gespalten.

Versuche m it D isacchariden zeigten, daß die Spaltung selektiv ist: die unbe­
rührte  Zuckerkom ponente w urde in Form ihres A cetochlor-D erivats m it guter A usbeute 
isoliert.

Das einzige schwefelhaltige N ebenprodukt der Spaltung ist — je nach dem 
Aglykon — das entsprechende S-Alkyl- bzw. S-A rylthioform iat (VII und  IX); letzteres 
wird jedoch un ter den angew endeten Reaktionsbedingungen q u an tita tiv  zu S-Dichlor- 
m ethylthiophenol (VIII) halogeniert. (Die N ebenprodukte wurden m ittels einer kom bi­
nierten gaschrom atographischen-m assenspektrom etrischen Methode identifiziert.) Dem­
gemäß ist es w ahrscheinlich, daß die Thioglykoside un ter der W irkung von Dichlor- 
m ethyl-m ethyläther/ZnC l2 — unabhängig von der N a tu r des Aglykons — einer »Gluco- 
syl-S-Spaltung« unterw orfen werden, wobei der entsprechende Acetohalogen-Zucker 
verm utlich über einen Sulfonium -Kom plex (X) gebildet wird. Modellversuche zeigten, 
daß die aus dem R eagenten  in  N ebenreaktionen gebildete Salzsäure als G lykosidspalter 
praktisch keine Rolle spielt.

G em äß unseren  frü h e ren  U n te rsu ch u n g en  w erden  die ace ty lie rten  A lkyl- 
und A ryl-O -glykoside d er M ono- u n d  D isaccharide  d u rch  a -D ih a lo g en ä th er 
selektiv  gespalten , w obei die Z u ck erk o m p o n en te  in  F o rm  ih res A cetohalogen- 
D erivats  m it g u te r A u sb eu te  iso liert w erden k a n n  [1]. D as V erfah ren  k o n n te  
auch bei einigen n a tü rlic h e n  G lykosiden  der F lav o n o id -R eih e  m it E rfo lg  ange­
w endet w erden [1, 2].

In  der vorliegenden  A rb e it b erich ten  w ir ü b e r die se lek tiv e  S p a ltu n g  von 
Thioglykosiden m it D ich lo rm e th y l-m e th y lä th e r . B e k a n n tlic h  sind  die T h io ­
glykoside — m it A usnahm e ih re r sauren  H y d ro ly se  [3] —  re a k tio n sfä h ig e r 
als ih re S auerstoff-A naloga. Sie w erden durch  B ro m  oder C hlor (in  o rgan ischem  
L ösungsm itte l) le ich t g esp a lten  [4]. Diese S p a ltu n g  is t auch  p rä p a ra tiv  w e rt­
voll, besonders fü r  die H ers te llu n g  von /L A ceto b ro m -D eriv a ten  u n d  schw er 
zugänglichen F u ran o sy l-h a lo id en  [5]. Die höhere  R e a k tiv i tä t  d er G lykosid- 
B indung  von  T h iog lykosiden  w ird  auch d a d u rc h  b e s tä tig t , d aß  sie sich  m it 
Q uecksilber(II)- oder S ilbersalzen  von C arbonsäu ren  in  die en tsp rech en d en  
1-O -A cyl-D erivate um se tzen  [6]. D em gem äß k o n n te  e rw a rte t w erden , daß  
ace ty lie rte  T hioglykoside au ch  m it D ic h lo rm e th y l-m e th y lä th e r  in  R eak tio n  
tre ten .

7 Acta Chim . (B u d a p e st)  8 4 , 1975
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Tabelle I

СНгОАс СНгОАс

ÓAc ÓAc

I Ш
Reaktions- H erauspräparierte Verbindung III

Y
Metho­

de zeit
Min.

temp.
°C

Aus­
beute,

%
Schmp. *

°C [a]D (in CHClg)**

CH3 ( 1 ) A 55 75 66 71—73 +  166.3° (c =  0,41)
C H 3CH„ (2) A 60 70 64 73—74 +  166,9° (c =  0,39)
(C H 3),CH (3) A 60 70 55 71—72 +  164,9° (c =  0,45)
C H 3—CH2—CH2—C H ,—  ( 4 ) A 65 75 57 72—73 +  165,3° (c =  0,41)
(C H 3)2CH—CH2— (5) A 60 70 52 71—72 +  164,6° (c =  0,44)

( g r „ -  <6)

A 50 75 42 71—73 +  166,2° (c =  0,40)

( c > > -  <7 »
A 60 70 46 71—72 +  165,5° (c =  0,39)

* Literatur wert: 73— 74 °C [10] 
** Literaturw ert: +167,8° [10]

U nsere V ersuche zeig ten  e rw artu n g sg em äß , d aß  ace ty lie rte  A lkyl- und  
A ryl-l-th io -/J-D -g lucopyranoside (I; 1— 7) u n d  -l-th io -/3 -D -galak topyranoside 
(II; 8 — 13) u n te r  d e r E in w irk u n g  von D ic h lo rm e th y l-m e th y lä th e r  u n d  w asser­
fre iem  Z inkchlorid  le ic h t gespalten  w erden , w obei aus dem  R eak tionsgem isch  
a-A cetochlor-D -glucose (III) bzw. a-A cetoch lo r-D -galak tose (IV) m it gu ter 
A u sb eu te  iso liert w erd en  k an n . D ie diesbezüglichen R e a k tio n sd a te n  sind in  
T a b . I und  I I  zu sam m en g efaß t.

N ach unseren  V ersuchsergebnissen  m it D isacch arid -D eriv a ten  (V; 14 — 16) 
w erd en  T hioglykoside in  G egenw art von  D ic h lo rm e th y l-m e th y lä th e r  und  
ZnC l2 selektiv  g esp a lten , w obei das A ce to ch lo r-D eriv a t der Z uckerkom po­
n e n te  (VI) e n ts te h t. U n te r  den in  T ab . I I I  an g efü h rten  V ersuchsbed ingungen  
b le ib t näm lich  die G lykosidb indung  des D isaccharid-T eils p ra k tisc h  u n b e rü h rt.

Zwecks F e s ts te llu n g  der B ru tto g le ich u n g  der G ly k o sid sp a ltu n g  m it 
D ic h lo rm e th y l-m e th y lä th e r  w urden  die N eb en p ro d u k te  der R e a k tio n  m it 
e in er kom bin ie rten  g asch ro m ato g rap h isch en —m assen sp ek tro m etrisch en  Me­
th o d e  b estim m t. B ei d er S p a ltu n g  von  A th y l-2 ,3 ,4 ,6 -te tra -0 -ace ty l-l-th io -/? - 
D -glucopyranosid  (2) w u rd en  als N eb en p ro d u k te  S alzsäure, M ethy lch lo rid , 
M eth y lfo rm ia t u n d  S -A th y lth io fo rm ia t (VII) nachgew iesen; eine Ä thy lch lo rid -
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Tabelle II

* Literaturw erte: 75—76 °C [11]; 8 2 -  83 °C [12] 
** L iteraturw ert: +212,25° [11, 12]

*** Sirupartiges Produkt

Tabelle III

V VI

Me­
tho­
de

Reaktions- H erauspräparierte Verbindung VI

GL
zeit tem p.

Aus-
beu-

Schmp. °C Wd (in сн су
Min. °C te ,

% gef. Lit. gef. L it.

Cellobiosyl- (14) в 60 50—60 82 186— 187 178
187—188 [13] 
200—201

+  72,8° 
(c =  0,2)

+  73° 
[13]

Lactosyl- (15) c 60 50— 60 57 119— 120 120- 121 [14] +  85,8° 
(c =  0,32)

+ 83 ,9°
[14]

Maltosyl- (16) D 60 50— 60 39 117— 118 118—120 [15] 
125

+  157,4° 
(c =  0,35)

+  159,5° 
[15]
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B ildung  erfolgte se lb st in  S p u ren  n ich t. D ie e rs ten  drei der gen an n ten  P ro d u k te  
sind  E rgebnisse der n ach fo lg en d en  R eak tio n en :

C l,C H O C H , ------HCl +  CH,CI +  CO

Cl2C H O C H 3 — ► HCl +  H C O O C H 3

u n d  en ts teh en  infolge d e r du rch  ZnCl2 k a ta ly s ie r te n  Z erse tzung  bzw. H y d ro ­
lyse (durch  das in  S p u ren  s te ts  gegenw ärtige W asser) des R eagenten . Als 
w irkliches N e b e n p ro d u k t d er G lykosidspaltung  k a n n  in  d iesem  Fall also allein  
das S -Ä th y lth io fo rm ia t (VII) b e tra c h te t w erden .

(Q) - S—CHCl*

VIII

D araus folgt, d a ß  die A lky lth io -G ruppe ausschließ lich  in der F orm  von 
S -A lky lth io fo rm iat e rsch e in t. D er gleiche B efund  ergab  sich früher bei der 
S p a ltu n g  von Z u ck e r-d iä th y lm erk ap ta len  m it D ich lo rm e th y l-m e th y lä th e r  [7].

Bei der R e a k tio n  von P heny l-2 ,3 ,4 ,6 -te tra-0 -acety l-l-th io -/3 -D -g luco - 
p y ran o sid  (7) m it D ic h lo rm e th y l-m e th y lä th e r  k o n n te  — au ß er den P ro d u k ­
te n  der o bengenann ten  N eb en reak tio n en  — n u r  eine Schw efelverb indung m it 
der B ru tto fo rm el C7H eSCl2 nachgew iesen w erd en , die sich au f G rund  von  
M odellversuchen u n d  ih res  M assenspek trum s als S -D ich lo rm ethy lth iopheno l 
(V III) erwies. Es k o n n te  b e s tä tig t w erden, d aß  V III ein U m setzungsp roduk t 
des erw arte ten  S -P h en y lth io fo rm ia ts  IX  is t, da  le tz te re  V erb indung  u n te r  den 
B edingungen  der S p a ltu n g sreak tio n  d u rch  D ich lo rm e th y l-m e th y lä th e r zu 
V III halogeniert w ird :

HC— SC2H5 

О

VII

СЬСНОСНз н е о о с ш

IX VII?

D em gem äß e rsch e in t die T h iopheny l-G ruppe der P heny lth iog lykoside  —  
analog  zu den A lk y lth iog lykosiden  —  in  F o rm  des D eriv a ts  V III (bzw. IX).

D er R eak tio n sm ech an ism u s der S p a ltu n g  von  T hioglykosiden  k an n  also 
a u f  folgende W eise fo rm u lie rt w erden:
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E s k an n  angenom m en  w erden , d aß  die R eak tio n  ü b e r den  Sulfonium - 
K o m p le x  X v e rläu ft, u n d  d aß  der A cetohalogen-Z ucker d u rc h  »Glykosyl- 
S -S paltung«  gebildet w ird  (d. h . der nucleoph ile  A ngriff r ic h te t  sich au f das 
g lykosid ische  K o h len sto ffa to m ). D as In te rm e d iä rp ro d u k t X Ia , welches den 
»Aglykon-Teil« e n th ä lt , w ird  d an n  in  M ethy lch lo rid  u n d  den en tsp rechenden  
A m eisen säu re th io lester gesp a lten . D ieser M echanism us is t u n ab h än g ig  davon , 
ob Y  eine Aryl- oder A lk y lg ru p p e  d a rs te llt . D ie M öglichkeit der »Alkyl-S- 
S p a ltung«  von A lk y lth io g ly k o p y ran o sid en  k a n n  ausgeschlossen w erden , da das 
en tsp rech en d e  A lky lch lo rid  n ich t u n te r  den N eb en p ro d u k ten  der R eak tion  
e rsc h e in t und  n ich t e in m al S puren  des T h ioam eisensäu re-O -m ethy l-esters  
X II  geb ild e t w erden.

I n  der G ly k o sid sp a ltu n g  m it D ich lo rm e th y l-m e th y lä th e r u n d  ZnCl2 wird 
in  d en  N eb en reak tio n en  S alzsäure en tw ick e lt. D eshalb v e rsu ch ten  w ir, die 
R o lle  d er Salzsäure in  d e r T h io g ly k o sid sp a ltu n g  zu k lären . I s t  die Salzsäure 
fü r  d ie  E ildung  des A cetohalogen-Z uckers v e ra n tw o rtlic h , so m u ß  als N eb en ­
p ro d u k t Thioalkohol (bzw . Thiophenol) e n ts te h e n . Diese V erb indungen  k o n n ­
te n  zw ar n ich t u n te r  d en  N eb en p ro d u k ten  d e r G ly k o sid sp a ltu n g  en td eck t 
w erd en ; es konn te  je d o c h  nachgew iesen w erden , d aß  z. B. das Ä th an th io l 
u n te r  den R eak tio n sb ed in g u n g en  der G lykosid sp a ltu n g  in  das S -Ä thy lth io - 
fo rm ia t V II um gesetzt w ird :

C2H 5S H  +  Cl2C H O C H 3 C2H 5— S —C H — O C H 3
I

CI

C H 3C 1+C 2H 5— S— CH

о
VII

w äh re n d  Thiophenol ü b e r  S -P h en y ltliio fo rm ia t IX  das S -D ich lo rm ethy lth io - 
p h e n o l V III liefert:

IX VIII

Diese V ersuche b e s tä tig e n  die u n id irek tio n a le  se lek tive Z ersetzung  des 
In te rm e d iä rp ro d u k ts  X Ia , w ährend  In te rm e d iä rp ro d u k te  v o m  D ialkoxy- 
ch lo rm eth an -T y p , die be i der R eak tio n  v o n  A lkoholen m it D ich lo rm ethy l- 
m e th y lä th e r  e n ts te h e n , in  zwei R ic h tu n g e n  gespalten  w erden , w obei zwei 
A lky lch lo ride  u n d  zwei A lky lfo rm iate  e n ts te h e n  [1, 8].
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D em gem äß k o n n te  die even tuelle  Rolle d er S alzsäure  in  der G lykosid­
sp a ltu n g  n ich t g e k lä r t w erden . Zu diesem  Zw eck w u rd en  M odellversuche 
d u rch g efü h rt. D ie V erb in d u n g en  2 und  7 w urden  u n te r  den  R eak tio n sb ed in ­
gungen der G lykosid sp a ltu n g  m it ZnCl2 u n d  tro ck en em  gasförm igem  C hlor­
w assersto ff in  R e a k tio n  g eb rach t, w obei die T h ioglucoside in  u n v e rä n d e rte r  
F o rm  m it einer A u sb eu te  von  80%  zurückgew onnen  w u rd en . (Es soll b e m e rk t 
w erden , daß  die V erb in d u n g  2 in  F o rm  eines G em isches m it ih rem  a-A nom e­
ren  iso liert w urde.) D a rau s  k o n n te  gefolgert w erden , d aß  die selektive B ildung  
d er A cetochlor-Z ucker v o r allem  a u f die u n m itte lb a re  R eak tio n  der T hio- 
glykoside m it D ic h lo rm e th y l-m e th y lä th e r  z u rü ck zu fü h ren  is t, w ährend  die 
Salzsäure als g lykosid sp a lten d es R eagens keine oder n u r  eine äußerst u n te r ­
geordnete  Rolle sp ie lt.

D ie einfache u n d  selek tive S p a ltu n g  v o n  T h io g ly k o sid en  m it D ich lo r­
m e th y l-m e th y lä th e r  is t  auch  deshalb  b each ten sw ert, w eil sie in  der S yn these  
von  D isacchariden  A nw endung  fin d en  k ö n n te . N eu erd in g s w ird  näm lich  die 
S yn these  von red u z ie ren d en  D isacch arid en  ü b e r T h iog lykoside  als v o rte ilh a ft 
angesehen; im  le tz te n  R e a k tio n ssc h ritt e rfo lg t d abei die selek tive  S p a ltu n g  
der T liiog lykosid -B indung  [9].

E xperim enteller Teil

Die Herstellung der nötigen Thioglykoside erfolgte nach bekann ten  Methoden. Die 
Synthese von 2 und 8 w urde nach Sakata und M itarbeitern [16] durchgeführt, während das 
Verfahren von Purves [17] zur H erstellung von 7, 14, 15 und  16 angew endet wurde. Alle 
übrigen Thioglykoside w urden nach dem Verfahren von Cerny und M itarbeitern  [18, 19] syn­
thetisiert. 10, 11 und 12 sind chrom atographisch einheitliche Sirupe.

Die Reinheit der Thioglykoside und  der Acetochlor-Zucker w urde dünnschichtchrom a- 
tographisch geprüft (au f Silicagel G, P roduk t der F irm a REA N AL). Zum Chromatographieren 
wurde ein Gemisch aus Toluol und Ä ther im V erhältnis von 2 : 1,5 verw endet; die Chromato­
gram me wurden m it 5% Schwefelsäure en thaltendem  Ä thylalkohol bei 145 °C entwickelt.

Spaltung der Thioglykoside

Verfahren A. 1 g Thioglykosid wird m it 2,5 ml D ichlorm ethyl-m ethyläther, in Gegen­
w art von 0,1 g wasserfreiem ZnCl2, un ter den in Tab. I  und  I I  angeführten  Bedingungen in 
R eaktion gebracht. Anschließend wird das Reaktionsgemisch in V akuum  zur Trockne einge­
dam pft und der R ückstand in  Ä ther gelöst. Diese Lösung wird w iederum  im  Vakuum einge­
dam pft und  der zurückbleibende Sirup in Chloroform aufgenom men. Diese Lösung wird m it 
Eiswasser, eiskalter KHCO.,-Lösung und wiederum m it Eiswasser säurefrei gewaschen, m it 
MgSO, getrocknet und aufs neue im V akuum  eingedampft. Der sirupartige R ückstand wird 
aus Ä ther/Petro läther um kristallisiert.

Verfahren В. 1 g Thioglykosid 14 wird m it 2,5 g D ichlorm ethyl-m ethyläther und 0,1 g 
wasserfreiem ZnCl2 auf dem W asserbad erw ärm t (Einzelheiten siehe in  Tab. III). Der Halogen- 
Zucker wird aus dem im  V akuum  eingedam pften Reaktionsgem isch m it Chloroform herausge­
löst und  die Lösung nach dem  E ntsäuern  und  Trocknen (wie bei V erfahren A beschrieben) im  
V akuum  eingedampft. Der feste R ückstand wird m it Ä ther verrieben, abgesaugt und aus 
Benzol um kristallisiert.

Verfahren С. 1 g Thioglykosid 15 wird nach V erfahren В gespalten (Einzelheiten siehe 
in Tab. III), m it dem U nterschied, daß der nach dem E indam pfen der chloroformischen 
Lösung erhaltene R ückstand  aus abs. Alkohol um kristallisiert wird.

Verfahren D. 1 g Thioglykosid 16 wird nach V erfahren A m it D ichlorm ethyl-m ethyl­
ä ther in Reaktion gebracht (Reaktionsbedingungen s. Tab. III) . Der U nterschied gegenüber
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V erfahren  A besteht darin, daß der nach dem E indam pfen des Reaktionsgem isches im Vakuum 
erhaltene  R ückstand in Ä ther aufgenom men wird. Die Lösung wird nach dem Entsäuern  
u n d  Trocknen im Vakuum  einkonzentriert und anschließend soviel P etro lä ther zugegeben, bis 
eine T rübung  entsteht. Die K ristallisation wird durch 24stündiges K ühlen auf 0°C zu Ende 
geführt.

U ntersuchung der Nebenprodukte der Glykosidspaltung
Die Analyse der die N ebenprodukte enthaltenden  Lösungen w urde auf einem Massen­

spektrom eter Typ A EI MS-20 durchgeführt, der m it einem G aschrom atographen verbunden 
war. W enn es zur Identifizierung der S truk tu r nötig erschien, wurd e auch die B ruttoform el der 
Ionen bestim m t, durch genaues Messen ihrer Masse auf einem M assenspektrom eter Typ MS-902 
hoher Auflösung. Zum G aschrom atographieren wurde eine 1,5 m hohe Glassäule verw endet: 
die Füllung war D iatom eenerde CQ (K orngröße 100 — 120 mesh), die m it  3% Silicon-Kautschuk 
(Typ SE-30) benetzt war.

Bestimmung der Nebenprodukte bei der Spaltung von Thioglucosid 2

1 g des Thioglucosids 2 wird mit 2,5 ml D ichlorom ethyl-m ethyläther und 0,1 g wasser­
freiem  ZnCl2 55 M inuten lang auf einem W asserbad bei 75 °C gehalten. Die leichtflüchtigen 
N ebenprodukte der R eaktion werden m it einem  über Silicagel getrockneten Stickstoffstrom  
aus dem  Reaktionsgemisch ausgetrieben. Die m it dem Stickstoffstrom entw eichenden konden­
sierbaren Stoffe werden anschließend in einem m it Aceton/Kohlensäureschnee gekühlten Gas­
w äscher kondensiert und das erhaltene P ro d u k t bei 90 °C gaschrom atographiert. Die Probe 
e n th ä lt in einem V erhältnis von  ungefähr 50 — 50%  Methylchlorid (charakteristische Spitzen 
m /e 50, 36) und M ethylform iat (m/e 60, 31). Die Spektren der beiden Substanzen waren mit 
den L iteraturangaben [20] identisch. Der R ückstand  im Kolben wird in  10 ml Chloroform auf­
genom m en, m it Eiswasser, eiskalter K H C 0 3-Lösung und wiederum m it Eiswasser säurefrei 
gewaschen, anschließend getrocknet, f iltrie rt und  im Tem peraturbereich von 90 — 150°C gas­
chrom atographiert. Außer dem  Lösungsm ittel und  M ethylformiat en th ä lt die Probe S-Äthyl- 
th io form iat VII.

Charakteristische Spitzen vom  VII (70 eV): m/e 90,0140 (M+ , 100%, C3H 6OS); m/e 
62,0195 (M + -C O , 8% ); m /e 61,9825 (M+ - C 9H „ 25%); m/e 61,0100 (M + -C O H , 10%); m/e 
60,9739 (M + -C 2H5, 34%); m/e 46,9956 (M-43, 90% , CH3S).

Prüfung der Nebenprodukte der Spaltung des Thioglucosids 7
1 g 7 wird m it 2,5 ml D ichlorom ethyl-m ethyläther und 0,1 g ZnCl2 1 S tunde lang auf 

dem  W asserbad bei70°C  gehalten. Die flüchtigen Nebenprodukte w erden wie bei 2 angegeben 
m it S tickstoff ausgetrieben und  kondensiert. Einzelheiten der gaschrom atographisch-m assen- 
spektrom etrischen U ntersuchung siehe bei 2. In  der Probe wurden in  ungefähr gleichen Mengen 
M ethylchlorid und M ethylform iat gefunden; m/e-Angaben s. oben.

Das im Kolben zurückgebliebene Reaktionsgemisch wird im V akuum  (20 Torr, W asser­
bad  40 °C) eingedampft. Der sirupartige R ückstand  wird in 10 ml Chloroform aufgenommen, die 
Lösung wie bei 2 säurefrei gewaschen, getrocknet und im Tem peraturbereich von 130—170°C 
gaschrom atographiert. Die Probe en thä lt eine einzige schwefelhaltige Verbindung m it der 
B ruttoform el C7HGSCL>. C harakteristische Spitzen: m/e 194 (i, 22% ); m/e 192 (M+ , 36%); m/e 
159 (i, 32%); m/e 156^9869 (M-35, 100%, C7H 6SC1); m/e 121 (157-HC1, 19%); m/e 109 (30%); 
m /e 77 (21%).

Die Fragm entation zeigt, daß die V erbindung S-D ichlorm ethylthiophenol (VIII) ist.

Reaktion von S-Phenylthioform iat (IX ) mit D ichlorm ethyl-m ethylätlier
0,3 ml S-Phenylthioform iat [21] w erden m it 2,5 ml D ichlorm ethyl-m ethylätlier und 

0,1 g wasserfreiem ZnCl2 1 S tunde lang bei 70 °C auf dem W asserbad gehalten. Das R eaktions­
gemisch wird wie bei 7 beschrieben verarbeite t.

Die chloroformische Lösung des R ückstands enthält, nach den Ergebnissen der gas- 
chrom atographisch-m assenspektrom etrischen U ntersuchung (ausgeführt wie bei 7), nur S- 
D ichlorm ethylthiophenol (VIII) (m /e-W erte siehe oben).

R eaktion von Thiophenol m it Dichlormethyl-m ethyläther
0,3 ml Thiophenol w erden, wie bei S-Phenylthioform iat beschrieben, m it D ichlormethyl- 

m ethyläther/ZnC l2 in R eaktion  gebracht; das Reaktionsgemisch wird auf analoge Weise ver­
arbeitet.
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In  der chloroformischen Lösung des R ückstandes konnte allein S-Dichlorm ethylthio- 
phenol (VIII) nachgewiesen werden. (Die Analysenbedingungen und  die gefundenen m/e-W erte 
w aren m it den bei der Verbindung 7 angeführten  identisch.)

Reaktion der Verbindung 2 mit ZnCL/Salzsäure

1 g der Verbindung 2 w ird in 20 ml wasserfreiem Chloroform gelöst, 0,2 g wasserfreies 
ZnCl2 werden zugegeben und ein langsam er Strom  von trockenem  Chlorwasserstoffgas w ird 1 
S tunde lang durch das Reaktionsgemisch un ter Erwärmen auf dem W asserbad auf 70 °C ge­
leitet. Anschließend wird die Lösung m it Eiswasser, KHCO:i-Lösung und  wiederum m it Eis­
wasser gewaschen und im V akuum  bis zur Trockne eingedampft.

Der sirupartige R ückstand kristallisiert un ter der W irkung von  warmem Ä ther. Das 
P ro d u k t (0,82 g, 82%) ist halogenfrei und schm ilzt bei 72 —74°C; [oi] q =  —74,3° (c =  1,2, in 
Chloroform). Die A usgangsverbindung 2 (das ß- A nomere) schm ilzt bei 81 — 82 °C; [a]o =  
=  —24,4° (in Chloroform) [18]. A uf G rund des optischen D rehungsverm ögens is t das R eak­
tionsprodukt eine Mischung aus 34% 2 und  66% des «-Anomeren.

Cu H ,40 9S (392,4). Rer. S 8,17; gef. S 8.07.
Der Anomerengemisch-Charakter des P rodukts wird auch durch das in CDC13 aufge­

nomm ene NM R-Spektrum angezeigt. Im  Spektrum  wurden die D ublette  beider anomeren 
P rotonen (H-% und H -lg) beobachtet:

H - la 5,76 ppm, J |  2 5,0 Hz
H-1^3 4,58 ppm, J j 2 8,5 Hz

Reaktion der Verbindung 7 m it ZnCL/Salzsäure

1 g 7 wird in 20 ml Chloroform gelöst und un ter den bei 2 angeführten Redingungen 
m it ZnCL/HCl in R eaktion gebracht. Die chloroformische Lösung w ird en tsäuert und in 
V akuum  abgedam pft. Der sirupartige R ückstand  wird in warmem Ä ther gelöst. Reim Stehen 
der Lösung im K ühlschrank kristallisieren 0,8 g (80%) unverändertes 7 aus; Schmp. 118°C, 
[ot]D =  —40,5° (c =  0,74, in  Toluol). (L it. Schmp. 118°C, [a]o =  —40,1° (in Toluol) [22].) Im  
Gemisch m it dem Ausgangsm aterial zeigt sich keine Scbmelzpunkterniedrigung.
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THE REACTIVITY OF THE CARBONYL GROUP 
IN FLAVONOID COMPOUNDS, I

K IN E T IC  STU D IES ON T H E  FORM ATION O F 2,4-DIN ITRO PHEN YLH YD RA ZON F.S 

É .  R . D á v i d  a n d  R . D o g n a k

(Organic Chemistry Department o f the Kossuth Lajos University, Debrecen)
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The reactiv ity  of the C = 0  group in flavonoid compounds as a function  of the 
s truc tu re  (degree of oxidation) and the substitu tion  conditions were studied in  their 
reactions w ith  2,4-dinitrophenylhydrazine by  means of the u ltraviolet spectrophotom ­
etry . The carbonyl group of the u n su b s titu ted  flavanone was found to exhib it the 
g reatest reactiv ity . The hydroxyl su b stitu en t a t the carbon atom  ad jacen t to  the 
carbonyl group will lower the reactiv ity  of bo th  the flavanone and 2’-hydroxychalcone 
derivatives, owing to  chelate form ation. Substituen ts in  para position related  to the 
carbonyl group will modify the ra te  of th e  2,4-dinitrophenylhydrazone-form ation 
reaction in  accordance w ith the ir -j-7 or — I  effects.

S evera l m e th o d s h av e  been  know n fo r th e  analy tical d e tec tio n  an d  d e te r­
m in a tio n  o f th e  ca rbony l g ro u p  [1 — 4]. T h e  m ost freq u en tly  ap p lied  one is 
th e  m easu rem en t accom plished in  th e  fo rm  o f th e  2 ,4 -d in itro p h en y lh y d razo n e  
d e riv a tiv e , since aldehydes an d  k e to n e s  fo rm  poorly  soluble co loured  p rec ip i­
ta te s  w ith  2 ,4 -d in itro p h en y lh y d raz in e  in  aqueous or alcoholic so lu tions, w hich 
can be m easu red  g rav im etrica lly  or b y  b a c k - ti tra tio n  [2, 5].

P a r tic u la r ly  in  th e  d e te rm in a tio n  o f carb o n y l com pounds av a ilab le  in 
sm all am o u n ts  only , th e  sp e c tro p h o to m e try  is v e ry  a d v a n ta g e o u s , since
2.4- d in itro p h en y lh y d razo n es  h av e  a c h a ra c te ris tic  ab so rp tio n  b a n d  in  th e  
340— 420 n m  range w ith  a h igh  m o lar ab so rb an ce ; i t  show s a considerab le  
b a th o ch ro m ic  sh ift in  a lkaline m ed ium  [5 —10].

In  th e  in v es tig a tio n  on th e  r e a c tiv ity  o f  th e  carbonyl g roup  in  flav o n o id  
com pounds w ith  d ifferen t o x id a tio n  levels [11, 12] as a fu n c tio n  of th e ir  
s tru c tu re s  an d  su b s titu tio n  cond itions, th e  favourab le  p ro p e rtie s  o f th e
2.4- d in itro p h en y lh y d razo n e-fo rm a tio n  re a c tio n  have  been u tilized . T he 2 ,4 -d i­
n itro p h en y lh y d razo n es  o f th e  flav o n o id  com pounds exam ined  h av e  n o t been 
iso la ted , b u t  e x tra c te d  w ith  n -hexane  a n d  th e  fac to rs in fluencing  th e  re a c tiv ity  
o f th e  ca rb o n y l group have  been e v a lu a te d  from  the  reac tio n  ra te  co n stan ts  
ca lcu la ted  from  th e  k in e tic  curves c o n s tru c te d  on th e  basis o f th e  increase 
in  th e  abso rbance  m easured  a t  th e  a c tu a l Лтах.

Q u a n tita tiv e  and  unam b ig u o u s acco m p lish m en t of th e  reac tio n  [13, 14, 
15] w as ensu red  b y  a d ju s tin g  a p ro p e r ra tio  o f th e  co n cen tra tio n s o f th e  acid, 
th e  re a g e n t and  th e  flav o n o id  com pound .
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The d a ta  o b ta in e d  were checked by  co m p arin g  th e  spectroscopic d a ta  
o f som e 2 ,4 -d in itro p h en y lh y d razo n es p rep ared  in  p u re  s ta te  previously , w hich  
w ere also u tilized  in  estab lish ing  th e  q u a n ti ta t iv e  accom plishm ent o f th e  
reac tio n .

E xperim en ta l

1. Preparation o f  2,4-dinitrophenylhydrazones

The flavonoid  p a re n t com pounds w ere p rep a red  according to  l i te ra tu re  
p rescrip tio n s. T h e ir 2 ,4 -d in itro p h en y lh y d razo n es  w ere p rep ared  b y  th e  d ig lym e 
m eth o d  of H. J .  S h i n e  [7]. The m a jo rity  of th e  2 ,4 -d in itropheny lhydrazones 
p re c ip ita te d  im m e d ia te ly  from  th e  reac tio n  m ix tu re , th e y  were f ilte re d  off, 
th e n  w ashed w ith  e th a n o l w ith  aqueous e th an o l. T he crysta ls  were d ried  a t 
ro o m  te m p e ra tu re  a n d  iden tified  on th e  basis of th e  m elting- p o in t va lues an d  
th e  e lem en ta l-an a ly sis  d a ta .

2. Spectrophotometric studies on 2,4-dinitrophenylhydrazones

The UY sp ec tra  w ere reco rded  w ith  a U n icam  SP  800 recording sp e c tro ­
p h o to m e te r in 5 • 10~~5M  co n cen tra tio n . T he sp ec tra l d a ta  are given in  T ab le  
I I .  (Since th e  su b s ta n c e s  are poorly  soluble in  e th an o l, th e  Amax values g iven  
fo r  e thanolic  so lu tio n s refer to  co ld -sa tu ra ted  so lu tions.)

Table I
Melting-point and elemental-analysis data 

o f 2,4-dinitrophenylhydrazones o f flavonoid compounds

2,4-Dinitrophenyl- 
hydrazone derivative Colour

Calcd. Found

M.p. °c N%

flavanone- orange 251— 52* 13.86 13.98
3-hydroxyflavanone- red 25 6 -8 * * 13.33 13.46
5-hydroxyflavanone- orange-red 258—9 13.33 13.50
7-hydroxyflavanone- dark red 245—6 13.33 13.05
1 -thiaflavanone- yellow 234—35 13.33 13.90
flavone- red 280— 1 12.69 12.78
chalcone- orange 247—8*** 14.44 14.8
2’-hydroxy chalcone- orange-red 235- 7 13.86 13.72
4-hydroxy chalcone- dark red 2 3 9 -4 1 13.86 14.05
4’-hydroxy chalcone- ochre-yellow 232—5 13.86 13.88
4-nitrochalcone- red 2 3 0 -5 16.13 16.30
2’-benzyoxy chalcone- orange 246—7 11.36 10.96

* R . Mozingo , H. A d k in s : J. Am. Chem. Soc. 60, 669 (1938). M.p. 254—55°C 
F. К Allay , G. J anzsó , I. K oczor: Tetrahedron 23, 4317 (1967). M.p. 252—55°C 

** F. R am irez , C. D. T e l e f u s : J . Org. Chem. 34, 377 (1969). M.p. 257°C 
*** J. D. R o berts , Ch . Gr e e n : J . Am. Chem. Soc. 68, 214 (1946). M.p. 247—8°C
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250 275 300 325 350 A00 Л50 500
nm

Fig. 1. S p ec tra  o f 2 ,4 -d in itro p h en y lh v d razo n es of flavono id  com pounds in  5 • 10 ~5 M  d ioxane
solu tions

h y d razo n e  in 5 • 10-5 M  d ioxane  solu tions

The d a ta  in  T ab le  I I ,  as well as F igs 1 and  2 show  th a t  th e  sp ec tra  of 
th e  2 ,4 -d in itro p h en y lh y d razo n es of flavono id  com pounds are a lm ost in d e p e n d ­
e n t o f th e  s tru c tu re  o f th e  s ta r tin g  m a te ria l (flavanone, chalcone, e tc .), b u t 
can  clearly  be d is tin g u ish ed  from  those  o f th e  s ta r tin g  m ateria ls  an d  th e  
reag en t, 2 ,4 -d in itro p h en y lh y d raz in e , as well. S u b s titu e n ts  in  various positions 
will also m odify th e  sp ec tru m  to  an in sig n ifican t e x te n t on ly  (Figs 1, 2).

3. K inetic  runs

In  th e  k ine tic  ru n s  th e  d ifference  in  th e  solubilities o f th e  reag en t and  
th e  p ro d u c ts  in  n -h ex an e  was u tilized  [6]. T he 2 ,4 -d in itro p h en y lh y d razo n es

A cta  Chim . ( Budapest)  8 4 ,  1975
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h y d razo n e  in 5 • 10 ~5 M  d ioxane  solu tions



338 DÁVID, BO GNÁR: T H E  REA CTIV ITY  OF T H E  CARBONYL G ROU P, I

fo rm ed  could easily be s e p a ra te d  from  th e  reag en t p re sen t in  a g rea t excess 
b y  e x tra c tin g  th e  su lfu ric  acid  e than o lic  so lu tion  w ith  n -hexane . The coloured 
h ex an e  solu tion  p roved  to  be q u ite  s tab le , th u s  th e  sp ec tra  o f th e  n e u tra l, p u re
2 ,4 -d in itro p h en y lh y d razo n es could  be m easu red  w ith  sa tis fa c to ry  re p ro ­
d u c ib ility .

Table II

Spectral data o f 2,4-dinitrophenylhydrazones o f flavanoids in  different solvents

2,4-Dinitrophenyl-
hydrazones

Dioxane Chloroform Ethanol
^max•̂шах e ^max e

2,4-dinitrophenylhydrazine 346 16 400 347 15 100 348.5
flavanone- 386 30 500 390 31 500 390
5-hydroxyflavanone- 375 29 750 375 29 000 376
3-hydroxyflavanone- 384 30 000 390 29 000 392
7-hy droxyflavanone- 389 30 000 395 29 500 398
1-thioflavanone- 380 29 500 382 29 000 382
chalcone-(benzalacetophenon e) 392 32 000 396* 32 500 396*
2’-hydroxychalcone- 388 31 000 392 30 500 392
2’-benzyloxychalcone- 393 31 500 394 30 500 394
4’-hydroxychalcone- 390 32 500 398 32 500 400
4-hydroxy chalcone- 398 30 700 400 30 500 405
4,4’-dibromochalcone- 391 31 800 390 31 500 395

* J . D. R oberts, Ch . G r e e n : J . Am. Chem. Soc. 68, 214 (1946). Amax [EtOH] =  395 nm. 
C. D je r a s s i, E. R y a n : J . Am. Chem. Soc. 71, 1000 (1949). Лтах  [CHC13] =  398 nm

T herefore, th e  in it ia l  co n cen tra tio n s  o f th e  flav o n o id  com pounds w ere 
chosen  so as to  ach ieve  q u a n tita tiv e  e x tra c tio n  of th e  2 ,4 -d in itro p h en y l­
h y d razo n es form ed w ith  n -hexane , even a t  th e  end of th e  reac tio n .

F o r th is purpose , 5 ■ 10 4M  e th an o lic  so lu tions o f th e  flavono id  com ­
po u n d s were used, to  w h ich  a su lfuric ac id -e th an o lic  so lu tion  o f th e  reag en t 
w as added  in  1 : 1 vo lu m e ra tio . (O p tim um  acid co n cen tra tio n  w as 1.5M .) 
T h e  tim e  elapsed from  com bin ing  th e  so lu tions was clocked w ith  a s to p -w a tch  
an d , depending on th e  r a te  of th e  reac tio n , 1 m l sam ples w ere p ip e tte d  in to  
10 m l of n-hexane in  1-, 5-, 10- or 20 -m inu te  periods. A fter shak ing  th e  m ix tu re , 
th e  absorbance  of th e  n -h ex an e  phase w as m easured  a t  390 nm . T he reference 
so lu tio n  was the  re a g e n t t r e a te d  in  th e  sam e w ay. (1 ml of th e  reag en t - f  1 ml 
o f p u re  ethano l e x tra c te d  w ith  10 m l of n -hexane show ed £ 390 =  0.2.) The 
r< a g en t can  be used for a b o u t one w eak on ly ; its  absorbance  w as checked daily .

T he 1 • 10“ 2 ,4 -d in itro p h en y lh y d raz in e  reagen t w as p rep ared  w ith  
v a rio u s acid co n stan ts  (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 an d  5.0 iVf), an d  th e  
re a c tio n  ra te  was found  to  be alm ost id en tica l w ith  acid co n ten ts  in  th e  1.5 —
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2.5 M  ran g e . Below an d  above th ese  ac id  concen tra tions, h ow ever, th e  ra te  
of re a c tio n  decreased  considerab ly . In  less ac id  solutions, th e  re a g e n t se p a ra te d  
on sto rag e , while a t  h igher acid co n cen tra tio n s  th e  decrease in  th e  free base  
c o n c e n tra tio n  p re su m ab ly  h in d ered  th e  ra p id  accom plishm ent o f th e  reac tio n . 
In  a d d itio n  to  th e se  fac ts , th e  ab so rb an ce  o f  the  reference so lu tion  w as in ­
creased b y  th e  h ig h er acid  co n ten t. T hus th e  op tim um  acid c o n te n t w as co n ­
sidered  to  be 1.5 M .  T he m easu rem en ts  w ere carried  ou t a t  23 ^  0.05°C.

Reagent for the kinetic runs

R eag en t-g rad e  2 ,4 -d in itro p h en y lh y d raz in e  (1.980 g) w as d isso lved  in  
reag en t-g rad e  c o n c e n tra ted  su lfu ric  acid  (15 ml). D istilled w a te r  (20 ml) w as 
ad d ed  to  i t .  A fter cooling, its  vo lum e w as m ade up to  100 m l w ith  p u rified  
e th an o l.

Evaluation of the results

I t  can  be seen in  Fig. 3 th a t ,  in  a d d itio n  to  the  2 ,4 -d in itro p h e n y lh y d ra -  
zone fo rm ed  in th e  reac tio n , th e  chalcone w as also tran sfe rred  from  th e  su lfu ric  
ac id -e th an o lic  so lu tion  in to  th e  n -hexane  e x tra c t. The w ell-defined  isosbestic  
p o in t in  th e  spec tru m  confirm s th e  p resence  o f an equilib rium  sy stem , in  w hich 
th e  decrease in  th e  chalcone co n c e n tra tio n  w ith  tim e is in  eq u ilib riu m  w ith  
th e  increase  in th e  co n cen tra tio n  o f th e  2 ,4 -d in itropheny lhydrazone  form ed.

Fig. 3. The equilibrium system  of chalcone 2,4-dinitrophenylhydrazone in  the n-hexane
ex trac t, as a function  of time
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S im ilar equilib ria  h a v e  generally  been observed  in th e  fo rm atio n  of 2 ,4 -d in itro - 
pheny lhydrazones o f  o th e r  chalcone d e riv a tiv e s  ex am ined .

In  th e  case o f  flav o n e  and flav an o n e  d e riv a tiv e s , only  the  2 ,4 -d in itro - 
pheny lhydrazones fo rm ed  are soluble in  n -hexane , th u s  th e  isosbestic p o in t 
could  no t be u tilized  a n d  only th e  ab so rp tio n  sp ec tru m  o f the  d in itro p h en y l- 
h yd razone  was m easu red , being p ro p o rtio n a l to  th e  concen tra tio n .

On th e  basis o f  sp ec tro p h o to m etric  d a ta , th e  k in e tic  curves have  been  
co n stru c ted  and th e  half-tim es and  ra te  c o n s ta n ts  ca lcu la ted  (Table I I I ) .

Table III

Rate constants o f 2,4-dinitrophenylhyd.razones o f some f lavór,oids at 23 +  0.05°C

Compound К  (min-1) ■ 10-3 Compound К (min-1) • 10-3

flavone- 255.00 chalcone 155.00
1 -th iaf la vanone- 153.00 2’-benzyloxy chalcone- 153.00
3-hydroxyflavanone- 15.00 2’-hydroxy-4-methylchalcone- 9.48
5-hydroxyflavanone- 3.82 2’-hydroxy-4-chlorochalcone- 9.0
flavone- 0.18 2’-hydroxychalcone- 6.95
5-methoxyflavanone- 43.6 2’-hydroxy-4-methoxychalcone-

2’,4-dihydroxychalcone- 0.38

Since the  changes in  th e  co n cen tra tio n  of th e  acid  an d  th a t  of th e  re a g e n t 
being  in  a large excess w ere negligible as com pared  to  th e  change in  th e  co n ­
c e n tra tio n  of th e  d in itro p h en y lh y d razo n e  fo rm ed , considered as a fu n c tio n  
of tim e , th e  reac tio n  w as found to  follow a pseudo f irs t-o rd e r k inetics, w hich 
was verified  by  th e  id e n tic a l half-tim es of flav o n o id  com pounds w ith  d iffe ren t 
in itia l concen tra tions.

The ev a lu a tio n  o f  th e  ra te  co n stan ts  suggests th a t  th e  2 ,4 -d in itropheny l- 
h yd razone  d e riv a tiv e  is fo rm ed  in  a w ell-m easurab le , re la tiv e ly  rap id  reac tio n , 
in  b o th  th e  f lav an o n e  an d  th e  chalcone series. In  th e  case of flavone an d  th e  
ste rica lly  h indered  o rth o -su b s titu te d  flav o n o id s , th e  reaction  is very  slow. 
(F o r exam ple, th e  a m o u n t of th e  flav o n e  2 ,4 -d in itro p h en y lh y d razo n e  d e r iv a ­
tiv e  was only 50%  ev en  a fte r a 260-hr reac tio n  period .)

The su b s titu e n ts  in  p a ra  position  will (F ig. 4), o f course, affect th e  ra te  
of th e  reaction  in  acco rdance  w ith  th e ir  enh an c in g  or low ering action  on th e  
elec tron  density  o f th e  «-carbon  a to m  w ith  decreased  e lectron  co n cen tra tio n , 
b ro u g h t ab o u t b y  th e  po la riza tion  of th e  ca rb o n y l g ro u p , depending on th e ir  
po sitiv e  or n eg a tiv e  in d u c tiv e  and m esom eric effects. W hen, how ever, th e  
reac tio n -ra te  v a lues a re  p lo tted  ag a in st th e  c o n s ta n ts  d and  <5+, to ta l  and  
unam biguous lin e a r ity  c a n n o t be estab lish ed , w hich m akes necessary th e  d e te r ­
m in a tio n  of new  s u b s titu tio n  co n stan ts  in  th e  f lav o n o id  series.
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The p lo t o f th e  lo g arith m  of th e  reac tio n - ra te  values of th e  2 ,4 -d in itro - 
p h en y lh y d razo n e-fo rm atio n  reaction  as a fu n c tio n  o f th e  b asic ity  c o n s ta n ts  
{pK^Yi) de te rm in ed  b y  us p rev iously  [16, 17], show s th a t  th e  su b s titu tio n  
and  s tru c tu ra l effects eq ua lly  ap p ear in  th e  case of b o th  co n stan ts , b u t  in  
opposite  ra tio s . T h a t  is, th e  less basic  th e  ca rb o n y l group of a com pound  
(e.g. f lav an o n e), th e  h ig h er th e  ra te  of th e  fo rm a tio n  of th e  2 ,4 -d in itropheny l- 
hyd razone d e riv a tiv e , w hile w ith  increasing  b a s ic ity  (e.g. flavone) th e  reac tio n  
ra te  will decrease.

hour
Fig. 4. Reaction ra te  curves of substituted 2’-hydroxychalcone 2,4-dinitrophenylhydrazone

derivatives

T he reac tio n  w ill be qu ite  h indered  below  a ce rta in  lim it, th a t  is, w here 
th e  e lectron  cloud o f  th e  oxygen a to m  will com plete ly  shield  th e  po sitiv e  
charge a t  th e  a -c a rb o n  a to m , owing to  th e  h ig h  p o la r ity  (cross-con jugation , 
su b s titu tio n  effect), a n d  w here no positive  ch arg e  can  develop a t  th e  a -ca rb o n  
a tom , because o f th e  cross-con jugation  effect (e.g., 7 -hydroxyflavone , 4-di- 
m ethy lam inocha lcone). In  th e  fo rm atio n  o f d in itro p h en y lh y d razo n es , th e  
steric  effects h in d er th e  nucleophilic ad d itio n  reac tio n  to  a fa r la rger e x te n t 
th a n  th e  so lvoly tic  a c tio n  in  th e  basic ity  (F ig . 5, com pounds 2, 3, 4, 5, 6, 7).

This is also co n firm ed  b y  th e  decreased  reac tio n  ra te  o f 3 -hydroxy- an d  
5 -h y d ro x y flav an o n e  a n d  2’-hydroxychalcone. B y  all m eans, w hen  th e  b a s ic ity  
co n stan t values, р / ( Вн + , are  p lo tted  as a fu n c tio n  of th e  logarithm s of th e  
ra te  co n stan ts  o f th e  2 ,4 -d in itro p h en y lh y d razo n es form ed, th e  inverse  p ro ­
p o rtio n a lity  is a p p a re n t  (F ig. 5).

T he m ethod  developed  for k inetic  m easu rem en ts  seem s, accord ing  to  
th e  experiences, to  be su itab le  for in v es tig a tin g  th e  re a c tiv ity  of th e  carbony l 
groups in  n o t on ly  f lav o n o id , b u t in  o th e r ty p e s  o f com pounds, too , as well as 
for th e  d e te rm in a tio n  o f new  su b s titu tio n  an d  s te ric  co n stan ts  in  th e  know ledge 
of th e  b asic ity  c o n s ta n ts . These c o m p ara tiv e  stud ies can be accom plished 
re la tiv e ly  sim ply  w ith  2—-3-mg sam ples.
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pk BH+
Fig. 5. The logarithm s of 2,4-dinitrophenylhydrazone reaction rates as a function  of the

basicity constants
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СИНТЕЗ И ИССЛЕДОВАНИЕ СВОЙСТВ РАСТВОРОВ 
ПРИВИТЫХ СОПОЛИМЕРОВ ПОЛИВИНИЛОВОГО 

СПИРТА С ПОЛИВИНИЛПИРРОЛИДОНОМ
ТАШМУХАМЕДОВ С. А., КАРАВАЕВ А. Ш.,ФУЗАИЛОВ Ш., ЛАРИН П.П., 

ТИЛЛАЕВ Р. С. и УСМАНОВ X. У.
(СССР, Ташкентский Государственный университет им. В. И. Ленина)

16. IV. 1973

Радиационно-химическим методом синтезированы привитые сополимеры 
поливинилового спирта с поливинилпирролидоном в зависимости от дозы облучения, 
природы и концентрации растворителя. Полученные продукты идентифицированы 
методом ИК-спектроскопии.

При изучении температурной зависимости вязкости растворов привитых 
сополимеров обнаружены аномальные изменения вязкости, выражающиеся в 
появлении экстремальных точек на кривой вязкости. Подобное явление объяснено с 
точки зрения возможности конформационного перехода макромолекул привитых 
сополимеров от агрегированной формы в форму статистического клубка.

Сорбционным и калориметрическим исследованием показано, что акт при­
вивки винилпирролидона к  поливиниловому спирту приводит к  уплотнению 
структуры полимера

Среди привитых сополимеров поливинилового спирта (ПВС) опреде­
ленный научный и практический интерес представляет система ПВС-поли- 
винилпирролидон (ПВП). В литературе сведения об этой системе отсутствуют. 
Данные привитые сополимеры, будучи составленными из водорастворимых 
полимеров, представляют интересный объект с точки зрения исследования 
свойств растворов ввиду возможности значительного межцепного взаимо­
действия сегментов различной химической природы. Поэтому в данной работе 
приводятся результаты синтеза привитых сополимеров ПВС—ПВП и изуче­
ния свойств их растворов с привлечением ряда физико-химических методов.

Экспериментальная часть.
Использовали промышленный образец ПВС производства Ереванского 

завода «Поливинилацетат» с характеристической вязкостью [щ] в воде при 
25°С, равной 0,74, и содержанием ацетатных групп 4,2%. Винилпирролидон 
очищали вакуумной перегонкой при 82—84°С 8 мм. рт. ст., по  1,5070, d 25 
1,0448. Синтез привитых сополимеров осуществляли радиационным методом с 
использованием гамма лучей источника Со60 путем одновременного облучения 
смеси полимера и мономера в интервале доз облучения от 0,1 до 0,5 Мрад при 
мощности дозы 67 рад/сек. Прививку проводили в вакууме, в присутствии 
растворителей, в качестве которых использовали метанол и диоксан, так как 
предварительно была установлена низкая эффективность прививки при 
проведении реакции в массе. Привес в весе исходного полимера определяли
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после экстракции реакционной смеси хлороформом, в результате которого 
удалялся гомо-ПВП.

ИК-спектры образцов снимали на двухлучевом спектрофотометре 
UR—10 в областях 3800—2600 см~] (призма из LiF), 2000 700 см-1 (призма 
из NaCl) и 700—400 см-1 (призма из КВг). Образцы для снятия ИК-спектров 
готовили прессованием с КВг по общепринятой методике.

Характеристические вязкости образцов измеряли в капиллярном 
вискозиметре типа Уббелоде, допускающем последовательное разбавление 
исследуемого раствора в самом вискозиметре [1]. Характеристическую 
вязкость находили по данным приведенной вязкости 3-х—4-х разбавлений, 
экстраполяцией к нулевому значению концентрации раствора.

Сорбционные свойства исследовали на высоковаккумной установке 
типа Мак—Вэна с кварцевыми пружинами [2].

Тепловые эффекты определяли при помощи микрокалориметра типа 
Шотки [3]. Все исследования проводили термостатированием при 25°С.

Результаты и их обсуждение

Данные привитой сополимеризации при исходном соотношении ЛВС : 
: ВП =  1 :2 и 30% концентрации растворителя от веса мономера в зависи­
мости от дозы облучения представлены на рис. 1. Как видно, привес после 
экстракции гомо-ПВП повышается в интервале доз 0,2—0,5 Мрад и значи­
тельная конверсия мономера, израсходованного для привитой сополимериза­
ции, наблюдается при дозе 0,5 Мрад. Судя по результатам, прививка в при­
сутствии метанола протекает значительно эффективнее, чем в случае диоксана. 
Так, при дозе облучения 0,5 Мрад привесы составляют 147 и 19% соответ­
ственно, что можно объяснить различиями в полярности и радиационно-

Р и с . 1. Влияние дозы облучения и природы растворителя на прививку ВП к ПВС. 
ПВС : ВП = 1 : 2 ,  Мощность обл. 67 рад/сек. 1- метанол, 2-диоксан (концентрация раст­

ворителя 30% от веса мономера).
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химических выходов свободных радикалов для этих растворителей. Однако, в 
обоих случаях высокая радиационная чувствительность мономера по срав­
нению с ПВС приводит к образованию значительных количеств гомополиме­
ра, особенно при низких дозах облучения, когда эффективность прививки 
низкая. Использование же доз облучения свыше 0,5 Мрад дает нераствори­
мые продукты, так как ПВС и особенно ПВП относятся к сшивающимся под 
действием излучения полимерам [4]. На рис. 2 приведены данные по синтезу 
при дозе 0,4 Мрад в зависимости от концентрации растворителя. Эти данные 
показывают, что с увеличением концентрации метанола привес сначала растет 
до концентрации растворителя 30%, а затем плавно падает. Естественно, что

í  , cm“1

Рис. 2. Влияние концентрации растворителя на прививку ВП к  ПВС. ПВС : ВП = 1 : 2 .  
Мощность обл. 67 рад/сек. Д оза обл. 0,4 Мрад. 1- метанол, 2- диоксан (концентрация 

растворителя в процентах от веса мономера)

уменьшение привеса с увеличением концентрации растворителя связано с 
разбавлением реакционной смеси. В случае диоксана низкая эффективность 
прививки указывает, что данный растворитель не может служить сенсибили­
затором прививки ВП к ПВС.

На рис. 3 приведены ИК-спектры привитых сополимеров ПВС- ПВП, 
а также ПВС и ПВП. Полное отнесение частот для ПВС к соответствующим 
видам колебаний сделано в [5]. В спектре ПВП имеются полосы поглощения 
валентных колебаний гидроксильных групп, включенных в водородную 
связь, максимум поглощения которых находится при 3500 см-1, валентные 
СН —2980 см-1, в области 1680 см“1 проявляются валентные С =  О колеба­
ния, в области 1495 и 755 см“1 проявляются колебания цикла ВП. Дефор-

A cta  Chim . (B u d a p est) 84 , 1975



346 TASHM UKHAM EDOV e t al.: SY N TH ESIS AND STUDY

Puc. 3. ИК-спектры ПВС, ПВП и их привитых сополимеров. 1— ПВС; сополимеры, синте­
зированные в присутствии метанола; 2 —0,2 Мрад; 3—3,0 Мрад; 4 —0,4 Мрад, 5 —0,5 Мрад; 
6 —П В П ; сополимеры, синтезированные в присутствии диоксана; 7—0,2 М рад;8—0,3 Мрад;

9 —0,4 Мрад; 10—0,5 Мрад.

мационные колебания СН2, СН групп имеют характерные поглощения в 
области 1500—31 300 см-1. Область 1292 см^1 относится к деформационным 
колебаниям цикла, а область 855 см-1 к валентным СС колебаниям. Харак­
терной особенностью в ИК-спектре ПВП является наличие поглощения в 
области гидроксильных групп (3700—3200 см“1), которое связано, по- 
видимому, с присоединением гидроксильных групп на концах макромолекул 
гомополимера вследствие большой гидрофильной способности ПВП. Дефор­
мационные колебания ОН групп проявляются в области 1100—1000 см-1. 
При прививке ВП к ПВС в ИК-спектрах полученных продуктов имеются 
полосы поглощения, характерные как для ПВС, так и для ПВП. Как видно, 
с увеличением дозы облучения растет интенсивность валентных колебаний 
С =  О групп и несколько уменьшается интенсивность валентных колебаний 
ОН групп, включенных в водородную связь. Незначительное уменьшение 
интенсивности полосы поглощения гидроксильных групп можно объяснить 
тем, что в процессе прививки, вследствие наличия примесей воды в реакцион­
ной среде, происходит увеличение скорости обрыва цепи с образованием на 
концах привитого ПВП ОН группы, поглощение которых накладывается на 
поглощение ОН группы ПВС. Для образцов, полученных при одной и той же 
интегральной дозе облучения, интенсивность полос поглощения привитого 
ПВП несколько ниже в случае применения в качестве растворителя диоксана, 
чем метанола, что подтверждает данные синтеза. Ввиду того, что полосы 
поглощения 1680 и 1100 см-1 очень чувствительны к содержанию ПВП и ПВС 
в сополимере, эти полосы могут быть использованы в качестве аналитических 
для количественного определения состава сополимеров.

Качественное изучение растворимости показало, что синтезированные 
привитые сополимеры ПВС—ПВП растворяются при нагревании в воде»
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моноэтаноламине, диметилформамиде, в смеси воды и метанола (1 : 1), воды 
и уксусной кислоты (1 : 1), а в муравьиной кислоте растворяются при ком­
натной температуре. Характеристическую вязкость [??] привитых сополиме­
ров измеряли в воде, муравьиной кислоте и смеси воды с диметилформамидом.

Как видно из рис. 4, [??] привитых сополимеров в воде меньше [г?] 
исходного ПВС. Очевидно, это связано с тем, что в водных растворах гидро- 
фобность углеводородного скелета макромолекул ПВС по отношению к воде 
приводит к потере их гибкости. Поэтому при прививке более гибких цепей 
ПВП жесткость основных цепей уменьшается и [17] привитых сополимеров 
сначала уменьшается, а затем остается постоянной, что может служить указа­
нием на существование в растворе компактных макромолекулярных клубков. 
При добавлении же диметилформамида (ДМФ) в водный раствор вязкость 
исходного ПВС (рис. 5) вначале несколько уменьшается, а затем растет до 
максимального значения, после чего имеет место падение вязкости. Хорошо 
известно, что ПВС представляет собой жесткоцепный полимер, скелетная 
жесткость которого обусловлена внутри-и межмолекулярными водородными 
связями. В присутствии ДМФ гибкость макромолекул ПВС, по-видимому,

20 АО 60 80 100
ПВП,'/.

Рис. 4. Изменение [??] растворов привитых сополимеров ПВС— ПВП в воде.

н2о
Рис. 5. Изменение [?;] ПВС, П ВП  и их привитых сополимеров в смешанных водно-диме- 
тилформамидных растворителях. 1 — ПВС, 2 —5,5%  ПВП, 3 — 10,5% ПВП, 4 — 14,0%

ПВП, 5 -1 7 ,5 %  ПВП, 6 — ПВП.
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должна увеличиваться, так как ДМФ имеет группы, способные взаимодей-
. 0

ствовать как с метиленовыми группами ПВС, так и группу = N — C<f ,

способную образовывать водородные связи с гидроксильными группами поли­
мера. Поэтому первоначальное введение ДМФ будет способствовать повыше­
нию гибкости, и вязкость несколько уменьшается. Дальнейшее увеличение 
ДМФ в смеси увеличит сольватацию ПВС молекулами растворителя, в ре­
зультате чего объем макромолекулярного клубка увеличится и тем самым 
вязкость также увеличится. Такие эффекты наблюдаются и для ПВП. В слу­
чае же привитых сополимеров [у  ] начинает расти сразу при добавлении ДМФ, 
очевидно, за счет одновременной сольватации основных и боковых цепей при­
витого сополимера. Снижение же вязкости при больших содержаниях ДМФ 
является следствием стремления макромолекул привитых сополимеров к 
образованию компактных структур, так как избыток ДМФ начинает играть 
роль осадителя.

В водных растворах данных привитых сополимеров возможно также 
внутримолекулярное взаимодействие между гидроксильными группами 
основных цепей и карбонильными группами лактамных циклов боковых 
цепей. Возможно, что именно этим обстоятельством объясняются данные 
рис. б, согласно которым \щ] механических смесей этих полимеров в воде 
совпадают с аддитивными значениями, а увеличение молекулярного веса 
ПВП в смеси почти не изменяет [tj] водного раствора смеси полимеров, как 
это видно из рис. 7.

На рис. 8 представлена температурная зависимость [г?] ПВС, ПВП, их 
механической смеси и привитых сополимеров ПВС—ПВП в воде. Из рисунка 
видно, что для гомополимеров и их смеси [гД линейно изменяется с неболь-

Рис. 6. Изменение [??] механической смеси ПВС с ПВП в воде, от соотношения ПВС и ПВП.

0 . 8 _Q--- п -гг—
-  0 . 6  

SOA  
0 . 2

-О--- о
I l i i

).Д 0.5 0 . 6 07
ПВП

Рис. 7. Изменение [?;] механической смеси ПВС с ПВП (соотношение (1 : 1) от молекуляр­
ного веса ПВП, в воде.
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шим отрицательным температурным коэффициентом. Для привитых сополи­
меров эта зависимость выражена сильнее и характеризуется наличием излома 
прямых при 30°С. Обращает на себя внимание, что после достижения точки 
излома вязкость почти не изменяется. Очевидно, что наличие такой точки 
свидетельствует об определенном конформационном превращении в структуре 
макромолекул привитых сополимеров. Дондос [6] в ряде работ показал, что 
наличие экстремальных точек на кривых температурной зависимости вязкости 
привитых сополимеров обусловлено разрушением агрегированной структуры 
макромолекул привитых сополимеров с последующим приобретением струк­
туры статистического клубка. Действительно, в растворах муравьиной 
кислоты кривая температурной зависимости вязкости привитых сополимеров 
ПВС—ПВП характеризуется четко выраженным минимумом и максимумом 
в области 35 -40°С (рис. 9).

Естетственно, что различный характер проявления конформационного 
перехода в воде и муравьиной кислоте связан с различной природой этих 
растворителей.

Рис. в. Изменение [?/] ПВС, ПВП, их механической смеси и привитых сополимеров от 
температуры, в воде. 1— ПВС, 2 —механическая смесь ПВС с ПВП 1 : 1), 3—5,5%  ПВП, 

4 -1 0 ,5 %  ПВП, 5 -1 4 ,0  ПВП, 6 -1 7 ,5 %  ПВП, 7 -  ПВП.

На рис. 10 приведены изотермы сорбции паров воды привитыми сополи­
мерами ПВС—ПВП, из которого видно, что сорбционная способность ПВС 
близка к таковой для ПВП. Однако сорбция паров воды привитыми сополи­
мерами меньше по сравнению с гомополимерами, что более заметно при боль­
ших содержаниях ПВП в привитом сополимере. В тоже время ПВС растворя­
ется в воде с положительным тепловым эффектом несколько большим, чем 
ПВП, как это следует из рис. 11. Привитые сополимеры растворяются с

0.8 Г

ОА
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Puc. 9. Изменение [??] ПВС, ПВП и их привитых сополимеров от температуры, в муравьи­
ной кислоте. 1 — ПВС, 2 —5,5% ПВП, 3— 10,5% ПВП , 4 — 17,5% ПВП, 5 — ПВП.

Рис. 10. Изотермы сорбции паров воды ПВС, ПВП и их привитыми сополимерами« 1 — 
ПВС, 2 —9,0%  ПВП, 3 -1 2 ,5 %  ПВП, 4 - 1 7 ,5 %  ПВП, 5 -П В П .

Рис. 11. Изменение теплот растворения привитых сополимеров ПВС—ПВП в воде.
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менее положительным тепловым эффектом, чем гомополимеры. Таким образом, 
сорбционные данные и тепловые эффекты коррелируют друг с другом и ука­
зывают на уплотнение структуры полимера с увеличением степени прививки.

Summary

G raft copolymers of polyvinyl alcohol w ith polyvinylpyrrolidone have been synthesized 
by a radiation-chem ical m ethod, varying the irrad ia tion  dose, the nature  and concentration 
of the solvent. The products obtained have been identified  by IR  spectroscopy.

The tem perature  dependence of the viscosity of the graft copolymers is anomalous; 
viscosity curves revealing extrem a are observed. This phenom enon is in terpreted  in term s of a 
possible change in th e  conform ation of the graft copolymer, from an aggregative form to a 
random  coil state.

Sorption and calorim etric experim ents have shown th a t in  the process of grafting 
vinylpyrrolidone to polyvinyl alcohol, a more com pact polym er structure is obtained.
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ACTA CHIMICA
TOM 84 — ВЫП. 3

Разностный „tandem” титрометр
К. И КРЕН И

РЕЗЮМЕ

Конструирован прибор для титрования, позволяющий расширить область опреде­
ления электропроводности при кислотно-основном, осадительном, комплексо- или хелато­
метрическом и окислительно-восстановительном титрованиях. В целях создания кондук­
тометрического титрометра с конструкцией регистрации разности электропроводностей 
(т. н. Разностного или «tandem» титрометра) нами изготовлены: разностный кондуктометр, 
две ячейки для измерения электропроводности и поршневые проточные бюретки с внутрен­
ней смазкой. Новые методы обозначения (регистрации) конца титрования при «tandem» 
системе позволяют значительное устранение влияния исходных веществ, а также опреде­
ление двух компонентов при одном титровании.

Механизм гидрогенолизабутана на порошкообразном никелевом катализаторе
А. Ш АРКАНЬ, Л . ГУЦИ и П. ТЕТЕН И

Был изучен гидрогенолиз н-бутана и 2-метилпропана на порошкообразном никеле­
вом катализаторе в интервале температур 160—260°С. Отношение водород/углеводород 
изменялось в пределах от 3 до 10. Селективность образования продуктов реакции иссле­
довалась в зависимости от парциального давления водорода, температуры и активности 
катализатора. Селективность гидрогенолиза (SPr) увеличивается с увеличением парциаль­
ного давления водорода, а активность катализатора с уменьшением температуры. На основе 
меченого промежуточного продукта пропан-1-С14 было доказано, что неселективный гид­
рогенолиз н-бутана и 2-метилпропана может быть объяснен отсутствием адсорбционного 
равновесия промежуточного продукта. На основе экспериментальных данных было уста­
новлено, что на никеле образуются «сильно» дегидрированные углеводородные радикалы, 
которые затем быстро реагируют на поверхности.

Расчет л-электронного спектра и электронного строения гетеро-дигалоген-
бензолов

А. МАРТИН и А. И. КИШ

С помощью методов MIM и РРР были рассчитаны я-электронная структура и спектр 
дизамещенных бензолов, содержащих два различных галоидных атома.

Полученные энергии MIM и волновые функции, а также спектральные данные РРР, 
плотность заряда, порядок связи и вклад я-электронов в дипольный момент сравнивались с 
результатами, полученными для моно- и гомо-дизамещенных галогенбензолов.

Было установлено, что параметры, разработанные для расчета галогенбензолов и 
едино использованные, дают результаты с почти одинаковой точностью как в случае гетеро- 
дизамещенных производных, так и в случае моно- и гомо-дизамещенных производных.



Кинетические данные для циклизации 1-карбетокси-2-/3-хлорфениламино/-
этилакрилата

Л . СОТЁРИ, А. УЙХИДИ и И. САБО

Кинетика реакции циклизации 1-карбетокси-2-(3-хлорфениламино) - этилакрилата 
была исследована при различных концентрациях и температурах. Средой реакции служил 
дифенил, содержащий 10% парафинового масла. За ходом реакции следили по изменению 
во времени веса выделяющегося твердого вещества. Концентрация конечного продукта 
реакции 3-карбетокси-4-гидрокси-7-хлорхинолина была изображена в зависимости от 
времени. Были получены кривые с максимумом, указывающие на протекание последова­
тельных реакций. Отсюда тремя различными методами были определены аррениусовские 
постоянные. Было проверено предположение о том, что причиной отклонения получен­
ных результатов в случае 5 и 10%-ых концентраций является солевой эффект.

Синтетические линейные полимеры, XXXII

Изменение дипольного момента полимергомологических соединений в 
зависимости от молекулярного веса

и. ГЕЦИ

Удельный квадратичный дипольный момент поли-(трифторхлорэтилена) и полиено- 
вых олигомеров с концевой группой С6Н6 изменяются линейно в зависимости от обратной 
величины молекулярного веса. Поэтому в данных условиях эти полимеры не образуют 
вторичной структуры. Средний дипольный момент звена, повторяющегося в этих полиме­
рах, равен 0,12 D для (—CFC1—CF2—) и 1,02 D для (—СН =  СН—). В случае полиеновых 
олигомеров с диметиламинной концевой группой, поли-у-бензил-Б-глутамата и полимеров 
фенилсилоксана подобное графическое изображение приводит к отклонению от линейности. 
На основе этого, в случае этих соединений следует считаться с образованием вторичных 
структур.

Структурные исследования полиаценафтиленсв
Ф. Ч Е Р  и ДЬ. ХАРДИ

Была определена плотность олиго- и полиаценафтиленов, полученных различным 
способом. Рентгеновская диффрактограмма олигомера, с наибольшей плотностью, приго­
товленного в твердой фазе иодовым инициированием, разделялась на гауссовские пики. 
Диффракционные углы, соответствующие максимумам, индексировались соответственно 
моноклинным кристаллам с размерами ячейки а =  11,70, b =  7,62 и с =  9,82 Á и с углом 
наклона ß ^  90°. Пространственная группа Р2,.

С помощью минимализации конформационной энергии были рассчитаны атомные 
координаты эритро и трео мономерных единиц. Исходя из сегментов двух типов, был по­
строен полимер с изо- и синдиотактической цепочкой, а также была рассчитана конформа- 
ционная энергия полимерной цепочки в зависимости от углов искажения основной цепи 
(<у„ (р2). Из эритро сегментов — вследствие стерических препятствий — не удалось постро­
ить полимерную цепочку. В случае трео изотактических цепей конформационная энергия 
обладает четырьмя местными минимумами. Полимерная цепочка, относящаяся к наиболее 
глубокому минимуму, представляет собой 2, геликс. В случае синдиотактических поли­
меров получена цепочка с 3 минимальными энергиями: геликс 2,, геликс 4, и с рядом 
центра симметрии. Геликс 2, — абсолютный минимум энергии — соответствует ячейке 
олигомера. Геликс 2, и ряд центра симметрии приводит к цепочкам подобного строения. Эти 
цепочки могут быть получены из строения кристалла мономера с помощью трансляцион­
ного движения небольшой степени; геликс 2, может быть изоморфным с кристаллом моно­
мера.

Комбинация эритро и трео сегментов также может привести к геликсу 2,. Однако, 
содержание энергии значительно превышает энергию чистых трео цепочек.



Каталитические свойства фтористого магния
М. ВОЙЦИКОВСКА, Р. ФЕДОРОВ и В. КУЦИНСКИ

Были описаны свойства пористого фторида магния, полученного действием гидро­
фтористой кислоты на раствор сульфата магния. Образцы фтористого магния, кальцини­
рованные при различных температурах, были исследованы с точки зрения их каталити­
ческих свойств в некоторых модельных реакциях. Приводятся некоторые заключения 
относительно природы кислотных мест на поверхности фтористого магния.

4-Пироны, VII
Некоторые реакции 4-пиронов

М. А. Ф. ЭЛЬКАШ ЕФ, Ф. М. Е. А БД ЕЛЬ-М ЕГЕЙ Д , К . Е. М. МОХТАР и Ф. А. ГАД

4-Алкилиден(4Н)пиран может быть получен взаимодействием диазоалканов с
4- тиопиронами. 5,6-Бензофлавон, реагируя с галогенидами фенил- или бензилмагния, дает
4,4-дифенил- или 4,4-дибензил-производные. Взаимодействие с бромидом п-метоксифенил- 
магния этого соединения, а также 2-метилхромона с бромидом фенилмагния приводит к 
образованию соответствующих 4-гидрокси-соединений.

Селективное расщеплениетиогликозидовс помощью дихлорметил-метилового
эфира

|И . ФАРКАШ , Р. БОГН АР, М. М. М ЕН ЬХ ЕРТ, А. К. ТАРНАИ, М. БИ Х А РИ  и Й. ТАМАШ

Ацетилированные алкил- и арил- 1-тио-/3-0-глюко- и -галактопиранозиды (1— 13) с 
помощью дихлорметил-метилового эфира /ZnCI2 расщепляются до а-ацетохлор-Б-глюкозы
(III) и сг-ацетохлор-D-raлактозы (IV).

Согласно исследованиям с дисахаридными производными расщепление является 
селективным: с хорошим выходом может быть изолировано ацетохлор-производное неза­
тронутого сахарного компонента.

При расщеплении гликозида единственным побочным продуктом, содержащим 
серу, — в зависимости от агликона — является S-алкил- и S-атилтиоформиат (VII и IV); 
последний, однако, в применяемых условиях реакции количественно галогенизируется до
5- дихлорметилтиофенола (VIII). Побочные продукты были идентифицированы с помощью 
комбинированного газовохроматографического и масс-спектрометрического метода. На 
этой основе кажется вероятным, что тиогликозиды под влиянием дихлорметил-метилового 
эфира /ZnCI2 — независимо от природы агликона — разлагаются с «S-алкильным отщеп­
лением», образуя соответствующие ацетогалогеновые сахара через, по всей вероятности, 
комплекс типа сульфониума (X).

Исследования на модельных соединениях показывают, что соляная кислота, вы­
деляющаяся в побочной реакции, практически не играет роли реагента, расщепляющего 
гликозид.

Исследование реакционной способности карбонильной группы флавоноидных
соединений, I

Исследование кинетики образования 2,4-динитрофенилгидразона
Е. Р. ДА ВИ Д и Р. БОГН АР

Реакционная способность флавоноидных соединений, зависящая от структуры 
группы С =  О (от степени окисления) и от заместителей, была исследована на примере 
взаимодействия с 2,4-динитрофенилгидразином с помощью метода УФ спектроскопии. 
Было найдено, что наибольшая реакционная способность карбонильной группы наблюда­
ется в случае незамещенного флаваона. Замещение гидроксилом положения, соседнего с 
карбонилом, — вследствие образования внутреннего хелата — уменьшает реакционную 
способность как флаванона, так и 2’-гидроксихалкона. Заместители, находящиеся в пара­
положении к карбонильной группе, в соответствии с их + 1  или — 1 эффектами, изменяют 
скорость реакции образования 2,4-динитрофенилгидразона.
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The results are given of a com parative study of the viscosity of ternary  metal 
chloride (m ainly alkali m etal and alkaline earth  m etal chloride)-H C l-H 20  systems, 
and of their constituen t binary system s. From  the course of the viscosity vs. concen­
tra tion  curves for the individual b inary  aqueous systems, and from  the extent and 
trend  of the changes in the viscosity of the b inary  systems when th e  th ird  component 
(salt or acid) is added, conclusions are draw n on the structure and the ir concentration 
dependence in the binary and te rn ary  systems. An analytical correlation and a method 
of relatively high accuracy, applicable on the basis of the proposed binary  equation 
[p = / ( m sa|t)] are given for the calculation of the viscosity in te rn a ry  m etal chloride- 
-H C1-H 20  systems.

This w ork involves th e  s tu d y  o f te rn a ry  e lec tro ly te  sy stem s of th e  ty p e  
m e ta l chloride—HC1—H 20  w ith  th e  aim  of gam ing  a deeper in s ig h t in to  th e ir  
s tru c tu ra l p ro p erties . A p p ro p ria te ly  selected  p roperties are  in v estig a ted  ex ­
p e rim en ta lly  in th e  whole of th e  stab le  co n cen tra tio n  in te rv a l u p  to  sa tu ra te d  
so lu tions. In  th is  w ay  i t  is hoped  to  th ro w  lig h t on th e  s tru c tu ra l  conditions, 
m a in ly  o f m o d era te ly  co n c e n tra ted  an d  co n cen tra ted  so lu tio n s, fo r w hich re l­
a tiv e ly  few d a ta  are availab le . I t  w as considered th a t ,  besides th e  p resen t 
s ta te  of s tru c tu ra l research  on te rn a ry  so lu tions, th e  b e s t possib ilities are p ro ­
v id ed  by  su itab le , reliable co m p ara tiv e  ex am in a tio n s  p e rm ittin g  a uniform  
sy s tem a tiza tio n  on a fix ed  e x p e rim e n ta l basis. The m odel sy stem s were chosen 
so as to  con ta in  e ith e r  a given an ion  (alkali m e ta l ch loride, a lka line  e a r th  m eta l 
ch loride, MnCl2, HC1; or M n S 0 4, N iSO ,, M g S 0 4, H 2S 0 4) or th e  sam e cations 
(M nS 04-M nCl2, MgCl2-M g S 0 4, H 2S 0 4-HC1). In  th is  w ay th e  effects of cations 
o r anions w ith  d iffe ren t charges, ra d ii an d  electron ic s tru c tu re s  can be d is­
tin g u ish ed  from  one ano ther.

A t th e  sam e tim e , th e  s tu d y  o f te rn a ry  solu tions is t r e a te d  as a m ethod  
of ob ta in ing  m ore de ta iled  in fo rm a tio n  on th e  s tru c tu re  o f th e  co n stitu en t 
b in a ry  system s. A  s tu d y  is m ade o f how  th e  add itio n  o f a th ird  com ponent 
affects th e  p roperties of th e  o rig in a l b in a ry  system , as a fu n c tio n  of th e  con­
c e n tra tio n  of th e  la t te r .  F u r th e r , a com parison  is m ade o f th e  in te rre la tions 
o f th e  p ro p erty  changes re su ltin g  from  tem p e ra tu re  v a r ia tio n  in  the  b in ary  
sy stem , or from  th e  add itio n  o f th e  th ird  com ponent.

1 A cta  C h im . (B u d a p e st)  84 , 1975
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O ur conclusions based  on su ch  resu lts  an d  re la tin g  to  th e  v iscosity  w ere 
p u b lish ed  earlier [1]. The p re sen t p u b lica tio n  describes a  co m p ara tiv e  s tu d y  
o f  th e  v iscosity  o f te rn a ry  m e ta l chloride (m ain ly  a lk a li an d  alkaline e a r th , 
m e ta l ch lo ride)-H C l—H 20  system s an d  th e ir  b in a ry  c o n s titu e n t system s 
ea rlie r in v estig a ted  in  th e  w hole o f th e  co n cen tra tio n  in te rv a l for w hich th e  
sy s tem  is stab le  a t  th e  given te m p e ra tu re  [2]. In  a d d itio n  to  conclusions on 
th e  s tru c tu re  of th e  so lu tions, a m e th o d  and  eq u a tio n  o f  re la tiv e ly  high accu r­
acy , applicable on th e  basis of th e  b in a ry  r] vs. msait e q u a tio n  found , are given 
fo r th e  ca lcu lation  o f th e  v isco sity  o f th e  te rn a ry  m e ta l ch lo rid e -H C l-H 20  
system s.

General study o f the viscosity of m etal ch lorid e-H 20  systems

Figures 1 an d  2 p re sen t th e  v iscosities of th e  in d iv id u a l m eta l ch loride 
so lu tions a t  25 °C as a  fu n c tio n  o f  concen tra tion*  [2—4 ]. I t  can  be seen th a t  
th e  course of th e  r] vs. m  curves depends v e ry  s tro n g ly  on  th e  n a tu re  o f th e  
m e ta l ion, and  m a in ly  on its  charge  an d  size.

In  th is  re sp ec t th e  charge o f th e  ions is th e  decisive fac to r. F o r ca tio n s 
o f  a  given charge, a n d  w ith  a g iven  an ion , th e  v iscosity  vs. co n cen tra tio n  curves 
each  ru n  in  close a n d  sim ilar, d e fin ite  b an d s, even  w h en  th e re  are fa irly  large 
differences in  ca tio n  rad iu s  (see th e  shaded  b an d s in  F ig . 1). N a tu ra lly , for 
a  g iven  co n cen tra tio n  a la rg e r v isco s ity  generally  re la te s  to  a sm aller m e ta l 
io n ; th is  is alw ays th e  case for u n iv a le n t cations a t  n o t to o  h igh  co n cen tra tions. 
T h e  sm aller ca tio n  h a s  a h igher fie ld , an d  can  th u s  e x e r t  a re la tiv e ly  la rger 
e ffec t on th e  w a te r  m olecules in  i ts  v ic in ity . I t  is an  obv ious consequence o f  
th is  th a t  a t a g iven  c o n c e n tra tio n  th e  sm aller m e ta l ion , to g e th e r w ith  th e  
la rg e r h y d ra te  sh e a th  developing  a ro u n d  it, can  m ove o n ly  w ith  m ore d ifficu lty  
a n d  w ith  a re la tiv e ly  h igher a c tiv a tio n  energy as a re su lt o f a m echanical 
sh ea r force ac tin g  on th e  so lu tion .

F igures 1 an d  2 show  th a t  th e  curve depicting  th e  co n cen tra tio n  d ep en d ­
ence of the  v iscosity  o f  HC1 ru n s  in  th e  b an d  of th e  cu rves for th e  u n iv a le n t 
m e ta l chlorides. T his ind ica tes th a t ,  as regards th e  v isco sity , th e  H 30 +  ion 
b eh av es to  a ce rta in  e x te n t like a n y  o th e r u n iv a len t c a tio n  (th is is su p p o rted  
b y  th e  fac t th a t  th e  v iscosity  vs. co n cen tra tio n  cu rve  fo r th e  H 2S 0 4, for in ­
s tan ce , lies in th e  b a n d  of th e  rj vs. m  curves for th e  su lfa te s  o f th e  u n iv a len t 
m e ta l cations). N evertheless, p a r tic u la r ly  as regards th e  co n cen tra tio n  de­
pendence , th e  effect o f  th e  H 30  + ion  differs from  th o se  o f u n iv a len t m ono- 
a to m ic  ions w ith  in e r t  gas co n figu ra tions. F o r ex am p le , a lth o u g h  th e  hihci 
cu rve  rem ains w ith in  th e  b an d , its  course is so m uch f la t te r  th a t ,  s im ilarly  to

* This means in  practice the concentration interval from m  =  0.2 to saturation , since 
we do not deal w ith a detailed investigation of the very dilute solutions.
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Fig. 2
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th e  r] vs. m NHlci cu rv e , i t  no lo n g er corresponds to  th e  d im ensions of the  H 30  + 
io n  (r ion =  1.12 Á).

In  the  case o f  th e  chlorides o f th e  u n iv a le n t m o noatom ic  ions w ith  in e r t 
gas configurations th e  con d itio n s are  qu ite  c lear: th e  s itu a tio n  o f th e  v iscosity  
cu rv es  w ith in  th e  b a n d  is a m ono to n o u s fu n c tio n  of th e  c a tio n  rad ius a t all 
con cen tra tio n s (see F ig . 3, w hich  show s th e  v a ria tio n  of th e  viscosities of th e  
in d iv id u a l u n iv a len t m e ta l ch lo rides as a fu n c tio n  of th e  c a tio n  rad iu s  a t m =  
== 0.5). This po in ts  to  th e  fa c t t h a t  for a given charge th e  h y d ra tio n  effect to o  
m u s t  be an u n am b ig u o u s fu n c tio n  o f th e  size of th e  ca tio n  w ith  an  in e rt gas 
e le c tro n  con figura tion . T h is is also th e  case fo r th e  chlorides o f d iv a len t mono- 
a to m ic  ions w ith  in e r t  gas con fig u ra tio n s.

A t the  in d iv id u a l co n cen tra tio n s , how ever, th e  r] va lu es  corresponding 
to  th e  rad ii of th e  co m p lex  ca tions (N H 4 , H 30 +) do n o t lie on th e  rj vs. r cation 
cu rv es for the  ch lo rides o f th e  u n iv a le n t m onoatom ic ions w ith  in e r t gas con­
fig u ra tio n s  (see e.g. p o in ts  A an d  В in  Fig. 3), and  th e  s itu a tio n  is th e  same for 
th e  m onoatom ic ions w ith  n o n -in e rt gas con figu ra tions. As a consequence, 
a lth o u g h  the v isco sity  cu rves fo r th e  com plex  cations lie in  th e  ap p ro p ria te  
h a n d , in dilute so lu tio n  th e y  are s itu a te d  in  positions co rresp o n d in g  to  a sm aller 
c a tio n  size. Thus, fo r HC1 th e  rj vs. m  curve does n o t lie in  th e  position  co rre ­
spond in g  to  the  ra d iu s  o f H 30 +, b u t  ru n s  closer to  th e  cu rve  fo r NaCl. This 
e ffec t is even m ore p ro n o u n ced  for NH,C1, w here th e  rj vs. m  cu rve  lies close 
to  t h a t  for KC1. In d e e d , a t  h ig h er co n cen tra tio n s th e  curves fo r b o th  of these  
com plex  cations assum e a d iffe ren t c h a ra c te r  from  those  fo r th e  m onoatom ic 
ion s w ith  inert gas c o n fig u ra tio n s  (F ig. 2).

Thus, in th e  case o f com plex  ions th e  h y d ra tio n  n u m b e r (how ever th is  
is defined  or d e te rm in ed ) can n o t s im p ly  be ca lcu la ted  from  th e  charge and th e  
ion ic  size, and even  in  th e  case o f th e  sam e ionic size, th e  h y d ra tio n  of com plex

A c ta  Chim. ( Budapest)  8 4 , 1975



BERECZ: STUDY OF TH E  VISCOSITY 357

ions differs from  th a t  o f m onoatom ic  ions w ith  th e  sam e charge . I t  is obvious, 
th e re fo re , th a t  in  these  cases th e  h y d ra tio n  depends n o t only  on th e  charge 
an d  th e  ionic size, b u t  also on th e  shapes of th e  ions, d e te rm in ed  b y  electronic 
s tru c tu re s  w hich no longer have in e r t gas con figura tions.

In  th is  re sp ec t th e re  is also a ce rta in  difference be tw een  H 30 +  and  N H ^ . 
O f these  tw o, only th e  N H 4L is th e  ion in  advance e x is te n t an d  tru ly  com posite 
ion ; H 30  + comes a b o u t only in  so lu tio n , w here i t  is alw ays p re se n t, as a mono- 
h y d ra te d  p rim ary  com plex of H  + . T he fu r th e r  h y d ra tio n  of H 30 +, therefo re , 
is essen tia lly  th e  h y d ra tio n  of a ‘p ositive ly -charged  w a te r m olecule’; th is  
b reak s up  th e  w a te r  s tru c tu re  to  a re la tiv e ly  g rea te r  e x te n t , be ing  m ore posi­
tiv e ly  h y d ra ted *  th a n  some m o n o ato m ic  ions of th e  sam e size. A t th e  sam e 
tim e  N H ^  is a t ru ly  com posite ion , w hich m ay  ex is t in  so lu tion  in  a non-hy- 
d ra te d  form  too . T he h y d ra tio n  of N H ^  can p ro c e e d ‘reg u la rly ’, a t  m ost being 
m ore strong ly  d irec ted  to  a defin ite  e x te n t b y  th e  e lec tro n  con figu ra tion  de­
veloped . In  p rac tice  in  th e  f irs t h y d ra te  sphere th is  m eans m ore w a te r  m olecules 
th a n  th e  m ax im um  n u m b er w hich can  f i t  geom etrically  in to  a lay e r of spheres 
w ith  a th ickness eq u a l to  th e  d iam e te r of th e  w a te r  m olecule, beg inn ing  a t 
a d istance  de te rm in ed  b y  th e  ra d iu s ; th e  reason  is t h a t  th e re  is a  possib ility  
for th e  deeper p e n e tra tio n  of 4 w a te r  m olecules in  th e  d irec tion  o f th e  faces of 
th e  te tra h e d ro n .

As a re su lt of these  fac to rs , a t  leas t in m ore d ilu te  so lu tions, H 30 +  be­
haves as a m ore s tru c tu re -b re ak in g  an d  m ore positive ly  h y d ra tin g  ion  th a n  can 
he expec ted  from  its  size; on th e  o th e r han d , com pared  to  its  size an d  charge, 
N H 4+ behaves as a less s tru c tu re -  m ak ing , and  less n e g a tiv e ly  h y d ra tin g  ion.

The s itu a tio n  is sim ilar w ith  th e  m onoatom ic ions w ith  n o n -in e rt gas 
con figura tions, e.g. N i2 + , C u2 + , Z n 2 + , M n2+, e tc . As reg a rd s  th e  co n cen tra tio n  
dependence in these  cases th e  charge is sim ilarly  th e  fu n d a m e n ta l fac to r; th e  
in d iv idua l rj v s .  m  curves for th e  ch lorides (and su lfates) o f th e  d iv a len t m etals 
are m uch s teeper (Fig. 1) th a n  th o se  for th e  u n iv a le n t m e ta l ions. The size is 
n o t th e  only o th e r fac to r, how ever: a role is also p lay ed  b y  th e  effect o f the  
electron ic  s tru c tu re . All th is  is well illu s tra ted  b y  th e  se t of curves in  Fig. 1. 
T he v iscosity  re la tin g  to  iden tica l con cen tra tio n s of th e  ch lorides (and  sulfates) 
o f d iv a len t m eta l ca tions w ith  n o n -in e rt gas con figu ra tions (N i2 + , M n2+, Z n 2+, 
C u2 + ), does no t v a ry  according to  th e  sequence correspond ing  to  th e  simple 
increase in ionic rad iu s: M g2+ —► C u2+ —► Z n 2+ —*- N i2+ —► M n2+ —► C a2 + ; 
th e  observed v a r ia tio n  is in  accordance w ith  th e  sequence M g2+ [Ne] —*-

* The different terminologies applied to  structure-breaking or positive hydration, and 
structure-m aking or negative hydration  resu lt from the different a ttem p ts by various authors 
to  approxim ate and in te rp re t the phenom enon of hydration [5]; even if they  are no t identical, 
a t least they relate to  similar or very close physical concepts (breaking and making of the w ater 
structure  refer to  th e  hydrate  layer more d is tan t from the ion, while positive and negative 
hydration  to the hydrate  layer closest to  the ion, bu t a t the same tim e the heat of hydration 
is characteristic of the interaction of the ion w ith the entire bulk of water).
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— N i 2 + [Ar]3d8 —*- M n 2 + [A r]3d5 —*■ C a2+[Ar] —>- Z n 2+ [A r]3d10. F o r th e  ions 
w ith  non-inert gas co n fig u ra tio n s , th ere fo re , th e  3d e lec tro n  n u m b er sequence 
c le a rly  passes th ro u g h  a m in im um . As a consequence, a t  g iven co ncen tra tions 
th e  v iscosity  curve fo r ZnCl2 s tro n g ly  dev ia tes from  th e  b a n d  betw een  the  
cu rv es  for MgCl2 an d  CaCl2, in to  th e  reg ion  of low er v iscosities. T his ind ica tes 
t h a t  in  the  case of th e  d iffe ren t ca tions w ith  n o n -in e rt gas con figu ra tions th e re  
a rise  various forces a n d  hence possib ilities of ion—so lv en t coupling  (these con­
tro l  th e  h y d ra tio n  co n d itio n s , an d  accord ingly  th e  o rdering  an d  v iscosity  con­
d itio n s  for a given ch arg e  an d  co n cen tra tio n ), in  w hich  th e  sm aller ion  has n o t 
a  la rg e r, b u t a sm aller force th a n  th e  la rger ion. S im ilarly  as fo r th e  com posite 
io n s, th e  io n -so lv en t in te ra c tio n s  w ill be m uch m ore d irec ted  th a n  in  th e  case 
o f  th e  ions w ith in e r t gas con fig u ra tio n s. C onsequen tly , th e  co rre la tio n  betw een  
th e  ionic size and  th e  v isco s ity  m ay  ex h ib it a d iffe ren t, an d  even  opposite 
te n d e n c y  to  th a t  o b se rv ed  in  th e  ions w ith  in e r t gas co n figu ra tions.

I t  is clear from  F ig . 1 t h a t  s tro n g  effects are  ex e rte d  on th e  v iscosity  
n o t  on ly  b y  the  ch arg e , size an d  e lectron ic  s tru c tu re  o f th e  ca tions, h u t  also 
b y  th e  charge and  size o f  th e  an ion , an d  also its  e lec tron ic  s tru c tu re  in  re la tio n  
to  i ts  n a tu re  as a co m p lex  ion  or a m onoatom ic ion  w ith  a n o n -in e rt gas con­
fig u ra tio n . This is show n b y  th e  fa c t th a t ,  as a lread y  p o in te d  o u t above, a t  a 
g iv en  concen tra tion  th e  v isco sity  sequence of th e  in d iv id u a l ca tions is d ifferen t 
fo r  th e  sulfates (com plex  an ion) from  th a t  for th e  chlorides (m onoatom ic anion). 
F u r th e r ,  th e  line of th e  rj vs. rn cu rves are v e ry  d iffe ren t in  th e  case of 1 — 1 ty p e  
(e.g. NaCl) and 1 — 2 ty p e  (e.g. N a2S 0 4) electro ly tes co n ta in in g  th e  sam e cation .

Equation relating to  the concentration dependence of the viscosity 
o f aqueous m etal chloride solutions

To a good a p p ro x im a tio n  th e  follow ing re la tio n  has b een  found  to  hold 
fo r  th e  dependence on c o n cen tra tio n *  of th e  v iscosity  o f b in a ry  aqueous m etal 
ch lo ride  solutions u n d e r  iso th e rm a l conditions:

^specific
V Vo 

Vo
=  A m  (m  +  В ) eCm3 =  (A B m  +  A m 2) eCm3 =  (D m  +  A m 2) eCm3

( 1 )

I n  te rm s  of th e  m olal specific  v isco sity  rj', E q . (1) assum es th e  form

^  = Vsp_=  V------Ъ  =  A  +  ß )  ecm* ( 2 )

m mrio

* In  these investigations the concentration is always expressed in molality, so th a t 
th e  num erical concentration values be independent of the tem perature.
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Table I

Compound Cation radius
(A) A  x 10* В D x 103 =  A B x  103 CxlO»

LiCl 0.65 9.0 14.78 133 0.19

NaCl 0.95 13.5 5.41 73 0.14

HC1 1.12 — — 61.5 0

(1.03)
KCI 1.33 5.26 — 1.77 —9.3 0
INH,C1 1.43 3.75 —0.32 — 12 0

(1.35)
RbCl 1.48 6.94 — 4.76 — 33 —0.60

CsCl 1.69 7.78 — 5.4 —42 —0.25

MgCI2 0.65 108 3.24 350 5.59

CaCl2 0.99 66 3.94 260 3.42

MnCl2 0.80 77.5 4.65 360 2.72

MnSO, 0.80 240 2.17 520 22.32

H 2S 0 4 1.12 9.26 19.44 180 0

w here r]0 is th e  v isco sity  of th e  solvent. T h e  values of th e  co n stan ts  in th e  e q u a ­
tio n  fo r a te m p e ra tu re  o f 25 °C are  g iv en  in  T able I.

S im ilarly  to  th e  eq u a tio n  of L e n g y e l  [6 ], w hich  o p era tes  w ith  concen­
tr a t io n  u n its  of mol/1, E q . (1) gives an  e x p o n e n tia l dependence  on th e  concen­
tra t io n . I t  differs fro m  L e n g y e l ’s e q u a tio n  in  th a t  i t  co n ta in s  one c o n s ta n t 
m ore (a lthough  as we shall see, tw o o f i ts  c o n s ta n ts , A  an d  B , are re la te d  b y  
th e  expression  A B  =  D ), and  the  c o n c e n tra tio n  e x p o n e n t in  th e  ex p o n en tia l 
te rm  appears no t to  th e  f irs t, b u t to  th e  th ird  pow er.

T ab le  I I  illu s tra te s  th e  accuracy  o f E q s  (1) a n d  (2), b ased  on our ow n 
d a ta  [2], and  on th o se  o f L e n g y e i , et al. [3] an d  of o th e r  au th o rs  [4].

In  add ition  to  a p p a re n tly  hav in g  th re e  c o n s ta n ts , th e  use of E qs (1) an d
(2) also has o th e r a d v a n ta g e s : the  iso th e rm a l dependence of th e  v iscosity  on 
th e  co n cen tra tio n  is described  as a te m p e ra tu re - in d e p e n d e n t function  of th e  
m o la lity ; because o f th e  sm allness o f c o n s ta n t  C, i t  is w o rth  tak in g  in to  co n ­
s id e ra tio n  only a t  h ig h e r con cen tra tio n s (an d  essen tia lly  on ly  in  th e  case o f 
s tro n g ly  positive h y d ra tio n ) ;  and  m ost im p o r ta n t  of all, in  d ilu te  or m o d era te ly  
co n c e n tra ted  so lu tions th e  equations c a n  be b ro u g h t in to  v e ry  sim ple fo rm s, 
a n d  th e  co n stan ts  can  be  dete rm in ed  g rap h ica lly  from  on ly  tw o m easu red  
v isco sity  d a ta  (indeed , th is  is also so fo r  te rn a ry  sy stem s, to  w hich, as w ill be 
seen  la te r , th e  e q u a tio n s  can read ily  b e  app lied ).
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Table II

» HCl LiCl N aC l KC1 N H 4C1 CsCl MgCl2 CaCl2

m easd. 0.948 1 . 0 2 1 0.978 0.890 0 . 8 8 6 0.869 1.312 1.189
1 calcd. 0.949 1 . 0 2 1 0.971 0.890 0.887 0.864 1.303 1.186

A% 0 . 1 1 0 — 0 . 6 8 0 0 . 1 1 — 0.58 — 0.69 — 0.25

m easd. 0.998 1.164 1.077 0.896 0.884 0.850 1.996 1.591
2 calcd. 1.004 1.164 1.073 0.896 0 . 8 8 6 0.847 1.952 1.614

L. vO O'
" 0.60 0 — 0.37 0 0.23 — 0.35 — 2 . 2 0 1.45

m easd. 1.051 1.323 1.199 0.913 0 . 8 8 8 0.846 3.005 2.240
3 calcd. 1.059 1.325 1 . 2 0 0 0.911 0.892 0.844 2.991 2.242

A % 0.76 0.15 0.08 — 0 . 2 2 0.45 — 0.24 — 0.46 0.09

m easd. 1.103 1.496 1.349 0.939 0.896 0.855 4.902 3.219
4 calcd. 1.114 1.505 1.352 0.937 0.905 0.856 4.893 3.227

Л °/ ^  /о 1 . 0 0 0.60 0 . 2 2 — 0 . 2 1 1 . 0 0 0 . 1 2 — 0.18 0.25

m easd. 1.157 1.695 1.525 0.910 0.882 8.41 4.81
5 calcd. 1.169 1.709 1.533 0.924 0.881 8.89 4.93

A% 1.04 0.83 0.52 1.54 — 0 . 1 1 5.71 2.49

m easd. 1 . 2 1 2 1.927 0.918
6 calcd. 1.224 1.939 0.918

A °/ 1 . 0 0 0.63 0

m easd. 2.512 1.014
8 calcd. 2.507 1 . 0 2 1

Л °/ - 0 . 2 0 0.69

m easd. 3.335

1 0 calcd. 3.307

A% — 0.84

m easd. 4.524

1 2 calcd. 4.488
Л °/ ^  /о 0.79

m easd. 6.250

14 calcd. 6.340
A ° / ^  /о 1.44
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In  n o t to o  co n cen tra ted  so lu tions eC m 3 1, an d  to  a good a p p ro x im a tio n

and

rjTel =  —  =  1 +  A  В т  +  A m 2 
Vo

Г
V

- В  1
^ ^  ^°- =  A B  4~ A m

m f]0m
D  -j- A m (4)

w hich is the  e q u a tio n  of a s tra ig h t line.
In  essence, therefo re , E q . (4) linearizes th e  rj vs. m  v iscosity  e q u a tio n , 

and  m akes possib le  th e  de te rm in a tio n  o f th e  value of D  =  A B  by  lin ea r e x t r a ­
p o la tio n  of th e  rj vs. m  s tra ig h t line to  in fin ite  d ilu tio n  (m —> 0), w here

A B  =  D  =  г),. (5)

th e  m olal specific v iscosity  re la tin g  to  in fin ite ly  d ilu te  so lu tion . I ts  va lu e  a n d  
its  dependence on  th e  radii of th e  m o n o a to m ic  ca tions p rac tica lly  agree w ith  
th e  coefficients o f  th e  Jones-D ole e q u a tio n  fo r a lkali m e ta l chloride so lu tio n s 
a t  25 °C [7]. S im ila rly , 
for m  =  1 we h av e

(v')m=i =  D  +  A  =  A B  +  A  (6)

and  th is  m eans t h a t  th e  value of th e  coeffic ien t В  is

В =  J*Lhn=l----- 1 (7)
A

In  th e  above sense, therefo re , th e  va lu es  of A , В  and  A B  — D  can be 
o b ta in ed  for an  aq u eo u s solu tion  o f an y  m e ta l chloride if  th e  value of r f  is 
de te rm in ed  a t  m =  1 and a t som e o th e r  m  va lue* , an d  r]'a =  D =  A B  is 
de te rm in ed  b y  lin e a r  ex trap o la tio n  a f te r  jo in in g  of th e  tw o  po in ts  w ith  a s tra ig h t  
line.

Fig. 4 p re se n ts  th e  rj' vs. m  s tra ig h t lines, th e ir  courses re la tiv e  to  one 
a n o th e r, and th e  rfx  sequence.

O f course, all th a t  has been sa id  above holds n o t only  for th e  m e ta l ch lo ­
rides, b u t  also for o th e r  salts. This is i l lu s tra te d  b y  th e  s tra ig h t lines for v a rio u s  
sa lts to  be seen in  F ig . 5.

* I t  is obvious from  Eq. (4) th a t the relatively  low difference of r] and rj0 in d ilu te so­
lutions leads to th e  erro r in  the value of r f  being the  greatest in  such solutions. In  the calcula­
tions it  is reasonable to  tak e  the other m as larger th a n  1, and to  select it  in the range of m edium  
viscosities and concentrations (for not too positive or negative hydration : m 1— 5; for very
positive hydration  in  th e  case of univalent ions: m сы 1— 4; and for d ivalent ions: m =  0.6— 2).
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Once A  an d  В  have been ca lcu la ted  in  th e  above sim ple m an n e r, C to o  
can  be ca lcu la ted . F ro m  E q . (2) fo r a n y  m  1 (p re fe rab ly  m  >  1):

In (rj')m =  In [A (m  +  В )] +  Cm3
fro m  which 

In V

C =
A  (m  -L B )

m 3

In
D 2.303 ,

------3—  1°Sm •>
V

A m  4- D ( 8 )
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The signs of th e  r\'m values re la tin g  to  th e  chlorides of d ifferen t m e ta l 
ca tio n s  obviously  p ro v id e  useful and c le a r-cu t in fo rm a tio n  on th e  s tru c tu re ­
b re a k in g  or s tru c tu re -m a k in g  na tu re  o f  th e  m e ta l c a tio n  fo r a given an ion : 
th e  va lu es  of th e  fo rm er lie in  the range o f  positive  r)'m, an d  tho se  of th e  la t te r  
in  th e  n egative  r)'m reg ion .

A t th e  sam e tim e , from  the re la tiv e  sequence o f th e  in d iv id u a l v a lues 
an d  from  th e  m ag n itu d e  o f th e ir  values i t  is s im ila rly  possible to  es tim ate  th e  
e x te n ts  of th e  h y d ra tin g  abilities of th e  ca tio n s, again  for a g iven an ion . T his 
is m a in ly  of im p o rtan ce  as regards the  com plex  ions, in  th e  p re se n t case H H0  h 
an d  N H 4+.

T he .D h c i and  ö Nh 4ci values do n o t lie on th e  m ono tonous D vs. m ono- 
a to m ic  ion  rad ius curve (F ig . 6) (in the  sam e w ay  as seen above for th e  v iscosity  
values o f N H 4C1 and  HC1, w hich did n o t lie on th e  m ono tonous v iscosity  us. 
m onoatom ic  ion rad iu s  cu rve  for so lu tions w ith  m  =  0.5 p lo tte d  in  Fig. 3); 
th e  D  va lues for HC1 a n d  N H 4C1 lie on th e  cu rve  on ly  i f  a sm aller ionic rad ius 
is ta k e n . All th is  p e rm its  th e  conclusion t h a t ,  a t  le a s t as fa r  as th e  v iscosity  is 
concerned , th e  values o f  th e  ‘effective’ ion ic  ra d ii of H 30 + an d  N H J  are n o t 
th e  genera lly  accep ted  1.12 an d  1.43 Á [12], b u t  th e  low er va lu es  of 1.03 and  
1.35 Á , respective ly .

In  th is  w ay, th e re fo re , i t  is possible to  express an  op in ion  as to  th e  ‘effec-
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Table HI

' = Di] 00
■̂ Hhydnttjcm energy 

(keal/mol)

LiCl 0.133 Li+ — 121 (120—136)

NaCl 0.07 Na+ — 98 ( 94— 114))

KC1 — 0.01 K+ — 80 ( 75— 94)

NH,C1 — 0.013 N H + — 79 ( 87)
RbCl — 0.033 R b" — 71 ( 69— 87)
CsCl — 0.043 Cs+ — 63 ( 61— 80)
MgCl2 0.35 Mg2 + — 470 (490)
CaCl2 0.26 Ca2+ —375 (410)

t iv e ’ ionic rad ius (w hich, in  a d d itio n  to  th e  charge, is now  th e  exclusive d e te r ­
m in ing  fac to r as regards th e  h y d ra tio n ) of those ions fo r w hich th e  rad iu s  c a n ­
n o t he ca lcu la ted  from  sim ple consid era tio n s of geom etry  and  electron ic  s tru c ­
tu re .

A t th e  sam e tim e , th e  r f  vs. m  s tra ig h t lines are also of use in asm u ch  as 
th e y  can give a ce rta in  a m o u n t of in fo rm a tio n  on th e  ten d e n c y  o f th e  co n cen ­
tr a t io n  dependence of th e  s tru c tu re -b re ak in g  or s tru c tu re -m a k in g  b e h a v io u r  
o f th e  in d iv idua l ions, a n d  in  re la tio n  to  one a n o th e r too .

I t  is clear from  F ig . 2 th a t  th e  dependences of th e  r f  values on th e  co n ­
c e n tra tio n  for th e  ch lorides of H 30 + an d  N H 4 d iffer from  tho se  for th e  ch lo ­
rides of th e  u n iv a len t m o n o a to m ic  ions w ith  in e rt gas con fig u ra tio n s. T he 
curves fo r HC1 and  N H 4C1 so lu tions are f la t te r  th a n  tho se  for th e  o th e r  sa lts , 
show ing th e  difference a lre a d y  re fe rred  to  above, b e tw een  th e  v iscosities o f 
th e  com posite and  th e  n o t com posite  u n iv a le n t ca tions.

T h a t th e  sequence an d  va lu es  of rfa>t, are in  fa c t m easures o f th e  h y d r a t ­
ing  ab ility  is illu s tra ted  b y  th e ir  com parison  w ith  th e  h y d ra tio n  energ ies, so 
fa r  reg a rd ed  as one o f th e  m ost c h a ra c te ris tic  m easures of th e  h y d ra tin g  a b ility .

Table I I I  lists th e  77' / =  D , v a lues found  fo r th e  m e ta l chlorides e x ­
am in ed , and  the  h y d ra tio n  en erg y  va lu es  for th e  co rrespond ing  ca tions [12]. 
I t  can  clearly  he seen from  th e  T ab le  th a t  th e  tendencies of changes in  th e  rj'ai> , 
va lu es  for th e  in d iv id u a l m e ta l chlorides and  th e  ZlHhy(jr. v a lues for th e  
in d iv id u a l corresponding  ions agree. T he basis of ou r ca lcu la tions o f th e  in ­
d iv id u a l h y d ra tio n  energ ies consisted  n o t only of conclusions d raw n  from  th e  
d irec t experim en ta l re su lts , b u t  also o f speculative considera tions se ttin g  o u t 
from  d ifferen t, of necessity  sim plify ing , assum ptions. A ccord ingly , i t  m ay  be 
considered  as to  w h e th e r th e  77' ,• d a ta  ob ta in ed  from  th e  d irec t e x p e rim e n ta l
resu lts  can  be regarded  as m ore ob jec tiv e  th a n  the  h y d ra tio n  energies for th e  
ch a rac te riza tio n  of th e  h y d ra tin g  a b ility , in  the  sam e w ay  as th e  m ob ilities
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correspond ing  to  th e  conductiv ities of in fin ite ly  d ilu te  so lu tions more o b je c tiv e ­
ly  characterize  th e  elec tric  m igration  ab ilitie s  of th e  ions as com pared to  one 
an o th e r.

In  o rder to  o b ta in  a b e tte r  u n d e rs ta n d in g  of th e  physical m ean ing  of 
th e  co n stan ts  A , В  a n d  A B  — D, th e y  h av e  been  p lo tte d  in  Fig. 6 as a fu n c tio n  
of th e  ionic rad iu s  fo r  th e  un ivalen t m o n o a to m ic  ions. I t  can  be seen from  th e  
F igure th a t  th e  v a lu e  of A B  =  D  chan g es sign a t r cation =  1.3 Á. F o r m e ta l 
chlorides th is  value is th e  boundary  b e tw e e n  s tru c tu re -b re ak in g  and  s t ru c tu re ­
m aking  effects.

The change in  th e  sign of D  was d u e  to  th e  change in  sign of В  as a fu n c ­
tio n  of th e  ca tion  ra d iu s , and thus it m u s t  c learly  he cha rac teris tic  of th e  io n -  
so lvent in te ra c tio n . A ccordingly, A  sh o u ld  be ch a rac te ris tic  of the  o th e r b asic  
in te rac tio n  in  th e  e lec tro ly te  solutions, th e  io n -io n  in te rac tio n . This a ssu m p ­
tio n  is su p p o rted  b y  th e  fact th a t ,  a lth o u g h  its  value varies according to  a 
m ax im u m -m in im u m  cu rve , it  always rem a in s  positive , th e  sign no t chang ing  
w ith  th e  v a ria tio n  o f th e  cation rad iu s .

This fa c t is n o te w o rth y  from  th e  a sp e c t th a t  if  th e  io n -io n  in te rac tio n s  
are considered  m ere ly  as th e  effects of p o in tlik e  charges on one an o th er, th e n  
th e  c o n s ta n t c h a ra c te ris tic  of th is in  th e  r] vs. m  eq u a tio n  should  no t v a ry  w ith  
the  ionic rad iu s  in  th e  positive range. H ow ever, since A  does v a ry  w ith  th e  
ionic rad iu s , in th e  m a n n e r shown in F ig . 6, i t  is ou r view  th a t  we canno t sp eak  
of ‘pu re ’ io n -io n  in te ra c tio n s  in the so lu tion . In  th e  considera tion  of the  io n —ion 
in te rac tio n s too  it  is abso lu te ly  necessary  to  reckon  w ith  th e  shielding effect 
of th e  h y d ra te  sphere  fo rm ed  b y  e ith er p o s itiv e  or nega tive  h y d ra tio n  a ro u n d  
th e  ion as a re su lt o f th e  ion—solvent in te ra c tio n s . B ecause of the  d iffe ren t 
n a tu res  of th e  tw o ty p e s  of hyd ra tio n  m ech an ism , th is  sh ield ing effect will n o t 
be th e  sam e for p o sitiv e ly  and n ega tive ly  h y d ra tin g  ions.

F o r exam ple , L i+  is the  sm allest u n iv a le n t ca tio n  an d  is h y d ra te d  th e  
m ost stro n g ly  (positive ly ). The bound w a te r  m olecules give rise to  the  g re a te s t 
e x te n t of shielding. T he resu lting  io n -io n  in te ra c tio n  will th u s  be less th a n  fo r 
th e  la rg e r N a + . W ith  th e  increase of th e  ion ic  rad iu s , th e  v alue  of A ,  c h a ra c te r ­
izing th e  resu ltin g  io n -io n  in terac tion , also  increases.

In  th e  case of th e  negative ly  h y d ra tin g  ions, th e  value of A  (i.e. th e  r e s u lt­
ing io n -io n  in te rac tio n ) becom es m uch sm alle r th a n  for th e  positively  h y d r a t ­
ing ions, b u t  th is  s im ila rly  increases to  a s lig h t e x te n t w ith  th e  increase of th e  
ionic rad ius. In  our v iew  th e  cause of th is  is t h a t  th ese  e x e rt a s tru c tu re -m ak in g  
effect a ro u n d  th e ir  nucleus on the ir fo rm a tio n  from  th e  m onom er. T hus, ‘s tru c ­
tu re d ’ [8] w a te r is fo rm ed , w hich is m ore o rd e red  th a n  th e  m onom er was. T he 
shielding effect of th is  s tru c tu re  appears to  be la rg e r even th a n  for positiv e ly  
h y d ra tin g  ions. W ith  increasing  ionic ra d iu s  (R b + , C s+, C l- ), how ever, th e  
size of th e  ion also becom es too large to  f i t  in to  th e  cav ities in  ‘s tru c tu re d ’ 
w ate r [11], and  th u s  th ese  can no longer develop  orig inal ‘s tru c tu re d ’ w a te r .
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In s te a d , th e ir  size leads to  th e  d is to rtio n  o f th e  w ate r s tru c tu re  fo rm ed . C on­
se q u e n tly , th e  sh ie ld ing  effect too  becom es som ew hat sm aller, and  so th e  
io n —ion  in te ra c tio n  increases to  a slig h t e x te n t  w ith  th e  ionic rad ius.

In  essence, th e re fo re , A  is n o t c h a ra c te ris tic  of th e  ‘p u re ’ io n -io n  in te r ­
a c tio n  e ith er, b u t  r a th e r  of th e  io n -io n  in te ra c tio n  affected  b y  th e  h y d ra te  
sp h ere  re su ltin g  from  h y d ra tio n . T h u s, i t  is even  possible to  d raw  conclusions 
on  th e  e x te n t an d  n a tu re  of th e  h y d ra tio n  from  the  dependence of A  on th e  
io n ic  rad ius. This is also su p p o rted  b y  th e  line of A ,  since th e  m in im um  o f th e  
A  vs. r ion curve lies ju s t  on th e  s tru c tu re -m a k in g  — s tru c tu re -b reak in g  b o u n d ­
a ry . D  =  A B  =  rfn Bjones-Doie is th is  a  fu nc tion  of b o th  ion—ion a n d  io n -  
so lv e n t in te rac tio n s , a n d  th is  can ac c o u n t for th e  un id irec tio n a l d ev ia tio n  o f  
5 — 15%  in  its  v a lue  from  th a t  of th e  В  coefficien t in  th e  Jones-D ole e q u a tio n  
w h ich  is ch a rac te ris tic  on ly  o f th e  io n —so lv en t in te rac tio n .

O f th e  tw o f ir s t ,  an d  a t  th e  sam e tim e  m ain d e te rm in ing  c o n s ta n ts  o f 
v isco s ity  eq u a tio n  (1), therefo re , (in c o n tra s t  w ith  th e  Jones-D ole e q u a tio n )  
o n ly  one, A ,  depends exclusively  on one effect, th e  io n -io n  in te ra c tio n  in  
so lu tio n . The o th e r m a in  d e te rm in ing  c o n s ta n t, D, is a fu n c tio n  of tw o e ffec ts . 
T h u s , n e ith e r of th e  tw o  m ain  d e te rm in in g  constan ts  of th e  eq u a tio n  re la te s  
exclusively  to  th e  io n —solven t in te ra c tio n .

A t th e  sam e tim e , as seen from  T ab le  I  an d  F igure 6, th e  v alue  o f C fo r  
u n iv a le n t m onoatom ic  ions varies as a fu n c tio n  of th e  ionic rad iu s  in  a s im ila r 
w a y  as does A ,  w ith  th e  difference t h a t  th e  sign too is changed . This in d ic a te s  
t h a t  C c an n o t be a te rm  ch arac te ris tic  o f  e ith e r  only th e  io n -io n  or only  th e  
io n -so lv e n t in te ra c tio n . In  th e  f irs t case, even  if it  does n o t alw ays in c rease  
m ono tonously , th e  va lu e  of C should  a t  le a s t always he positive . In  th e  o th e r  
case, in  solu tions so c o n cen tra ted  t h a t  th e  value of C becom es ap p rec iab le , 
th e re  is no longer an y  free w a te r p re se n t;  indeed , in general th e  geo m etrica lly  
possib le f irs t h y d ra te  sphere is no lo n g er alw ays com plete. H ere , th e re fo re , 
s im ila rly  to  th e  m odel of L e n g y e l  [5 ], a m ore com plex c a tio n -so lv e n t-a n io n  
in te ra c tio n  m u st be assum ed. This is ch a rac te rized  b y  th e  fa c t th a t  w ith  th e  
increase  of th e  c o n c e n tra tio n  the  w a te r  m olecules in th e  h y d ra te  sh e a th , w h ich  
are  b ound  increasing ly  m ore stro n g ly  a n d  w hich have an increasing  p e rm a n e n t 
dipole m om en t, com e increasing ly  u n d e r  th e  effects of tw o  ions. Som e sch e ­
m a tic  possib ilities fo r th is  are d ep ic ted  in  F igure 7. W ith  reg a rd  to  th e  o r ie n ­
ta t io n  and  d isp lacem en t po la riza tions to o , th e y  act an d  e x e rt th e ir  f ie ld -d e ­
creasing  effects in c reasing ly  as p o la rized  dielectrics, an d  as p e rm a n e n t d i­
poles fixed  ever m ore stro n g ly  b e tw een  th e  tw o charges. This fie ld -d ecreasin g  
e ffec t is re la tiv e ly  th e  s tro n g est w hen  sm all ions of h igh charge (and  th u s  of 
h igh  field) are p re se n t. The value o f C is v isib ly  th e  g re a te s t in  th e  case of 
M n S 0 4 (Table I) , w here b o th  ions are  d iv a le n t and  in  a d d itio n  th e  c a tio n  is 
s till re la tiv e ly  sm all, being  the  sm alle r w hen  th e  charge is low er an d  th e  ion  
is la rger. In  th is  case n egative  C v a lu es  ap p ear.
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I t  was earlie r m en tio n ed  th a t  e ffec ts  are also ex e rte d  on th e  v iscosity  vs. 
c o n cen tra tio n  fu n c tio n  b y  th e  charge a n d  size of th e  an ion  accom panying  th e  
m e ta l cations. T his is illu s tra ted  b y  F ig s  1 an d  2, an d  b y  a com parison of th e  
r)'a va lu es  of th e  co rrespond ing  salts. I t  can  be seen from  th e  Fig. 4 th a t  th e  
r f  vs. m  s tra ig h t line fo r KC1 lies below  th a t  for HC1, an d  in  more d ilu te  so­
lu tio n s is in  th e  n eg a tiv e  range. A t th e  sam e tim e , in  th e  case of K 2S 0 4 (co n ta in ­
ing a d iva len t an ion) th e  stra ig h t lines lie above tho se  fo r H 2S 0 4, while even  
in  d ilu te  so lutions th e y  are only in th e  p o sitiv e  ran g e . T he negative h y d ra tio n  
effect of K + is th u s  com pensated , an d  e v e n  ou tw eighed  b y  th e  positive h y d ra -

F ig .  7

tio n  effects of th e  u n iv a le n t F _ , w hich h as  th e  sam e size, an d  of th e  d iv a len t 
S 0 4~, sim ilarly  o f th e  sam e size. T h a t th e  charge is in  fa c t a s tronger fa c to r  
th a n  th e  size, as reg a rd s  th e  viscosity , is c learly  show n b y  th e  fac t th a t  an  
increase of ca. 75%  in  th e  ionic rad ius as o bserved  from  th e  ra tio  rF- /r s o ,~  =  
=  1.36/2.30 ^  0.6 w ould  ra th e r  p ro m o te  th e  neg a tiv e  h y d ra tio n  effect, b u t  
n ev erth e less  th e  va lu e  for K 2S 0 4 (0.205) is ro u g h ly  tw ice as large as th a t  
for K F  (0.11).

All th is  shows t h a t  th e  viscosity  o f  e lec tro ly te  so lu tions can n o t in  essence 
be in te rp re te d  on th e  basis o f only th e  p ro p e rtie s  of th e  ind iv idual ions [7]. 
T h ey  can n o t be b ro k e n  dow n m erely to  in c rem en ts  from  th e  ind iv idual ions, 
as can  be done in  th e  case of the  c o n d u c tiv ity  of d ilu te  so lu tions, for th e se  
m easu rab le , and  p o ssib ly  calculable v iscosities depend  on th e  com bined effects 
of th e  tw o  ions on each  o th e r and on th e  so lven t w a te r; p a r ts  are p lay ed  in  
th is  b y  th e  charge, size a n d  electronic s tru c tu re  of each  o f th e  ind iv idual ions 
invo lved , and  also b y  th e ir  co n cen tra tio n s. All th is  p o in ts  to  th e  conclusion
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t h a t  th e  n egative  an d  positive h y d ra tio n  of th e  ind iv idua l ca tions, an d  th e  
a ssessm en t of th is , c an n o t be s e p a ra te d  com plete ly  from  th e  p ro p erties  of th e  
acco m p an y in g  an ion  (or ca tion). N or can  th e y  be sep a ra ted  com plete ly  from  
th o se  p ro p erties  of th e  so lvent sy stem , th e  co n cen tra tio n  dependence  o f w hich  
is u n d e r  in v estig a tio n . I t  th u s  ap p ears  th a t  th e  s tru c tu re -b reak in g  or s tru c tu re ­
m a k in g  n a tu re  o f th e  given ion  c a n n o t be reg a rd ed  as a ch a ra c te ris tic  fe a tu re  
o f  ab so lu te  v a lid ity  from  ev ery  p o in t o f v iew ; i t  can  be considered  on ly  as 
a good, essen tia lly  q u a lita tiv e  fac to r , w h ich  is n o t en tire ly  in d e p e n d e n t of th e  
co n d itio n s.

General study of concentration and temperature dependences 
of the viscosity of ternary solution  systems of the type 

m etal ch loride-H C l-H 20

The v iscosity  vs. co n cen tra tio n  d iag ram s of the  te rn a ry  e lec tro ly te  so ­
lu tio n  system s of th e  ty p e  m eta l c h lo r id e -H C l-H 20  can be classified in  th re e  
ty p e s  (F ig. 8). As regards th e  te rn a ry  system s exam ined  here  a t  25 °C, th e  
h y d ro ch lo ric  acid  so lu tions of chlorides co n ta in in g  positive ly  h y d ra tin g  ca tio n s 
are  inc luded  in  ty p e  I . W ith in  th is , th e  hydrochloric  acid so lu tions o f th o se  
m e ta l chlorides w hose m eta l ions h y d ra te  positively  to  on ly  a w eak or a m o d ­
e ra te  e x te n t are inc luded  in  ty p e  I /a  (e.g. N a+ ), w hereas if  th e  m e ta l io n  
show s s trong  positive  h y d ra tio n , th e  so lu tio n  is classified in  ty p e  1/6 (e.g. L i+ . 
M g2 + , C a2+). F o r b o th  b in a ry  an d  te rn a ry  solu tions of th e se :

A t th e  sam e tim e , th e  h y d ro ch lo ric  acid solu tions of th e  chlorides o f 
n e g a tiv e ly  h y d ra tin g  cations (e.g. K + , N H / ,  Cs + ) are classified  in ty p e  I I .  
F o r  these  so lu tions:

H ow ever, th e  ou tlined  ty p e s  o f te rn a ry  v iscosity  vs. co n cen tra tio n  d ia ­
g ra m s are of m ore general v a lid ity : th e y  re fer n o t only to  hydroch lo ric  ac id  
so lu tio n s of m e ta l chlorides, h u t  also to  o th e r  sa lt-a c id —w a te r  system s of th e  
ty p e  K xA y-H -A v- H 20 .

A p a rt from  th e  sim ple sy s te m a tiz a tio n , the  classifica tion  in to  ty p es  h as  
a deeper aim  an d  use. On th is  basis , ions can  be unam b ig u o u sly  ca tegorized  
fro m  th e  v iew  p o in t o f th e ir  p o sitive  or neg a tiv e  h y d ra tio n . T his is o f im p o r­
ta n c e  p rac tica lly , as regards th e  possible p re -estim atio n  of te rn a ry  c o n c e n tra tio n  
d ependences an d  v alues of th e  v isco s ity  fo r system s w hich  have n o t b een  e x ­
am in ed  in  th e  com plete  c o n cen tra tio n  in te rv a l. This is also possible on th e  b as is

At] — 7] ^solvent —y i^ s a l t  •> ^ a c id ) ^  0 (9)

A t] — T] ^solvent — / ( m sa lb  "»acid) 3= 0 ( 10 )
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of' severa l v isco s ity  d a ta  for th e  te rn a ry  sy stem  if  b y  chance (p a rticu la rly  fo r 
ions w hich  are com plex  or of a n o n -in e rt gas con figu ra tion ), for w hich i t  was 
show n above th a t  th e  e x te n t of h y d ra tio n  does n o t depend  exclusively  on th e  
charge an d  th e  geom etry  of th e  ions su ffic ien t, or su ffic ien tly  accu ra te  d a ta  
are n o t av a ilab le  in  th e  c o n stitu en t b in a ry  system s, or if  th e  conclusions to  
be d raw n  from  th e  various p roperties or from  th e  p ro p e rty  vs. c o n cen tra tio n  
d iagram s do n o t unam biguously  give th e  possib ility  o f classification  in to  one 
or th e  o th e r  g roup .

In  th e  m a n n e r to  he seen from  th e  basic  d iag ram  of th e  classification  in to  
ty p es  (Fig. 8), in  th e  m eta l c h lo r id e -H C l-H 20  system s of ty p e  I /o th e  a d d itio n  
of a th ird  co m p o n en t to  an  aqueous so lu tio n  of an y  co n cen tra tio n  alw ays in ­
creases th e  o rig inal v iscosity  of th e  in itia l b in a ry  so lu tion  in  th e  en tire  te rn a ry
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c o n cen tra tio n  in te rv a l. In  th e  e v en t of th e  a d d itio n  of a sa lt as th e  th ird  com ­
p o n e n t, th e  increase  is re la tiv e ly  th e  s tro n g e r, th e  g rea te r th e  co n cen tra tio n  
of th e  in itia l b in a ry  h ydroch lo ric  acid so lu tio n . A t th e  sam e tim e , in  th e  case 
o f ty p e s  I  /6 an d  I I  th e  ad d itio n  of HC1 or s a lt to  b in a ry  aqueous sa lt or h y d ro ­
ch loric acid so lu tio n s, resp ec tiv e ly , does n o t  u n co n d itio n a lly  increase th e  v is ­
co sity  of th e  in itia l b in a ry  aqueous so lu tion . D epend ing  on th e  line of th e  v is ­
co sity  curve, w hich  is d e te rm in ed  b y  th e  n a tu re  o f th e  sa lt th e  ad d itio n  can  
also lead  to  a decrease.

In  m eta l ch lo rid e—hydroch lo ric  ac id—w a te r  so lu tion  system s o f ty p e s  
1/6 an d  I I ,  th e re fo re , th e re  will be an  in v ersio n  o f th e  v iscosity  change induced  
b y  th e  HC1 (salt) ad d e d  as th ird  co m ponen t, as a function  of th e  co n cen tra tio n  
of th e  original b in a ry  sa lt (acid) so lu tion .

I f  the  co n cep t o f th e  iso th e rm al c o n c e n tra tio n  coefficient is in tro d u ced  
to  charac terize  th e  v iscosity  cond itions p rev a ilin g  in  com plete g en era lity  in  
te rn a ry  system s o f th e  ty p e  MxAy—H ZA„—H 20 ,  th e n  th e  isothermal salt con­
centration coefficient o f th e  v iscosity  change fo r th e  b in a ry  aqueous so lu tion  
of th e  acid IF A S is

dm M x A y  , *HZAV( t
( И )

a n d  th e  isothermal acid concentration coefficient o f  th e  v iscosity  change fo r th e  
b in a ry  aqueous so lu tio n  of th e  sa lt MxAy is

ß  =  ----— '—
4 [ 9 ™ h z a v J ™ M x Ay , i

B oth  cc an d  ß  are  functions of th e  n a tu re  o f th e  dissolved com pounds, 
th e  sa lt c o n cen tra tio n , th e  acid c o n cen tra tio n  an d  th e  te m p e ra tu re . F o r ev e ry  
b in a ry  acid c o n cen tra tio n  for system s o f ty p e s  I  ja  and 1/6:

oc >  0 (13)

F o r every  b in a ry  s a lt co n cen tra tio n  for sy stem s of types I  la an d  I I :

> 0
F o r system s of ty p e  I I :

a  <  0  i f  m H „ A „  ^  rn'ßft'

an d  for system s o f ty p e  I/b :

ß <  0 if  mMxAy -  mii"'A’y”

(14)

(15)

(16)
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w here  4 ( m l^  '') is th e  isothermal inversion acid concentration ( salt con­
centration )  referring to the viscosity, i.e. t h a t  co n cen tra tio n  o f th e  b in a ry  aqueous 
H zA v(M xA y) so lu tion  w here  th e  iso th e rm a l sa lt (acid) co n c e n tra tio n  coefficient 
oc(ß) changes sign.

In  the  exam ined  system s of ty p e  m eta l ch lo ride— H C 1-H 20  an m \ ^ f  
co n c e n tra tio n  is o b se rv ed  for th e  sy s tem s  KCl—H Cl—H 20 ,  N H 4C1—HC1—H 20  
a n d  CsCl-HCl—H 20 ,  a n d  an  n co n cen tra tio n  fo r th e  system s LiCl—
H C 1-H 20 , MgCl2-H C l—H 20  and CaCl2—H C 1-H 20 , for th e  la t te r  a t co n cen tra ­
tio n s  close to  sa tu ra tio n  (a t  25 °C is 18.9, 5.1 a n d  6.6 for LiCl, MgCl2
a n d  CaCl2, respectively).*

* In  the classification in to  types, and correspondingly in th e  exam ination  of th e  mlnv> 1 

values too, it is always necessary to take in to  consideration the  effect of tem perature. For 
exam ple, our studies under polytherm al conditions on the MgCl2—HC1 —H 20  system  show th a t 
m‘Mgcíi increases w ith the tem perature . A t 35 °C it  can still be found in  the unsatu ra ted  con­
cen tra tion  range stable a t th e  given tem perature , bu t a t 50 °C i t  lies outside this range. For 
th e  MgCl2-H C l-H 20  system  a t  50 °C, therefore, ß  >  0.
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C om parisons b e tw een  system s co n ta in in g  d ifferen t ca tio n s  and  ev a lu a ­
tio n s  can  be perfo rm ed  v e ry  d e sc rip tiv e ly  if, fo r exam ple , th e  iso th e rm al acid 
co n cen tra tio n  coeffic ien t /Зч is p lo tte d  as a fu n c tio n  of th e  s a lt c o n cen tra tio n  
(F ig . 9/a). I t  can  be seen  from  th e  F igure  th a t  th e  ß4 vs. m sait curves can be 
b ro k e n  down in to  p ra c tic a lly  lin ea r  sections.

The linear sec tions w ith  d iffe ren t slopes show  up  p a r tic u la r ly  clearly  in  
th e  cases of LiCl, MgCl2 an d  CaCl2, i.e. th e  chlorides c o n ta in in g  th e  very  p osi­
t iv e ly  h y d ra tin g  ca tio n s , w here th e  p o in t of in te rsec tio n  o f th e  descending 
th i r d  section w ith  th e  /?,( =  0 axis is th e  iso th erm al inversion  sa lt co n cen tra tio n  

H ow ever, th e y  can  also be observed  u n am b ig u o u sly  in  th e  case o f 
ch lo rides con ta in ing  n e g a tiv e ly  h y d ra tin g  m e ta l ions (e.g. C s+) w hich ex h ib it 
sm a lle r relative changes (Fig. 9 /b).

The line of th e  b in a ry  r} vs. msait curves them selves (F igs 1 and  2) has 
a lre a d y  shown th a t  th e  s tru c tu re  of th e  so lu tion , w hich d e te rm in es  th e  value 
o f  r], varies c o n s ta n tly  from  d ilu te  so lu tion  up  to  s a tu ra tio n . T he curves in  
F ig . 9, ind icating  th e  e x te n t of th e  v iscosity  change on th e  ad d itio n  of th e  
th i r d  com ponent, an d  w hich can  be b ro k en  dow n sh a rp ly  in to  th ree  lin ear 
sec tio n s, clearly d e m o n s tra te  t h a t  th e  change in  th e  s tru c tu re  o f  th e  b in ary  sa lt 
so lu tio n  is no t u n ifo rm , even if  th e  sa lt co n cen tra tio n  is u n ifo rm ly  increased . 
W ith in  a given, d e fin ite  c o n cen tra tio n  in te rv a l th e  e x te n t  o f  th e  s tru c tu ra l 
ch an g e  is co n stan t, b u t  th e  e x te n ts  of th e  s tru c tu ra l changes corresponding  
to  th e  ind iv idual co n c e n tra tio n  in te rv a ls  are n o t th e  sam e in  th e  d ifferen t 
co n cen tra tio n  in te rv a ls . In  our case, th e re fo re , each  of th e  th re e  lin ea r sections 
o b serv ed  in the  ß n =  / ( m sait) cu rves po in ts  to  th e  s tru c tu re  d o m ina ting  in  
t h a t  given b in a ry  so lu tio n  co n c e n tra tio n  in te rv a l. A t ce rta in  lim itin g  concen­
tra t io n s ,  these s tru c tu re s  tra n s fo rm  in to  o th e r  dom in a tin g  so lu tio n  s tru c tu re s , 
ch a rac te rized  b y  d iffe ren t slopes of th e  s tra ig h t lines ß„ =  f ( m sait).

The fact th a t  v a rio u s d o m in a tin g  s tru c tu re  in te rv a ls  can  ex is t in b in a ry  
m e ta l chloride so lu tions as th e  c o n cen tra tio n  v aries , an d  t h a t  th e  s tru c tu re  
does n o t change m on o to n o u sly  as a fu n c tio n  of c o n c e n tra tio n , is su p p o rted  
b y  o th e r  evidence. T h u s , in  co n c e n tra ted  so lu tions sharp  an d  su d d en  changes 
are  observed too  in  th e  co n c e n tra tio n  dependences of o th e r  p ro p e rtie s  sim ilarly  
p ro v id in g  in fo rm atio n  on  th e  so lu tio n  s tru c tu re . E xam ples are th e  M  and  N  
fu n c tio n s  [1] ch a rac te riz in g  th e  m u tu a l connection  of th e  a d d itio n  of the  th ird  
co m ponen t and th e  a c tiv a tio n  e n th a lp y , a c tiv a tio n  e n tro p y  a n d  te m p e ra tu re  
ch an g e . In  add itio n  to  all th is , i t  m u st be em phasized  th a t  th e  effect of th e  
decrease  of /?ч an d  th e  inversion  in  th e  th ird  section  occurs o n ly  in  th e  cases 
o f  th o se  salts th e  v iscosities o f w hich  are v e ry  h igh in  c o n c e n tra te d  so lu tion , 
a n d  w hich sep ara te  from  th e ir  s a tu ra te d  so lu tions w ith  c ry s ta l w a te r  (L iC l. H 20 ,  
M gCl2.6  H 20 , CaCl2.6  H 20 ) . T he th ird , descending  sections o f  th e  ß v vs. m sait 
cu rv es  for these so lu tions in d ica te , th ere fo re , th a t  in  the  co rrespond ing  con­
c e n tra tio n  in te rv a l o f th e se  system s th e re  appears to  begin  a new  pre  a rran g em en t
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of a so lu tion  s tru c tu re  sim ilar in  a s ta tis tic a l sense to  th e  solid phase s e p a ra t­
ing  from  th e  so lu tion .

I t  is clear from  th e  above th a t  an  iso therm al inversion  sa lt co n cen tra tio n  
m M̂ Áy re la ting  to  th e  v iscosity  occurs w hen HC1 is a d d ed  to  a v e ry  concen­
tr a te d  aqueous so lu tion  of a m e ta l ch loride th e  cation  o f w hich  has a very  high 
h y d ra tio n  ab ility  (Li + , Mg2+, C a2 + ), an d  for w hich, as a consequence of th is  
an d  of th e  d ielectric  effects d iscussed , th e  v iscosity  o f aqueous so lu tions in ­
creases v e ry  s tro n g ly  in  th e  m ore co n c e n tra ted  range as a re su lt o f th e  increase 
o f th e  sa lt concen tra tio n .

The iso th erm al inversion in  v isco sity  change o bserved  in so lu tions of 
such  high co n cen tra tio n  and  v isco s ity  can he exp la ined  as follows. In  these  
co n cen tra ted  so lu tions, w hich c o n ta in  strong ly  positiv e ly  h y d ra tin g  cations, 
th e  original w a te r s tru c tu re  has co m p le te ly  d isappeared , i.e. th e re  is no longer 
a n y  “ free w a te r”  a t  all p resen t. T h u s , w hen HC1 is ad d ed  to  th e  ion—h y d ra te  
s tru c tu re  i t  can less d issociate. I t  r a th e r  undergoes ph y sica l d isso lu tion , and  
rem ains as a charge-free, q u as i- in e rt gas com plex. This loosens th e  s tru c tu re  
w hich  has fo rm ed, an d  a t th e  sam e tim e , b y  increasing  th e  d is tan ce  betw een  
th e  ions, decreases th e  ion—ion in te ra c tio n s . Indeed , i t  also decreases b o th  
fac to rs  of th e  d ielectric  p o la riza tio n , an d  th u s a v iscosity -decreas ing  effect 
arises.

This in te rp re ta tio n  is su p p o rte d  b y  a num ber of ob se rv a tio n s. (1) W ith  
such  ions and  in  such a high c o n c e n tra tio n  range th e  v a lu e  of th e  specific 
e lec tric  co n d u c tiv ity  is increased  b y  ad d ed  HC1 to  only  a v e ry  s ligh t e x te n t, 
a n d  th e  m olar co n d u c tiv ity  too  b a re ly  changes. This in d ica te s  th a t  th e  HC1 
fails to  dissociate, an d  th u s th e re  is no  increase in th e  n u m b e r o f charge carriers 
a n d  no possib ility  of p ro to n  c o n d u c tio n . (2) In  c o n tra s t to  w h a t is observed 
w ith  m o d era te ly  c o n cen tra ted  s a lt so lu tio n s, on th e  ad d itio n  of HC1 th e  overall 
m o la r volum e of th e  b in a ry  s a lt so lu tio n  will no longer increase , b u t  will de­
crease  to  a sligh t e x te n t, or a t  le a s t  h a rd ly  change [8], in  th e  sam e w ay  as 
fo r an y  o th e r p h ysica l d isso lu tion  (e.g. w hen  an in e rt gas dissolves in  w ate r, 
e tc .) . (3) The v a p o u r pressure [9] in d ic a te s  th a t  in  th is  v e ry  c o n cen tra ted  so­
lu tio n  th e  original to ta l  (here P h 2o  =  P to tai) v apour p ressu re  o f th e  b in a ry  sa lt 
so lu tio n  will increase on the  a d d itio n  o f HC1, and no t decrease as happens in 
d ilu te  and  m o d era te ly  c o n c e n tra ted  sa lt solutions. This is a sign  th a t ,  as th e  
d issocia tion  of HC1 is sligh t, a p rocess occurs sim ilar to  th e  sa ltin g -o u t phenom ­
en o n  observed  on th e  d issolution  o f  in e r t gases in  sa lt so lu tions.
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Method for calculating the viscosity of ternary 
m etal eh loride-H C l-H 20  system s

M any a tte m p ts  h a v e  b een  m ade to  devise v isco sity  eq u a tio n s  b y  m eans 
o f  w hich  the  values o f  th e  v isco sity  can be given fo r co n cen tra tio n s  a t w hich 
m easu rem en ts  have  n o t  b een  ca rried  o u t.T h is  is o f g re a t im p o rtan ce  as regards 
techno log ica l p rac tice . A t th e  sam e tim e , th e  v a lid ity  o f th e  eq u a tio n s ob ta ined , 
o r  in  m any  cases th e  d ev ia tio n s  from  th em , can lead  to  a deeper u n d e rs ta n d ­
in g  o f the  s tru c tu re  o f  th e  g iven  so lu tion .

In  our earlie r in v e s tig a tio n s  [10] use was m ade of th e  m eth o d  of Z d a - 

N O V S K II, based  on th e  a d d it iv i ty  o f k in em atic  flu id itie s , fo r th e  calcu lation  
o f  th e  viscosity  o f te r n a r y  so lu tio n  system s. We deve loped  th is  m ethod  so as

to  e lim inate  th e  use o f  th e  tro u b leso m e volum e fra c tio n  fo r sim pler p rac tica l 
ap p lica tio n . We w ere ab le  to  derive  an  eq u a tio n  o f sim ple fo rm , b y  m eans of 
w h ich  the  v iscosity  o f  a g iven th ree -co m p o n en t so lu tio n  can  be ca lcu la ted  to  
a good a p p ro x im a tio n  in  th e  know ledge of th e  d e n s ity  o f th e  solu tion  and  th e  
v iscosities and  d en sitie s  of th e  tw o -com ponen t so lu tions w ith  th e  sam e co n ­
c e n tra tio n s  as th e  c o n c e n tra tio n s  o f all th e  dissolved su b stan ces.

The e q u a tio n  h a s  th e  v e ry  g rea t ad v an tag e  th a t  i t  co n ta in s no te rm s a t  
a ll w hich have no p h y sica l m ean ing . The basic  re la tio n  used  is the  eq u a tio n  
o n  th e  basis of w hich  m e asu rem en t is p erfo rm ed  w ith  th e  flow  viscosim eter. 
F u r th e r , the v isco sity  o f th e  th ree -co m p o n en t so lu tions can  be given in  th e  
know ledge of th e  d e n s ity  an d  v iscosity  d a ta  for th e  b in a ry  solutions.

A basic co n d itio n  of th e  ca lcu la tion  of th e  v isco s ity  o f th e  te rn a ry  so­
lu tio n  w ith th is m e th o d , how ever, is th e  effective know ledge of th e  viscosities 
o f  th e  com ponent b in a ry  system s in  th e  possible fu ll b in a ry  co n cen tra tio n  
in te rv a ls . A t th e  sam e tim e , th e  m eth o d  is no longer applicab le  for ce rta in
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te rn a ry  con cen tra tio n s; th e se  are th e  co n cen tra tio n s fo r w h ich  th e  co rrespond­
ing  b in a ry  salt so lu tions do no t ex is t, th e  so lub ility  of th e  sa lt in  w ate r be ing  
to o  low  a t the  given te m p e ra tu re  [10].

H ow ever, th is l a t t e r  d raw back  ca n  also be e lim in a ted , an d  in  th e  above 
m e th o d  a m uch h ig h er accu racy  can  be  a tta in e d  b y  a p p ly in g  to  th e  te rn a ry  
sy s tem s th e  v iscosity  e q u a tio n s  of ty p e s  (1) and (2) re la tin g  to  th e  b in ary  
sy s tem s. This has th e  a d d e d  ad v an tag e  th a t  i t  does n o t n ecessita te  th e  cu m ­
bersom e use of vo lum e frac tions e ith e r , h u t  operates w ith  th e  m olality  in  the  
te rn a ry  solution too .

E q u a tio n  (2) is ap p lied  to  th e  te r n a r y  system s b y  re g a rd in g  the  ind iv idual 
te rn a ry  solutions of co n cen tra tio n  m Mj[ду +  m u,.\v =  m x  as q u asi-b in a ry  
so lu tions for which th e  ra tio  mM A /m.HzAv is co n stan t (see th e  q u asi-b in a ry  
cu rv es re la ting  to  p o in ts  1, 2, 3 and to  th e  te rn a ry  p o in t P  in  F ig . 10, for w hich 
th e  ra tio s  A /mHzav a re  in  tu rn  3 /1, 1/1, 1/3 and  3/2). E q u a tio n  (2) can  
th u s  be  w ritten  for a n y  su ch  q u as i-b in a ry  curve, or s im ila rly  to  (4) for a m o d ­
e ra te ly  concen tra ted  so lu tio n

T jl D f  —|-  s lfT n ^

w here

=  D t =  A t B t

a n d  su b sc rip t t refers to  th e  te rn a ry  so lu tio n .
In  connection w ith  th e  system  L i Cl—HC1—H 20 , Fig. 11 p resen ts  th e  r\ vs. 

m  fu n c tio n s  for th e  b in a ry  L iC l-H 20  a n d  HC1-H20  sy s tem s, and  also th e  
ternary vs. m£ functions fo r the q u a s i-b in a ry  system s correspond ing  to  th e  
ra tio s  m MA 1щ ^ ау =  3/1, 1/1 and  1/3 (sim ilar resu lts are  g iven  by  th e  o th e r 
M xCly—H C1-H 20  system s too). The F ig u re  shows th a t  on  analogy  w ith  (4), 
ex p ressio n  (17) does in  fa c t hold, a n d  fo r m odera te ly  c o n c e n tra ted  te rn a ry

(17)

(18)
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so lu tio n s, w here C can  s till be neg lected , th e  func tion  tjternary vs. m s  is a s tra ig h t 
lin e . The lim iting  v a lu e  o f  th is , o b ta in ed  b y  linear e x tra p o la tio n  to  =  0, 
gives Dt =  rjí, „ re la tin g  to  th e  given va lu e  of mMxci [т н а

B oth  D, an d  At (an d  th u s  n a tu ra lly  B t too) are o b ta in e d  from  th e  in ­
d iv id u a l b in a ry  D  a n d  A  values as m ean  values w eig h ted  according to  th e  
con cen tra tio n s mMxAy an d  mHzAy re la tin g  to  th e  te rn a ry  so lu tions u n d er e x ­
am in a tio n :

OTMxAy ' -^MxAy +  "’'HzAv ' -^H zA v
(19)

m MxAy +  m H z A v

m MxAy ’ ^ M xA y +  m HzAv ' ^ H z A v  

m M xA y +  m HzAv
(20)

w here  m u  a  +  т н  a  =  m v.X у  Z  V —
This m eans, th e re fo re , th a t  if  we w ish to  ca lcu late  th e  v iscosity  of a n y  

te rn a ry  solu tion  (e.g. t h a t  w ith  th e  co n cen tra tio n  d e n o te d  b y  poin t P t in  
F ig . 10) in  th e  know ledge of th e  b in a ry  A  an d  D  values, th e n  th e  values of A t 
a n d  D t m ust be d e te rm in e d  from  (19) an d  (20), and  s u b s ti tu te d  in to  (17). (The 
effective know ledge o f th e  b in a ry  v iscosities is th u s  n o t  necessary .)

In  th e  know ledge o f th e  m olal specific viscosity  rj't in  th e  equation , th e  
o th e r  te rn a ry  r\' v a lu es  fo r th is  sam e i»MIAy/,nHIAT can  be ob ta ined  b y  a 
sim ple graphical m e th o d . The po in ts  re la tin g  to  th e  r\[ v a lu e  ob tained  b y  ca l­
cu la tio n  and th e  r\tt ш =  D ti M value re fe rring  to  zero т% according to  (17) 
are  jo ined  by  a s tr a ig h t  line. In  th is  m an n er, th ere fo re , ta k in g  in to  acco u n t 
w h a t was said in  th e  d e riv a tio n  of th e  b in a ry  v iscosity  e q u a tio n , the  rjl v a lu es  
can  be de term ined  b y  a sim ple g raph ica l procedure fo r th e  com plete te rn a ry  
sy stem . Two iso th e rm a l v iscosity  m easu rem en ts are m ade fo r each of the  tw o  
b in a ry  system s c o n s titu tin g  th e  te rn a ry  system , in  th e  ran g e  of m o d era te ly  
h ig h  co n cen tra tio n s, w hen  C is n o t app reciab le . I t  is ad v an tag eo u s for one 
o f these  m easu rem en ts to  be m ade in  th e  v ic in ity  of m L- =  1, an d  the  o th e r a t  a 
m o d era te ly  h igh te r n a r y  co n cen tra tio n .

vt =
Vt -  v0
Vo, m E

w hile th e  v iscosity  r]t o f an y  te rn a ry  so lu tio n  of a p p ro p ria te  co n cen tra tio n  is 
g iven  on the  basis of

Vt =  Vt mz Vo-\-Vo =  V o H mz +  1) ( 21 )

Table IV  gives an  in sig h t in to  th e  re la tiv e ly  h igh  accuracy , th e  good 
app licab ility  an d  th e  lim ita tio n s  of th e  g raph ica l m eth o d  in  th e  te rn a ry  sy s tem .
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Table IV

msalt macid 'ijmeaed.
pealed.

[17] A% [25, 21] A%

2 8 10 1.70 1.73 1.76 1.73 1.76

5 5 10 2.18 2.17 —0.46 2.28 4.59

8 2 10 2.85 2.60 — 8.77 2.86 0.35

2 6 8 1.60 1.59 — 0.62 1.61 0.62

4 4 8 1.80 1.85 2.78 1.89 5.00

6 2 8 2.10 2.10 0.00 2.19 4.29

] ЛС1— HC1—H 20 1 5 6 1.32 1.34 1.51 1.34 1.51

3 3 6 1.55 1.56 0.65 1.57 1.29

5 1 6 1.77 1.79 1.13 1.81 2.26

1 3 4 1.21 1.21 0.00 1.21 0.00

2 2 4 1.31 1.31 0.00 1.31 0.00

3 1 4 1.40 1.40 0.00 1.41 0.71

1 1 2 1.08 1.08 0.00 1.08 0.00

2 8 10 1.50 1.398 — 6.80 1.373 — 8.47

5 5 10 1.36 1.329 — 2.28 1.276 —6.18

8 2 10 1.20 1.260 5.00 1.188 — 1.00

2 6 8 1.28 1.260 — 1.56 1.249 — 2.42

4 4 8 1.20 1.186 — 1.17 1.168 — 2.67

CsCl—HC1—H 20 6 2 8 1.09 -1 .113 2.11 1.092 0.18

1 5 6 1.17 1.173 0.26 1.171 0.09

3 3 6 1.07 1.072 0.19 1.067 — 0.28

5 1 6 0.96 0.970 1.04 0.967 0.73

1 1 3 4 1.05 1.049 —0.10 1.049 — 0.10

2 2 4 0.98 0.985 0.51 0.984 0.41

3 1 4 0.92 0.920 0.00 0.920 0.00

1 1 2 0.93 0.925 — 0.54 0.925 —0.54

O f course, if th e  co n cen tra tio n  is so high th a t  th e  sim ple g rap h ica l so­
lu tio n  can  no longer be applied, th e  goal can be ach ieved  an a ly tica lly ; in  th is  
case th e  Ct value m u st also he ta k e n  in to  consideration . O n analogy  w ith  (2), 
we c a n  here  arrive a t  a general e q u a tio n  suitable fo r th e  ca lcu la tio n  o f th e  
v iscosity  of th e  te rn a ry  solu tion  sy s tem . In  accordance w ith  (2), for a n y  q u asi­
b in a ry  ra tio  т М д / т н 2Ау we have fo r a te rn a ry  system

V't =  (D, +  A t m , ) e ct mi  (22)
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I f  i t  is ta k e n  in to  a c c o u n t th a t  in  the  e x p an d ed  series all te rm s  to  th e  pow er 
tw o  or more can to  a good  ap p ro x im atio n  be neg lected , th e n  we o b ta in  th e  
re la tio n

rj't =  D, eci mi  +  A t m r  ect mi  =  D, (1 -j- Ct m%) A t { \ +  Ct

I). • I m s  -f- D t C/ m% +  А / Ct m% (23)

If, for s im p lic ity ’s sake , th e  b in a ry  sa lt so lu tion  sy s tem  is deno ted  b y  
th e  subscrip t 1 an d  th e  b in a ry  hydrochloric  acid  system  b y  su b scrip t 2, an d  
Ct to o  is calcu lated  on th e  analogy  of (19) an d  (20), th e n  we arrive  a t  th e  e q u a ­
tio n

Vt

+

+

m, D x +  m 2 Do m i A x +  m 2 A 2 j
1

m E m s  J

1 m 1 D 1 +  m 2 Do m x Cj -(- m 2 C 2

.1 ms m £

m x A x +  m 2 A 2 m x C x +  m 2 C 2 )

.1 m s m s  j

mr  +

m% -f-

m i (24)

F ro m  th is, the  desired  te rn a ry  viscosity  e q u a tio n  is

Vt =
iiij D 1 m 2 D 2

m 1A l +  m 2 A 2

+  [1?! Cx m \  -f- D 2 C2 m | -)- (D 2 Cx -f- D x C2) m x m 2] m s  +  

+  [A x Cx mf A 2 C2 m\ +  ( A 2 C1 -f- C2) m x m 2] (25)

The firs t tw o te rm s  on th e  r ig h t-h an d  side of E q . (25) are  iden tical w ith  
th e  linear te rn a ry  v isc o s ity  eq u a tio n  (17). I f  th is  is deno ted  b y  X :

m 1 D 1 +  m 2 D 2
A  — -----------------------------------—|-  1712 A x  —j- Ttliy A 2

TTlv

E q u a tio n  (25) can th e n  be  w ritte n  in th e  follow ing form :

r)'t =  X  X  (m 1 Ca +  m 2 C2) m%

(26)

(27)

In  our case, for th e  te rn a ry  m etal ch loride—H C I-H .,0  sy stem s, tak in g  in to  
acco u n t th a t  C2 =  C h c i - h 2o  =  0, we have

rj’f =  X  -|- X  Cx т хт \ — X  (1 C1m 1 m f) (29)
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T he accu racy  an d  a p p licab ility  of th e  te rn a ry  v isco s ity  equ a tio n s (25) 
a n d  (29) are s im ila rly  illu s tra te d  fo r severa l m eta l ch lo ride—H C1-H 20  system s 
b y  th e  d a ta  in  T ab le  IV .

R E FE R E N C E S

[1] Berecz, E., B ádeb , I.: A cta Chim. (B udapest) 74, 213 (1972)
[2] Behecz, E., András, L., Geiger, I.: Magy. Kém. Foly. 66, 291 (1960)

Berecz, E ., H orányi, Gy .: Magy. Kém. Foly. 67, 152 (1961)
B erecz, E ., V értes, Gy .: Magy. Kém. Foly. 70, 106 (1964)
Berecz, E.: Z. Phys. Chem., 229, 173 (1965)
B erecz, E.. N agy-Czakó, J .:  Proc. 16th Meeting of CITCE 165 (1965)
Berecz, E ., Báder , I.: Magy. Kém. Foly. 79, 106 (1973)

[3] Lengyel, S., Tamás, J .,  Giber , J .:  Magy. Kém. Foly. 70, 66 (1964)
[4] Landolt-B örnstein: Zahlenwerte u. Funktionen. 6 th  E d ., vol. II . P a rt 5. Springer

Verlag, 1969
[5] Samoilov, O. Y a .: S tru k tú ra  vodnikh rastvorov elektrolitov i g idratatsiya ionov. Izd.

AN SSSR, Moscow 1957
Lee Kavanau, J .:  W ater and S o lu te -W ater Interactions. H olden-D ay Inc. 1964

[6] Lengyel, S.: J . Chim. Phys., 72 28 (1969)
[7] E rdey-Grűz, T.: T ransport processes in  aqueous solutions (in H ungarian) Akadémiai

Kiadó, B udapest 1971
[8] B erecz, E ., B áder , I.: Magy. Kém. Foly. 79, 31 (1973)
[9] B erecz, E.: C. Sc. D issertation, Leningrad, 1954

Berecz, E .: A cta  Chim. Acad. Sei. H ung., 15, 301 (1958)
[10] B erecz, E ., Vértes, Gy .: A cta Chim. Acad. Sei. Hung., 39, 437 (1963)
[11] Lyashchenko, A. K .: Zh. S truk t. K him ., 9, 781 (1968)
[12] Mischchenko, К . P ., Ravdiel, A. A.: K ratk ii spravochnik fizikokhim isheskikh velicliiu.

Gos. n. techn. izdat. khim. lit. Leningrad 1955

E n d re  B er e c z ; 3515 M isko lc-E gyetem város, H u n g ary .

A c ta  C him . ( Budapest)  (14, /075
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The syn  and anti isomers of 2-acylfuranoximes, being unsubstitu ted  a t C-3, can 
be easily distinguished by their PMR spectra. The anisotropic effect of the oxime group 
brings about a strong param agnetic shift of the H-3 singlet in the relative to  the  anti 
isomer (Л& ^  0.75 ppm).

In  our prev ious p u b lic a tio n s  we described th e  sy n th esis  [1] and  s tru c tu re  
d e te rm in a tio n  [2] of th e  isom eric ketox im es of d iffe ren t 2 -acy lfu ran  deriva tives (I) 
by  th e ir  UV and IR  sp ec tra . In  th e  p resen t p ap e r th e  possib ility  of d is tin g u ish ­
in g  th e  stereoisom ers b y  th e ir  PM R  sp ec tra  is discussed.

R'

NOH

T

T he th eo re tica l p o ssib ility  is based  on th e  o b se rv a tio n  th a t  th e  PM R  
sp e c tra  reveal th e  p a ra m a g n e tic  sh ift of tho se  p ro to n s  w hich are ste rica lly  
closed to  th e  oxim e g roup . This phenom enon  is a consequence of th e  an iso ­
tro p ic  effect o f th e  a d ja c e n t oxim e group [3, 4 ], as can  be seen e.g. in  th e  case 
of th e  dioxim es I la —c, w here th e  signal of th e  H -4 an d /o r H -10 p ro tons is 
sh if te d  [4].

A ccording to  th e se  d a ta , f irs t of all th e  signal of H -3 an d  th a t  of th e  
p ro to n s  of th e  R g roup  shou ld  be sh ifted  d iffe ren tly  in  th e  syn  and  anti isom ers 
of th e  ketox im es I.

As an  exam ple th e  sp ec tra  of th e  tw o  isom eric b en zo fu ry l-2 -m ethy l- 
k e to x im e s  (Ilia , b) are d iscussed. In  th e  60 M Hz sp ec tra  - ta k e n  in  h ep ta - 
d eu te ro d im e th y lfo rm am id e  on a V A R IA N  60D sp e c tro m e te r  — th e  chem ical 
sh ift o f th e  m ethy l g roup  is p rac tica lly  id en tica l in  b o th  isom ers (d =  2.47 
p p m ), b u t  the  signal o f th e  H-3 rin g -p ro to n  is sh ifted  d iffe ren tly  (Figs 1 an d  2).
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II

H

c

rfCH3(10) [ppm] 0.99 1.32 1.81

S CH (4) [ppm] 3.07 2.99 2.38

H H

CH3

О N — OH

III

In  th e  syn  isom er I l i a  th e  chem ical sh ift of th is  p ro to n  is d =  7.95 p pm , 
w hereas in  th e  anti isom er I l lb  d =  7.20 ppm . This difference of 0.77 ppm  
m ak es an  unam biguous id en tif ic a tio n  o f th e  s tru c tu re s  possib le. T he re la tiv e  
v a lu e  of th e  shifts dH -3 (syn) ÓH-3 (anti) corresponds to  th e  ex p ec ta tio n , 
as th e  an iso trop ic effect o f th e  oxim e g roup  causes a s tro n g  p a ram ag n e tic  
sh if t in  th e  syn  isom er.

A w eaker p a ram ag n e tic  sh ift of th e  signal of th e  H -7 p ro to n  can  be 
o bserved  too  in  th e  sp ec tru m  of th e  syn  isom er, show n b y  th e  ex ten sio n  of 
th e  com plex ABCD m u ltip le t (w hich can  be analyzed  b y  a co m p u te r  only) 
to w a rd s  higher frequencies. In  th e  sp ec tru m  of I l i a  th e  m u ltip le t appears 
b e tw een  425 and  475 H z, w hereas in  th e  spec tru m  of I l lb  b e tw een  4 2 5 —470 
H z (Figs 1 and  2).

The shift and  th e  shape of th e  O H  signal differs in  th ese  sp ec tra  too  
(in  th e  case of th e  syn  isom er th e  sh a rp  signal appears a t  <3 =  4.0 p p m  an d  in 
th e  anti isom er th e  b ro a d  signal ap p ears  a t <5 =  4.15 p p m ). N evertheless th is  
difference can n o t be used  fo r d e te rm in in g  th e  s tru c tu re , as in  th e  case of m o­
bile p ro tons b o th  th e  chem ical sh ift an d  th e  shape of th e  signal are te m p e ra tu re -  
a n d  co n cen tra tio n -d ep en d en t and  are a lte red  b y  th e  w a te r  co n te n t o f th e  
so lv en t too .
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l' ig. 1. P a r t  of the 60 MHz PM R spectrum of syn  benzofuryl-2-m ethylketoxim e (Ilia ) wilb 
the signals of ring p ro tons 3—7 in DM F-d,

Fig. 2. P a r t  o f the 60 MHz PM R spectrum of anti benzofuryl-2-m ethylketoxim e (Illb) w ith  
the signals of ring p ro tons 3—7 in DM F-d,
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The influence of current density , tem perature  and pH on cathodic polarization, 
the corrosion resistance of the elec trodeposit tow ards atm osphere and the grain size 
of the deposit have been studied on electrodeposited cobalt from some cobalt baths. 
Increase of C. D. increases the po larization  and decreases the grain size of the deposit. 
The rise of tem pera tu re  of the bath  is found  to decrease the polarization and corrosion 
resistance b u t to  increase the grain size. Lowering of the pH  of the b a th  causes the 
deposit to become less corrosion re s is tan t and bigger in grain size.

I t  has been  show n  earlier th a t  th e re  ex ists a re la tio n  betw een  ca thod ic  
p o la riza tio n  and  th e  s tru c tu re  of th e  d e p o s it [1 4]. I t  is generally  agreed  th a t
e lec trodeposited  m e ta ls  are crysta lline , an d  th e  ex te rn a l appearance  an d  size 
o f th e  grains depends m ain ly  on th e  r a te  a t w hich th e  crysta ls  grow  an d  on 
th e  ra te  of the  fo rm a tio n  of fresh n uc le i. I f  th e  conditions are such as to  fav o u r 
th e  ra p id  fo rm atio n  o f crysta l nuclei, th e  deposits will be fine-g ra ined , if  th e  
te n d e n c y  is for th e  nucle i to  grow ra p id ly , re la tiv e ly  large crysta ls  fo rm  and  
th e  deposits  becom e ro u g h  in ap p earan ce .

Some w ork on  th e  e lec trodeposition  of copper and  cobalt has been  done 
in  th is  la b o ra to ry  in  w hich  the im p u r ity  c o n te n t [5], po rosity , adherence  and  
m ic ro s tru c tu re  [6] o f th e  deposits as w ell as th e  p la tin g  ch a rac teristics [7] of 
v a rio u s e lec tro p la tin g  b a th s  under d iffe re n t conditions have been  s tu d ied . 
N o t m uch  w ork on th e  e lec trodeposition  of cobalt in  te rm s of p o la riza tio n  
m easu rem en ts  an d  s tru c tu ra l studies seem s to  have been  done as com pared  
to  n ickel [8 12] a n d  o th e r e lec tro d ep o sited  m etals. The re la tion  b e tw een
ca th o d ic  p o la riza tio n  an d  tex tu re  o f an  iro n -co b a lt alloy e lec trodeposit has 
been  s tu d ied  b y  R o t in y a n  [13] an d  o th e rs . The g row th  te x tu re s  of co b a lt 
e lec trodeposits  in  re la tio n  to  m agnetic  p ro p e rtie s  [14], th e  o rien ta tio n  ty p es  
w hich can  ex ist in  c o b a lt e lectrodeposits [15], s tru c tu re  and  m echan ism  of 
th e  co b a lt m eta l o b ta in e d  b y  e lec tro c ry s ta lliza tio n  [16, 17] have been p rev io u s­
ly  s tu d ied .

In  th e  p resen t s tu d y  the ca th o d ic  p o la riza tio n , th e  grain  size of cobalt 
e lec trodeposits  an d  th e ir  in te rre la tio n  as well as th e  corrosion resistance  of
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th e  deposits have  b een  in v estig a ted  using  various e lec tro ly tic  b a th s . T h e  
v a riab le  p a ra m e te rs  w ere cu rren t d e n s ity , te m p e ra tu re  an d  p H  of th e  elec­
tro ly tic  so lutions.

Experim ental

All chem icals u sed  were A n a la r (B . D . H .) p ro d u c ts . F resh  so lu tions 
p re p a re d  in  d o u b ly  d istilled  w a te r w ere u sed  for each  ex p erim en t. The ca th o d es  
o f copper strips o f  1 0 x 2  cm, w ere e tc h e d , w ashed , d ried  and  th e n  d ipped  in  
ca rb o n  te trach lo rid e  fo r some tim e  an d  again  w ashed  an d  dried  before b e ing  
u sed  for p la tin g  p u rposes. C arbon anodes im p reg n a ted  w ith  p a ra ffin  w ax  
w ere used th ro u g h o u t th e  en tire  s tu d y  of e lec trodeposition . P o la riza tio n  
m easu rem en ts w ere m ad e  in  a H a r in g  cell [18] m ade of persp ex  w hich p ro v id ed  
b e t te r  m eans fo r m easu ring  th e  e lec tro d e  p o te n tia l. The cell was im m ersed  
in  a th e rm o s ta t. P o te n tia l  and  c u rre n t m easu rem en ts  w ere m ade w ith  th e  
p o te n tio m e te r  a n d  1 ohm  s ta n d a rd  resis to r.

For m easu ring  ca thod ic  p o la riza tio n , th e  connection  to  th e  ca thode w as 
m ad e  b y  an  ag a r-a g a r b ridge, w hose t ip ,  d raw n  in to  a cap illa ry  of a p p ro x i­
m a te ly  1 m m  d ia m e te r , was p ressed  lig h tly  ag a in st th e  e lectrode. T hus, th e  
e rro r  due to  th e  p o te n tia l  drop th ro u g h  th e  e lec tro ly te  was m inim ized. All th e  
m easu rem en ts w ere m ade w ith  u n s tir re d  so lu tions. A fte r 25 m in  of depositio n , 
c a th o d ic  p o la riza tio n  w as observed  to  a t ta in  a s te a d y  v alue  and  i t  w as m eas­
u re d  th e n . The v a lu e  w as considered s te a d y  if  i t  d id  n o t change m ore th a n  1 m V  
in  10 m in. The ca th o d ic  po la riza tion  w as d e te rm in ed  b y  no tin g  th e  d ifference 
o f ca thode p o te n tia l  a t  th e  given c u rre n t d e n s ity  and  th e  p o ten tia l w hen  n o  
c u rre n t was flow ing  th ro u g h  th e  e lec tro ly tic  b a th .

X -ray  p o w d er d iffrac tion  p h o to g ra p h s  o f th e  co b a lt e lec tro d ep o sits  
w ere ta k e n  using  a P h ilips X -ray  tu b e  an d  a pow der cam era w ith  c ircu lar film  
fo r de term in ing  th e  g ra in  size of th e  d ep o sits , b u t  th e  p a tte rn s  show ed sh a rp , 
sm o o th  d iffrac tion  rin g s, in d ica tin g  g ra in  sizes of th e  o rder of 1 0 -5 to  10~ 3 cm . 
W ith in  th is  ran g e  th e  rings w ere in sen sitiv e  to  size changes, m ak ing  e x a c t 
m easu rem en ts o f  th e  d iam eters im possib le . C onsequently , an  o p tica l m ic ro ­
scope was used  to  m easure  th e  g ra in  size (or th e  size of m ore th a n  one c ry s ta l 
look ing  like one u n i t  sy stem  and  ap p ea rin g  as a grain) of th e  deposit. F o r each  
sam ple of th e  e lec tro d ep o sit o b se rv a tio n s a t  five d ifferen t p laces w ere ta k e n  
a n d  th e  m ean  v a lu e  w as ta k e n  fo r th e  average  gra in  size of th e  deposit.

Corrosion res is tan ce  of th e  dep o sits  is expressed  as th e  recip rocal of th e  
n u m b e r of spo ts rev ea led  b y  th e  fe rro x y l te s t  p er square cen tim e te r of th e  
te s te d  deposit.
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The com positions of the  p la tin g  b a th s  used  w ere as follows:

Nos Bath
Symbol

of
bath

Composition of bath
(g/i)

l All sulfate b a th s 332 CoS04 • 7 H 20  and 30 H 3B 0 3

2 All chloride b a th  (Wesley 
type) c 298 CoCI2 ■ 6 H 20  and 30 H 3B 0 3

3 W att’s bath w 319 CoS04 • 7 H 20 , 45 CoCl2 - 6  H 20  
and 30 H 3BO3

4 Sulfate b a th  w ith  Mg present SM 165 CoS04 • 7 H 20 , 85 Na2S04,
17.5 M gS04 • 7 H20  and 35 H 3B 0 3

5 Sulfate ba th  w ith  glycerol SG 332 CoS04 • 7 H 20 , 30 H 3BO3 and 
20  glycerol

6 Sulfate ba th  w ithout boric 
acid (H 3BO3) SWB 332 CoS04 • 7 H 20  only

The volum e of th e  so lu tion  was alw ays se lec ted  so th a t  i t  covered ca thode a rea  
o f 2 .5 x 2  cm 2 in th e  e lectro ly tic  cell.

Results and discussion

The ca thod ic  p o la riza tio n  o b serv ed  in  th e  all su lfa te  b a th  (S) was g re a te r  
th a n  th a t  in  th e  all chloride h a th  (C) fo r each  value  o f th e  cu rren t d e n s ity  
(Table I).

P o la riza tion  is due to  any slow ness of th e  e lec trode  process and  u su a lly  in  
th e  deposition  of m e ta ls  on the  ca th o d e . I t  is m ain ly  a co n cen tra tio n  p o la riz a ­
tio n  [19] p roduced  b y  th e  decrease o f  th e  ca tions c o n cen tra tio n  in  th e  c a th o d e

Table I

Cathodic polarization data fo r  different elecrolytic baths 

Copper; cathode pH  of baths (S), (C) and (W) 2.0, 2.5 and 1.9, respectively

Cathode current
Temperature

(°C)

Cathodic polarization (V)
No. density

(A/dm2) All sulfate 
bath  (S)

All chloride 
bath (C)

W att’s bath 
(W)

1 1 .1 9 2 35 0 .3333 0 .1 9 9 2 0 .2 8 0 8

2 2 .2 2 1 35 0 .3 6 6 2 0 .2 3 0 7 0 .3 2 5 0

3 3 .1 1 0 35 0 .3 9 9 7 0 .2 5 9 3 0 .3 4 6 4

4 6 .0 1 6 35 0 .4 5 4 9 0 .3 1 0 5 0 .3902

5 9 .1 0 4 34 0 .4 9 8 0 0 .3 4 1 7 0 .4 2 1 3

6 1 2 .0 2 8 35 0 .5 2 3 3 0 .3 6 0 9 0 .4 5 0 2

7 3 .1 1 0 20 0 .4 7 1 2 0 .3 2 1 9 0 .4 2 6 8

8 3 .1 1 0 50 0 .3 2 0 7 0 .1 9 5 7 0 .2 7 0 2

3* A c ta  C him . ( B udapest)  84 , 1975
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c o m p a rtm e n t. As th e  C. D . is increased , th e  ra te  of d ischarge of ions a t  th e  
ca th o d e  is en h an ced , re su ltin g  in m ore d im in u tio n  of the  ca tio n  c o n cen tra tio n  
n e a r  th e  ca th o d e , w hich  increases th e  p o la riza tio n . This is su p p o rte d  b y  th e  
re su lts  o b ta in ed  fo r b a th s  (S), (C) an d  (W ) fo r th e  e lec trodeposition  of co b a lt 
(N os 1 — 6, T able I). T he th ickness of th e  d iffusion  layer a d ja c e n t to  th e  ca thode 
su rface  is ap p rec iab ly  decreased  b y  in c rea s in g  te m p e ra tu re , th u s  th e  ra te  
o f d iffusion  of m e ta l ions (i.e. Co2+ ions) to  th e  cathode is in creased , conse­
q u e n tly , th e  p o la riza tio n  is decreased  (N os 7 an d  8, Table I).

V a r i a t i o n  of  c a t h o d i c  
p o l a r i z a t i o n  w i th  l o g

Fig. 1

The deposition  o f Ni, Co and  Fe is alw ays accom panied b y  th e  d ischarge 
o f h y d ro g en  a t  th e  ca th o d e  and  th e  o bserved  deposition o v ervo ltage  is said  to  
be  due to  h y d rogen  overvo ltage . The large  po larizations in  th e  case of iron  
g ro u p  m eta ls are a t tr ib u te d  besides co n cen tra tio n  po la riza tio n , to  some slow  
s ta g e  in  th e  d ischarge process occurring  be tw een  h y d ra ted  ions in  th e  v ic in ity  
o f  th e  ca thode an d  stab le  a tom s on th e  electrode surface. T he v a r ia tio n  o f  
c a th o d ic  p o la riza tio n  w ith  the  lo g arith m  o f th e  cu rren t d en sity  is found  to  be 
a lin ea r  fu n c tio n  (F ig . 1), suggesting  th a t  in  th e  e lec trodeposition  of co b a lt 
th e  ra te -d e te rm in in g  step  for p o la riza tio n  is th e  discharge o f th e  ions a t  th e  
ca th o d e . E ith e r  th e  d eh y d ra tio n  of th e  ions is slow or th e  a c tu a l n e u tra liz a tio n  
o f th e  ca tion  is slow. A ccording to  Gl a sst o n e  [20], the  m e ta l is f ir s t  deposited  
in  a m e tas tab le  s ta te ;  th e  conversion o f th is  form  of th e  m e ta l to  th e  s tab le  
s ta te  is th e  ra te -d e te rm in in g  process.

The v alue  of T ab le  Slope b has been  calcu lated  for d iffe ren t e lec tro ly tes 
(T able I I ) ,  using  th e  following eq u a tio n

W  =  a +  b log I

w here  W  is th e  o v e rp o ten tia l, I  is th e  c u rre n t density  an d  th e  c o n s ta n t a is 
th e  in te rc e p t of th e  o v erp o ten tia l vs. log (cu rren t density) cu rve  (Fig. 1).
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Table II

Nos Plating bath Intercept
(a)

Tafel slope
<b)

l AH sulfate bath  (S) 0 .3 1 2 5 0 .1 7 6 9

2 All chloride bath  (C) 0 .1 7 5 0 0 .1 7 1 0

3 W att’s bath (W) 0 .2 7 0 0 0 .1 5 5 0

The p ro te c tiv e  value of th e  e lec tro d ep o sited  coating  depends to  a large 
e x te n t  on th e  p o ro s ity  of the deposit. T he corrosion resistance  d a ta  (Table I I I )  
have been ca lcu la ted  in  te rm s of th e  sp o ts  rev ea led  b y  th e  ferroxy l te s t  m e th o d  
an d  expressed  as follows

Corrosion r e s i s t a n c e -------------- — ---------------
No. of sp o ts  p e r cm 2

D eposits o b ta in e d  from  b a th  (C) are  fo u n d  to  show  a h igh  degree o f 
resistance to  co rrosion , even up to  th ick n ess  o f 9.36 /.t (Nos 2 and  13, T ab le  I I I ) .  
The m in im um  corrosion  resistance is o b ta in e d  in th e  case of th e  deposit fro m  
b a th  (SG) (No. 6, T ab le  II I ) . The a d d itio n  o f glycerol to  th e  su lfate  b a th  (S) 
increases th e  v isco s ity  of the  so lu tion , th u s  th e  diffusion of cobalt ions to  th e  
ca th o d e  is re ta rd e d  an d  the  ra te  o f fo rm a tio n  of c ry sta l nuclei is considerab ly

Table III

Corrosion resistance o f cobalt electrodeposits 

Current density used =  3 .1 1 0  A /dm 2

No. Plating bath pH of bath
Temperature

(°C)
Thickness of 
the deposit 

00
Corrosion resistance

1 s 2.0 35 5 6 .2 0 1.25

2 c 2.5 35 5 6 .2 0 Approaching to  oo (very high)
3 w 1 .9 35 5 6 .2 0 3 .57

4 SWB 2.0 35 5 6 .2 0 3 .12

5 SM 2.9 35 5 6 .2 0 0 .4 8

6 SG 2.1 35 5 6 .2 0 0 .2 3

7 s 2.0 50 5 6 .2 0 0 .8 3

8 s 2.0 20 5 6 .2 0 1.66
9 s 1.1 35 5 6 .2 0 0 .42

10 c 1.1 35 5 6 .2 0 0 .42

11 s 6.0 35 5 6 .2 0 Approaching to  oo (very high)

12 s 2.0 35 9 .3 6 0 .8 3

13 c. 2.5 35 9 .3 6 Approaching to  oo (very high)
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Table IV

Microscopic examination o f grain size and nature o f cobalt electrodeposit

N o.
P la tin g

b a th
c . d 2

(A /d m 2)
T em p er­

a tu re
(°C)

p H  o f  
b a th

G ra in
size
w

N a tu re  o f  e lec trodeposit

l s 1.192 35 2.0 3.00 Smooth surface w ith bulbs of average 
size 27.5 p  uniformly distributed over 
the entire surface

2 s 3.110 35 2.0 2.50 Smoother and more even than  No. 1

3 s 0.016 35 2.0 2.14 Smoother and more even than  No. 2, 
having pits of average size 27.5 p  
distributed over entire surface

4 s 12.028 35 2.0 2.14 Similar to No. 3, having pits over 
entire area

5 c 3.110 35 2.5 1.87 Much smoother and more even than  
No. 2, no bulbs or p its on the surface

6 c 6.016 35 2.5 1.50 Smoother than  No. 5, maximum
smoothness and evenness among 
deposits 1— 14

7 w 3.110 35 1.9 2.14 Smoother than  No. 2, almost similar 
to No. 3

8 SWB 3.110 35 2.0 3.00 Clusters of bulging bulbs of average 
size 30 /1 almost uniformly d is trib ­
uted over entire surface

9 s 3.110 20 2.0 2.14 Smoother and more even th an  No. 2 
and 11

10 w 3.110 20 1.9 1.87 Smoother and more even th an  Nos 
7, 9 and 12

11 s 3.110 50 2.0 3.00 Coarser and more uneven th an  No. 9

12 w 3.110 50 1.9 2.50 Coarser and more uneven th an  No. 
10

13 s 3.110 35 1.1 3.33 Coarser and more uneven than  No. 2, 
nodules of average size 15 p  alm ost 
uniformly distributed over entire 
surface

14 c 3.110 35 1.1 2.14 Coarser and more uneven th an  Nos 
5 and 6

a ffec ted , giving m ore porous deposits . T herefo re , th e  corrosion resis tan ce  d e ­
creases enorm ously .

T he e lec tro d e-p o sited  film  o b ta in e d  from  W a tt’s h a th  (W) is fo u n d  to  
show  a ra th e r  good resistance to  co rrosion  (No. 3, T able I I I )  an d  is less r e ­
s is ta n t  th a n  th e  d eposit from  th e  ch lo ride  h a th  (C). D eposits from  th e  su lfa te  
b a th  w ith o u t bo ric  acid  (SW B) are  m u ch  m ore corrosion re s is ta n t th a n  d e ­
p o sits  from  su lfa te  b a th s  w ith  a d d ed  bo ric  acid (S) (No. 4, T able I I I ) .  D e­
p o sits  from  th e  e lec tro ly tic  b a th  (SM ), w ith  m agnesium  are found  to  show  a 
poor resistance  to  corrosion (No. 5, T ab le  I I I ) .
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Low ering th e  te m p e ra tu re  o f th e  b a th  is fo u n d  to  cause th e  deposits to  
becom e m ore corrosion  re s is ta n t (No. 8, T able I I I ) .  T h is m ig h t he due to  th e  
decrease in th e  ra te  of c ry sta l g ro w th  w ith  th e  decrease of tem p era tu re  of th e  
h a th ,  p roducing  less porous d ep osit. The low ering of th e  p H  of th e  b a th  in ­
h ib its  th e  p re c ip ita tio n  of basic  sa lts , th ere fo re , th e  deposits  will be m ore p o ­
rous as only an  insuffic ien t a m o u n t of colloidal oxides w ill he availab le  fo r 
ad so rp tio n  on th e  c ry sta l nuclei [21], w hich leads to  th e  p ro d u c tio n  of sm oo th  
d eposits , hence th e  corrosion resis tan ce  is ex p ec ted  to  decrease (Nos 9, 10, 
T ab le  I I I ) .  D eposits a t p H  1.1 from  b a th  (C) show  d e te rio ra tio n  to  a large 
e x te n t in  th e  corrosion  resis tan ce  in  com parison  to  deposits a t  p H  2.5 from  
b a th  (C), and  deposits  a t p H  6.0 from  h a th  (S) give an  enorm ous im p ro v em en t 
in  corrosion resis tan ce  in  com parison  to  deposits a t  p H  2.0 from  b a th  (S) (N o. 
11, T able I I I ) .

The re la tio n sh ip  betw een  o v erp o ten tia l an d  log (C. D .) is linear for b a th s
(S), (C) and  (W ) (F ig . 1), in d ica tin g  th e  freq u en t fo rm a tio n  of new nuclei [9], 
th e re fo re , sm oo th  an d  fine-g ra ined  deposits are p ro d u ced  (Table IV).

The re la tiv e ly  h igher va lu es  of ca thod ic  p o la riza tio n  suggest n u c lea tio n  
a n d  low er values th e  cry sta l d ev e lo p m en t as th e  p re d o m in a n t process [22]. As 
th e  C. D. is in c reased , ca thod ic  p o la riza tio n  is fo u n d  to  increase (Table I), 
hence th e  ra te  o f fo rm atio n  of fre sh  nuclei is increased , giv ing sm oother an d  
f in e r  grained  deposits . T hus, re d u c tio n  in  g ra in  size is d is tin c tly  observed  
(Nos 1 — 3, T able IV ). The m in im u m  value o f g ra in  size is fo u n d  in  th e  deposits 
from  chloride b a th  (C), co n sequen tly , an  ex trem e ly  sm o o th  an d  even surface 
is o b ta in ed  (No. 6, Table IV).

The decreasing  of th e  h a th  te m p e ra tu re  increases th e  po la riza tio n  (No. 7, 
T ab le  I), hence sm o o th e r deposits are o b ta in ed  an d  th e  g ra in  size is reduced  
(Nos 9, 10, T able IV ). The decrease of th e  p H  of th e  b a th  increases th e  g ra in  
size of th e  deposits, therefo re , coarser and  ro u g h er deposits  are p roduced  (Nos 
13, 14, Table IV ).

*
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The infrared spectra of tungsten  oxides of the com position W 0 3_x (1 >  x  >  0) 
have been investigated. In  the range of x  <  0.1, oxides w ith  triclinic, monoclinic, ortho­
rhom bic and te tragona l lattices are formed, and in spite of their deviation from the 
composition W 0 3, these oxides are generally called the polym orphous modifications 
of W 0 3. All the four oxide types of different sym m etry m ay be stable a t room tem pera­
ture, depending on the  therm al treatm ent and im purities. Since the spectra of the 
various modifications differ more or less from each o ther, an infrared spectrophoto- 
m etric investigation of th e  oxide generally called W 0 3 m ust determ ine the m odification 
of the substance in  question.

The num ber and  the sym m etry type of the possible vibrations have been deter­
mined by a factor group analysis of the oxides of D,/,, D,/,, C2h and С,- sym m etry. The 
two strong bands in th e  spectra of the oxide modifications are indicative of the fact 
th a t the molecular v ibrations of the WO„ octahedral elem ent dom inate in the oxides, 
thus, in first approxim ation the oxides can be considered as distorted modifications of 
the ideal R 0 3 la ttice  (O/,). Accordingly, the character of the infrared bands has been 
determ ined by m eans of th e  correlation 0/, — D,/, -► 1).,/, -* C,-. The extent of splitting 
of the 2 F lu mode increases in  the direction of te tragona l -*■ triclinic transform ation, 
i.e. w ith  increasing distortion.

The frequency shift of the vW—О vibrational bands of highest frequency is in 
close relationship w ith th e  value of x, i.e. w ith th e  num ber of oxygen vacancy sites, 
so th a t conclusions can be draw n from the spectra on the  kind and structure of the 
oxide. Moreover, the correlation between frequency and oxygen deficiency represents 
th a t borderline w hich separates the series of W 0 3_ x (1 >  x  >  0) oxides w ith regard 
to the mode of incorporation  and structure of the oxygen vacancy sites. The IR  spectrum  
also indicates sensitively the  developm ent of the so-called super-lattice 2 x  W20O58 —
— W O—  vv40*~, 116’

One of th e  decisive ly  im p o rta n t techno log ical s teps in  p ro d u c tio n  o f 
tu n g sten  filam en ts is th e  red u c tio n  w ith  hyd ro g en  of am m onium  p a ra tu n g - 
s ta te -5 .h y d ra te , an d  of th e  tu n g sten  triox ide  fo rm ed  from  it, to  m eta llic  
tu n g s te n . D uring  th is  process, several s tab le , in te rm e d ia te  oxides ap p ear 
betw een  th e  W 0 3 an d  th e  W  s ta te s . Considerable re sea rch  efforts are ex ten d ed  
on e lucidating  th e  co n d itio n s of th e ir  fo rm ation , an d  on c rysta llog raph ic  an d  
m orphological s tu d y  o f th e ir  s tru c tu re s . I t  is com m on  know ledge th a t  th e  
com position  of th e  su b s ta n c e  called tu n g sten  tr io x id e  does n o t correspond 
in  general ex ac tly  to  th e  ra tio  of 1W  : 3 0 ,  th e  n u m b e r o f oxygen atom s being  
alw ays som ew hat less th a n  th ree . A ccordingly, th e  general fo rm ula can  be 
w ritten  as W O s x. Since a ce rta in  oxygen defic it is need ed  for th e  fo rm atio n  
of th e  various c ry s ta l m od ifica tions, and , in  essence, th is  m eans red u c tio n ,
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th e  “ polym orphous m o d ifica tio n s  of tu n g s te n  tr io x id e”  too  will be regarded  
in  o u r discussion as re d u c e d  oxides. The conform  w ith  th e  genera l term ino logy  
use in  th e  lite ra tu re , th e  expression  ‘po lym orphous m od ifica tio n s of W 0 3’ 
w ill be used , keeping in  m in d , how ever, th a t  th e  oxides in  q u es tio n  can  in  fact 
be f i t te d  in to  th e  series o f  th e  red u ced  oxides W 0 3 x (1 ;>  *  >  0).

T he po lym orphous m od ifica tio n s of W 0 3 are m ore or less d is to r te d  v a r­
ia n ts  o f  th e  R e 0 3 ty p e  cub ic  la ttic e  (Рт Ът ) [1]. The e le m e n ta ry  u n it  of the  
v a r io u s  m odifications is th e  o c tah ed ro n , w ith  th e  m e ta l a to m  in  its  cen ter 
b e in g  su rrounded  b y  six  oxygen  a to m s, in  an  a rran g em en t d e v ia tin g  m ore or 
less fro m  regular. The p o ly m o rp h ism  of W 0 3 has been  w idely  s tu d ie d  [2 — 10]. 
T h ese  stud ies show th a t  b e tw een  40 an d  17 °C th e  tric lin ic , b e tw een  17 and 
330 °C th e  m onoclinic, b e tw een  330 and  640 °C th e  o rth o rh o m b ic , and  above 
740 °C th e  te trag o n a l m od ifica tio n s are form ed. T hus, th e  sy m m e try  of the  
W 0 3 c ry s ta l la ttice  is con sid erab ly  in fluenced  b y  th e  te m p e ra tu re .

I t  is also know n t h a t  co n tam in a tio n s  sh ift th e  ch a rac te ris tic  te m p e ra tu res  
o f  po lym orphous tra n s fo rm a tio n s  in  th e  d irec tion  of low er te m p e ra tu re s , so 
t h a t  m odifications fo rm in g  a t  h igher te m p e ra tu re s  can be m ade stab le  also 
a t  ro o m  tem p era tu re  b y  th e  in c o rp o ra tio n  of an ap p ro p ria te  a m o u n t of foreign 
ions [10]. C onsequently , all fou r c ry s ta l form s of W 0 3 m ay  be s tab le  a t  room  
te m p e ra tu re .

In  p ractice , th e  d iffe ren tia tio n  of th e  o rth o rh o m b ic  from  th e  m onoclinic 
m o d ifica tio n  is ra th e r  im p o r ta n t  since, w hen  cooled to  room  te m p e ra tu re , 
th e  am m onium  sa lts u sed  fo r th e  p re p a ra tio n  of W 0 3, e.g. am m o n iu m  para- 
tu n g s ta te s , afford  in  gen era l a su b stan ce  of m onoclinic or o rth o rh o m b ic  s tru c ­
tu r e ,  depending on th e  c o n ta m in a n t and  on th e  ign ition  te m p e ra tu re . H ow ­
ev e r, u p o n  th e rm al t r e a tm e n t  above 1000 °C or in  th e  case o f su ffic ien tly  high 
c o n ta m in a n t co n cen tra tio n s , tric lin ic  or te tra g o n a l form s m ay  also occur a t 
ro o m  tem p era tu re .

Therefore, w hen in v e s tig a tin g  W 0 3, e.g. b y  in fra red  sp ec tro p h o to m e try , 
th e  m odification  in w h ich  th e  su b stan ce  is p resen t m ust be d e fin ite ly  e s ta b ­
lish ed , because, as w ill be  seen, th e  sp ec tra  of th e  various m od ifica tio n s differ 
m ore  or less from  each  o th e r . On the  o th e r h an d , th e  in fra red  sp e c tra  are  know n, 
conclusions can be d raw n  on th e  m odifica tion  o f th e  W 0 3 in v es tig a ted , and 
th is  can  be used w hen  s tu d y in g  th e  tra n sfo rm a tio n  p roperties of W 0 3.

T hough th e  in fra re d  an d  R a m a n  sp ec tra  of W 0 3 have  b een  stu d ied  by  
sev e ra l au tho rs 111 —15], in  th e  p red o m in an t p a r t  of th ese  w orks th e  X -ray  
d if f ra c tio n  b ack g ro u n d  is m issing, i.e. i t  rem ains obscure w hich  m odification  
is p re se n t. R occh iccio li- D e l t c h e f f  and  L ecom te [11] on ly  a ssu m es th a t  
th e  W 0 3 for w hich th e  sp e c tru m  has been  reco rded  is p re se n t in  th e  m onoclinic 
fo rm , Mattes and  Sc h r ö d e r  [14] in d ica te  a rhom bic s tru c tu re , w hile o ther 
w o rk s [12, 13, 15] do n o t  a t  all specify th e  m odification  of W 0 3. W ith  the  
a im  o f e lim inating  th e  u n ce rta in s  connected  w ith  th e  s tru c tu re s  and  the
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sp e c tra , th e  in fra red  sp ec tra  o f th e  W 0 3 m odifications have been  s tu d ied . 
T hese in v estig a tio n s were e x te n d e d  also to  th e  m ore strong ly  red u ced  in te r ­
m ed ia te  oxides.

Experim ental

T he oxide m od ifica tions w ere m ade availab le  b y  D r. Ga d ó . T he sam ­
ples w ere c ry sta llo g rap h ica lly  w ell defined  te s t  substances of X -ra y  d iffrac ­
tio n  s tud ies [10]

Preparation procedures

T ric lin ic : T h erm al tre a tm e n t of m onoclinic W 0 3 in a ir, for 50 h rs in 
a sealed  q u a r tz  tu b e  a t  1200 °C. O n m ild  crush ing  th e  larger c ry s ta l g ra in s 
fo rm ed  gave a p u re  tric lin ic  m o d ifica tio n .

M onoclin ic :Ign ition  of p u r i ty  am m o n iu m  p a ra tu n g s ta te -5 .h y d ra te , p ro d ­
u c t T u n g sram , in  a s tream  of a ir  a t  950 °C for 5 hrs.

O rth o rh o m b ic : Ig n itio n  of am m onium  p a ra tu n g s ta te -5 .h y d ra te , p ro d u c t 
T u n g sram , a t  600 °C fo r 5 h rs.

T e trag o n a l: Ig n itio n  of W 0 3 w ith  0.08 mol S i0 2 co n te n t a t  540 °C 
fo r 2 h rs.

R educed  oxides: T u ngsram  p ro d u c ts  fo rm ed  in  th e  red u c tio n  of tu n g s te n  
tr io x id e  w ith  hyd rogen .

T he in fra re d  sp ec tra  of th e  sam ples w ere recorded  w ith  a M odel P e rk in - 
E lm er 225 sp ec tro p h o to m e te r  in  a K J  pe lle t. S pectra  are  show n in  F igs 1 an d  
2 , an d  th e  w av en u m b ers  of th e  ab so rp tio n  bands are listed  in  T ables I  an d  I I .

200 400 600 800 1000 1200 1400 1600 1800, -1

Fig. 1. Infrared  spectra of W 0 3 modifications 1. Cubic, 2. Tetragonal, 3. Orthorhom bic, 4. Mon­
oclinic, 5. Triclinic
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Fig. 2. Infrared spectra  of reduced tungsten oxides 1. W20O58(WO2.90), 2. W 10Ou(!(WO„.90)
3. W 180 „ (W 0 2.„), 4. WO,

Table II

Infrared wavenumbers o f reduced tungsten oxides

^20^58
WO2,90

w4„0n,
wo,,,.

w1801#
wo2>72 wo2

390
450 450 455 450
490
650 650 580
818 810

890 900 890
925 920 940 955

Interpretation of the infrared spectra of tungsten oxides

In  th e  la ttic e  o f tu n g s te n  triox ide , th e  tu n g s te n  atom s are no t in  th e  
cen te r of o c ta h e d ra  b u t  are d islocated in  th e  d irec tio n  of one of the axes, th u s  
causing a w aviness o f th e  planes in  w hich th e  tu n g s te n  a tom s are a rran g ed , 
as e.g. in the  te tra g o n a l m odification  [10]. I f  th e  d islocation  has fin ite  com po­
nen ts  in  tw o or in  all th ree  d irections, a w aviness in  space is developed, an d  
the  o rtho rhom bic  o r th e  m onoclinic and  tric lin ic  m odifica tions of still low er 
sy m m etry  are fo rm ed  [10]. Table I I I  sum m arizes th e  ch a rac te ris tic  s tru c tu ra l

A cta  C him . ( Budapest) 84 , 1975
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Table II I

Crystallographic data o f  W 03 modifications

Modification Cubic* Tetragonal Orthorhombic Monoclinic Triclinic

Cell param eters a= 5 .25  Á a=3.740 A a= 3 .835  A a= 7 .3 0  A
c=3.91  A b=7.546 A b =  7.517 A b = 7 .5 2  A

c=3.837 A c=7.285 A 
/9=90° 90'

c= 7 .69  A 
<x=88.9°
/9=90.9°
y=90 .9°

Space group Pm  3 m—Oft P J  rim D\h РщаЬ Dbi P2l/a— PI—c}

N um ber of molecules,
Z 1 2 4 4 8

From  Wyckoff’s 
table

Tungsten positions 1(a) 2(c) 4(d) 4(e) 8(0
Oxygen positions 3(d) 2(c), 4(d) 4(d), 8(e) 12(e) 24(0

Site symmetry
ohTungsten C4V cs c, c.

Oxygen D4 ft ^2/2 cs, Ci Ci Q

References [10] [10] [10] [10]
[16] [17] [18] [191

* Fictive data  obtained by assuming an ideal R 0 3 type structure

d a ta  of th e  W 0 3 m od ifica tions, w ith  special reg ard  to  th e  re q u ire m e n ts  of th e  
in f ra re d  spectroscopic s tu d y .

No W 0 3 b u ilt  u p  from  p e rfe c tly  reg u la r W 0 e p o ly h ed ra , i.e. W 0 3 of 
cub ic  s tru c tu re , has been  p re p a re d  so fa r. H ow ever, as will be seen la te r , since 
th e  spectroscopic ch a rac te ris tic s  of all m odifications can be tra c e d  b a c k  ev e n ­
tu a lly  to  th e  cubic s tru c tu re , Table I I I  co n ta in s  also those d a ta  w hich  w o u ld  be 
c h a ra c te ris tic  of cubic W 0 3, if  such a m od ifica tion  ex isted .

As in  o th e r c rysta lline  system s th e  n u m b er and  sy m m e try  ty p e  of th e  
v ib ra tio n s  in th e  case of tu n g s te n  tr io x id e  can  be d e te rm in ed  b y  th e  m e th o d  
o f B hagavantam  an d  V e n k a t a r a y u d u  [20], u n d er th e  a ssu m p tio n  th a t  th e  
hom ologous atom s of th e  c ry s ta l la ttic e  v ib ra te  in-phase (к =  0), w h ich  m ak es 
possib le  coun ting  on a single la ttic e . U sing th e  co rrelation  m e th o d  reco m m en d ed  
b y  F a t e l e y  et al. [21] in  th e  fac to r g roup  analysis of th e  v a rio u s W 0 3 m od i­
f ica tio n s  (Tables IV —V II I ) , i t  is fo u n d  th a t ,  according to  th e  se lection  ru les 
v a lid  for crysta lline  sy s tem s, w ith  th e  decrease in  sy m m e try  o f th e  W 0 3 
c ry s ta l la ttic e , th eo re tica lly  3, 14, 45, a n d  93 norm al v ib ra tio n s  are to  be 
e x p e c te d  in  th e  given o rd er, d isregard ing  th e  acoustic m odes arising  from  th e  
tr a n s la tio n  of th e  c ry s ta l as a whole.

A c ta  Chim . ( Budapest)  8 4 , 1975
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Table IV

Factor group analysis o f cubic W 03

0k
Factor group 

species

Transl.
species

Acoustic
species

Crystal
coeff.

Vibrational
coeff.

Activity 
IR  R

_ _ _ _ +
A u — — — —
^2 g — — — —
^2 U — — — — +
E g — — — —
E u — — — —

F 1S * 1  и

— — — —
3 l 3 2 +

F  “t 2u — l 1
+

Correlation: Dtf, -*■ О/, (oxygen)
I ’vibr =  2 F lu +  1 F ,Ll

Table V

Factor group analysis o f tetragonal W 03

Dih Transl. Acoustic Crystal Vibration. ActivityFactor group species species coeff. coeff. IR R

A  g
_ _ 2 2 +

A u — — 1 1

-A-2 U T ( z ) l 3 2 +

b sa \u
— — — — +
— — 1 1
— — — — +

B ,a — — 1 1
E S — — 2 2 +
E u T ( x ,  y ) l 6 5 +

Correlation: C№ -> DAh (tungsten, oxygen)
C2/2 -*> D4h (oxygen) The results of C2, C2, C2 correlations are identic? I

Г vibr — g +  1A 1U +  2A 2U -j- 1B 1U +  1-Вги ~b 4" 5-Eu

Table VI

Factor group analysis o f orthorhombic W 03

Dih
Factor group 

species
Transl.
species

Acoustic
species

Crystal
coeff.

Vibrational
coeff.

Activity 
IR  R

A s
_ 7 7 +

A — — 5 5
F lfj — — 7 7 -f-
Bui T(z) 1 5 4 +
Bog — — 5 5 +
B 2U T(y) 1 7 6 +
B3 g — — 5 5 +
B 3U T(x) 1 7 6 +

Őxy
Correlation: Cs —> T)2/j (tungsten, oxygen)

C 1 D2h (oxygen)
Г'vibr. =  l ^ g  +  +  4E 1U +  5E 2g +  6jB2U +  5Б 3̂  -f- 6Ii3/,

^4cta Chim . ( B u d a p e s t)  84 , 1975



400 K ISS: IN FR A R ED  V IBRATION A L FREQ U EN CIES

Table VII

Factor group analysis o f monoclinic W 03

D2 h
F a c to r  g ro u p  

species

T ransl.
species

A coustic
species

C ry sta l
coeff.

V ib ra tio n a l
coeff.

A ctiv ity  
IR  R

Ag 12 12 -f-
BÍ — — 12 12 +
A u T(z) l 12 11 +

Bu T ( x , y ) 2 12 10 +

Correlation: C, —• C,,/, (tungsten, oxygen)
Г vibr. =  12yig +  12Bg ' 11 A u +  10B u

Table VIII

Factor group analysis o f triclinic W 03

Ci
F a c to r  g ro u p  

species

T ransl.
species

A coustic
species

C ry sta l
coeff.

V ib ra tio n a l
coeff.

A ctiv ity  
IR  R

A B T(x, y , z) 3
48
48

48
45

4 -

+

Correlation: С, — C, (tungsten, oxygen) 
r vi hr. =  48^4g +  45 A u

Table IX

A ctivity  o f the vibrational species o f tungsten trioxides

wo, In fra re d  active R a m a n  ac tiv e In ac tiv e

Cubic O h и — 1 В 211

Tetragonal D^ 2A„U +  5 Eu 2 A ig +  2 E g 1AW +  1 B lu +  1 B.,u

Orthorhombic D2h 4B 1U +  6 B„u +  6 B 3U 4Ag  4~ 4" 5 A u

Monoclinic C2/, 11 A u +  10 B u 12 A g +  12 B g
Triclinic C ( 45 A u 48A g —

I t  is a p p a re n t from  Table IX  th a t  o f th e  v ib ra tio n s  o b ta ined  m an y  are 
in ac tive , how ever, p a r tic u la r ly  in  th e  case of th e  m odifications of low er sy m ­
m e try , a g rea t n u m b e r  of in fra red -ac tiv e  n o rm al v ib ra tio n s  are left, com pared  
to  w hich su b s ta n tia lly  few er bands a p p e a r in  th e  sp ec tra .

An in sp ec tio n  o f Fig. 1 im m ed ia te ly  reveals a com m on fea tu re  of th e  
sp ec tra  of th e  p o ly m o rp h o u s  m odifica tions, viz. t h a t  essen tia lly  the  abso rp tio n  
curves consist o f tw o  in ten se  h an d s. O n th e  o th e r h a n d , th e ir  shape and  sp lit­
tin g , i.e. th e  fine s tru c tu re  of th e  sp ec tra , is ch a rac te ris tic  o f th e  given m od ifica ­
tion .

A cta  Chim . ( B u d a p est)  84 , 1975
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T his is n o t su rp ris in g : i t  has been  show n in connection  w ith  th e  s tu d y  
of th e  in fra red  sp e c tra  o f m olybdates an d  tu n g s ta te s  b u ilt  up  from  o c ta h e d ra  
[22, 23] th a t  th e  n o rm a l frequencies of p o ly m eta llo g en a tes  consisting of M 0 6 
e lem en ts , can  also be  d educed  from  th e  no rm al v ib ra tio n s  of th e  o c tah ed ra l 
X Y e m olecules, u n d e r  considera tion  of th e  sy m m e try  d eg rad a tio n  d e te rm in ed  
b y  th e  po lyan ion  a n d  its  c ry sta l group, an d  th e  co rrespond ing  changes in  th e  
sp ec tra , e.g. sp littin g , etc. T hus, regardless of th e  c ry s ta l p o in t group of th e  
W 0 3 m od ifica tion , th e  v ib ra tio n s of th e  e le m e n ta ry  u n it ,  th e  o c tah ed ro n , 
will dom inate  th e  sp e c tra . Therefore, as a f ir s t  ap p ro x im a tio n , th e  tw o in ten se  
bands ex h ib ited  in  th e  sp ec tra  of all p o ly m o rp h o u s m odifica tions, can  be co n ­
sidered  in  essence as correspond ing  to  th e  cubic  la ttic e  of th e  R e 0 3 ty p e , i.e. 
to  th e  in fra red  ac tiv e  m odes _Flu( r X —Y) an d  F lu(d X —Y) connected  w ith  
th e  v ib ra tio n  of a single o c tah ed ro n . W ith  decreasing  sy m m etry , or ra th e r  
w ith  increasing  d is to r tio n , these  bands are sp lit, an d  th e  low er is th e  sy m m etry  
of th e  given m o d ifica tio n , th e  h igher will be e x te n t  of sp littin g .

L e t us now  con sid er spec trum  1 in  F ig . 1. In  th e  p lo ttin g  of th is  sp ec tru m , 
th e  frequencies ca lc u la ted  b y  O h w a d a  [15] h a v e  b een  ta k e n  as a basis. T hese 
calcu la tions assum e a n  ideal s tru c tu re  of th e  R e 0 3 ty p e , i.e. a cubic la ttic e . 
A ccordingly, T ab le  I  co n ta in s  th e  frequencies o f 815 an d  390 c m -1 co rrespond­
ing to  th e  tw o  F 1U m odes of ‘cubic W 0 3’, ca lcu la ted  b y  norm al co -o rd inate  
analysis [15].

F o r th e  a ss ig n m en t of th e  bands of th e  d iffe ren t m odifications an d  for 
th e  d e te rm in a tio n  o f th e  v ib ra tio n a l species, f irs t th e  co rre la tion  tab le  m u st

Table X

Splitting o f the species o f the 0 /, point group in the various factor groups

Cubic T e tra g o n a l O rth o rh o m b ic M onoclinic Triclinic
Ok &ih A a (c 2') с гл (с гМ ) Cl

4 A cta  C him . (B u d a p est) 84 , 1975
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Tabic XI

Correlation table o f infrared active vibrations

be co n stru c ted , w hich gives th e  sp littin g  o f th e  irreducible re p re se n ta tio n s  of 
th e  O/j p o in t g roup , co rrespond ing  to  th e  cubic la ttic e , in  th e  fac to r  groups 
Д,/,, D 2h, CZh and  C„ ch a rac te ris tic  of th e  W 0 3 m odifications. The n u m b e r of 
th e se  species in  T able X  can  be fu r th e r  red u ced  b y  neglecting  th e  R am an  an d  
in ac tiv e  m odes, to  o b ta in  th u s  T able X I ,  w hich  corresponds to  th e  co rre la tio n  
ta b le  con ta in ing  on ly  in fra red -ac tiv e  rep resen ta tio n s .

W ith  th e  aid  of co rre la tio n  T ab le  X I ,  conclusions can  be d raw n  on th e  
species of th e  v ib ra tio n a l m odes p ro d u ced  b y  th e  tw o ac tive  ( F 1U) an d  th e  
one in ac tiv e  (F 2U) m odes of th e  cubic la ttic e  in  the  c ry sta l la ttic e  of new  sy m ­
m e try , form ed in  th e  course of tra n sfo rm a tio n . A ccordingly, o rien ta tiv e  in ­
fo rm a tio n  m ay  be o b ta in ed  from  T ab le  I on th e  possible c h a ra c te r  o f b an d  
sp littin g s  in  th e  sp ec tra  of th e  m od ifica tions of low er sy m m etry . A t th e  sam e 
tim e , th e  tab le  gives an  illu s tra tiv e  p ic tu re  on th e  b an d  system s c h a ra c te ris tic  
o f th e  m odifications, on th e  basis o f w hich  a possib ility  offers itse lf  fo r th e  
d e te rm in a tio n  of th e  c ry s ta l s tru c tu re , or m ore ex ac tly , of th e  cell sy m m etry  
o f tu n g s te n  triox ides of unknow n orig in  an d  s tru c tu re .

As has a lread y  b een  show n, th e  s tre tc h in g  frequencies o f th e  te rm in a l 
W —О b an d s  are closely connected  w ith  th e  s tru c tu ra l p ro p ertie s  of tu n g s ta te s  
a n d  m o ly b d a tes  b u ilt  u p  from  o c tah ed ra , an d  an y  s tru c tu ra l change will re su lt 
p r im a r ily  in  a change o f th e  frequencies in  question  [22 — 24]. I t  can  be seen 
fro m  T able I  th a t  th e  )>W-0  v ib ra tio n a l b an d s of h ighest frequency  in  th e  
p o ly m o rp h o u s  W 0 3 m odifica tions are g rad u a lly  sh ifted  to w ard s  h igher f re ­
quencies, nam ely  in  th e  d irec tion  correspond ing  to  th e  te tra g o n a l — tric lin ic  
tra n s fo rm a tio n . Before an y  conclusions are d raw n from  th is  phenom enon , 
i t  shou ld  be recalled  th a t  th e  com position  of th e  m odifications p rep a red  b y  
th e rm a l tre a tm e n t from  pure  W 0 3, does n o t correspond in  an y  of th e  cases 
e x a c tly  to  th e  ra tio  of W /O =  1/3, and  th u s , n e ither is th e  v a len cy  of tu n g s te n  
in  th ese  m odifica tions e x a c tly  six. I t  could  also he said  t h a t  th e  expression  
tu n g s te n  trio x id e  is n o t ex ac t since th e  oxygen  deficit in  th e  c ry s ta l la ttic e
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Table XII

Numerical values characteristic o f rhe oxygen index o f tungsten oxides

Oxide Valency range 
of tungsten

X in
wo,_* Oxygen/tungsten

Triclinic 6 — 5.995 0 —0.005 3 —2.995
Monoclinic 5.995— 5.97 0.005—0.015 2.995—2.985
Orthorhombic 5.97 — 5.94 0.015—0.030 2.985—2.970
Tetragonal 5.94 — 5.78 0.030—0.10 2.970—2.89

^20^58 5.80 0.10 2.90

WieOjg 5.44 0.28 2.72

WO, 4.00 1.0 2.0

o f th e  oxide m od ifica tions increases in  th e  d irec tion  of th e  tran sfo rm a tio n  
tr ic lin ic  —► te tra g o n a l, an d  th e  com position  varies w ith in  th e  lim its 
^ ^ 2'999 4--У W O 2.g90.

L e t us now  t r y  to  co rre la te  th e  above frequency  sh ift to  th e  tu n g s te n  
v a len cy  ranges co rrespond ing  to  th e  d iffe ren t W 0 3 m odifica tions, or, in  W 0 3_x, 
to  th e  changes o f th e  lim its  o f x , i.e. to  th e  v acan cy  co n cen tra tio n s ca lcu la ted  
from  th ese . T he v a len cy  ranges ch a rac te ris tic  o f th e  tric lin ic , m onoclin ic, 
o rth o rh o m b ic  an d  te tra g o n a l m od ifica tions an d  th e  values of x  are sum m arized  
in  T ab le  X I I ,  w hereas th e  v acan cy  c o n cen tra tio n  ranges have been  given b y  
G a d ó  [10]. T hese values w ere ta k e n  as basis fo r th e  p lo ttin g  of Figs 3 an d  4.

F rom  th e  course o f th e  cu rves in  th e  figures, d e te rm in ed  b y  th e  change 
in  freq u en cy , i t  can  be easily  u n d e rs to o d , w hy th e  cubic W 0 3 could  n o t be 
p re p a re d  so fa r. The figures in d ica te  c learly  th a t  th e  s ta b ility  ranges o f th e  
tric lin ic , m onoclin ic, o rth o rh o m b ic  an d  te trag o n a l form s are well defined , 
w hile th e  range  correspond ing  to  th e  fo rm ation  of th e  reg u la r cubic la ttic e  
falls in to  an  u n d efin ed  a rea . In d eed , in  th e  cubic W 0 3 th e  va len cy  ran g e  of 
tu n g s te n  w ould  involve values of 5.78 —► 0, and  on th e  o th e r side, v ac a n c y  
c o n cen tra tio n  w ould also exceed  all lim its, w hich, n a tu ra lly , is im possib le .

I f  W 0 3 w ith  oxygen  v a c a n c y  sites is regarded  as an  ^4xW O s ‘tu n g s te n  
b ro n ze ’, th e  p o lym orphous m od ifica tions can be considered  accord ing  to  G a d ó  
[10] as (H)xW 0 3 =  W 0 3 x hole-bronzes. H ow ever, accord ing  to  th is  con cep t 
and  u n d e r consid era tio n  o f F igs 2 an d  3, i t  becom es e v id e n t th a t  for th e  fo r­
m a tio n  of cubic W 0 3 a t  le a s t x  =  0.12 v acan cy  sites are needed , i.e. th e  v a ­
len cy  of tu n g s te n  shou ld  decrease below  5.76. H ow ever, th e  co rrespond ing  
oxygen  defic it w ould  p re su m ab ly  p roduce  a stress in  th e  W 0 3^x la tt ic e , so 
t h a t  i t  w ould  d is in teg ra te  before th e  la s t  m em ber of th e  oxide series, th e  cubic 
О/, la ttic e , can  be form ed. In s te a d  of th is , an  oxide s tru c tu re  is fo rm ed  acco rd ­
ing to  an  o lder concep t is th e  b lue  oxide or W 20O58, how ever, a c tu a lly  i t  is
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Fig. 3. Relationship betw een th e  ranges of x  in W 0 3_x and the i<¥—О vibrational frequencies
of the modifications

Fig. 4. Shift of the vW— О vibrational frequencies depending on vacancy concentration

charac terized  b y  a sh e a re d  c rysta llog raph ic  s tru c tu re  and  differs sligh tly  from  
th e  above com position  [10], b u t  is more s tab le  u n d e r th e  given conditions.

The in fra red  sp e c tra  of th e  reduced  tu n g s te n  oxides are su b stan tia lly  
p o o rer in b ands (F ig . 2) th a n  th e  sp ec tra  of th e  tu n g s te n  trio x id e  m odifications. 
W ith  decreasing tu n g s te n  valency , th e  tra n sm itta n c e  of th e  K J  pellets p re ­
p a re d  from  an id e n tic a l am o u n t of th e  sam ple decreases g rad u a lly , and  th e  
b ase  line app roaches p e r  c e n t transm issio n  zero w ith  increasing  steepness. 
T h e  em ergence o f th e  h a n d s  from  the  base line , i.e. th e  in te n s ity  of th e  bands 
decreases also g ra d u a lly , an d  is th e  low est fo r W 0 3. H ow ever, th e  frequency
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0:W in W0X

Fig. 5. Change of the W — 0  stretching vibration frequencies as a function  of the change in 
the oxygen index:
A) Triclinic E) Blue oxide W 20O58
B) Monoclinic W 0 3 F) W 180 J9
C) O rthorhom bic G) WO,
D) Tetragonal

of th e  b a n d  m ax im a  can  be estab lished  even in  th e  case of W 0 2 w ith  sa tis ­
fac to ry  accu racy  (Table II) .

C haracteriz ing  th e  oxides w ith  th e  general fo rm u la  W 0 3_X(1 ^  * >  0), 
the  v a len cy  regions an d  th e  co rresponding  x  va lues are  g iven in  Table X I I .  
T hus, from  th e  p o in t o f v iew  of oxygen deficiency, tu n g s te n  trio x id e  m odifi­
cations and  red u ced  oxides have  been  a rranged  in  a u n ified  system . N a tu ra lly , 
it  does n o t m ean  an y  difference in  princip les th a t  oxygen  deficiency ranges 
have been  assigned to  th e  trio x id e  m odifications [10], w hile defin ite  values 
to  th e  reduced  oxides.

As has been  done in  th e  case of W 0 3 m od ifica tions, we shall now  exam ine 
how  th e  changes in  th e  oxide s tru c tu re  can be ch a rac te rized  b y  th e  s tre tch in g  
frequencies of th e  te rm in a l W —О bonds, w hich are m ost sensitive  to  th e  changes 
of s tru c tu ra l p ro p ertie s  [22 — 24], considering now  all th e  tu n g s te n  oxides 
falling in to  th e  1 [> x  >- 0 range as a unified  sy stem . W hen  th e  h ighest fre ­
quency  b an d s o f th e  W - 0  s tre tch in g  v ib ra tio n s are p lo tte d  ag a in s t one of th e  
oxygen indexes, e.g. th e  О : W  ra tio , th e  re la tionsh ip  show n in  F ig . 5 is ob ta in ed . 
The to ta l  range re le v a n t to  th e  triox ide  m od ifica tions is m ark ed  w ith  a 
d o tte d  line. W hen  th e  m ean  value o f th is  reg ion , m a rk e d  w ith  a solid line, 
is ta k e n  as basis, i t  can  be seen th a t  th e  frequency  decreases g radua lly  from  
th e  tric lin ic  to  th e  te tra g o n a l m odification , i.e. to  x  0.06, an d  s ta rtin g  from  
th e  red u ced  oxides, th e  freq u en cy  increases rap id ly . T he rW —О v ib ra tio n a l 
frequency  belonging  to  th e  phases changes accord ing  to  a d is tin c t m axim um  
curve. R em ark ab ly , som e of th e  know n physical p ro p ertie s  o f tu n g s te n  oxides 
ex h ib it a b eh av io u r sim ilar to  th a t  show n in Fig. 5, from  w hich  i t  m igh t be
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Table Х1П

Change o f some physical characteristics o f the oxide series

Oxide Density 
g/cm* [25]

Thermal dilatation 
(30-350 °C) 10-e/°C 

[26]
W 0 cm-1

Triclinic 7.29 (W 0 3) 905
Monoclinic ] 7.17 (WOr98) 15.30 (W 03) 900
Orthorhombic | 870
Tetragonal 7.14 (WO,.96) 832
W20 0 58 7.16 0.2 925

^18^49 7.78 1.2 940
WO, 10.82 3.3 950

assu m ed  th a t  th e  p h en o m en a  can  be tra c e d  back  to  som e com m on cause, e.g. 
to  a p ro p e rty  of m a te ria l s tru c tu re . A ccording to  T ab le  X I I I ,  th e  m in im a of 
th e  d en sity  [25] an d  th e rm a l d i la ta tio n  [26] sim ilarly  fa ll in to  a reg ion  n ear 
th e  com position  of th e  te tra g o n a l ox ide.

F igure 5 d iv ides th e  1 x  0 range  in to  tw o sections, an d  th is , as will 
be  seen , can be co rre la ted  w ith  d e ta ile d  s tru c tu ra l in fo rm a tio n  gained  m ain ly  
fro m  X -ray  in v es tig a tio n s . A ccord ing  to  G a d ó  an d  M a g n é l i  [27], W 0 3 can 
dissolve oxygen deficiencies in  sm all co n cen tra tio n s as p o in t v acancies and, 
accord ing  to  Fig. 5, be tw een  я -va lues of 0 an d  0.06 th is  d is to r ts  th e  basic 
R e 0 3 ty p e  la ttic e . O n th e  o th e r h a n d , in  th e  1 x  0.06 reg ion , th e  h igher 
o x y g en  deficiency re su lts  in  a m ore ex tensive  la ttic e  re a rra n g e m e n t. T hus, 
w h en  oxygens are w ith d raw n  fro m  th e  sto ich iom etric  W 0 3, iso la ted  defect 
s ite s  are firs t c rea ted , an d  th e  po lym o rp h o u s m odifica tions o f th e  trio x id e  are 
fo rm ed . S ubsequen tly , th e  vacan c ies  are ordered  in  th e  la ttic e  o f tu n g s te n  
tr io x id e , p roducing  th e  so-called sh e a re d  s tru c tu re s  [10,28]. T he f irs t in d ep en d ­
e n t  phase of th is  reg ion  is W 20O58±0.02 [10]. The fo rm u la  o f th e  blue oxide 
h as  been  given in  th is  w ay , because  th e  com position  can  v a ry  ac tu a lly  from  
W 0 2.92 to  W 0 2.88 [29, 30], an d  th e  com position  W 20O58 belongs to  th e  idealized 
s tru c tu re  of the  oxides b e tw een  th e se  lim its. As a su m m ary , th e  conclusion 
h as  f in a lly  been d raw n  th a t  th e  m in im u m  ex h ib ited  in  F ig . 5 c o n stitu te s  a 
p a r t i t io n  from  th e  asp ec t of th e  m echan ism  and  s tru c tu re  of th e  inco rp o ra tio n  
o f  oxygen  deficiency.

The oxide of com position  W 10O 116, corresponding  to  sp ec tru m  2 in  Fig. 2, 
h as  n o t been d iscussed  so fa r. In  th is  oxide th e  v a len cy  o f tu n g s te n  an d  the  
o x y g en  deficiency are  id en tica l w ith  tho se  in  th e  b lue ox ide, th e re fo re , as far 
as F ig . 5 is concerned, th e  conclusions re lev an t to  th e  b lue oxide rem ain  valid . 
A ccord ing  to  th e  X -ra y  in v e s tig a tio n s  of G a d ó  [1 0 ] , i t  d iffers from  W 20O58 in 
t h a t  th e  e lem en ta ry  cell has d o u b led  in  d irec tion  b. I ts  fo rm a tio n  m igh t be
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caused b y  th e  o rdering  of oxygen v a c a n c y  sites or im p u ritie s . The in fra red  
sp ec tru m  su p p o rt th e  a ssum ption  th a t  th e  s tru c tu re  of W 40O 116 is in  essence 
th e  sam e as t h a t  ch a rac te ris tic  of W 20O5g, b u t  its  rW —О v ib ra tio n a l b a n d  a t  
925 c m -1  has sp lit, owing to  effects accom pany ing  th e  doubling of th e  cell.

I t  can  be seen, th ere fo re , th a t  even  if  no  concrete  s tru c tu ra l in fo rm atio n  
can  be o b ta in ed  from  th e  in fra red  sp ec tra  reco rded  in  th is  narro w  region, w ith  
th e  aid of su ita b ly  selected  spectra l ch a rac te ris tic s , o r r a th e r  th e ir  changes, 
o rien ta tiv e  in fo rm a tio n  m ay  be gained  a b o u t ce rta in  p rob lem s. T hus, i t  can  
he estab lished  am ong o thers, a t  w h a t com positions does som e s tru c tu ra l m o d ­
ifica tion  occur in  th e  su b stance . Curves s im ila r to  tho se  in  F ig . 5 can read ily  be 
in te rp re te d  w ith  th e  aid of su b seq u en t X -ra y  d a ta , an d  th u s , curves of th is  
ty p e  o ften  com plem en t th e  resu lts  o f X -ra y  d iffrac tio n  s tud ies [22 — 24].
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The mass spectrom etric behaviour of am inooxy-acetic acid and some of its de­
rivatives is discussed.

The fragm entation  of the free aminooxy acid is more com plicated th an  th a t of 
glycine. In  the derivatives, th e  fragm entation  of every bond of the stra igh t chain occurs, 
providing detailed inform ation about the sequence of atom s in th e  molecule.

In  the case of anilides numerous rearrangem ents have been observed, among 
them  m ethylene and m ethyl group m igration.

Introduction

The m ass sp ec tro m etric  s tu d y  of a-am inooxy  acids an d  th e ir  de riv a tiv es  
is in te re s tin g  owing to  th e  p rac tica l im p o rtan ce  of these  co m p o u n d s: 1. ce rta in  
de riv a tiv es  have p ro n o u n ced  tu b e rc u lo s ta tic  effects [1]; 2. in co rp o ra tio n  in to  
chains of pep tides w ith  bio logical a c tiv ity  perm its  s tu d ies  on “ s tru c tu re -e ffec t” 
co rre la tions [2]. A d e ta iled  s tu d y  of th e  m ass sp ec tra l b e h a v io u r  m ay help 
to  e lucidate  s tru c tu ra l p roblem s of th is  group of com pounds b y  m ass spec­
t ro m e try .

In  th e  p resen t p a p e r  th e  e lec tron  im p ac t-in d u ced  fra g m e n ta tio n  and  
re a rra n g em e n t of e ig h t re p re se n ta tiv e  com pounds of a p p ro x im a te ly  200 de­
riv a tiv e s  p repared  so fa r, described  b y  th e  general fo rm u la  X Y N -0 -C H 2-C 0-R  
a re  discussed.

Results and discussion

The m ass sp ec tra  of th e  sim p lest m em ber of th is  g roup , am inooxyace tic  
acid , an d  of th e  analogous a-am ino  acid , glycine [3], are show n in  F ig . 1. The 
m ass spec tru m  of th e  la t te r  is v e ry  sim ple owing to  th e  f ra g m e n ta tio n  d irec t­
ing  effect of th e  am ino g roup , an d  th e  frag m en ts  arise from  a single fission of 
th e  С—C bond  lead ing  to  a lte rn a tiv e  frag m en ts  from  w hich  th e  charge is p re f­
e ren tia lly  localized in  th e  ‘a m in o p a r t’. The fra g m e n ta tio n  of com pound I 
re su lts  in  a n u m b er of fra g m e n t ions, w hich  are p ro d u ced  from  th e  m olecular 
ions in  com petitive  an d  consecu tive  d issocia tion  processes. T he decom position  
p a t te rn  based  on th e  e lem en ta l com position  of th e  fra g m e n t ion  de te rm ined  
b y  e x a c t m ass m easu rem en ts  is p re sen ted  in  Schem e 1.
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C om pounds ex am in ed :

X\
N—O—CHa-C—R 

/  II

R

I

II

I I I

IV

V

VI

VII

VIII

H H

(CH3)2C\

H H

OH

HN—NH2

HN—О—(СНг)пСНз

I t  is ch a rac te ris tic  fo r th e  fra g m e n ta tio n  th a t ,  beside w a te r  e lim ination , 
fissions ‘a’ and  ‘c’ o ccu r as co m petitive  p rim ary  f ra g m e n ta tio n  p a th w ay s , 
w hile fission ‘d’ (loss o f N H  an d  N H 3) tak es  place only  in  seco n d ary  dissociation  
processes (leading to  ions a t m /e 31 an d  29). The m/e 60 ion  is p roduced  from  
th e  m olecular ion via  a M cL afferty  rea rran g em en t (y -H  m ig ra tio n ) process.

The presence o f th e  d iverse  frag m en ta tio n  p a th w a y s  is in  accordance 
w ith  th e  w eaker b a s ic ity  o f th e  am inooxy  group in  a -am in o o x y  acids: th e  lo­
ca liza tio n  of the  p o sitiv e  charge on th is  group is less f re q u e n t th a n  th a t  on th e  
am in o  group of am ino  acids, an d  th u s  th e  fra g m e n ta tio n  is n o t d irec ted  e x ­
clu sively  by  the  am in o o x y  group  even  in  th e  case of th e  free acid  [4].

This is tru e  ev en  m ore fo r th e  d eriva tives, w hich show  considerab ly  d if­
fe re n t  mass sp ec tro m e tric  b eh av io u r th a n  does com pound  I. T he m olecular ion 
o f th e  anilide of am in o o x y ace tic  acid (II) shows a h igh  s ta b ili ty  (F ig. 2a).
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Fig. 1. 70 eV m ass spectra of glycine fa ,  ref. [3]) and compound I  (b)  
(Iso tope peaks are no t shown in the figures)
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H ere , s im ilarly  to  ace tan ilid e , th e  m ain  fra g m e n ta tio n  p a th w a y  is th e  fo rm a­
tio n  o f th e  aniline m o lecu la r ion a t  m /e 93. F u r th e rm o re , fission  ‘d ’ (loss of 
N H  or N H 3) tak es  p lace  as a p rim ary  process. In  th e  fo rm a tio n  of th e  m /e 135 
ion  arising  from  c leavage ‘c’ w ith  H  m ig ra tio n , th e  p ro to n  tra n s fe r  m ost p ro b ­
ab ly  occurs th ro u g h  a six-m em bered  cyclic tra n s it io n  s ta te  (y-H  tran s itio n ). 
H ence th e  s tru c tu re  o f  th e  re su lting  ions d iffers from  th a t  of th e  m olecular 
io n  o f acetan ilide . T he hom oly tic  version o f fission  ‘c’ leads to  th e  ion a t m/e 
134. Ow ing to  its  ra d ic a l ch a rac te r, th is  ion  is less stab le  an d  decom poses in  a 
n u m b e r of f ra g m e n ta tio n  p a th w ay s (see F ig . 2a). A m ong th ese  processes th e  
e lim in a tio n  of a CO m olecule also occurs, in d ic a tin g  its  s tro n g  ten d en cy  to  
rea rra n g em e n t. The la t te r  process lead ing  to  th e  m /e 106 ion  can be ra tiona lized  
in  te rm s of m e th y len e  group m igra tion :

F u r th e r  decom position  of th e  m/e 106 ion  (loss of H CN ) renders ro u te  a 
m ore p robab le .

In  th e  m ass sp e c tru m  of acetan ilide th e  m /e 106 ion  does n o t ap p ear, 
in d irec tly  su p p o rtin g  t h a t  th e  s tru c tu re  o f th e  (M —1) + ion  of acetan ilide (1% ) 
differs from  th a t  o f th e  m /e 134 ion observed  in  th e  m ass sp ec tru m  of com ­
p o u n d  II.

The ion  a t m /e 119 corresponds to  th e  m olecu lar ion  of pheny lisocyana te  
an d  b y  e lim ina tion  of CO gives rise to  th e  CeH 5N +  n itro n iu m  cation  a t m/e 91.

F o r com pound  III th e  m ain  p rim ary  fra g m e n ta tio n  process is the  elim i­
n a tio n  of ke tene  from  ace ty l group. F u r th e r  decom positions lead  to  the  sam e 
ions as does th e  fra g m e n ta tio n  of com pound  II (see F ig . 2b). The differences 
in  th e  re la tiv e  ab u n d an ces  of th e  com m on ions o f com pounds II and  III m ay  
be due to  th e  d iffe ren t p a th w ay s  of th e ir  orig ins an d  to  th e  d ifferen t s tab ilities  
o f th e  n e u tra l p a r ts  p roduced .
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In  th e  m ass sp e c tru m  of com pound  IV an exceedingly  large n u m b e r o f  
p eak s  ap p ear (see Fig. 3), ow ing to  th e  presence of th e  ori/io -m ethoxy g roup  
(ortho effect). Several p eak s  are fo u n d  to  be doub le ts, e.g. th e  peaks a t  m /e 134 
a n d  121 correspond to  ions C8H gN O + an d  G jtfjN O Í in  an  a b u n d an ce  ra tio  
o f  2 : 1 an d  to  ions C7H 7N O  + an d  CgH 90  + in  th e  ra tio  of 3 : 1, re sp ec tiv e ly . 
U sing  th e  num erous m e ta s ta b le  peaks d e tec ted  in  th e  m ass sp ec tru m , a d e ta iled  
f ra g m e n ta tio n  schem e a n d  a n u m b e r of in te restin g  decom position  p a th w a y s

Fig. 3. 70 eV mass spectrum  of compound IV

w ere  deduced . P a r t  of th e  m ain  d issocia tion  processes is com plete ly  analogous 
to  th o se  for com pound II: from  th e  m /e 164 ion, w hich is th e  m e th o x y  s u b s t i tu t ­
ed  version  of th e  m/e 134 ion  observed  fo r com pound II, th e  e lim in a tio n  of CO 
also  occurs, giving rise to  an  ion  a t  m /e 136. The loss of C H 20  from  th e  m /e 
164 ion  yields the  ion a t  m /e 134 correspond ing  to  th a t  o f com pound  II. T he 
k n o w n  frag m en ta tio n  series ch a ra c te ris tic  for o- and  />-anisidines [5] is also 
p re se n t in  th e  sp ec tru m :

123
- C H ,

*
1 0 8 -------> 80*

Som e p a rtic u la r  re a rra n g em e n ts  h av e  also been observed . The m /e 150 is 
cap ab le  of losing a m e th a n e  m olecule:

OCH3 

m/e 150
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The loss of CH O  from  th e  ion a t  m /e 149 is fo llow ed b y  the  e lim in a tio n  
of CO. This process appears to  involve m ethy lene  m ig ra tio n :

< У

:CH2

m/e 92

-C O
W

m/e 120

The follow ing process is in te rp re te d  b y  m eth y l g roup  transfer:

T hese rea rran g em en ts  can n o t be observed  in  th e  mass sp ec tru m  o f 
o -m eth o x y ace tan ilid e .

The m ass sp e c tra  of com pounds V to  V III show  m olecular ions b u t  th e ir  
abundances d ep en d  s trong ly  on th e  n a tu re  of su b s ti tu e n ts  (Figs 4 to  7). T he 
frag m en ta tio n  o f th e se  com pounds is m uch sim pler th a n  th a t  of th e  fo rm er. 
A lthough  some of th e  sp ec tra  co n ta in  a g rea t n u m b e r o f fragm en t peak s, e.g. 
th e  m ass sp ec tru m  of com pound V III, m ost frag m en ts  are form ed b y  sim ple 
hom oly tic  cleavage o f th e  skeleton  or b y  fission w ith  H -transfe r. As none o f
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Fig. 4. 70 eV mass spectrum  of compound V

Fig. 6. 70 eV mass spectrum  of compound VII
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Fig. 7. 70 eV mass spectrum  of compound VIII

th e  groups exerts  a d o m in a n t frag m en ta tio n -d irec tin g  effec t, th e  sp littin g  of 
a lm o st every  bond  of th e  s tra ig h t chain  m ay  occur.

T herefore, d e ta iled  in fo rm a tio n  a b o u t th e  sequence o f a tom s in  th e  m ol­
ecule can  be o b ta in ed  from  th e  h igh  reso lu tion  m ass sp e c tra  of th ese  com ­
p o u nds. The mass sp ec tra  of com pounds I I  and  IV also c o n ta in  a large am o u n t 
o f in fo rm ation , b u t  th e  s tru c tu ra l co rre la tions are m ore co m plica ted  because 
of th e  g rea t n u m b er of rea rran g em en ts .

Some re a rran g em en t reac tio n s w ere also found  in  th e  m ass sp ec tra  of 
com pounds V to  V III, o f w hich th e  follow ing are w o rth  m en tion ing . In  the  
case of com pound VI th e  ion  a t  m /e 257 is form ed from  th e  m olecu lar ion  via  
e lim ina tion  of a n e u tra l p a r t  o f e lem en ta l com position  C2H 2N 20 2. This process 
involves a skeletal re a rra n g em e n t sim ilar to  th e  o b serv ed  loss of S 0 2 w ith  
ary lsu lfonam ides [6].

E xperim en ta l

The m ass sp ec tra  w ere o b ta in ed  on an  A E I M S-902 double focusing in ­
s tru m e n t, opera tin g  a t  70 eV. The com pounds were in tro d u c e d  via  th e  d irect 
in se rtio n  probe, th e  te m p e ra tu re  of th e  ion iza tion  ch am b er w as 160°—180 °C. 
T he ex ac t m ass m easu rem en ts  were carried  ou t w ith  an  accu racy  of 2 — 3 ppm . 
C om pounds I  to  V III w ere p rep a red  accord ing  to  R ef. [7].
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pH-METRIC STUDIES ON THE MIXED-LIGAND 
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pH -m etric studies are described on th e  in teraction  of oxovanadium (IV) w ith 
picolinic acid in  the absence and presence of some dicarboxylic acids (oxalic, ph thalic  
and maleic acids) a t 30± 0 .5  °C (ji =  0.1 K N 0 3). The form ation of 1 : 1 as well as 1 : 2 
(V 0 2+ : picolinic acid) complexes (log iCjyiA =  5.93 ±  0.02 and log -КмАг — 5.24 ±  0.11) 
are indicated by these studies. The equilibrium  constant for the reaction, VOA+ +  
+  H 20  ^±VO(OH)A -f- H + has been calculated as 3 .97± 0.08  in  the 1 : 1 V 0 2+-pico- 
linic acid system . The form ation of 1 : 1 : 1 mixed ligand complexes is shown in  the 
ternary  systems studied and their fo rm ation  constants have been evaluated.

Acta Chimica Academiae Scientiarum  Hungaricae , 84 (4 ) , pp . 419—430 (1975)

In tro d u c tio n

p H -m e tric  stud ies on th e  sy stem s, V 0 2+— am inopo lycarboxy lic  acids 
an d  V 0 2+ -d ica rb o x y lic  acids were described  in  earlie r com m unications [1, 2] 
from  th ese  lab o ra to rie s . In  th e  p re se n t co m m unica tion , p o ten tio m e tric  s tu d ie s  
on th e  in te ra c tio n  of v an ad y l ion  w ith  p icolinic acid  in  th e  absence a n d  p re s ­
ence o f an  eq u im o lar co n cen tra tio n  of d icarboxy lic  acids (oxalic, p h th a lic  
an d  m aleic acids) have  been  d escribed . Such stud ies do n o t appear in  th e  l i te r ­
a tu re , a lth o u g h  sp ec tro p h o to m e tric  a n d  p o la rog raph ic  stud ies on th e  1 : 1 
V 0 2+-p ico lin ic  acid  system  have been  re p o rte d  [3].

E xp erim en ta l

A sto ck  so lu tion  of van ad y l su lp h a te  (B D H ) was p rep a red  w ith  b id is tilled  
w a te r an d  s ta n d a rd iz e d  as described in  an  earlie r com m unication  [1]. So lu tions 
of picolinic (F lu k a  p u ru m ), oxalic (A n a laR  B D H ), p h th a lic  (B D H ) an d  m aleic  
(B urgoyne) acids were p rep ared  b y  d irec t w eighing an d  s tan d ard ized  p o ten - 
tio m e trica lly  ag a in st a s ta n d a rd  K O H  so lu tion . The p H -titra tio n s  w ere ca rr ied  
ou t a t  3 0 + 0 .5  °C w ith  a C am bridge p H -m e te r  s ta n d a rd iz e d  against a 0.05 M  
so lu tion  o f p o tass iu m  hydrogen  p h th a la te  (A nalaB  B D H ). The ionic s tre n g th  
of all th e  so lu tions w as k e p t c o n s ta n t (p  =  0.1 K N O s) b y  adding  5 m l o f 1 M  
p o tassiu m  n itra te  to  each  so lu tion  a n d  using  low  co n cen tra tio n s of th e  lig an d  
an d  th e  m e ta l ion. The fin a l volum e w as alw ays k e p t c o n s ta n t (50 ml) b y  d ilu t­
ing  w ith  req u ired  volum e of b id is tilled  w a te r.
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R esults and  d iscussion

C urve 1, F ig . 1 rep resen ts  th e  p o te n tio m e tr ic  t i tra tio n  of picolinic acid  
w ith  0.1 M  K O H  a n d  ex h ib its  a sharp  in flec tio n  a t  m  =  1 (w here m  rep re sen ts  
th e  N o. o f moles o f b a se  added p er m ole o f th e  m eta l ion). The d issociation  
c o n s ta n t  к  of th e  ac id  w as calcu la ted  b y  th e  m e th o d  of Ch a b e r e k  an d  M a r t e l l  
(4]. T he p k  was fo u n d  to  be 5.28 +  0.02.

Fig. 1. Potentiom etric titra tio n  curves of the norm al and mixed-ligand chelate system s of 
oxovanadium (IV ) w ith picolinic and oxalic acids as ligands. Curve 1, picolinic acid; 2,1 : 1 
VO(IV)-picolinic acid; 3, oxalic acid; 4, 1 : 1 VO(IV)-oxalic acid; 5, 1 : 1 : 1  VO(IV)-oxalic 
acid—picolinic acid; 6, 1 : 2 VO(IV)-picolinic acid; m =  moles of base added per mole of m etal

ion

C urve 2, F ig . I rep resen ts  th e  p o te n tio m e tric  t i tra tio n  of th e  so lu tion  
c o n ta in in g  eq u im olar q u an titie s  of v a n a d y l su lp h a te  and  picolinic acid an d  
e x h ib its  a w eak in flec tio n  a t m  =  1 fo llow ed by  a buffer reg ion  te rm in a tin g  
in  a second  in flec tio n  a t  m  2. The f irs t  in flec tion  m ay be a t tr ib u te d  to  th e  
fo rm a tio n  of a 1 : 1 com plex  and  th e  re a c tio n  m ay  be rep resen ted  as:
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T he second in flec tion  a t m  =  2 p ro b a b ly  ind icates th e  fo rm a tio n  of a h y d roxo  
d e riv a tiv e  an d  th e  reac tio n  m ay  be ind ica ted  as:

T he poor in flec tion  a t  m =  1 show s th a t  the fo rm atio n  o f 1 : 1 chelate  and  its  
hydro lysis overlap  w ith  each o th e r. The fo rm ation  of th e  above species is su p ­
p o rted  b y  th e  analysis of th e  p o ten tio m e tric  d a ta  g iven below :

In  th e  in itia l stages th e  re a c tio n  m ay be rep re sen ted  as:

V 0 2+ +  H A  ^  VOA+ +  H +  (iii)

w here H A  s tan d s  for the  p icolinic acid. The equ ilib rium  c o n s ta n t, K j of th e  
reac tio n  m ay  be expressed  as:

[УОА+] [H+] 

[V 0 2+] [H A ] ( 1 )

The fo rm atio n  c o n s tan t, K m a  of th e  chelate m ay be g iven b y :

К MA —
[VOA+] 

[V 0 2+] [A "]
( 2)

T he dissociation  co n stan t к o f th e  acid m ay be exp ressed  as:

j. [ н +] ГА~]
[H A ]

(3 )

I f  TM rep resen ts  th e  to ta l  c o n c e n tra tio n  of all th e  m eta l species, TA th a t  of 
v a rious ligand  species and  if  Т он  be th e  co n cen tra tio n  o f th e  base  added  to  
th e  reac tio n  m ix tu re  during  th e  t i t r a t io n , it m ay be show n th a t :

T M =  [V 0 2+] +  [VO A] (4)

Тон +  [H + ] =  [VO A] +  [A - ] (5)

TA =  [H A ] +  [A -]  +  [VO A] (6)

I n  the  pH  range stu d ied , co n c e n tra tio n  of OH an d  th e  h y d ro ly zed  species 
o f  th e  v anad y l ion were negligible as com pared  to  o th e r  species p resen t in  th e
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re a c tio n  m ix tu re . F ro m  th e  above re la tions i t  m ay  be show n th a t :

[H A ] =  T M -  T 0H -  [H  + ] (7)

a n d [ V 0 2+] =  (T M -  T OH -  [H +]) (1 +  — )
[H +J

(8)

T h e  concen tra tions o f o th e r  species p resen t in  th e  so lu tio n  m a y  be determ ined  
a lg eb ra ica lly  from  e q u a tio n s  (4) — (6) and  also th e  values o f K x an d  K ^ a - The 

ca lc u la ted  values are p K 1 =  1.35 +  0.02 and  log K ma =  5.93 +  0.02.

H ydro lysis o f th e  ( 1 : 1 )  chelate

A gradual increase in  th e  values of lo g X MA a t m >  0.2, p ro b a b ly  indicates 
t h a t  th e  norm al 1 : 1 ch e la te  undergoes hydro lysis w ith  th e  fo rm atio n  of a 
h y d ro x o  com plex a n d  th e  so lu tion  becom es m ore acidic th a n  i t  w ould be in 
th e  absence of h y d ro ly zed  species. The h y d ro ly tic  reac tio n  m a y  be rep resen ted  
a s :

У О А + +  H 20  ^  V O (O H )A  +  H  + (iv)

T h e  hydrolysis c o n s ta n t, K h  m ay  he expressed  as:

[VO (О Н ) A] [H+] 

[VOA+]

T h e  overall reac tio n  in  th e  system  m ay  be w ritten  as:

V 0 2+ +  H A  +  H 20  ^  V O (O H )A  +  2 H  +

(9)

(vi)

T h e  equilibrium  c o n s ta n t for th is  reac tio n  m ay  be g iven b y :

=  _[VO(OH)A] [Н+Г
[V 0 2+] [H A ] v '

T h e  following e q u a tio n s  are o b ta in ed  from  th e  u su a l m a te r ia l b a lance :

r M =  [V 0 2+] +  [VOA+] +  [V O (O H )A ] (11)

Т он  +  [H  + ] =  [VOA+] +  2[V O (O H )A ] +  [A - ] (12)

Т а  =  [H A ] +  [A -]  +  [VOA+] +  [V O (O H )A ] (13)
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C om bination  of eq u a tio n s  (1), (3) and  (11) (13) gives:

a [V 0 2 + ] + +  b [V 0 2 + ] -  c =  0

w h ere  a = K y
2 +

к

[H+]

с = ( 2 Т м - Г о н - [ Н + ] )  |1

[H +]

к

and

[H +]

(14)

A fte r  de te rm in in g  th e  co n cen tra tio n  o f free v a n a d y l ions, con cen tra tio n s o f 
o th e r  species p re se n t in  th e  equ ilib rium  m ix tu re  can  be calcu la ted  from  th e  
above equa tions an d  also th e  values of Ky, and  K h (—log Ky, =  3.97 +  0.08 an d  
- l o g  K H =  3.32 +  0.08).

W hen tw o m oles of picolinic acid are t i t r a te d  in  th e  presence of a single 
m ole of v a n a d y l su lp h a te  (Fig. 1, curve 6), a sharp  in flec tio n  a t m  =  2 is ob ­
se rv ed  and  th is  m ay  be a ttr ib u te d  to  th e  fo rm a tio n  of 1 : 2 (m etal : ligand) com ­
p le x  in  accordance w ith  th e  eq u a tio n :

YOA+ +  H A  ^  VOA2 +  H  +

E q u ilib riu m  c o n s ta n t K 2 of th e  reac tio n  m ay  be ex p ressed  as:

K  =  [V O A 2] [H +]
2 [V O A +] [H A ]

K , th e  equ ilib rium  c o n s ta n t of th e  overa ll reac tio n :

(vi)

(15)

Y 0 2+ +  2 H A  ^  VOA2 +  2 H +  (vii)
m a y  be defined as:

[Y O A 2] [ H +]2_

[V02+] [HA]2

A ssum ing th a t  o n ly  m ononuclear m e ta l ch ela te  species are  form ed in  th e  sy s­
te m , th e  follow ing eq u a tio n s  are o b ta in ed  fo r m a in ta in in g  th e  m ateria l b a lan ce :

r M =  [V 02+] +  [VOA+] +  [VO(OH)A] +  [V OA?] (17) 

Т о н  +  [H + ] =  [VOA+] +  2[VO(OH)A] +  2[VOA2] +  [A~] (18)

T  л =  [HA] +  [A -] +  [VOA+] +  [VO(OH)A] +  2[VOA2] (19)

In  th e  p H  range s tu d ie d , co n cen tra tio n s of O H -  a n d  hydro lyzed  species of 
th e  v an ad y l ion w ere negligible in  com parison  w ith  th o se  of o th e r species
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p re se n t in  th e  so lu tion . U sing th e  e q u a tio n s  (1), (3), (10) an d  (17) (19), i t
m a y  be show n th a t :

o [Y 0 2 + ] 2 -  6 [V 0 2 + ] +  c =  0

w here  a =  — , b 
[H +]2

=  2 +  (2 TM _ T OH [H +])

a n d  c =  (2TM —  T OH - [H +])
'
1 +

к
[H +]

[H+]

( 20)

K H

[H+? .

C o m p u ta tio n  of th e  eq u ilib riu m  c o n cen tra tio n  o f th e  free v a n a d y l ions p re se n t 
in  th e  so lu tion  could  be m ade b y  solving e q u a tio n  (20). T he co n c e n tra tio n  o f  

o th e r  species can th e n  be ca lcu la ted  and  th e  values of —log К  =  1.39 +  0.11 
an d  —log K 2 — 0.04 +  0.11 could th u s  be de te rm in ed  from  th e  various p o in ts  
o f th e  t i t ra t io n  curve.

Stability of (1 : 2) chelate

F o rm a tio n  c o n s ta n t, í Cma2 ° f  th e  1 : 2 com plex and  th e  overall s ta b ili ty  
c o n s ta n t ß2 o f th e  m e ta l chela te  m ay  be d efin ed  as:

( 21) 

( 22)

U sing  expressions (3), (15) and (16), it  m ay  be show n th a t ,

m d

^MAa

ß l =

[V O A 2]

[VOA+] [A -]

_[VOAjj]___
[V 0 2+] [ A - ] 2

an d

К m a 2

A

К., 

к 

К  

к 2

(23)

(24)

T he va lu es  of log K ma2 an d  log ß2 were fo u n d  to  be 5.24 +  0.11 a n d  11.17 + 0 .1 1  
resp ec tiv e ly .

Mixed ligand chelates

Curve 3, Figs 1, 2 an d  3 rep resen ts  th e  p o ten tio m etric  t i t r a t io n  of th e  
d icarb o x y lic  acids w ith  K O H  an d  curve 4, F igs 1, 2 and  3 of v a n a d y l su lp h a te  
in  th e  presence of an  eq u im olar c o n cen tra tio n  of oxalic, p h th a lic  or m aleic
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Fig. 2. Potentiom etrie titra tion  curves of 
the norm al and mixed-ligand chelate system s 
of oxovanadium (IY) having picolinic and 
ph tha lic  acids as ligands. Curve 1, picolinic 
acid; 2, 1 : 1  VO(IV)-picolinic acid; 3,
ph thalic  acid; 4, VO(IV)—phthalic acid; 5, 
1 : 1 : 1  YO(IV)-picolinic acid-phthalic  acid; 
m =  moles of base added per mole of m etal ion

Fig. 3. Potentiom etrie titra tio n  curves of 
the norm al and m ixed-ligand chelate system s 
of oxovanadium (lY) w ith picolinic and m a­
leic acids as ligands. Curve 1, picolinic acid; 
2, 1 : 1 VO(IV)-picolinic acid; 3, maleic acid; 
4, YO(IV)-maleic acid; 5, 1 : 1 : 1  VO(IV)- 
picolinic acid-m aleic acid; m =  moles of base 

added per mole of m etal ion

acids, respective ly . The ca lcu la tio n  of dissociation  c o n s ta n ts  o f acids, eq u ilib ­
r iu m , chelate  fo rm atio n  and  h y d ro lysis  c o n s ta n t for 1 : 1 V 0 2+ — d icarboxy l- 
ic ac id  sy s te m s  have been  described  in  an  earlier com m u n ica tio n  [2] (Table I).

Curve 5, Figs 1, 2 and  3 rep re sen ts  th e  p o ten tio m e tric  t i t r a t io n  of v a n ad y l 
su lp h a te  in  th e  presence of an  eq u im o lar co n cen tra tio n  of picolinic acid an d  
one of th e  d icarboxylic  acids (H 2L) used . I t  can  be in ferred  from  th e  com parison

Table I

Dissociation constants o f the ligands and equilibrium and hydrolysis constants o f 1 : 1
V 0 2+-oxalic acid chelate

Ligand p k 1 p k 2 -  bg X, - log -Kr

Oxalic acid 1.66 ±0.05 3.90±0.02 0.91 ±0 .07 4.49 ±0.02
Phthalic acid 2.89±0.02 5.04±0.01 - —
Maleic acid 2.23±0.02 5.97±0.04 — —
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o f cu rve  5 w ith th e  com p o site  curve rep re sen tin g  th e  t i t ra t io n s  of th e  free 
lig a n d  and  the  b in a ry  sy s te m  th a t  th e  fo rm a tio n  of a m ix ed  ligand  chelate ,
M A L, is th e  only p o ss ib ility  in  th e  m ixed system s s tu d ied . F u r th e r , from  th e  
an a ly s is  of the p o te n tio m e tr ic  curves and  th e  s ta b ility  c o n s ta n ts  d e te rm in a tio n  
o f  th e  chelates V O A + ,V O L  an d  V O A L - , i t  m ay  be show n th a t  a t  th e  in itia l 
s tag es  of the  t i t r a t io n  o f  1 : 1 : 1 V O 2+— oxalic ac id -p ico lin ic  acid  system , th e  
co n cen tra tio n  of m ixed  lig an d  chelate  V O A L -  is low er th a n  th a t  o f VOL and  
th e  fo rm ation  of th e  m ix ed  ligand  chelate, th e re fo re , occurs th ro u g h  th e  fo rm a­
tio n  of 1 : 1 V 0 2+—o x alic  acid  chelate. H ow ever, in  o th e r  cases viz. V 0 2+— 
pico lin ic  ac id -p h th a lic  ac id  an d  V 0 2+-p ico lin ic  ac id -m ale ic  ac id  system s, th e  
m ix ed  ligand chelate  fo rm a tio n  occurs th ro u g h  th e  fo rm a tio n  of 1 : 1 V 0 2 + 
—picolin ic acid che la te .

(i) Calculation o f  equilibrium  constant fo r  V O 2+—oxalic acid—picolin ic  acid

In  the v an ad y l su lp h a te —oxalic acid sy stem , fo rm a tio n  of 1 :1  V 0 2+— 
o x alic  acid chelate m a y  be  rep resen ted  as:

w here H 2L rep resen ts th e  d icarboxylic  acid. T he eq u ilib riu m  c o n s ta n t of th e  
re a c tio n  m ay be ex p re ssed  as:

system

V 0 2+ +  H 2L ^  V O L +  2 H  + (viii)

[VOL] [H + ]2 

[V 0 2+] [IL L ]
(25)

T h e  hydro ly tic  re a c tio n  m ay  be rep resen ted  as:

V O L  +  H 20  ^  V O (O H )L -  +  H  + (ix)

a n d  th e  overall re a c tio n  in  th e  system  m ay  be w ritte n  as

V 0 2+ +  H 2L +  HoO ^  V O (O H )L - +  3 H  +

T h e  equilib rium  c o n s ta n t for th is  reac tio n  m ay  th e n  be g iven  b y

[V O (O H )L—] [H + ]3
(26)

[V 0 2+] [H 2L]

T h e  acid  dissociation c o n s ta n ts , fcj and  k2 of th e  d icarboxy lic  acids m ay  be given
b y
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T he fo rm a tio n  of th e  m ixed ligand  ch e la te  m ay  be rep re sen ted  as

VOL +  H A  ^  V O A L - +  H +  (xi)

an d  th e  overall re a c tio n  for th e  fo rm a tio n  of th e  m ixed  ligand  chelate  m ay  be 
w ritte n  as:

V 0 2 + +  H 2L +  H A  V O A L - +  3 H +  (xii)

I f  K ' an d  K "  be th e  
sp ec tiv e ly  th e n

equ ilib rium  c o n s ta n ts  o f th e  reac tio n s (xi) and  (xii) re-

[V O A L -] [H +] 

[V O L ] [H A ]
(27)

[V O A L -] [H + ]3 

[V 0 2+] [H 2L] [H A ]
(28)

O th e r p e r tin e n t e q u a tio n s  are

T M =  [V 0 2+] +  [VOL] +  [V O (O H )L -] +  [V O A L -] (29)

Т о н  +  [H + ] =  2 [VOL] +  3 [V O (O H )L -] +  3[V O A L ~] +  [H L ~ ] +

+  2 [L 2 - ] +  [A - ]  (30)

T A =  [HA] +  [A - ]  +  [V O A L -] (31)

T L =  [H 2L ] +  [H L -]  +  [L 2- ]  +  [VOL] +  [V O (O H )L -] +

+  [V O A L -] (32)

w here T l rep resen ts  th e  to ta l co n cen tra tio n  of th e  oxalic  acid. In  a 1 : 1 : 1 
reac tio n  m ix tu re  o f v a n ad y l su lp h a te , oxalic  acid  an d  picolinic acid, it m ay  be 
show n from  th e  above equations th a t

a [V 0 2 + ]°- +  b [V 0 2 + ] -  c =  0 (33)

w here a =
K ' kKU

[H+]2 [H+]4

and c = ( 3 T M~ T OH [H+])XY

&i kjc2

b =  2 X Y  +  Y
k^kfy

[ i i z Y [H+]
X

here  X  = 1 +
[H +] [H +] =

an d  Y =  1 +
[H +]
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(ii) Calculation o f  fo rm a tion  equilibrium  fo r  the systems, \ 0 2+—pico lin ic  acid—
phthalic or m aleic acids

As show n above, th e  fo rm atio n  o f 1 : 1 V 0 2+— picolinic acid chela te  m a y  
be rep re sen ted  as

V 0 2+ +  Н А  ^  VOA + +  H  +

T he fo rm a tio n  of th e  m ixed  ligand  ch e la te , in  these  cases, m ay  be rep re sen ted  as:

VOA+ +  H 2L ^  V O A L - +  2 H (xiii)

or overall reac tio n  for th e  fo rm ation  o f th e  m ixed  ligand  chela te  m ay  he w ritte n
as

V 0 2+ +  H A  +  H ,L  Y O A L - +  3 H +  (xiv^

I f  K '  an d  K "  be th e  equ ilib rium  c o n s ta n ts  o f th e  reactions (xiii) and  (x iv) re ­
sp ec tiv e ly  th e n

an d

K ’

K "  =

[V O A L ] [II  ]2 

[VOA+] [H 2L]

[V O A L -] [H + ]3

(34)

(35)
[V 0 2+] [H A ] [H 2L]

O th e r  p e r tin e n t eq u a tio n s  are

TM =  [V 0 2 + ] +  [V О A + ] +  [VO(OH)A] +  [V O A L -] (

Т о н  +  [H  + ] =  [YOA + ] +  2[V O (O H )A ] +  3 [V 0 A L -]  +  [H L _ ] +

+  2 [L 2 _ ] +  [A -]  (37)

T A =  [H A ] +  [A -]  +  [VOA + ] +  [VO(OH)A] +  [V O A L -] (38)

T L =  [H ,L ] +  [ H L - ]  +  [L 2~] +  [V O A L -] (39)

w here T L rep resen ts  th e  to ta l  c o n c e n tra tio n  of the  d icarboxylic  acids used  as 
seco n d ary  ligands. In  a 1 : 1 : 1 reac tio n  m ix tu re  of v a n ad y l su lp h a te , picolin ic 
ac id  and  a secondary  ligand , it  m ay  be show n th a t

w h ere  a =

b =

a [V 0 2 + ]2 +  6 [V 0 2 + ] c =  0

9 _L_ 1 __ + 1 k 1 k 2 K h" I
[H+] [H +] [H+]2 [H+]2

X Y  +  X  + J fcj k 2 Y
[H+]2

a n d  с =  (ЗТМ T OH [H + ])X Y

(4 0 )
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X  a n d  Y h a v e  th e  sam e n o ta tio n s  as in d ic a te d  e a rlie r . C o m p u ta t io n  o f  th e  
e q u ilib r iu m  c o n c e n tra t io n  o f free  v a n a d y l  ions p re se n t in  th e  r e a c t io n  m ix tu re  
c o u ld  be m a d e  b y  so lv in g  e q u a tio n s  (33) a n d  (40). C o n c e n tra t io n  o f  o th e r  
spec ies  ca n  th e n  be d e te rm in e d  a n d  th e  v a lu e s  o f K ' a n d  K ".

Stability of 1 : 1 : 1 m ixed ligand chelates

T h e s ta b i l i ty  c o n s ta n t  o f  th e  t e r n a r y  co m p lex  in  th e  V 0 2+— o x a lic  a c id -  
p ico lin ic  ac id  sy s te m  m a y  b e  d e f in e d  as

-KjVlAL
[V O A L -]  

[V O L ] [A7 ]

a n d  m a y  he d e te rm in e d  b y  th e  e x p re ss io n

К MAL
К '
к

H o w e v e r , in  case o f sy s te m s , V 0 2+—p ic o lin ic  a c id - p h th a l ic  o r  m a le ic  ac id s , 
fo rm a tio n  c o n s ta n t  m a y  be d e fin e d  as

[V O A L - ]

MAL [V O A + ] [L 2~]

a n d  m a y  be d e te rm in e d  b y  th e  e x p re s s io n

K 'К MAL кл к..

T h e  o v e ra ll s ta b i l i ty  c o n s ta n t  o f  th e  m ix e d  lig a n d  c h e la te

K '  [VOAL-]
MAL [ V 0 2+] [A -]  [L 2- ]

m a y  b e  c a lc u la te d  fro m  th e  e x p re ss io n

^ M A L  —
K"

к ky k2

T h e  v a lu e s  o f e q u ilib r iu m  a n d  c h e la te  fo rm a tio n  c o n s ta n t o f  th e  te r n a r y  ch e la te s  
a re  p re s e n te d  in  T ab le  I I .

Acta  C h im . (B u d a p e s t)  8 4 , 1975



430 SIN G H , TANDON: pH -M ETRIC STU D IES

Table II

E quilibrium  and chelate form ation  constants o f  m ixed-ligand chelates

System -log K ' -log K ’ •°g aTmal log К жА.Ь

V 0 2-oxalic  acid-picolin ic acid 1 .3 5 ± 0 .0 7 0 .4 4 ± 0 .0 7 5 .7 5 ± 0 .0 7 10 .4 0 ± 0 .0 7
V 0 2+ -picolinic ac id -p h th a lic  acid 4 .3 8 ± 0 .1 4 3 .7 3 ± 0 .1 4 3 .5 5 ± 0 .1 4 9 .4 8 ± 0 .1 4
V 0 2+ -p icolinic acid -m aleic  acid 3 .6 0 ± 0 .1 2 2.95 ± 0 .1 4 4 .6 0 ± 0 .1 2 1 0 .53± 0 .12

I n  case o f  V O 2+—o x alic  ac id —p ico lin ic  a c id  s y s te m  (cu rv e  5, F ig . 1), a  
s h a rp  in f le c tio n  a t  m  =  3 m a y  b e  a t t r ib u te d  to  th e  c o m p le te  n e u tra l iz a tio n  
o f  b o th  th e  p r o to n s  o f  o x a lic  ac id  a n d  one o f  p ic o lin ic  a c id  l ib e ra te d  as a r e s u l t  
o f  c h e la tio n  in  a c c o rd a n c e  w ith  th e  e q u a t io n :

y o 2+ +
COOH
I

COOH
- 3 H  +

C o m p le te  fo rm a tio n  o f  th e  m ix e d  l ig a n d  c h e la te  th u s  o c c u rs  a t  m — 3. H o w ­
e v e r , in  o th e r  ca se s  n o  in f le c tio n  a t  th is  s ta g e  in d ic a te s  th e  d ec o m p o s itio n  o f  
th e  m ix e d  l ig a n d  c h e la te  in to  o th e r  sp ec ie s , w h ic h  is a lso  s u p p o r te d  b y  th e  
g ra d u a l  d ecrease  in  th e  v a lu e s  o f  th e  s ta b i l i ty  c o n s ta n ts  o f  th e  te r n a r y  c h e la te s  
a t  m  1.6 a n d  1.4 h a v in g  p h th a lic  a n d  m a le ic  ac id s  re s p e c tiv e ly  as s e c o n d ­
a r y  lig an d s.

T he d a ta  sh o w  th e  fo llow ing  o rd e r  o f  s ta b i l i ty  o f th e  m ix e d  lig a n d  c h e la te s  
in  te rm s  o f th e  s e c o n d a ry  lig a n d s :

m a le ic  ac id  >  p h th a l ic  ac id .

T h is  is in  a c c o rd a n c e  w ith  th e ir  r e la t iv e  b a s ic i tie s  as o b se rv e d  in  th e  case  o f  
b in a ry  co m p lex es a lso .

*

T he au th o rs  a re  g ra te fu l to  P rof. R . C. Me h r o tr a , H ead  of th e  C hem istry  D e p a rtm en t, 
U n iv ersity  of R a ja s th a n , J a ip u r  and  th e  au th o ritie s  o f J .  У . College, B a ra u t  (M eerut) fo r p ro ­
v id in g  th e  necessary  facilitie s. T he fin an c ia l assistance  from  U . G. C. N ew  Delhi is also g ra te ­
fu lly  acknow ledged.
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A th e rm a l d eso rp tion  a p p a ra tu s  invo lv ing  a fu rn ace  an d  de tec to r o f  spec ia l 
design  w as c o n s tru c ted  to  de term ine  th e  a m o u n t an d  fo rm s of hydrogen  so rb ed  on  
h y d ro g en a tio n  c a ta ly s ts . A com m ercial p la tin u m  re s is tan ce  th erm o m eter w as b u ilt  
in to  th e  d e te c to r. A special p rocedure  w as em ployed  to  c o a t th e  ex te rn a l su rface  o f  
th e  ceram ic cover o f th e  resistance  in  th e  m easu ring  c h am b er w ith  a p la tin u m  c a ta ly s t  
o f h igh  se n sitiv ity  an d  long life-tim e. T he sen sitiv ity  of th e  d e te c to r  is two o rders h ig h er 
th a n  th a t  o f th e rm a l co n d u ctiv ity  cells. T he rep ro d u c ib ility  o f th e  resu lts  o b ta in e d  
w ith  th e  a p p a ra tu s  is good, th e  differences fro m  th e  av erage  v a lu e  being w ith in  1 0 % .

On tra d it io n a l  and copper-p rom oted  R a n ey  nickels b o th  w eakly an d  s tro n g ly  
b o u n d  h y d ro g en s w ere d e tected , while a th ird  ty p e  of h y d ro g e n  was also o b se rv ed  on 
c a ta ly s ts  p re p a re d  from  N i-M g an d  Ni - Zn alloys. O n th ese  la t te r  ca ta ly sts  th e  to ta l  
a m o u n t o f h y d ro g en  is su b s tan tia lly  less th a n  on those  p re p a re d  from  N i-A l alloys.

F u r th e r  ex am in atio n s in  th is  fie ld  a re  in  progress.

Introduction

T h e  c a ta ly t ic  p ro p e r tie s  o f h y d ro g e n a tio n  c a ta ly s ts  a re  closely  c o n n e c te d  
w ith  th e  h y d ro g e n  so rb e d  on  th e ir  su rfa ce s  d u r in g  th e i r  p r e p a ra t io n  a n d  r e a c ­
tio n s . M an y  m e th o d s  h a v e  b e e n  d e v e lo p e d  to  d e te rm in e  th e  a m o u n t o f  h y d r o ­
gen  a n d  to  s tu d y  th e  n a tu re  o f  so rp tio n . I n  th e  c h e m ic a l [1, 2] a n d  e le c tro ­
ch e m ic a l [3] p ro c e d u re s  th e  c a ta ly s t  su rfa c e  m a y  also  u n d e rg o  chem ical t r a n s ­
fo rm a tio n , a n d  th u s  th e  re s u lts  c a n  b e  so m e w h a t u n c e r ta in .  T he h y d ro g e n  
so rb e d  on  e le c tr ic a lly  c o n d u c tin g  m e ta l  f i la m e n ts  h a s  b e e n  in v e s tig a te d  in  
v a c u u m  b y  f la s h -d e s o rp t io n  [4].

T h e  a d s o rp tio n  a n d  d e so rp tio n  p ro p e r t ie s  o f  g r a n u la r  c a ta ly s ts  h a v e  
b e e n  e x a m in e d  b y  Cr em er  et al. [5] a n d  Schay  et al. [6], w ith  th e  m a te r ia l  
p a c k e d  in  a c h ro m a to g ra p h ic  co lu m n .

A  th e rm a l  d e s o rp tio n  p ro c e d u re  (T P D M : te m p e ra tu re -p ro g ra m m e d  d e ­
so rp tio n  m e th o d )  a n d  a p p a r a tu s  a p p lic a b le  to  p o w d e r  c a ta ly s ts  to o  h a v e  b e e n  
d e v e lo p e d  b y  Cv eta n o v ic  et al. [7 — 9]. T h is  p ro c e d u re  c o n ta in s  th e  c h a r a c te r ­
is tic s  o f  b o th  th e  gas c h ro m a to g ra p h y  a n d  th e  f la s h  te c h n iq u e s . T h e  c a ta ly s t  
c o n ta in in g  th e  a d s o rb a te  is h e a te d  a t  c o n s ta n t  r a te  in  a n  in e rt-g a s  f lo w  b y

A c ta  C h im . (B u d a p est)  8  4 , 1975
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in d ir e c t  h e a tin g , a n d  th e  d e so rb e d  gas is d e te rm in e d  b y  th e  m e a s u re m e n t o f  
th e r m a l  c o n d u c tiv i ty .

W ith  th e  sp re a d in g  o f  th e  m e a s u re m e n t m e th o d , m a n y  s im ila r  a p p a r a tu s ­
es  h a v e  b ee n  c o n s tru c te d  [10 — 12]. F o r  d e te c tio n  I l l in g e r  a n d  R iv in  [13] 
a n d  E rtl  a n d  K ü p p e r s  [14] e m p lo y e d  a m a ss -sp e c tro m e te r ,  a n d  R uzicka  
et al. [15] a c o m b u s tio n -c h a m b e r  d e te c to r .  U nem ura  [16] a n d  R uzicka  et al.
[15] in c o rp o ra te d  a D T A  b lo c k  in to  th e  a p p a r a tu s  in  o rd e r  to  a c c o m m o d a te  
t h e  sa m p le  u n d e r  in v e s tig a tio n .

T h e  T P D M  m e a n t  a  s te p  fo rw a rd  in  a d s o rp t io n -d e s o rp t io n  re s e a rc h , 
fo r  i t  p e rm its  th e  q u a n t i ta t iv e  a n d  q u a l i ta t iv e  d e te rm in a tio n  o f  th e  h y d ro g e n  
s o rb e d  o n  a c a ta ly s t .  I t  also  h as  o th e r  a d v a n ta g e s :

1. th e  a p p a r a tu s  is s im p le ;
2. i t  is a p p lica b le  to  th e  s tu d y  o f b o th  m e ta llic  an d  n o n -m e ta ll ic  m a te r ia ls  

in  p o w d e r  fo rm ;
3. i t  p e rm its  th e  jo in t  k in e tic  t r e a tm e n t  o f th e  c h e m is o rp tio n  a n d  th e  

s u r fa c e  re a c tio n ;
4. in  c e r ta in  cases  i t  p e rm its  th e  j o in t  k in e tic  t r e a tm e n t  o f  th e  d e s o rp ­

t io n  a n d  th e  su rfa c e  r e a c tio n ;
5. th e  c o n d itio n s  a p p ro x im a te  b e t t e r  to  th o se  of th e  c a ta ly t ic  r e a c tio n s  

t h a n  th e y  do in  th e  f la s h  f i la m e n t m e th o d .
T h e rm a l d e s o rp tio n  in v e s tig a tio n s  c a n  h a v e  tw o  a im s :
a) a  f u n d a m e n ta l ly  p h y s ic o -c h e m ic a l one, th e  e s ta b l is h m e n t  o f  th e  

k in e t ic s  a n d  m e c h a n ism  o f th e  d e s o rp tio n ;
b) th e  p ra c tic a l  u n d e r s ta n d in g  o f  th e  g a s— solid  in te r a c t io n s  o n  p o ly ­

c ry s ta l l in e  in d u s tr ia l  c a ta ly s ts .
T h e  second  o f th e s e  a im s is s u b s ta n t ia l ly  th e  ea s ie r to  a t t a i n ;  i t  is m e re ly  

n e c e s s a ry  to  en su re  s e v e ra l e x p e r im e n ta l  co n d itio n s  w h ic h  in  p ra c tic e  a re  
r e a d i ly  ac h ie v ed  a n d  re p ro d u c ib le . E x a m p le s  o f th e se :

c o n s ta n t- r a te  gas  f lo w s;
m in im a l v o lu m e  in  th e  sam p le  h o ld e r ,  an d  b e tw e e n  th e  sa m p le  h o ld e r  

a n d  d e te c to r ;
c o n s ta n t  h e a t in g  r a te  (a n d  w h ich  c a n  b e  re g u la te d  o v e r  a w ide ra n g e ) ;
s ta b le  o p e ra tio n  o f th e  d e te c to r .

Experim ental

In  ac co rd an c e  w ith  th e  ab o v e  r e q u ir e m e n ts ,  we h a v e  d e s ig n e d  a n d  b u i l t  
a n  a p p a r a tu s  w ith  w h ic h  th e rm a l  d e s o rp tio n  m e a su re m e n ts  c a n  be c a r r ie d  o u t  
r e p ro d u c ib ly  a n d  w ith  s a t is f a c to ry  a c c u ra c y . A n o u tlin e  o f  th e  a p p a r a tu s  is 
g iv e n  in  F ig . 1.

T h e  flow  r a te s  o f  th e  gases fro m  th e  cy lin d e rs  (A) a re  s ta b iliz e d  w ith  a

A d a  Chim . ( Budapest)  84 , 1975
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p n eu m a tic  feed-contro l (B) an d  a cap illa ry  (D) before th e  d ifferen tia l m an o m ­
e te r  (C). The argon ca rrie r gas is freed  from  oxygen w ith  a d ia tom aceous ea rth -  
su p p o rte d  co p p er-co p p er(I) oxide c a ta ly s t a t 200 250 °C. T he m o istu re  in
th e  carrie r gas is rem oved  b y  freezing-ou t, and  th e n  b y  ad so rp tio n  on colum ns 
p ack ed  w ith  silica gel and  m olecular sieve (E).

The carrier gas n e x t passes in to  th e  q u a rtz  sam ple ho ld er vessel (F ), th e  
fo rm  an d  dim ensions of w hich  w ere d e te rm in ed  on th e  basis o f ou r ex p erim en ta l 
re su lts . The argon com es in to  c o n ta c t w ith  th e  c a ta ly s t sam ple a fte r  passing  
th ro u g h  the  ja c k e t, w here i t  is h ea ted  up  to  th e  te m p e ra tu re  of th e  sam ple. 
T he c a ta ly s t is a rranged  in  a th in  (1 —2 m m ) lay er a t th e  b o tto m  of th e  tu b e , 
so t h a t  th e  diffusion an d  b ack -ad so rp tio n  are decreased to  th e  m in im um . A bove 
th e  ca ta ly s t th ere  is ju s t  su ffic ien t space fo r th e  carrie r gas to  pass th ro u g h  
u n im p ed ed .

The dim ensions an d  th e rm a l in su la tio n  of th e  fu rn ace  (G) were chosen 
so as to  allow several m easu rem en ts  daily . The d iam e te r o f th e  ceram ic bo d y  
su p p o rtin g  th e  h ea ted  f ilam en ts  is only  a few  m m  la rger th a n  th a t  o f th e  sam ple 
h o ld e r vessel. A ccordingly, th e  h e a t tra n s fe r  is good, b u t  th e  th e rm a l cap ac ity  
o f th e  system  is m in im al. T h erm al ra d ia tio n  ou tw ard s is in h ib ite d  b y  th ree  
co n cen tric  cylinders m ade of b rig h t a lum inium .

D uring  m easu rem en t th e  fu rnace  is covered w ith  an  asbesto s p la te , and  
th u s  th e  air betw een  th e  cy linders is a t  re s t  an d  ac ts  as an  in su la to r. A fter 
th e  m easu rem en t th is  cover is rem oved  an d  air is b low n th ro u g h  th e  fu rnace  
from  below  (H). In  th is  w ay  th e  te m p e ra tu re  falls from  1000 °C to  room  te m ­
p e ra tu re  in  ab o u t 1 hour.

6 A cta  C h im . ( B u dapest)  84, 1975
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Fig. 2. Block-diagram of D esorptom eter

A

A fter freezing -ou t w ith  solid C 0 2 (I) th e  h y d ro g en -co n ta in in g  ca rrie r 
gas passes in to  th e  d e te c to r  (J ) . The know n volum e o f h y d ro g en  necessary  to  
ca lib ra te  th e  d e te c to r  is passed  in to  th e  ca rrie r gas flow  b y  m eans of th e  gas- 
m e te r  ta p  (K). In  o rd e r t h a t  th e  form  of th e  ca lib ra tio n  signal should ap p ro x ­
im a te  b e tte r  to  t h a t  o f  th e  b ro ad er deso rp tion  p eak s, a m ix ing  vessel too  (L) 
w as inserted  a fte r th is  ta p .

A fter leav ing  th e  d e te c to r  th e  gas m ix tu re  (A r -f- 0 2) passes in to  th e  
o pen  air via  a soap-film  flo w m ete r (M), a b u ffe r vessel (N) an d  a cap illa ry  (0 ) .

The ra te  o f h e a tin g  o f th e  fu rnace is re g u la te d  w ith  a P rog ram ik  2029 
(M IK I) tem p era tu re -p ro g ram m in g  a p p a ra tu s  (P).

The de tec to r signal an d  th e  ca ta ly s t te m p e ra tu re  are recorded  w ith  a 
double-pen  reco rder (R ), an d  so th e  te m p e ra tu re s  of th e  p eak  m ax im a can 
re a d ily  be de te rm in ed . T he te m p e ra tu re  of th e  c a ta ly s t  is m easured  w ith  a 
P t —P t/R h  therm ocoup le  (S).

The d e tec to r a n d  th e  re la ted  e lectron ic  sy stem  (T) in co rp o ra ted  are  
k n o w n  as th e  D e so rp to m e te r  (U).

A b lock-d iagram  o f th e  electrical p a r t  o f th e  D eso rp to m e te r is show n in 
F ig . 2. The c u rren t g e n e ra to r  an d  th e  reg u la to r  o f th e  th e rm o s ta t  are p ro v id ed  
w ith  the  ap p ro p ria te  p o te n tia l  from  a m ains D . C. su p p ly  feed.

Fig. 3 p resen ts  a sec tio n  of th e  b rass d e te c to r  b lock .

A cta  Chim. (B u d a p est)  8 4 , 1975

Fig. 3. Construction of the  detector



HEISZM AN ct al.: COMPLEX STUDY OF N IC K E L SK ELETO N  CATALYSTS, I 435

A p la tin u m  resis tan ce  th e rm o m ete r (A) is used  in  th e  d e tec to r fo r th e  
d e tec tio n  an d  q u a n tita tiv e  d e te rm in a tio n  o f hyd rogen . The e x te rn a l surface 
of th e  ceram ic cover of th e  resistance in  th e  m easu ring  a rm  is coated  w ith  
p la tin u m  b lack  (B) b y  a special p rocedure. A P t  f ilam en t, possib ly  coa ted  w ith  
p la tin u m  b lack , was earlie r em ployed in  co m b u stio n  ch am b er d etec to rs. T hese 
P t  filam en ts  aged ra p id ly , th e y  were u n s ta b le , an d  in  ad d itio n  th e ir  ac tiv ities 
and  sensitiv ities d id  n o t a tta in  th e  desired  values. On th e  sensing device of 
th e  com bustion  ch am b er co n stru c ted  th e re  is p la tin u m  c a ta ly s t of high surface

D e t e c t o r  a n d  D.C.  S u p p l y

C u r r e n t  G e n e r a t o r  . W h e a t s t o n e  B r i d g e

and  a c tiv ity  (B), w hich well endures th e  re la tiv e ly  h igh o p era tin g  te m p e ra tu re . 
W hen used  u n d er th e  p rescribed  conditions its  life-tim e is ab o u t 2 years. A fte r  
th is  it  can  be reg en e ra ted  in  abou t 3 hou rs.

The argon  ca rrie r gas contain ing  th e  h y d ro g en  to  be m easured  is m ixed  
w ith  oxygen in  th e  m ix ing  cham ber (C), a n d  th e  re su ltin g  gas m ix tu re  th e n  
passes th ro u g h  th e  co m p ara to r  (D) and  m easu ring  (E) cham bers of th e  d e te c ­
to r . In  th e  m easuring  ch am b er th e  hydrogen  is oxid ized . The h e a t released causes 
th e  te m p e ra tu re , and  hence th e  resistance, of th e  in te rn a l P t  f ilam en t th e rm o m ­
e te r  to  change.

The th e rm a l res is tan ce  couple is connected  in to  a W h eatstone  bridge 
(F ig . 4). The c u rren t flow ing across th e  bridge is supp lied  b y  a c o n s ta n t-c u rren t 
g en era to r, th e  m ain  e lem en t of w hich is an  in te g ra te d -c irc u it am plifier (A).

6 * A d a  Chim . ( Budapest)  84 , 1975

Fig. 4. Detector and D.C. supply
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T he c u rre n t flow ing across th e  bridge is led  th ro u g h  a reference res is tan ce , 
a n d  th e  re su lting  p o te n tia l d rop  is co m p ared  w ith  th e  p o te n tia l of a Z ener 
d iode (B). The e rro r signal is increased  100 tim es b y  th e  am plifier, w hich  reg ­
u la te s  th e  c u rren t o f a pow er tra n s is to r  (C) so th a t  th e  bridge c u rre n t is con­
s ta n t  an d  in d ep en d en t o f  th e  resis tan ce  o f th e  bridge elem ents. The b ridge  
c u rre n t can  be con tro lled  w ith  a p o te n tio m e te r  (D) connected  in to  th e  e m itte r  
o f th e  tra n s is to r  and  can  be checked  on a read -o ff m e te r (E ). T he o u tp u t  of 
th e  nu ll resistances is co nnec ted  in to  th e  reco rder arm , an d  th u s  th e  bridge 
c u r re n t  does n o t a lte r  d u rin g  th e  zero b a lanc ing . A t th e  sam e tim e  th e  b ridge  
c u r re n t h ea ts  the  P t  res is tan ces  to  ca. 400 °C, an d  in th is  w ay  th e  te m p e ra tu re  
o f th e  c a ta ly s t on th e  e x te rn a l surface can  be m ain ta in ed  a t th e  o p tim u m  base 
v a lu e .

T h e r m o s t a t  r e g u l a t o r

R e g u l a t o r  P o w e r  a m p l i f i e r

As m entioned  a lread y , th e  d e te c to r  is p laced in a th e rm o s ta t . T he elec­
tr ic a l connection  of th e  th e rm o s ta t  is dep ic ted  in Fig. 5. I t  consists of tw o  m ain  
p a r ts :  a te m p e ra tu re  re g u la to r  an d  an am plifier. The tem p era tu re -sen sin g  
device is a P t resistance  here too . The p o te n tia l drop resu ltin g  on th is  is com ­
p a re d  w ith  th e  p o te n tia l of a Z ener diode (A). The erro r signal is led in to  an  
in te g ra te d -c irc u it am plifier (B), th e  o u tp u t of w hich passes to  a tw o -stag e  
tra n s is to r  pow er am plifier (C). A n in te re s tin g  fea tu re  of th e  con n ec tio n  is 
t h a t  th e re  is no special h ea tin g  body , th e  d e tec to r block being  h e a te d  b y  th e  
d iss ip a tio n  h ea t of th e  pow er tra n s is to r . T he tem p e ra tu re  of th e  th e rm o s ta t  
can  be reg u la ted  w ith  a p o te n tio m e te r  (D). The cu rren t o f th e  fina l tra n s is to r  
(an d  a t  th e  sam e tim e  th e  o p era tio n  of th e  regu la to r) can  be checked  on an  
in s tru m e n t (E). The te m p e ra tu re  of th e  th e rm o s ta t is 80 +  0.1 °C.

A c ta  C him . ( Budapest)  84 , 1975

Fig.  5. T h e rm o sta t  reg u la to r
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Results and discussion

B esides h y d ro g e n , th e  d e te c to r  is s u ita b le  fo r th e  d e te r m in a t io n  o f  a n y  
o th e r  c o m b u s tib le  gas o r v a p o u r .  T o  e s ta b l is h  th e  o p tim u m  o p e ra tin g  c o n d i­
t io n s  o f  th e  d e te c to r ,  we s tu d ie d  th e  e ffe c ts  o f  th e  p o te n t ia l  a n d  s t r e n g th  o f  
th e  h e a t in g  c u r re n t  a n d  th e  flow  ra te s  o f  th e  c a r r ie r  gas a n d  th e  o x y g e n  o n  th e  
size o f  th e  d e te c to r  s igna l. T h e  re s u lts  a re  g iv e n  in  F ig s 6 - 8. W i th  a v ie w  to  
th e  m a x im u m  s ta b i l i ty  a n d  re p ro d u c ib i l i ty ,  th e  a p p a r a tu s  w as  o p e ra te d  u n -

2 5  3 5  4 5  5 5  6 5  7 5  8 0
U f V ]

I_____I_____ I_____ I_____ i---------1-------- 1-------- 1-------- 1-------- 1--------i---------

1 0 0  2 0 0  3 0 0
I [ m A ]

F ig. 6. V a ria tio n  of th e  size of th e  signal co rrespond ing  to  th e  ad d itio n  o f 1 cm 3 hy d ro g en  w ith
th e  h ea tin g  c u rre n t o f th e  d e tecto r

J___ I______ ___ ___I___L
10 2 0  3 0  4 0

V L c m 3 A r / m i n ]

O x y g e n  f l o w  r a t e  ■- 6 c m 3 / m i n  
H e a t i n g  c u r r e n t  •. 3 0 0  m A  

H y d r o g e n  a d d e d  ; 1 c m 3

Fig. 7. V a ria tio n  of th e  h e ig h t of th e  d e tec to r signal w ith  th e  flow ra te  o f  th e  a rg o n  ca rrie r gas

A cta  C h im . ( B u d a p est)  8 4 , 1975
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d e r  co n d itio n s  w h e re  a n y  ch an g e  in  th e  c o n d itio n s  w as a c c o m p a n ie d  b y  th e  
r e la t iv e ly  lo w es t c h a n g e  in  th e  d e te c to r  s ig n a l. S u ch  p a r a m e te r s  w ere

A r ca rr ie r  g as  f lo w  r a te :  30 c m 3/m in
0 2 flow  r a te :  6 c m 3/m in
h e a tin g  c u r r e n t :  80 У  = ,  300 m A

T h e d e te c to r  s ig n a l is d ire c tly  p r o p o r t io n a l  to  th e  a m o u n t  o f h y d ro g e n  
u p  to  a n  a d d e d  v o lu m e  o f  h y d ro g e n  o f  2 .5  c m 3 (F ig . 9). T h e  l in e a r i ty  w as n o t  
in v e s t ig a te d  a t  h ig h e r  h y d ro g e n  c o n c e n tra t io n s ,  s ince  c a lib ra t io n  to o  w as  
m a d e  fo r  ev e ry  th e r m a l  d e s o rp tio n  re c o rd in g , w h ile  in  a d d i tio n  th e  lo w e r

2 A 6 8 10
V [ c m 30 2 /  m i n i

A r g o n  f l o w  r a t e  : 3 0  c m 3/ m i n  

H e a t i n g  c u r r e n t  3 0 0  m A  

H y d r o g e n  a d d e d  1 c m 3

F ig. 8. V aria tio n  of th e  size of th e  d e te c to r signal w ith  th e  flow  ra te  of the oxygen

0 .5  1.0 1.5 2 . 0  2 5

V [ c m 3 H2]

A r g o n  f l o w  r a t e  ■ 3 0  c m 3/ m i n  

O x y g e n  f l o w  r a t e  : 6  c m 3/ m i n  

H e a t i n g  c u r r e n t :  3 0 0  m A

F ig . 9. V aria tion  of th e  size o f th e  d e tec to r signal w ith  th e  a m o u n t o f hydrogen ad ded

A c ta  Chim . ( B u dapest)  8 4 , 1975



HEISZM AN e t al.: COMPLEX STUDY OF N IC K E L SK E LET O N  CATALYSTS, I 439

h y d ro g e n  c o n c e n tra t io n  ran g e  w as s e le c te d  fo r  a d d i t io n s  on  th e  b as is  o f  th e  
s e n s i t iv i ty  o f  th e  a p p a r a tu s  a n d  th e  h y d ro g e n  c o n te n ts  o f  th e  c a ta ly s ts .

A c c o rd in g  to  D im bat  et al. [17], th e  s e n s i t iv i ty  o f  th e rm a l  c o n d u c t iv i ty  
d e te c to rs  in  g a s -c h ro m a to g ra p h y  is g iv e n  b y

m V - c m 3

m g

w here
S  =  s e n s i t iv i ty  
F  =  a re a  o f  th e  sig n a l [cm 2]
E  =  s e n s i t iv i ty  o f  re c o rd in g  a p p a r a tu s  [m V /cm ]
V  =  f lo w  r a te  o f  c a r r ie r  gas [cm 3/m in ]
U =  re c ip ro c a l  o f  p a p e r  r a te  [m in /c m ] 
m =  m a ss  o f  sam p le  [m g].
O n th is  b a s is  th e  s e n s it iv i ty  o f  o u r  d e te c to r  is 2 .5 X 10s m V .c m 3. m g - 1 , 

w h erea s  t h a t  o f  th e rm a l  c o n d u c tiv i ty  m e a su r in g  cells in  g e n e ra l is 2 X 103 m V . 
.c m 3.m g -1 , i.e. a b o u t  2 o rd e rs  lo w er.

T h e  p e r fo rm a n c e  o f th e  a p p a r a tu s  c a n  be i l lu s t r a te d  b y  th e  fo llo w in g  
e x a m p le s .

A  s tu d y  w as m a d e  o f th e  h y d ro g e n  so rb e d  on  sk e le to n  n icke l c a ta ly s t s  
p r e p a re d  f ro m  a llo y s  o f  v a r io u s  c o m p o s itio n s . T h e  s ta r t in g  a llo y s w ere o b ta in e d  
b y  m e ltin g  th e  a p p ro p r ia te  m e ta ls  to g e th e r  in  a n  in d u c tio n  fu rn a c e . T h e ir  
c o m p o s itio n s  a re  l is te d  in  T a b le  I .

T h e  a llo y s w ere  g ro u n d , a n d  th e  0 .124  m m  g ra in  f ra c t io n  fro m  sa m p le s  
1 a n d  2, a n d  th e  0 .063  m m  f ra c tio n  f ro m  sa m p le s  3 a n d  4 w ere  ta k e n  to  p r e ­
p a r e  c a ta ly s ts .

S am p le s  1 a n d  2 w ere t r e a te d  a t  50 °C fo r  2 h o u rs  w ith  20 w t .%  N a O H , 
sa m p le  3 a t  115 °C fo r  15 m in  w ith  30 w t .%  N a O H , a n d  sam p le  4 a t  60  °C  
fo r  20 m in  w ith  40 w t .%  N aO H . T h e  c a ta ly s ts  w ere  n e x t  w a sh e d  w ith  d is t i l le d  
w a te r  u n t i l  n e u t r a l ,  a n d  th e n  s to re d  u n d e r  d is t ille d  w a te r .

Table I

Composition o f  the starting alloys

Sam ple
N o.

Ni
[w t. % ]

Al
[w t. % ]

O th e r  
[Wt. % J

l 48 52 0
2 46.5 52 1.5 Cu
3 43 0 57 Mg
4 32 0 68 Zn
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Fig. 10. D eso rp to g ram  o f n ick e l skeleton  c a ta ly s t

T h e  th e rm a l d e s o rp tio n  re c o rd in g s  o f  th e  sam p les a re  p re s e n te d  in  F ig s  
10 13. T h e  c o n d itio n s  o f  th e  re c o rd in g s  w ere  as fo llow s:

a rg o n  c a r r ie r  gas flo w  r a te :  
o x y g en  flow  r a te :  
h e a tin g  r a te :  
d e te c to r  h e a tin g :  
d e te c to r  te m p e r a tu r e :

30.3 cm 3/m in  
6.0 cm 3/m in  

12 °C /m in 
300 m A  
80 °C.

T h e  re s u lts  o f th e  m e a s u re m e n ts  a re  g iv e n  in  T ab le  I I .
I n  a g re e m e n t w i th  e a r lie r  d a ta  [16 , 1 8 — 21], th e  e x p e r im e n ta l  d a ta  

in d ic a te  t h a t  th e re  is b o th  w e a k ly  a n d  s tr o n g ly  h o u n d  h y d ro g e n  on th e  t r a d i ­
t io n a l ly - p r e p a re d  R a n e y  n ic k e l (F ig . 10). A s a re s u lt  o f th e  p re se n c e  o f a  sm a ll 
a m o u n t  o f  c o p p e r p ro m o te r ,  th e  a m o u n t  o f  th e  Н ц  fo rm  o n  th e  c a ta ly s t  in ­
c re a se s  c o n s id e ra b ly  (F ig . 11), su g g e s tin g  t h a t  th e  co p p e r in  th is  c o n c e n tra t io n  
is p re s u m a b ly  in c o rp o r a te d  in to  th e  n ic k e l  la t t ic e  a n d  in c re a se s  th e  n u m b e r  
o f  a c tiv e  c e n tre s  n e c e s s a ry  fo r  th e  e x is te n c e  o f  th e  Н ц  s o rp tio n  p h ase .

I t  is s tr ik in g  t h a t  th e  h y d ro g e n  c o n te n ts  o f th e  c a ta ly s ts  p re p a re d  f ro m  
a llo y s  c o n ta in in g  m a g n e s iu m  a n d  z in c  a re  s u b s ta n t ia l ly  lo w e r  t h a n  th o se  o f  
th e  c a ta ly s ts  p re p a re d  f ro m  th e  t r a d i t io n a l  a lu m in iu m  a llo y s  (F ig s  12 — 13).
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Fig. 11. D eso rp to g ram  of copper-p rom oted  nickel sk e le to n  c a ta ly s t

Fig. 12. D eso rp tog ram  of sk e le to n  c a ta ly s t p repared  fro m  N i-M g  alloy
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Fig. 13. D eso rp to g ram  of skeleton  c a ta ly s t  p re p are d  fro m  N i-Z n  alloy

Table II

Results o f  thermal desorption measurements on the catalysts

Sample
No.

H ydrogen desorbed / Tem perature o f peak 
[cm3/g] / m a^ um T otal

hydrogen
[cm»/g]

I II I I I

l 29/102 25/271 0 54

2 18/82 62/232 0 80

3 6.8/95 19.1/185 4.6/385 30.5
4 3.5/80 2.8/225 0.6/720 6.9

Table I I I

R eproducibility  o f  thermal desorption results

Catalyst 1 2 3

R a n ey  nickel D esorbed h y drogen  [cm3/g] 43.6 39.9 46.1
(fresh ly  p repared A verage [cm3/g] 43.2
here) D iff. fro m  aver. [% ] + 0 .9 — 7.6 +  6.7

D egussa В 11 За D esorbed h y drogen  [cm3/g] 62 62 68
(age unknow n) A verage  [cm 3/g] 64

Diff. from  aver. [% ] — 3.1 — 3.1 +  6.2

D egussa  В 113;, D esorbed  h y d rogen  [cm3/g] 
A verage [cm 3/g]

71.5 72.0 75.0
(age unknow n) 72.8

D iff. fro m  aver. [% ] — 1.8 — 1.1 +  3.0
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I t  is c h a ra c te r is t ic  fo r  th e se  c a ta ly s ts  t h a t  th e y  also  c o n ta in  a th i r d  ty p e  o f 
h y d ro g e n , w h ich  is d e so rb e d  a t  a  r e la t iv e ly  h ig h  te m p e r a tu r e .

A n  e x a m in a t io n  w as m a d e  o f  th e  r e p ro d u c ib i l i ty  o f  th e  re s u lts  o b ta in e d  
w ith  th e  a p p a r a tu s .  T h e  d a ta  in  T a b le  I I I  sh o w  t h a t  th e  d iffe ren ce  fro m  th e  
a v e ra g e  is less t h a n  1 0 % .
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In te rac tio n s  o f  e thy lene, cyclohexene  and 1-hexene w ith  p la tin u m  ca ta ly s ts  
w ere investiga ted . T h e  reac tio n s can  be  in te rp re te d  in  te rm s o f h y d ro g en  d isp ropor­
tio n a tio n , re su lting  in  h y d ro g en a tio n  a n d  hydrogenolysis on  th e  one h an d  and  h y d ro ­
gen-deficient p ro d u c ts , b o th  in th e  gas p h ase  and on th e  su rface , on  th e  o th er han d . 
U n sa tu ra te d  h y d ro carb o n s  suffered d issoc ia tive  adso rp tio n  o n  th e  m eta l d isp lacing  
a  p a r t  o f re ta in ed  h y d ro g en . New ev id en ce  has been o b ta in e d  to  suggest th a t  ad so rp ­
tio n  via single bonds leads to  h y d ro g e n a tio n -d e h y d ro g e n a tio n  w hereas m u ltip le  bonding 
leads to  hydrogenolysis and  re te n tio n  o f h ydrocarbons. T h e  se lec tiv ity  of th e  hydro - 
genolysis /hydrogenation  reac tions w as d iffe re n t w ith  p la tin u m  b lack  a n d  p la tinum -on- 
silica ca ta ly s t; p ro b a b ly  these  processes req u ire  d ifferen t a c tiv e  sites. R e te n tio n  of 
hyd ro carb o n s was th e  m ain  cause of c a ta ly s t  d eac tiv a tio n ; rem o v a l o f re ta in ed  species 
req u ired  oxygen t r e a tm e n t;  hydrogen  t re a tm e n t  was less e ffic ien t. T he e x te n t o f all 
th ese  phenom ena w as fo u n d  to  be d e p e n d e n t on th e  h y d ro c a rb o n  s tru c tu re . R e te n tio n  
a n d  reac tiv a tio n  w ere also stud ied  in  ra d io tra c e r  experim en ts.

In tro d u c t io n

I t  is w ell k n o w n  t h a t  m e ta l c a ta ly s t s  m a y  lose th e i r  c a ta ly t ic  a c t iv i ty  
d u r in g  in te ra c tio n s  w ith  h y d ro c a rb o n s . T h is  p h e n o m e n o n  m a y  b e  c o rre la te d  
w ith  th e  a c c u m u la tio n  o f  c a rb o n -r ic h  spec ies  on  th e  su r fa c e . U n fo r tu n a te ly ,  
v e r y  few  sy s te m a tic  s tu d ie s  h av e  b e e n  c a r r ie d  o u t in  th is  f ie ld , a n d  e v e n  few er 
s tu d ie s  h a v e  b een  m a d e  u n d e r  c o n d itio n s  o f c a ta ly tic  r e a c t io n ,  a l th o u g h  p ro c ­
esses  o f  d e a c tiv a tio n  a re  in se p a ra b le  f ro m  o th e r  su rfa c e  p ro c e sse s  o cc u rrin g  
o n  th e  c a ta ly s t  an d  th e  p ro b le m  is o f  g r e a t  p ra c tic a l im p o r ta n c e .

I t  is rea so n a b le  to  assu m e t h a t  r e ta in e d  su rface  sp ec ie s  sh o w n  b y  ra d io -  
t r a c e r  s tu d ie s  [1] on  s u p p o r te d  m e ta l c a ta ly s ts  re p re s e n t  th e  f i r s t  s te p  in  th e  
f o rm a tio n  o f c a rb o n a c e o u s  su rface  re s id u e s . I t  h as  b e e n  su g g e s te d  t h a t  c a r ­
b o n - m e ta l  tr ip le  b o n d s  m a y  p la y  an  im p o r t a n t  ro le in  th e  p r im a r y  ca rb o n iz in g  
p ro ce ss  [2]. T he fo rm a tio n  o f  C4- an d  Ce sp ec ie s  has b e e n  d e te c te d  d u r in g  s tu d ie s  
o f  e th y le n e  r e te n tio n  o n  m e ta l  film s [3] a n d  it  is c lea r  t h a t ,  w ith  th e  f u r th e r  
p o ly m e r iz a tio n  of th e se  spec ies, th e  p r o d u c ts  soon  re a c h  a s t a te  w h ere  th e  size 
o f  th e  m olecu le alone c o u ld  p re v e n t i t  b e in g  d eso rb ed  in to  th e  gas p h ase .

V ery  li t t le  is k n o w n  a b o u t th e  p re c ise  n a tu re  o f  s u r fa c e  c a rb o n a c e o u s
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re s id u e s . S u rface  p o ly m e rs  o f  g ra p h it ic  a n d  n o n -g ra p h it ic  s t r u c tu r e  h a v e  b e e n  
o b se rv e d  b y  L E E D  [4, 5] a n d  e le c tro n  m ic ro sco p ic  s tu d ie s  [6, 7 ]. T h ere  is d a t a  
o n  th e  in flu en ce  o f  th e  s t r u c tu re  o f  th e  h y d ro c a rb o n  r e a c ta n t s  on  th e  r a te  o f  
d e a c t iv a t io n ;  i t  is c o n s id e ra b ly  m o re  r a p id  w ith  s t r e tc h e d  c h a in  (all-trains)  
p o ly e n es , in d ic a t in g  t h a t  th e y  c o m b in e  m o re  re a d ily  w ith  e a c h  o th e r  th a n  th o s e  
o f  cis- o r cyclic s t r u c tu r e s  [8].

M ethods o f  p r e v e n tin g  th e  a c c u m u la t io n  o f  su rfa c e  d e p o s its  a n d  o f e f fe c t­
in g  th e ir  re m o v a l h a v e  b e e n  s tu d ie d  in  o rd e r  to  p re s e rv e  c a ta ly t ic  a c t iv i ty :  
th e s e  s tu d ies  h a v e  n o t  b e e n  s y s te m a tic .  I t  is k n o w n  t h a t  th e  p re se n c e  o f  h y d r o ­
g e n  m a y  re s u lt  in  th e  m a in te n a n c e  o f  a  fa ir ly  c o n s ta n t  le v e l o f  c a ta ly t ic  a c t iv ­
i t y  [8, 9].

T he removal o f  i r re v e rs ib ly  a d s o rb e d  species m a y  r e q u ir e  m ore v ig o ro u s  
t r e a tm e n t .  T h is  d e p e n d s  on  th e  n a tu r e  o f  th e  su rfa c e  sp e c ie s  to  be re m o v e d ; 
e.g. ir re v e rs ib ly  c h e m is o rb e d  b e n z e n e  ca n  be d e so rb e d  b y  h y d ro g e n  t r e a tm e n t  
[1 0 ]; s im ila r t r e a tm e n t  m a y  be o f  u se  in  re s to r in g  c a ta ly t ic  a c t iv i ty  lo s t d u r in g  
in te ra c t io n s  w ith  e th y le n e  [11]. S u rfac e  p o ly m e rs  u s u a l ly  re q u ire  e x te n s iv e  
o x y g e n  t r e a tm e n t ,  w h ic h  re s u lts  in  a m o re  co m p le te  a n d  r a p id  re s to ra tio n  o f  
a c t iv i ty  [12]: th is  is th e  co m m o n  p ra c tic e  in  la rg e  sca le  in d u s t r ia l  p ro c e sse s .

I t  is o b v io u s  t h a t  p h e n o m e n a  c o n c e rn in g  d e a c t iv a t io n ,  r e te n tio n  a n d  
r e a c t iv a t io n  a re  c lo se ly  r e la te d  to  th e  m o re  g e n e ra l p ro b le m  o f  th e  in te r a c t io n  
o f  h y d ro c a rb o n s  w ith  th e  c a ta ly s t  su rfa c e . T h u s  w e p r e s e n t  o u r  re su lts  in  th i s  
f ie ld  w hich  w ere  o b ta in e d  e s se n tia lly  b y  th e  sam e m e th o d s  a n d  u n d e r  th e  sa m e  
c o n d itio n s  as w ere  a p p lie d  to  th e  s tu d y  o f  h y d ro c a rb o n  r e a c t io n  m e c h a n ism s
[8] a n d  to  h y d ro g e n  in te ra c t io n s  o v e r  p la t in u m  c a ta ly s ts  [13]. O ur in te r p r e ­
t a t io n  an d  d isc u ss io n  a re  th e re fo re  o n  a co m m o n  b a s is . T h u s ,  th e  s tu d y  o f d if ­
f e r e n t  aspec ts  o f  th e  sa m e  p h e n o m e n o n  m a y  h e lp  to w a rd s  a  b e t t e r  u n d e r s ta n d ­
in g  o f th e  c e n tra l  p ro b le m , i.e. h y d r o c a rb o n  r e a c t iv i ty  o n  p la t in u m  c a ta ly s ts .

O ur s tu d ie s  c o m p rise d  th e  in v e s tig a tio n  o f  th e  e f fe c t  o f  sm a ll a m o u n ts  
o f  o x y g en  p re s e n t  d u r in g  c a ta ly t ic  re a c tio n s  a n d  th e  in f lu e n c e  o f  h y d ro c a rb o n  
s t r u c tu re  a n d  ty p e  o f  re a c tio n , h y d ro g e n -c o n su m in g  o r  h y d ro g e n -p ro d u c in g , 
o n  d e a c tiv a tio n  a n d  r e a c t iv a t io n  p h e n o m e n a . O u r s tu d ie s  also  in c lu d ed  th e  
co m p a riso n  o f  th e  b e h a v io u r  o f  s u p p o r te d  a n d  u n s u p p o r te d  p la t in u m  c a ta ly s ts ,  
in  a n  a t te m p t  to  d e te rm in e  w h e th e r  sp illo v e r  h y d ro g e n  h a d  a n y  m a rk e d  e ffe c t, 
a n d  som e r a d io t r a c e r  e x p e r im e n ts  c o n c e rn in g  a c c u m u la t io n  a n d  re m o v a l o f  
r e ta in e d  species. T h e  re s u lts  o f  th e s e  s tu d ie s  to g e th e r  w ith  e a r lie r  d a ta  se rv e  
as  a basis fo r  d isc u ss io n .

E x p e r im e n ta l

A pparatus: E x p e rim e n ts  were carried  o u t in  a pulse-flow  m ic ro ca ta ly tic  reac to r co u p led  
d irec tly  to a gas c h ro m a to g ra p h  as d escribed  in  d e ta il in  [13]. In  th e  ra d io trac e r  e x p erim en ts  
th e  gas phase ra d io a c tiv ity  was m easu red  b y  using  a p ro p o rtio n a l c o u n te r  [13] while c a ta ly s t  
ra d io ac tiv ity  was m o n ito red  by  a liq u id  sc in tilla tio n  m eth o d  re p o rte d  earlie r [14]. All e x p e r­
im en ts  were pe rfo rm ed  a t  360 °C.
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C atalysts: A p la tin u m  b lack  ca ta ly s t p re p a re d  from  H 2P tC l6 [13] as well as a  5%  
P t /S i0 2 [11] c a ta ly s t w ere u sed . T he ca ta ly sts  w ere  p re tre a te d  by  h e a tin g  in  oxygen  an d  th e n  
h y d ro g en  as described p rev io u s ly  [13].

M a teria ls: E th y len e , cyclohexene and  1 -hexene  were used  as m odel co m pounds [13]. 
T he size o f th e  hy d ro carb o n  p u lses  was selected so t h a t  th ey  co n ta in ed  a p p ro x im a te ly  iden tica l 
n u m b ers  o f m olecules.

Results

E th y le n e  w as s e le c te d  fo r  th e  s tu d y  o f  th e  e ffec t o f  o x y g e n  a n d  o f  th e  
s u p p o r t .  S e lf -h y d ro g e n a tio n , h y d ro g e n o ly s is  a n d  r e te n t io n  o f  e th y le n e  w ere  
o b se rv e d  w h ich  re s u lte d  in  th e  fo rm a tio n  o f  e th a n e ,  m e th a n e  a n d  c a rb o n a c e o u s  
re s id u e s . E v a lu a tio n  o f  th e  re su lts  has  b e e n  m a d e  b y  c a lc u la t in g  th e  a m o u n ts  
o f  in d iv id u a l  p ro d u c ts  as w ell as th e  r a t io  o f  e th a n e  to  m e th a n e ;  th u s  w e o b ­
ta in e d  d a t a  on  b o th  a c t iv i ty  a n d  s e le c tiv ity  o f  th e  c a ta ly s ts .

a) The effect of oxygen on the catalytic activity

T h e  la s t  s ta g e  o f  th e  s ta n d a r d  p r e t r e a tm e n t  o f th e  c a ta ly s ts  w as u s u a lly  
th e i r  t r e a tm e n t  w ith  h y d ro g e n  w hich  s h o u ld  rem o v e  a n y  o x y g e n  p r e s e n t  o n  
th e  p la t in u m  su rface  a n d  re p la c e  i t  b y  h y d ro g e n . I t  w as o f  in te r e s t  to  le a rn  
w h e th e r  th e  p resence  o f  o x y g e n  cau sed  a n y  c h a n g e  in  th e  d ire c tio n  o f  re a c tio n .  
T h is  w as done  b y  c o m p a r in g  th e  c o m p o s itio n  o f p ro d u c ts  f ro m  e th y le n e  r e a c ­
t io n s  in  th e  p resence  o f  p u re  an d  o x y g e n -c o n ta in in g  h e liu m .

W ith  each  su c ce ss iv e  0.5 m l (N .T .P .)  in je c tio n  o f  e th y le n e  o n  to  th e  
c a ta ly s t  th e  a c tiv i ty  d e c re a s e d  in  a s im ila r  m a n n e r  to  t h a t  o b se rv e d  p re v io u s ly  
[11, 15]. T h e  re su lts  in  F ig . 1 show  t h a t  w i th  f re s h ly -p re p a re d  p la t in u m  b la c k  
(0 .06  g), d e a c t iv a t io n ,  as d e te rm in e d  b y  y ie ld s  o f m e th a n e  a n d  e th a n e ,  fo r

H y d r o c a r b o n  P u l s e  N u m b e r

F ig. 1. D eac tiv a tio n  of P t-b la c k  b y  0.5 ml pulses o f  e th y lene  a t  360 °C: 0.06 g c a ta ly s t:  fresh  
sam ple for A  and  B. A, h e liu m  flow  60 ml m in -1  co n ta in in g  0.25%  0 2; B , helium  flow  60 m l

С Ы
m in -1 , pure. •  C H 4, □ C2H 6, О C2H 4, X  re te n tio n , +  se lec tiv ity , - J L 6t.H4
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e th y le n e  s e lf -h y d ro g c n a tio n  a n d  h y d ro g e n o ly s is  w as s lo w er w h en  a h e liu m  
c a r r ie r-g a s  s t r e a m  c o n ta in in g  0.25 v o l.%  o f o x y g e n  w as u se d , th a n  w ith  p u r e  
h e l iu m . A s lig h t d e c re a s e  in  th e  c a ta ly s t  s e le c tiv ity , as d e f in e d  b y  th e  C2H e/C H 4 
r a t i o  in  th e  p r o d u c t ,  w as  o b se rv e d  d u r in g  d e a c t iv a t io n ;  th e  o n ly  d if fe re n c e  
w o r th  m e n tio n in g  w a s  b e tw e e n  th e  f i r s t  tw o  p u lse s : in  th e  ab sen c e  o f o x y g e n , 
m o re  m e th a n e  w as p ro d u c e d  on  th e  fre sh  c a ta ly s t .

b) The comparison of platinum black and plalinum-on-silica
catalysts

T h e  e s se n tia lly  id e n tic a l  p h e n o m e n a  o b se rv e d  w ith  a n d  w ith o u t 0 .2 5 %  
o x y g e n  in  th e  c a r r ie r  gas a llo w ed  th is  s tu d y  to  be p e r fo rm e d  u s in g  o x y g e n -  
c o n ta in in g  gas. S in ce  d e a c t iv a t io n  w as slow  th e  d e ta ile d  b e h a v io u r  o f  th e  
s y s te m s  cou ld  b e  o b se rv e d . F ig . 2 p re se n ts  th e  se q u e n c e  o f  th e  d e a c t iv a t io n  
a t  360 °C for a p la t in u m -o n -s i l ic a  c a ta ly s t .  I t  c a n  b e  se en  t h a t  a p a r t  f ro m  a 
r e la t iv e ly  r a p id  loss o f  a c t iv i ty  (b y  th e  t e n th  in je c t io n  9 3 %  o f  th e  e th y le n e  w as  
re c o v e re d  u n c h a n g e d  cf. 0 %  fo r  th e  f i r s t  in je c tio n ) , a m a rk e d  c h a n g e  in  
s e le c tiv ity  w as o b s e r v e d  d u r in g  d e a c t iv a t io n .  O n c le a n  c a ta ly s ts  in i t ia l  p u ls e s  
o f  e th y le n e  p ro d u c e d  m a in ly  e th a n e  b y  s e lf -h y d ro g e n a tio n . T h e  p r o p o r t io n  o f 
e th a n e  in c re ase d  in  th e  n e x t  p u lse  a n d  s u b s e q u e n tly  d e c re a se d  fro m  p u lse  to  
p u lse  (F ig . 2). W e p ro p o se  t h a t  th e  r e a s o n  fo r  th is  m a x im u m  in  th e  e th a n e  
y ie ld  is th e  a v a i la b i l i ty  o f h y d ro g e n , fo r  h y d ro g e n a tio n ,  r e s u lt in g  f ro m  th e  
f u r th e r  b re a k d o w n  o f  spec ies  d e r iv e d  fro m  th e  in i t ia l  d isso c ia tiv e  a d s o rp tio n .

T he c o m p o s itio n  o f  th e  p ro d u c ts  r e s u lt in g  f ro m  th e  in je c tio n  o f e th y le n e  
o n  to  p la tin u m  b la c k  (0 .16  g) w as r e m a rk a b ly  s im ila r  to  t h a t  o b se rv e d  w ith  
th e  5 %  P t /S i0 2 c a ta ly s t  (F ig . 3), a l th o u g h  th e  p la t in u m  b la c k  d iffe red  f ro m  
th e  s u p p o r te d  c a ta ly s t  in  t h a t  sm a ll q u a n t i t ie s  o f  h y d ro g e n  w ere  a lw a y s  o b ­
s e rv e d  a f te r  e th y le n e  in je c t io n s  (n o t sh o w n  in  th e  f ig u re ) .

A  s tr ik in g  d if fe re n c e  m a n ife s ts  i ts e lf  in  th e  s e le c tiv ity  (C2H 6/C H 4) o f  th e  
tw o  ty p e s  o f c a ta ly s t .  W ith  p la t in u m  b la c k , th e  e x t e n t  o f  s e lf -h y d ro g e n a tio n  
w a s  c o n s id e ra b ly  h ig h e r  e v e n  w ith  f re sh ly  r e g e n e ra te d  c a ta ly s ts .  O n s u p p o r te d  
p la t in u m , th e  s e le c t iv i ty  p a s se d  th r o u g h  a m a x im u m  w ith  d e a c t iv a t io n .  T h e  
d ec rease  of s e le c t iv i ty  a f te r  th e  m a x im u m  w as s im ila r  to  t h a t  o b se rv e d  w ith  
u n s u p p o r te d  p la t in u m  d u r in g  d e a c t iv a t io n .

T he in je c t io n  o f  10 m l o f  a ir  on  to  a n y  o f  th e  d e a c t iv a te d  c a ta ly s ts  r e ­
s u l te d  in  a c o n s id e ra b le  r e s to r a t io n  o f th e  c a ta ly t ic  a c t iv i ty  fo r  s e lf -h y d ro g e n a ­
t io n ,  h y d ro g e n o ly s is  a n d  r e te n t io n  (F ig s 2 a n d  3). F u r th e r  in je c tio n s  o f  e t h y l ­
e n e  re su lte d  in  a p ro g re s s iv e  d e a c t iv a t io n  o f  th e  c a ta ly s t  to  a p p ro x im a te ly  th e  
sa m e  level o f a c t iv i ty  a n d  s e le c tiv ity  as fo r e a c h  fre sh  c a ta ly s t .  W h e n  d e a c t iv ­
a t e d  P t  b la ck  o r P t / S i 0 2 c a ta ly s ts  w ere  t r e a te d  a t  360 °C in  a f lo w  o f h y d ro g e n  
(25 m l m in -1 ) fo r  10 m in , o n ly  p a r t ia l  r e s to r a t io n  o f  th e  a c t iv i ty  fo r  s e lf -h y d ro ­
g e n a tio n  an d  h y d ro g e n o ly s is  w as a c h ie v ed . I t  m a y  b e  n o te d  t h a t  b o th  c a ta ly s ts
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H y d r o c a r b o n  P u l s e  N u m b e r

F ig. 2. D eactiva tion  a n d  reg en eratio n  of 5 %  P t /S i0 2 c a ta ly s t  d u rin g  its  in te rac tio n  w ith  e th y l­
ene. t =  360 °C; 0.05 g c a ta ly s t;  0.5 m l e th y len e  pulses: p re tre a tm e n t,  c a ta ly s t  in  air, th e n  
10 m in  H 2 flow, 20 m in  H e  Нолу. A, fresh  c a ta ly s t ;  B, a f te r  10 m l pu lse  of air; C, a fte r  10 m in

C H
H„ flow. •  C H 4, □ CoH,., O C2H 4, X re ten tio n , +  se lec tiv ity , 2 6CH,

Hydrocarbon Pulse Number
F ig . 3. D eac tiv a tio n  a n d  reg en eratio n  o f P t -Ы аск in re ac tio n  w ith  e thy lene, t =  360 °C: 
ca rrie r  gas He, co n ta in in g  0 .25%  0 2 a t  60 m l m in -1 . P u lses o f 0.5 m l e thy lene: p re tre a tm e n t, 
2 X 10 m l air th en  H 2 flow  fo r 10 m in. A, f re sh  ca ta ly st; B , a f te r  10 m l a ir; C, a fte r H 2 flow  fo r 
11 m in. H , p resen t am o n g  p ro d u c ts  in  all cases. Traces C 0 2 a f te r  B. •  CH4, □ C2H 6, О C2H 4,

, ■ • C„H6+  se lec tiv ity , -yA r- 
CH4

m a in ta in e d  th e ir  c h a ra c te r is t ic  b e h a v io u r  w ith  r e g a rd  to  p ro d u c t  c o m p o s itio n  
a n d  se le c tiv ity  d u r in g  re p e a te d  t r e a tm e n ts .  H o w e v e r  w ith  p la t in u m  b la c k , 
t r a c e s  o f c a rb o n  d io x id e  w ere o b se rv e d  fo llo w in g  th e  in je c tio n  o f  a  p u lse  
o f  a ir  o n  to  th e  c a ta ly s t .  B ecau se  o f  th e  p resen ce  o f  sm a ll a m o u n ts  o f  o x y g e n  
in  th e  c a rrie r  gas , p ro lo n g e d  e x p o s u re  o f th e  c a ta ly s t  in  a  c a r r ie r  gas s t r e a m  
a t  e le v a te d  te m p e r a tu r e  also b r o u g h t  a b o u t th e  r e s to r a t io n  o f  c a ta ly t ic  a c t iv ­
i ty .  N o re g e n e ra tio n  o f  a c tiv i ty  w a s  o b se rv e d  a t  ro o m  te m p e r a tu re  u s in g  th e
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F ig . 4. R egeneration  of th e  P t /S i0 2 c a ta ly s ts  u sed  fo r Fig. 1 by  pro longed  H e co n ta in in g  0.25%  
0 2 a t  360 °C. A, helium  -f- oxy g en ; B , effect o f 30 m l a ir pulse. •  CH4, □ C2H 6, О C2H 4, X re ­

te n tio n

f lo w  o f  o x y g e n -c o n ta in in g  h e liu m . I n  F ig . 4 , th e  e ffec t o f  d if fe re n t  d u ra tio n s  
o f  c a r r ie r  gas flow  on  th e  a c t iv i ty  a n d  s e le c tiv ity  o f  a p la t in u m -o n -s i l ic a  c a ta ly s t  
is  sh o w n  to g e th e r  w ith  th e  e ffe c t o f  a 30 m l p u lse  o f  a ir. C o n tin u o u s  t r e a tm e n t  
b y  o x y g e n  a t  a low  p a r t i a l  p re s su re  w as less e ff ic ien t in  r e g e n e ra t in g  a c a ta ly s t  
t h a n  w as a sm a lle r  v o lu m e  o f  o x y g e n  a t  a h ig h e r  p a r t ia l  p re s s u re . S im ilar 
r e s u l t s  w ere o b ta in e d  w ith  p la t in u m  b la c k .

c) Radiotracer studies o f retention and regeneration phenomena

I t  can  b e  se en  t h a t  r e te n t io n  o f  h y d ro c a rb o n s  a c c o m p a n ie d  c a ta ly s t  
d e a c t iv a t io n .  T h is  p h e n o m e n o n  w as in v e s tig a te d  b y  u s in g  [14C ]-e th y le n e  as 
a  t r a c e r .  A  fre sh  sa m p le  o f  p la t in u m  b la c k  w as d e a c t iv a te d  in  th e  u s u a l  m a n n e r  
b y  in je c t io n  o f [14C ]-e th y le n e . T h e  e x t e n t  o f  d e a c t iv a t io n  c a n  b e  se e n  in  T ab le  I.

Table I

Reaction and  retention o f  [ UC]-ethylene on a P t-Ыаск catalyst 
C a ta ly s t:  0.06 g P t -Ы аск, N o p re tre a tm e n t:  h e a tin g  to  50 °C in  a ir , th e n  in  Н е -flow to  
360 °C: t  =  360 °C (ex cep t w h en  specified): H y d ro carb o n : 0.5 m l 14C2H 4 w ith  rad io ac tiv ity : 

4650 co u n ts  in  p ro p o rtio n a l gas co u n te r

Pulse No.
Product composition, %

Retention
Radioactivity (counts)

CH4 C.H. c ,H , recovered retained (%)

I 10.8 25.5 32.5 31.2 2740 41

и 0.8 5.7 87.9 5.6 4450 4.5

h i * 0.2 0.3 99.5 — 4630 —

IV 0.3 0.8 96.3 2.6 4460 4

V 0.2 0.4 96.7 2.7 3800** —

* 300 °C
** C H 4 flow increased ; ra d io a c tiv e  co u n ts  on ly  ap p ro x im ate

A c ta  Chim . (B u d a p est)  8 4 , 1975



PAÁL e t al.: INTERACTIONS O F U NSA TU RATED  HYDROCARBONS 451

T able  I I

Deactivation of p la tinum  black catalyst w ith alternate pulses o f [ UC ]-ethylene and
inactive ethylene

C ata ly s t: 0.06 g P t ,  p re tre a te d  w ith  10 m l a ir ,  6 m in. H 2 flow  a t  360 °C. T em p era tu re : 
360 °C. H ydro carb o n : 0.5 m l [14C ]-ethylene, ra d io a c tiv ity :  a p p r . 19500 co u n ts  in  a  p ro p o r­

tional gas c o u n te r

No. of pulse and 
starting 

hydrocarbon

Pr
в

oduct composition %
adioactivity, counts

CH4 C,H, C,H,

I UC ,H 4 1.9 9.8 88.2

300 1400 15,600

I I  C2H 4 0.5 2.1 97.4

1l a c k g r o u n c Í

I I I  ,4C2H 4 0.5 1.2 98.3

— 200 17,600

IV C2H , 0.6 0.7 98.7

j a c k g r o u n i 1

T h e se  r e s u lts  also sh o w  th e  re te n tio n  o f  r a d io a c t iv e  h y d ro c a rb o n  on  u n s u p p o r t ­
e d  p la t in u m . T he r e te n t io n  d a ta  c a lc u la te d  f ro m  th e  c h ro m a to g ra p h ic  tr a c e s  
a re  c lo se ly  s im ila r to  th o s e  c a lc u la te d  f ro m  ra d io a c t iv i ty  m e a s u re m e n ts  u s in g  
a p ro p o r tio n a l  c o u n te r  c o u p le d  to  th e  e x i t  fro m  th e  c h ro m a to g ra p h  [11, 15].

T h e  p ro b lem  o f w h e th e r  species r e ta in e d  b y  th e  c a ta ly s t  m ig h t in te r a c t  
w ith  g as  p h a se  h y d ro c a rb o n s  [16] w as s tu d ie d  b y  in tro d u c in g  a l te r n a te  r a d io ­
a c tiv e  a n d  in a c tiv e  p u lse s  o f  e th y len e  o n  to  a p la t in u m  b la c k  c a ta ly s t .  T a b le  
I I I  sh o w s t h a t  w hile  d e a c t iv a t io n  p ro c e e d e d  in  th e  u s u a l  m a n n e r ,  th e  r a d io ­
a c t iv i ty  o f  th e  p ro d u c ts  le a v in g  th e  c a ta ly s t  c o r re sp o n d e d  e x a c t ly  to  t h a t  o f  
h y d ro c a rb o n  w h ich  h a d  b e e n  in tr o d u c e d , i.e. a n  in a c tiv e  p u lse  o f  e th y le n e  
in tr o d u c e d  a f te r  a r a d io a c t iv e  pu lse  a c q u ir e d  no r a d io a c t iv i ty  f ro m  r e ta in e d  
su rfa c e  species.

I t  h a s  b een  sh o w n  re c e n t ly  [14] t h a t  t r i t iu m  r e ta in e d  b y  p la t in u m  b la c k  
c a ta ly s ts  ca n  be d e te c te d  b y  im m e rs in g  sa m p le s  in  a  l iq u id -s c in ti l la to r  a n d  
c o u n tin g  th e  r a d io a c t iv i ty .  A  sim ila r p ro c e d u re ,  u s in g  [14C]-C2H 4 as t r a c e r ,  
w as u se d  to  d e te rm in e  w h e th e r  c a rb o n  s t i l l  r e m a in e d  on  th e  c a ta ly s t  a f te r  i t  
h a d  b e e n  r e a c t iv a te d  in  a ir.

F o llo w in g  d e a c t iv a t io n  w ith  f iv e  0 .5  m l p u lse s  o f  [14C ]-e th y le n e , th e  
c a ta ly s t  w as cooled  to  ro o m  te m p e r a tu re  a n d  a few  m g  p la c e d  in  a  s ta n d a r d  
s c in ti l la t io n  co u n tin g  l iq u id  [14]. R e ta in e d  ra d io a c tiv e  su rfa c e  species c a u se d  
c o u n tin g  w ith  an  o b s e rv e d  r a te  o f 1470  c o u n ts  m in -1  m g - 1 . T h e  re m a in d e r

7* A c ta  C him . (B u d a p e st)  8 4 , 1975
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Table II I

Comparison o f catalyst deactivation and regeneration with ethylene, cyclohexene
and 1-hexene

t  =  360 °C; 0.16 g P t-b lack , carrier gas: 60 N T P  m l/ra in  H e +  0 .25%  0 2

Starting hydrocarbon

Experiment Ethylene Cyclohexene 1-Hexene
One pulse: One pulse: One pulse:

0.5 ml = 22 jUmole 2.5 fd  =  24 jumole 3 fx\ —  24 jUmole

P u lse  1. (on fresh
P t-b lack )
S ta rtin g  m aterial, % 28.6 0 77.7
R eac ted  % 41.1 (5.8 +  35.3)* 88.8 (0 .1+ 88 .7 )* 22.3 (3 .3 + 9 .2  +  10.8)*
R e ten tio n  %  

R e la tiv e  ex ten t of
30.3 11.2 —

reaction : 1.0 1.0 1.0
P u lse  No. 10

S ta rtin g  m aterial, % 96.0 26.5 (1 .5+ 73 .5 )* 98.0
R eac ted  % 4.0 (1 .2+ 2 .8 )* 73.5 2.0 (1.2 +  0.4 +  0.4)*
R eten tio n  %  

R e la tiv e  ex ten t of
0 0 —

reaction : 0.10 0.83 0.09
P u lse  No. 18

S ta rtin g  m aterial, % — 93.0 —
R eacted  % — 7.0 (0 .04+ 7 .0 )* —
R eten tio n  %  

R e la tiv e  ex ten t of
— 0 —

reaction : — 0.08 —

D eac tiv a ted  P t
S ta rtin g  m aterial, % 95.1 91.6 98.0
R eac ted  % 4.9 (1 .6 + 3 .3 )* 8.4 (0 .1 + 8 .3 )* 2.0 (1.2 +  0 .4 + 0 .4 )*
R e ten tio n  %  

R e la tiv e  ex ten t of
0 — —

reaction : 0.12 0.095 0.056

R egenerated  with
10 m in 11 о flow 
S ta rtin g  m aterial, % 90.0 35.9 95.6
R eacted  % 10.0 (2 .4+ 7 .6 )* 64.1 (0 ,6+ 63 .5 )* 4.4 (1 .4 + 0 .9  +  2.1)*
R eten tio n  %  

R e la tiv e  ex ten t of
0 — 0

reac tion : 0.25 0.72 0.20
D eac tiv a ted  P t

S ta rtin g  m aterial, % 94.7 97.4 97.3
R eacted  % 5.3 (1.5 +  3.7)* 2.6 (0 +  2.6)* 2.7 (1.7 +  0 .4 + 0 .6 )*
R e ten tio n  %  

R e la tiv e  ex ten t of
— —

reaction : 0.13 0.03 0.12

R egenerated  w ith  air
slug: 10 m l 15 ml 10 m l
S ta rtin g  m aterial, % 37.0 0.7 74.6
R eac ted  % 39.4 (7.8 +  31.6)* 99.3 (0 .7+ 98 .2)* 25.4 (3.5 +  10.3 +  11.6)*
R e ten tio n  %  

R e la tiv e  ex ten t of
23.6 — —

reaction : 0.98 1.1 1.10

A c ta  Chim . ( Budapest)  84 , 197 5
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Table I I I .  (continued)

Experiment

Starting hydrocarbon

Ethylene 
One pulse:

0.5 ml = 22 //mole

Cyclohexene 
One pulse 

2.5 /Л = 24 jLimole

1-Hexene 
One pulse:

3 (xl =  24 //mole

D eactiva ted  P t
S ta rtin g  m ateria l, % 96.0 85.2 96.8
R eacted  % 4.0 (1.2 +  2.8)*

*осо 3.2 (1 .6 + 0 .7 + 0 .8 )*
R eten tion  % — — —

R ela tive  ex ten t of
reaction : 0.10 0.165 0.14

R egenerated  w ith air
slug 20 ml 15 ml 10 ml
and 10 min H 0 flow
S ta rtin g  m ateria l, % 30.9 0.03 69.5
R eacted  % 43.8 (13.9 +  29.9)* 96.7 (0 .1+ 96 .6 )* 30.5 (4 .7 + 1 5 .4 + 1 0 .4 )*
R eten tio n  % 25.3 3.3 —

R ela tiv e  ex ten t of
reaction : 1.1 1.07 1.36

* The “reac ted ”  va lues m ean th e  sum  o f transfo rm ation  p ro d u c ts  observed. In  parentheses, 
ind iv idual types of p ro d u c ts  are shown. T he m eaning of num bers in  th e  paren theses is as follows: 

for ethylene: (m eth an e %  ■ e th an e% ); 
fo r cyclohexene: (cyclehexane%  +  ten z en e % );
for 1-hexene: (hy dm ger.olysis p ic d u c ts%  +  hexane%  +  cehy d re g o u te d  p ro d u c ts% )

o f  th e  p la tin u m  c a ta ly s t  w as h e a te d  to  360 °C in  a ir  a n d  m a in ta in e d  a t  th is  
te m p e r a tu re  fo r 5 m in . A lth o u g h  th is  t r e a tm e n t  w as m o re  sev ere  th a n  w h e n  
p u lse s  o f a ir w ere  u se d  to  r e g e n e ra te  th e  c a ta ly s t ,  s u b s e q u e n t s c in ti l la t io n  
c o u n tin g  o f th e  c a ta ly s t  show ed  t h a t  i t  s till g av e  a n  a c t iv i ty  o f 90 c o u n ts  
m in -1  m g -1 , th u s  c le a r ly  in d ic a t in g  t h a t  som e c a rb o n -1 4  s till  re m a in e d  on  th e  
c a ta ly s t .

R a d io a c tiv i ty  m e a s u re m e n ts  d e te rm in e d  b y  g a s -p ro p o rt io n a l c o u n tin g  
o f  [14C ]-e th y len e  a n d  liq u id  s c in ti l la t io n  c o u n tin g  o f  th e  c a ta ly s t  cou ld  n o t  he 
d ir e c tly  c o m p a re d  w ith  ea ch  o th e r ,  d u e  to  d if fe re n t c o u n tin g  efficienc ies in  
th e  tw o  sy s tem s . E le c tro n  m ic ro sco p ic  s tu d ie s  o f  c a rb o n  d ep o s itio n s  f ro m  
C0-o lefins [6] in d ic a te d  t h a t ‘a m o rp h o u s ’ c a rb o n  te n d s  to  a c c u m u la te  in  ‘p a tc h e s ’ 
o n  th e  c a ta ly s t  a n d  c o n s e q u e n tly , se lf-a b so rp tio n  o f  th e  [14C ]-6 e ta -p artic les  
w o u ld  a ffec t th e  f in a l  c o u n ts  o b ta in e d  fo r  th e  r e g e n e ra te d  c a ta ly s t .

d) The effect o f substrate structure on deactivation and regeneration

C a ta ly s t d e a c t iv a t io n  a n d  r e a c t iv a t io n  w ere  a lso  in v e s t ig a te d  w ith  tw o  
o th e r  o lefins, n a m e ly  cy c lo h e x en e  a n d  1 -hexene. C y c lo h e x en e  gave s u b s ta n t ia l  
y ie ld s  o f  ben zen e  b u t  o n ly  a sm a ll a m o u n t o f c y c lo h e x a n e  w ith  l i t t le  o r no  
h y d ro g e n o ly s is ; th e  p r o d u c ts  fro m  1-h ex en e  c o n ta in e d  lo w e r  m o le cu la r w e ig h t 
h y d ro c a rb o n s , h e x a n e ,  h ex a d ie n e s  a n d  b en zen e  fo rm e d  in  h y d ro g e n o ly s is ,
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h y d r o g e n a t io n ,  d e h y d ro g e n a tio n  a n d  c y c liz a tio n  re a c tio n s ,  re s p e c tiv e ly . I t  
w a s  sh o w n  p re v io u s ly  t h a t  1 -h ex e n e  d e a c t iv a te s  p la t in u m  b la c k  m u c h  m ore 
r a p id ly  th a n  c y c lo h e x en e  [6]. T h e  re s u lts  sh o w n  in  T a b le  I I I  in d ic a te  t h a t  
id e n t ic a l  n u m b e rs  o f  m o les  o f  th e  s t r a ig h t- c h a in  o lefin s, e th y le n e  a n d  1 -hexene, 
b r o u g h t  a b o u t s im ila r  d e a c t iv a t io n .  M u ch  m ore  cy c lo h e x e n e  w as  n ec essa ry  
f o r  t h e  sam e loss o f a c t iv i ty ,  a n d  h y d ro g e n  w as m u c h  m ore  e f fe c tiv e  in  r e a c t iv a ­
t io n  o f  th e  c a ta ly s t  th a n  w as th e  case w ith  e th y le n e  o r 1 -h e x e n e . A ir a n d  a ir  +  
h y d r o g e n  tr e a tm e n ts  h a d  s im ila r  e ff ic ien c y  in  re s to r in g  c a ta ly t ic  a c tiv i ty . 
I n  th e  l a t t e r  case, th e  a c t iv i ty  m ig h t e v e n  re a c h  a h ig h e r  le v e l t h a n  th e  in it ia l 
v a lu e .  I t  has  to  be n o te d  t h a t  w h e re a s  h ig h  re te n t io n  w as o b s e rv e d  w ith  e th y l­
e n e  m u c h  low er r e te n t io n  w as fo u n d  w ith  C6-h y d ro c a rb o n s , a l th o u g h  th e  v e ry  
c o m p le x  c h a ra c te r  o f  th e  gas c h ro m a to g ra m  m a d e  s t r ic t  q u a n t i ta t iv e  e v a l­
u a t io n  d ifficu lt in  th e  ca se  o f  1 -h ex e n e .

Discussion

A ll th re e  o lefins in tr o d u c e d  o n  to  p la t in u m  c a ta ly s ts  u n d e r w e n t  sign if­
i c a n t  re a c tio n . All r e a c t io n s  o b se rv e d  re p re s e n te d  som e s o r t  o f  hydrogen dispro­
portionation r e s u lt in g  in  h y d ro g e n - r ic h  a n d  h y d ro g e n -d e f ic ie n t p ro d u c ts  b y  
c o m p a r iso n  w ith  th e  h y d ro c a rb o n  r e a c ta n ts .

T h e  fa c t t h a t  h y d ro g e n  d is p ro p o r t io n a t io n  re a c tio n s  o c c u r  im p lies  disso­
ciative adsorption o f  h y d ro c a rb o n s .  H y d ro g e n  re m o v e d  f ro m  th e  h y d ro c a rb o n  
d u r in g  th is  p rocess fo rm  a co m m o n  p o o l w ith  th e  re s id u e  o f  th e  o r ig in a lly  r e ­
t a in e d  h y d ro g en . T h e  su r fa c e  a t  th is  s ta g e  ca n  b e  v isu a liz ed  as c o v e re d  p a r t ly  b y  
h y d r o c a rb o n  re s id u e s  a n d  b y  p a r t l y  h y d r o g e n  a to m s. T h e  c a ta ly s t  su rfaces 
a lw a y s  c o n ta in e d  h y d ro g e n  a t  360  °C as sh o w n  b y  r a d io a c tiv e  t r a c e r  s tu d ies  
[1 3 ], e v e n  a f te r  o x y g e n  t r e a tm e n t .  T h e  su rfa ce  re a c tio n  r e p r e s e n te d  th e  com ­
b in a t io n  o f th e se  f ra g m e n ts  in  r a t io s  w h ich  d e p a r t  f ro m  th e  in i t ia l  ra tio .

T h is  p ro p o sa l is s u p p o r te d  b y  e x p e r im e n ts  w ith  t r i t i a t e d  c a ta ly s ts  [13]. 
W h e n  h y d ro c a rb o n s  r e a c te d  o v e r  th e m , e a c h  f ra c tio n  c o n ta in e d  r a d io a c tiv ity .  
T r i t iu m  in  dehydrogenated species p ro v e s  t h a t  e x te n s iv e  d is s o c ia tio n  o cc u rre d : 
s u r fa c e  species m a y  lose m o re  h y d ro g e n  th a n  is n e c essa ry  to  fo rm  a p a r t ic u la r  
d e h y d ro g e n a te d  p r o d u c t ;  t r i t i u m  in  th e  hydrogenated p r o d u c ts  s u p p o r ts  ou r 
s u g g e s tio n  of a  c o m m o n  h y d ro g e n  p o o l o n  th e  su rface  a n d  d isp ro v e s  d irec t 
h y d r o g e n  tra n s fe r  f ro m  one m o lecu le  to  a n o th e r  w ith o u t p a r t i c ip a t io n  o f th e  
s u r fa c e  h y d ro g en .

W h e n  e th y le n e  w as  in tr o d u c e d  o n  to  a t r i t i a t e d  p la t in u m  b la c k  th e  sm all 
h y d r o g e n  p e a k  w as ra d io a c t iv e  [17]. T h is  in d ic a te d  t h a t  r e ta in e d  su rface  h y ­
d ro g e n  d id  p a r t ic ip a te  in  fo rm in g  m o le c u la r  h y d ro g e n  (w h ic h  re p re se n ts  a 
p e c u l ia r  so r t o f r e c o m b in a t io n  o f  su rfa c e  f ra g m e n ts ) ,  in  o th e r  w o rd s , e th y le n e  
in te r a c t io n  w ith  th e  s u r fa c e  in v o lv e d  also  displacement o f hydrogen.
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T h e  a n a ly s is  o f  th e  p r o d u c t  d is tr ib u t io n s  y ie ld s  f u r th e r  in fo rm a tio n . T h e  
a m o u n ts  o f  d e h y d ro g e n a te d  a n d  h y d ro g e n a te d  p ro d u c ts  sh o u ld  ac co rd in g  to  
o u r  p o s tu la te  c o r re s p o n d  to  e a c h  o th e r .  U n fo r tu n a te ly  n o  e x a c t  m a te r ia l  
b a la n c e  cou ld  b e  c a lc u la te d  b e c a u se  b o th  h y d ro g e n  s u p p ly  a n d  p ro d u c ts  in ­
v o lv e  su rfa ce  species fo r  w h ich  th e  a m o u n ts  ca n  o n ly  b e  e s t im a te d  a p p ro x im a te ­
ly . W ith  e th y le n e , n o  h y d ro g e n  d e f ic ie n t p ro d u c t  a p p e a re d  in  th e  gas p h a s e : 
th e  ab sen ce  o f a c e ty le n e  w as c o n firm e d  e x p e r im e n ta lly . T h e  h y d ro g e n -d e f i­
c ie n t p ro d u c ts  m u s t ,  th e re fo re ,  h a v e  b e e n  su rfa c e  re s id u e s , a n d  th is  ex p la in s  
th e  h ig h  r e te n t io n  v a lu e s  fo r  e th y le n e  w h e n  c o m p a re d  w ith  Ce-h y d ro c a rb o n s . 
W ith  th e  la t te r ,  b e n z e n e  (o r h e x a d ie n e s )  re p re s e n t( s )  a  th e rm o d y n a m ic a l ly  f a ­
v o u re d  d e h y d ro g e n a tio n  p ro d u c t.

T h e  specific  r a d io a c t iv i ty  o f  th e  m e th a n e  fo rm e d  o n  a t r i t i a t e d  c a ta ly s t  
is a b o u t  tw ice  as h ig h  as t h a t  o f  e th a n e  (a n d  a b o u t  f iv e  tim e s  as h ig h  as t h a t  
o f  m o le c u la r  h y d ro g e n )  [17]. T h is  su g g e s ts  t h a t  m o s t o f  th e  H 2 m olecu les m u s t 
h a v e  o r ig in a te d  f ro m  d is s o c ia te d  e th y le n e  a n d  a p p ro x im a te ly  tw ic e  as m u c h  
o f  h y d ro g e n  cam e f ro m  th e  co m m o n  p o o l to  one m o lecu le  m e th a n e  as to  e th a n e . 
T h is  le a d s  to  th e  c o n c lu s io n  t h a t  w h e re a s  e th a n e  f o rm a tio n  m a y  b e  re p re s e n te d  
b y  a sso c ia tiv e  a d s o rp t io n  fo llo w ed  b y  th e  u p ta k e  o f  tw o  h y d ro g e n s , m e th a n e  
w as fo rm e d  f ro m  sp ec ie s  m u lt ip ly  b o n d e d  to  th e  su rfa c e  fo rm e d  as a re s u lt  
o f  e x te n s iv e  d is s o c ia tio n . T h is , in  t u r n ,  is e v id e n c e  t h a t  th e  tw o  ty p e s  ( a t  le a s t)  
o f  a d s o rp tio n  su g g e s te d  p re v io u s ly  [ 1 ,2 ]  m a y  h a v e  o c c u rre d  u n d e r  th e  p re se n t 
c o n d itio n s  as sh o w n  sc h e m a tic a lly  in  F ig . 5. T h e  p a r t ic ip a t io n  o f  d isso c ia tiv e ly  
a d s o rb e d  e th y le n e  sp ec ie s  in  e th a n e  fo rm a tio n  ( i.e. th e  in te rc o n v e rs io n  sh o w n  
in  b ra c k e ts  in  F ig . 5) is n o t  e x c lu d e d  in  th is  a rg u m e n t.

O n  th e  b as is  o f  l i t e r a tu r e  d a ta ,  m u lt ip le -b o n d e d  spec ies  m a y  b e  re g a rd e d  
as re sp o n s ib le  fo r  b o th  h y d ro g e n o ly s is  [18, 19] a n d  r e te n t io n  o r  d e a c t iv a t io n  
[1, 2].

CH,

H *  ,H
\  /

H— с — C —  H

* *

+2H
C,H6 (g)

H2C =  CH2 (g) <

- n H

-nH

H — C ------ C — H
/  \  / \

* * *  *

H— c —  c — *
I*  *  *  J

e t c .

Fig. 5. Schem atic  re p re se n ta tio n  of re ac tio n  possib ilities o f e th y len e  on  p la tin u m . -)f denotes 
ac tiv e  sites w ith o u t th e ir  e x ac t specification

C H 4 (g)

R e t e n t i o n
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I t  is r e a so n a b le  to  assu m e t h a t  h y d ro g e n a tio n  a n d  h y d ro g e n o ly s is  o cc u r 
a t  tw o  ty p e s  o f  s ite s  (F ig . 5). I t  h a s  b e e n  su g g e s te d  t h a t  th e re  is a p re fe re n c e  
fo r  th e  fo rm a tio n  o f  m u lt ip le -b o n d e d  species on  ‘ed g e s’ a n d  ‘c o rn e rs ’ [20]. I t  
is  re a so n a b le  to  su g g e s t t h a t  th e se  tw o  ty p e s  o f  s ite  w ere  p re s e n t  o n  o u r  c a ta ­
ly s t s .  T h e ir  a m o u n ts  w ere  d if fe re n t on  s u p p o r te d  a n d  u n s u p p o r te d  p la t in u m . 
P t / S i 0 2 h av in g  sm a lle r  d is t r ib u t io n  o f  m e ta l p a r t ic le  sizes m u s t  h a v e  m ore 
‘e d g e s ’ an d  ‘c o rn e rs ’ a n d  i t  e x h ib its  m u c h  h ig h e r  m e th a n e  fo rm a tio n  a t  a b o u t  
th e  sam e overa ll c o n v e rs io n  o f o le fin  th a n  u n s u p p o r te d  p la t in u m . T h e  d e a c t i ­
v a t io n  o f th e se  s ite s  is m o re  r a p id  t h a n  t h a t  o f  ‘f la t  p la n e  s ite s ’ ; th is  cau ses 
a c h a n g e  in  s e le c tiv ity  d u r in g  s u b s e q u e n t re a c tio n s . I t  is n o t  y e t  c le a r  h o w  
th e s e  tw o  ty p e s  o f  s ite  a re  c o r re la te d  w ith  th e  d if fe re n t c a ta ly t ic  a c tiv i tie s  o f  
v a r io u s  c ry s ta l p la n e s  o b se rv e d  b y  S o m o r j a i  et al. [5].

T h e  p resen ce  o f  h y d ro g e n  d u r in g  th e  in i t ia l  s ta g e s  o f  d isso c ia tiv e  h y d r o ­
c a rb o n  a d so rp tio n  slo w s do w n  th e  p ro d u c tio n  o f  m u lt ip le -b o n d e d  su rfa c e  sp e ­
c ies  [8]. S p illover h y d ro g e n  fro m  s u p p o r te d  p la t in u m  is in e ffe c tiv e  in  th is  
r e s p e c t .  F igs 2 a n d  3 sh o w  e s se n tia lly  id e n tic a l co u rses  o f  d e a c t iv a t io n  in  b o th  
cases .

Cyclic h y d r o c a rb o n  s tr u c tu re s  do  n o t  fa v o u r  th e  fo rm a tio n  o f  m u lt ip le -  
b o n d e d  su rface sp e c ie s ; th e re fo re  d e a c t iv a t io n  is m u c h  slo w er w ith  cy c lo h e x en e  
a n d  v ir tu a lly  no h y d ro g e n o ly s is  o cc u rs . R esid u es  fo rm e d  f ro m  cy c lo h e x e n e  a re , 
p re s u m a b ly , o f  s in g ly  b o n d e d  to  th e  su rfa ce  an d  h y d ro g e n  is m u c h  m o re  e ffec­
t iv e  in  rem o v in g  th e m ,  th a n  in  th e  case  o f  lin e a r  h y d ro c a rb o n s , see T a b le  I I I .

I t  has  b e e n  sh o w n  t h a t  r e ta in e d  species c a n  b e  d isp la c e d  b y  gas p h a s e  
h y d ro c a rb o n s  o n ly  to  a lim ite d  e x t e n t  [16]. U n d e r  o u r  c o n d itio n s , gas p h a se  
e th y le n e  w as n o t  ab le  to  cause  d e te c ta b le  d isp la c e m e n t o f  r e ta in e d  e th y le n e  
sp e c ie s  (see T a b le  I I ) .

T he effec ts  o f  o x y g e n  a re , b y  c o m p ariso n , o p p o s ite  to  th o se  o b se rv e d  
w ith  h y d ro g en . T h e  p re se n c e  o f  sm a ll a m o u n ts  o f o x y g en  in  th e  h e liu m  c a r r ie r  
g as  cau sed  o n ly  a  m in o r  d ec rease  in  th e  r a te  o f d e a c t iv a t io n ,  w h erea s  o x y g en  
in je c tio n s  h a d  a m a rk e d  e ffec t on  th e  re m o v a l o f  r e ta in e d  species. O x y g en  
m a y  p e rh a p s  a c t  a c c o rd in g  to  a R id e a l-E le y  m e c h a n ism  a r r iv in g  f ro m  th e  
g as  p h ase  an d  o x id iz in g  c a rb o n a c e o u s  re s id u e s . T h is  e ffe c t w as p ra c t ic a l ly  
in d e p e n d e n t  o f th e  c a ta ly s t  ty p e  a n d  h y d ro c a rb o n  s u b s t r a te ;  th u s  re s u lts  
o b ta in e d  in  th e  p re se n c e  o f  sm a ll a m o u n ts  o f o x y g en  w ere  e s se n tia lly  th e  sam e 
as  th o se  u sing  p u r e  h e liu m .

As in d ic a te d  b y  ra d io t ra c e r  e x p e r im e n ts , o x y g e n  t r e a tm e n t  m a y  le av e  
so m e  su rface  c a rb o n  w h ic h  is p r e s e n t  in  th ic k  p a tc h e s  a n d /o r  c a rb o n  ‘w h isk e rs ’ 
[7 ]; th e  p resence o f  su c h  s tro n g ly  b o n d e d  c a rb o n  does n o t ,  to  a n y  la rg e r  d eg re e , 
in f lu e n c e  th e  c a ta ly t ic  a c tiv i ty .

T he dec rease  o f  s e le c tiv ity  o n  b o th  c a ta ly s ts  d u r in g  d e a c t iv a t io n  show s 
t h a t  a f te r  a c e r ta in  a m o u n t o f  h y d ro c a rb o n  h a d  b e e n  c o n v e r te d  d e h y ­
d ro g e n a tio n  a c t iv i ty  d ec reases  so m e w h a t fa s te r .  T h is  m a y  be due p a r t ly  to  th e
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g ro w th  o f  c a rb o n a c e o u s  species f ro m  th e  c o rn e rs  on  to  th e  f l a t  p la n e  re g io n s , 
p a r t l y  to  th e  d e p le tio n  o f h y d ro g e n  o n  th e  su rface , p re v e n tin g  d e s o rp tio n . 
L i t t le  r e te n t io n  ac c o m p a n ie s  d e a c t iv a t io n  in  th is  reg ion . T h e  s im ila r  b e h a v io u r  
o f  e th y le n e  a n d  1 -h ex e n e  su g g ests  t h a t ,  in  b o th  cases, a d s o rb e d  sp ec ie s  m a y  
c o m b in e  w ith  e a c h  o th e r ,  g iv ing  p e r h a p s  p o ly e n ic  ty p e  p o ly m e r  sp ec ie s  as 
p ro p o s e d  e a r lie r  [8].

*

T he ex p erim en ta l w ork  serving as a basis o f th is  p ap er has been carried  o u t  in  th e  C hem ­
is try  D e p a rtm e n t, T he U n iv ersity , G lasgow. O ne o f us (Z. P .) th an k s  th e  IA E A  fo r a Fe llow ­
ship. T he a u th o rs  express th e ir  g ra titu d e  to  P ro fesso r P . TÉTÉNYI fo r v a lu ab le  d iscussions.
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TIN(IV) COMPLEXES OF SCHIFF BASES 
DERIVED FROM o-HYDROXYACETOPHENONE 

AND AMINOALCOHOLS

О. P .  S i n g h * , R . N . P r a s a d  an d  J .  P .  T a n d o n  

(Chem ical Laboratories, U niversity o f  R ajasthan , Ja ipur-302004 , In d ia )  

R eceived Ju ly  12, 1974

D e riv a tiv e s  o f th e  ty p e  SnCl4.S B H 2 a n d  SnCl4(S B H 2)2 hav e  been  syn thesized  
by  th e  re ac tio n  o f tin (IY ) chloride w ith  th e  t it le  Schiff bases in  1 : 1 an d  1 : 2 m olar 
ra tio s , re sp ec tiv e ly , in  d ry  benzene. The p ro d u c ts  hav e  been  o b ta in e d  in  a lm o st q u a n ti­
ta tiv e  y ields a n d  in  a s ta te  o f sufficient p u r ity . T h eir I R  sp ec tra  h av e  been  recorded  
and co n d u ctan ce  d a ta  show  th em  to  be n o n -e lectro ly tes.

In tro d u c tio n

I n  re c e n t  y e a rs ,  th e  p r e p a ra t io n  a n d  c h a ra c te r iz a t io n  o f  se v e ra l tin ( IV )  
co m p lex e s  w ith  m o n o d e n ta te ,  b id e n ta te  a n d  m u l t id e n ta te  S ch iff  b ases  h a v e  
b e e n  re p o r te d  [1 10]. H o w e v e r , r e a c tio n s  o f  t in ( IY )  c h lo rid e  w ith  th e  S ch iff
b a se s  d e r iv e d  f ro m  th e  c o n d e n sa tio n  o f o -h y d ro x y a c e to p h e n o n e  w ith  am in o - 
a lco h o ls  su c h  as  2 -a m in o e th a n o l,  l - a m in o -2 -p ro p a n o l, 3 -a m in o p ro p a n o l, 
2 -a m in o b u ta n o l a n d  2 -m e th y l-2 -a m in o p ro p a n o l h a v in g  th e  d o n o r  sy s te m , 
H O  — N — O H , do  n o t  se em  to  h a v e  b ee n  s tu d ie d  so fa r .  I n  th e  p re s e n t  p a p e r , 
re a c tio n s  o f  t in  te tr a c h lo r id e  w ith  th e se  S ch iff  b a se s  a re  d e sc r ib e d . T h e  S ch iff  
b a se s  m a y  b e  s t r u c tu r a l ly  re p re s e n te d  b y  th e  fo llow ing  g e n e ra l fo rm u la  (I):

OK

C = N R O H

CH3

I

C H 3

(w h e re  R  =  — (C H 2)2— , -  C H 2 C H - ,  - ( C H 2)3~ ,

— C (C H 3)2C H 2— ).

* C hem istry  D e p a r tm e n t, R . B. S. College, A gra , In d ia .

- C H ( C 2H 5)C H 2 -  o r
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E x p e r im e n ta l

M ateria ls and m ethods

T he reac tions were c a rried  o u t  u n d e r s tr ic tly  a n h y d ro u s con d itio n s. B enzene (B D H ) 
w as f i r s t  re fluxed  over so d iu m  w ire fo r severa l hours an d  th e n  d is tilled  azeo trop ically  w ith  
e th a n o l. T in(IY ) chloride (R eide l) w as k e p t over copper tu rn in g s  an d  red istilled  before  use. 
D im eth y lfo rm am id e  (B D H ) w as frac tio n a lly  d istilled  u n d e r red u ced  p re ssu re  and  th e  d is tilla te  
m ixed  w ith  ab o u t 12%  (by  vo lu m e) o f d ry  benzene. A f te r  rem o v a l o f th e  b e n z e n e -w a te r  azeo­
tro p e , th e  D M F was again  d is tilled  u n d e r reduced  p ressu re  (55 ± 1  °C/35 m m ) to  o b ta in  
benzene-free  DM F. I t  w as f i r s t  sh ak en  w ith  p re -ig n ited , a n h y d ro u s  a lu m in a  pow d er (B D H  
ch ro m a to g rap h ic  grade) an d  th e n  d ecan ted . T he m iddle frac tio n  b o ilin g  a t  5 5 ± l ° C / 3 5 m m  
w as co llected  and sto red  in  d a rk , s to p p e red  p y rex  flasks. T he specific c o n d u c tiv ity  o f th e  
so lv en t w as found  to  be 0.5— 1.5 • 1 0 -7 o h m -1 c m -1 a t  2 5 ± 1  °C.

P re p a ra tio n  of Schiff bases

S chiff bases from  o -h y d ro x y ace to p h en o n e  w ere p rep ared  by d issolv ing eq u im o lar a- 
m o u n ts  o f th e  ap p ro p ria te  h y d ro x y a lk y lam in e  and  o -hy d ro x y ace to p h en o n e  in  benzene an d  re ­
flu x in g  th e  so lu tion  fo r sev era l h o u rs , follow ed by  th e  rem o v a l o f w a te r-b e n ze n e  azeo trope. 
T h e  p ro d u c ts  were d istilled  before  u se ; th e ir  analyses and  physical ch a rac te ris tic s  are reco rded  
in  T ab le  I.

P re p a ra tio n  of tin (IY ) com plexes

R eactions of tin (IY ) ch lo ride  w ith  th e  Schiff bases in 1 : 1 an d  1 : 2 m olar ra tio s  hav e  
been  carried  ou t. T in(IY ) ch lo rid e  w as dissolved in  benzene and  th e  calcu la ted  a m o u n t o f th e  
S ch iff base  was slowly ad d ed  w ith  c o n s ta n t shak ing . An ex o therm ic  reac tio n  to o k  p lace and  
th e  solid com pound se p a ra ted  im m e d ia te ly . In  th e  cases w here th e  Schiff base  was fo u n d  to  be 
in so lu b le  in  cold benzene, i t  w as f i r s t  d issolved by  re flu x in g  and  th e  so lu tion  was th e n  cooled. 
A fte r  d ecan tin g  th e  so lv en t, th e  re su ltin g  solids were rep ea ted ly  w ashed  w ith  benzene. T he 
so lv e n t was th en  rem oved  u n d e r  red u ced  pressu re  and  th e  p ro d u c ts  w ere finally  d ried  a t  40— 
60°/0.5 m m  for 2— 3 hrs. T h e  re su ltin g  d e riv a tiv e s w ere insoluble in m o st com m on o rgan ic  
so lv e n ts , b i t  soluble in D M F. A nalyses, physical p ro p e rtie s  and  rn o h r  co n d u ctan ce  v a lu es o f 
th ese  com pounds are g iven  in  T ab le  II .

A nalyses and  physical m easu rem en ts

T in  was e s tim a ted  in  th e  co m pounds g rav im etrica lly  as t in  oxide. Chlorine w as de­
te rm in e d  as silver chloride  an d  n itro g en  by  th e  K je ld ah l m ethod .

C onductance m ea su re m e n ts  w ere m ade w ith  a Tesla R L C  bridge  using  a cell h av in g  
th e  cell co n stan t 0.74 c m -1 .

T he in frared  sp ec tra  o f th e  Schiff bases and  th e ir  com plexes in  nu jo l m ulls w ere reco rded  
on a U R -10 double b eam  I R  S p e c tro p h o to m ete r in th e  region 4000— 400 c m -1 .

R e su lts  a n d  d iscu ssio n

T h e  m o la r c o n d u c ta n c e  v a lu e s , as d e te rm in e d  in  D M F  a t  10“ 3 M  c o n ­
c e n t r a t io n  a n d  25 +  1 °C, fa ll in  th e  ra n g e  8.31 9.87 o h m -1  c m 2 m o le -1
(T a b le  I I ) ,  in d ic a t in g  t h a t  th e s e  d e r iv a tiv e s  b e h a v e  as n o n -e le c tro ly te s  in  
D M F . T h e ir  m o le c u la r  w e ig h ts  co u ld  n o t  b e  d e te rm in e d  on  a c c o u n t o f  th e i r  
sc a rc e  so lu b ility  in  c o m m o n  o rg a n ic  so lv e n ts .

T h e  1 : 1 a n d  1 : 2 m o la r  r a t io  re a c tio n s  h a v e  b e e n  fo u n d  to  y ie ld  
S nC l4.S B H 2 an d  SnC l4(S B H 2)2 d e r iv a tiv e s , r e sp e c tiv e ly  (w h ere  S B H 2 =  S ch iff
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Table I

Sch iff bases and their analyses

Physical characteristics Analysis, %

No. Schiff base
Appearance M. p-, °C B. p. °C/mm

C
Found
(Calcd.)

H
Found

(Calcd.)

N
Found
(Calcd.)

l. 2-Hydroxy-N-(a-methyl-salicylidene) ethylamine
(CI0H 13NO2)

yellow solid 9 4 -9 6 149—152/0.1 0.2 67.15
(67.01)

7.85
(7.31)

7.60
(7.81)

2. 2-Hydroxy-N-(a-methyl-salicylidene) propyl­
amine (Cn H 15N 0 2)

yellow solid 8 9 -9 2 164/1.2 68.85
(68.37) Г

*
 

C
O

S
g 7.40

(7.25)

3. 3-Hydroxy-N-(a-methyl-salicylidene) propyl­
amine (CuH 15N 0 2)

yellow solid 75—76 160/0 .5-0 .6 68.18
(68.37)

7.65
(7.82)

7.45
(7.25)

4. l-Hydroxymethyl-N-(a-methylsalicylidene) 
propylamine (C,2H 17N 0 2)

highly viscous 
yellow liquid

— 137—138/0.3 - 0.6 69.72
(69.55)

8.45
(8.27)

6.93
(6.76)

5. l-Hydroxy-l-methyl-N-(a-methylsalicylidene) 
propylamine (C12H 17N 0 2)*

yellow liquid — 91—92/0.1—0.2 69.64
(69.55)

8.43
(8.27)

6.64
(6.76)

* Used to distinguish the products having the same molecular formula
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Tabic II

Synthesis and characteristics o f tin ( IV )  Sch iff base complexes

No.
Tin te tra ­
chloride,

g

Schiff base, 
g

Molar
ratio

Compound, yield (g), 
appearance Sn

Found 
(Calc. )

Analysis (%) 

Cl
Found
(Calc.)

N
Found
(Calc.)

Molar
conductance 
(ohm-  Jcm 2 

mole-1)

l. 1.84 c 10h 13n o 2 1 : 1 SnCl, (C10H 13NO2) 26.60 32.43 3.21 8.31
1.26 (3.11), reddish white solid (27.00) (32.29) (3.18)

2. 1.14 c10h 13n o 2 1 : 2 SnCl, (C10H 13NO2)2 19.01 22.87 4.60 8.60
1.57 (2.62), reddish white solid (19.18) (22.95) (4.52)

3. 2.93 c „ h 15n o 2 1 : 1 SnCl, (C ,,H 15N 0 2) 26.61 30.99 2.97 8.36
2.17 (5.09), yellow solid (26.16) (31.30) (3.08)

4. 1.34 c „ h 15n o 2 1 : 2 SnCl, (Cn H 15N 0 2)2 18.63 22.11 4.16 8.60
2.00 (3.30), yellow solid (18.35) (21.96) (4.32)

5. 2.26 c „ h 15n <V 1 : 1 SnCl, (Cn H 16N 0 2)* 25.86 31.27 3.04 8.41
1.67 (3.67), yellow solid (26.16) (31.30) (3.08)

6. 1.40 c „ h 15n o 2* 1 : 2 SnCl4 (CuH 13N 0 2)2* 18.40 21.91 4.26 9.87
2.09 (3.49), yellow solid (18.35) (21.96) (4.32)

7. 1.80 C„H„NO., 1 : 1 SnCl, (C,„H!7N 0 2) 25.22 30.29 2.93 8.31
1.43 (3.23), pale yellow solid (25.38) (30.36) (2.99)

8. 3.04 c I2h 17n o 2 1 : 2 SnCl4 (C12H 17NO,)2 17.77 21.06 4.26 8.60
4.85 (7.90), pale yellow solid (17.60) (21.05) (4.15)

9. 1.30 C,.,H,,NO„* 1 : 1 SnCl4 (C,.,H17NO.)* 25.17 30.83 2.97 8.50
1.03 (2.17), yellow solid (25.38) (30.36) (2.99)

10. 1.14 C,,H„NO.,* 1 : 2 SnCl, (C ,,U ]7N 02).,* 17.43 21.02 4.03 8.70
1.81 (2.95), ye’low solid (17.60) (21.05) (4.15)

These compounds were used to distinguish the products having the same molecular formula
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b a se  h a v in g  th e  d o n o r  sy s te m  H O  — N — O H ). W ith  in c re a s in g  c o n c e n tra t io n  
o f  th e  S ch iff  b a s e ,  d e r iv a tiv e s  o f th e  t y p e  S nC l4(S B H 2)2 co u ld  o n ly  b e  is o la te d .

C o -o rd in a t io n  o f  th e  a z o m e th in e  n i t r o g e n  to  th e  t i n  a to m  is in d ic a te d  b y  
th e  s h if t  o f  th e  rC  =  N  v ib ra t io n  to w a rd s  h ig h e r  fre q u e n c ie s . In  th e  I R  s p e c tr a  
o f  S ch iff  b a s e s , a  s tro n g  h a n d  du e  to  rC  =  N  a p p e a rs  a t  a b o u t  1610 c m - 1 , 
w h e re a s  in  th e  t i n  co m p lex es th is  b a n d  is o b se rv e d  a t  a b o u t  1640 c m -1  (T ab le  
I I I ) .  A  s im ila r  s h i f t  to  h ig h e r  f re q u e n c ie s  h a s  b e e n  r e p o r te d  in  tin ( IV )  c o m p le x ­
es o f  s a lic y lid e n e a n ilin e s  [3]. I f  o n ly  th e  n itro g e n  o f  th e  l ig a n d  c o -o rd in a te s  
th e  m e ta l a to m  in  th e  1 : 1 co m p le x  w ill h e  p e n ta c o -o rd in a te d .  H o w e v e r , 
h e x a c o -o rd in a te d  co m p lex es in  th e  ca se  o f  tin ( IY )  h a v e  b ee n  r e p o r te d  to  
h e  m ore  s ta b le .  K o g an  et al. [3] h a v e  sh o w n  th e  fo rm a tio n  o f  1 : 2 c o m p le x e s  
o n ly  b e tw e e n  t in ( I Y )  ch lo ride  a n d  th e  S c h if f  b ases  f ro m  sa lic y la ld e h y d e  a n d  
a ro m a tic  a m in e s . I n  th e se  cases, c o -o rd in a t io n  o f n i tro g e n  to  th e  m e ta l  h a s  
b e e n  su g g e s te d  g iv in g  an  o c ta h e d ra l g e o m e tr y  to  th e  c o m p le x  a n d  th e  p h e n o lic  
O H  does n o t  c o -o rd in a te .  A  sim ila r r e a c t io n  o f  t in ( IV )  ch lo rid e  w ith  s a lic y la ld e ­
h y d e  h a s  also  b e e n  re p o r te d  to  y ie ld  a  1 : 2 co m p le x  o n ly  [11]. C o -o rd in a tio n  
ta k e s  p la ce  t h r o u g h  th e  c a rb o n y l o x y g e n , a n d  th e  o x y g e n  o f th e  O H  g ro u p  
o f  s a l ic y la ld e h y d e  does n o t  c o -o rd in a te . I n  th e se  ca ses , la c k  o f  fo rm a tio n  o f  
th e  1 : 1 c o m p le x  in d ic a te s  th e  u n s ta b le  n a tu r e  o f  th e  p e n ta c o -o r d in a te d  s ta te  
o f  th e  t in  a to m . T h is  le a d s  us to  co n c lu d e  t h a t  th e  1 : 1 co m p lex e s  po sses  o c t a ­
h e d ra l  g e o m e try ,  w h ic h  is possib le  i f  o n e  o f  th e  o x y g e n  a to m s  o f  th e  l ig a n d  
m o ie ty  c o -o rd in a te s  to  th e  m e ta l a to m . S in ce  i t  h a s  a l re a d y  b e e n  r e p o r te d  t h a t  
p h e n o lic  o x y g e n  d o es  n o t  c o -o rd in a te , i t  c a n  b e  a ssu m e d  t h a t  in  th e s e  cases  th e  
a lco h o lic  o x y g e n  a to m  ta k e s  p a r t  in  t h e  c o -o rd in a tio n . T h e  1 :2  c o m p le x  o f  
t in ( IV )  c h lo rid e  w i th  e th y l alcohol [12] a lso  s u p p o r ts  th is  fa c t.

Tabic III

Infrared absorption frequencies (cm~1) o f the S ch iff bases and their in ( IV )  complexes

Schiff base rC  =  N 'TV ) com plex n II 5! S n  0

1610s SnCl4. Cj 0H 13]N u 2 1644s 405s
SnCl4.(C10H 13NO'2)2 1640s 405s

c u h I5n o 2 1614s SnCl4.C11H 16N 0 2 1640s 407s
SnCI4.(Cn H 15N 0 2)2 1640s 408s

c u h 15n o 2* 1610s SnCl4.Cu H 15NOo* 1640s 405s
SnCl4. (Cn H 15N 0 2)2* 1640s 406s

c 12h 17n o 2 1607s SnCl4. C12H 17N 0 2 1642s 405s
SnCl,. (C12H 17NÖ2)2 1630s 405s

c 12h 17n o 2* 1605s SnCl4. C12H 17N 0 2* 1640s 406s

* Used to  distinguish the products having the same molecular formula
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I n  th e  I R  s p e c tr a  o f  th e se  c o m p le x e s , c o -o rd in a tio n  o f  th e  a lcoho lic  o x y ­
g e n  to  th e  m e ta l c a n  b e  in fe r re d  b y  th e  a p p e a ra n c e  o f a  s tro n g  b a n d  in  th e  
re g io n  405 c m -1  (T a b le  I I I ) .  S im ila r  b a n d s  in  th e  re g io n  4 6 0 —400 c m -1  h a v e  
b e e n  a ss ig n ed  to  S n  О in  th e  case  o f  t in ( IY )  co m p lex es  w ith  o x y g e n  d o n o r  
lig a n d s  [11, 13 17].

T h u s  in  v ie w  o f  th e  o b se rv e d  n o n -e le c tro ly te  n a tu re  o f  th e  p ro d u c ts  a n d  
th e  p r e d o m in a n t h e x a c o v a le n c y  o f  t in ( IY ) ,  th e  1 : 1 co m p lex e s  m a y  b e  r e ­
p r e s e n te d  b y  th e  g e n e ra l fo rm u la  II.

Cl

T h e  1 : 2 co m p lex e s  m a y  s im ila rly  be r e p r e s e n te d  b y  th e  g e n e ra l s t r u c tu re  III 
g iv in g  a n  o c ta c o -o rd in a te d  e n v iro n m e n t  to  th e  c e n tr a l  t in  a to m :

III

O c ta c o -o rd in a te d  co m p lex e s  o f t in ( IV )  h a v e  b e e n  r e p o r te d  w ith  a v a r ie ty  o f  
l ig a n d s  such  as 8 -h y d ro x y q u in o l in e  [18], tro p o lo n e  119] a n d  p h th a lo c y a n in e  
[20 ].

T h e d o d e c a h e d ra l  g e o m e try  fo r  t in  t e t r a n i t r a t e  [21] h a s  b e e n  c o n f irm e d  
o n  th e  b as is  o f X - r a y  c ry s ta l  s tu d ie s  a n d  D2d s y m m e try  h a s  b ee n  suggested^

*
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A C E T O L Y S I S  O F  0 - T E T R A A C E T Y L - l - D E O X Y - l - ( 2 \ 4 ’ - D I -  

N I T R O P H E N Y L H Y D R A Z I N O ) - d - G L U C O P Y R A N O S E

(SH O R T  C O M M U N IC A T IO N )

Á . G e r e c s

(Department o f  Chemical Technology, Eötvös Loránd University, Budapest)

Received March 1, 1974

In  th e  acetolysis of 2 ,3 ,4 ,6-0-te traacety l-l-deoxy-l-(2’,4’-dinitrophenylhidra- 
zino)-/?-D-glucopyranose (I) (Ac20 , AcOH, NaOAc, 100 °C), 2,3,4,5,6-O-pentaacetyl-D- 
glucose-2’,4’-dinitrophenylhydrazone (II) is no t the only product. O-Tetraacetyl-D- 
gluconic 1.5 >- lactone-2’,4’-dinitrophenylhydrazone is formed as a by -p roduct 
and anom erization  also takes place, depending on th e  acetic acid content of the reaction  
m ixture; th is  process is fast in acetic acid b u t slow in acetic anhydride. The /1-anomer 
of I is a chrom atographically  pure, crystalline substance, the a-anom er could be detec ted  
by means of pap er chrom atography only in amorphous m ixtures. They suffered aceto l­
ysis in acetic anhydride yielding compound II; the  reaction  is fas t in the case of th e  
form er substance, and slow for the la tte r, as shown paper chrom atographically.

I n  a p re v io u s  p a p e r  [1] we h a v e  r e p o r te d  on  th e  p o ss ib ili ty  o f th e  c o n ­
v e rs io n  o f  2 ,3 ,4 ,6 - 0 - te t r a a c e ty l - l - d e o x y - l - ( 2 ’,4 ,-d in itro p h e n y lh y d ra z in o )-D -  
g lu c o p y ra n o se  (I) in to  0 -p e n ta a c e ty l-D -g lu c o se -2 ’,4 ,- d in itro p h e n y lh y d ra z o n e  
(II) w ith  a c e tic  a n h y d r id e  in  th e  p re se n ce  o f  so d iu m  a c e ta te  c a ta ly s t .  S u b ­
s e q u e n tly  th e  p ro g re s s  o f  th e  re a c tio n  w as fo llo w ed  b y  m e a su r in g  th e  c h a n g e  
in  sp ec ific  r o ta t io n ,  w h ich  p e rm it te d  a  c o m p a riso n  o f  th e  s ta b ili tie s  o f  t h e  
p y ra n o se  r in g  in  d if fe re n t  l -d e o x y - l- (a ry lh y d ra z in o ) -p y ra n o s e  d e r iv a tiv e s  [2 ].

I n  th e  a c e to ly s is  o f  I, th e  sp ec ific  r o ta t io n  is a lw a y s  lo w er th a n  e x p e c te d  
i.e. t h a t  o f  II. I t  h a s  b e e n  e s ta b lish e d  t h a t  th e  a c e tic  ac id  c o n te n t  o f  a c e t ic  
a n h y d r id e  a ffe c ts  t h e  r a te  o f th e  r e a c tio n , b u t  th e  c a u se  o f  th is  w as n o t  
in v e s tig a te d  th e n .  S om e re c e n t e x p e r im e n ta l  o b s e rv a tio n s  re la te d  to  th i s  
p h e n o m e n o n  a re  d e s c r ib e d  h ere .

S om e re s u l t s  o f  th e  e x p e r im e n ts  c a r r ie d  o u t  a t  v a r io u s  ac e tic  a n h y d r id e  
to  a c e tic  ac id  r a t i o s  a re  sh o w n  in  F ig . 1.

I t  c a n  b e  s e e n  f ro m  th e  re s u lts  t h a t  th e  o v e ra ll r e a c tio n  r a te  d e c re a s e s  
w ith  in c re a s in g  a c e t ic  ac id  c o n te n t  a n d , s lo w er p ro ce ss  b eco m es p r e d o m in a n t  
a f te r  th e  in i t ia l  f a s te r  re a c tio n .

The acetolysis experim ents were carried ou t in a reaction m ixture w ith the following 
composition: paper chrom atographically pure compound I (0.200 g), acetic anhydride or a 
m ixture of acetic anhydride and acetic acid (20 ml), anhydrous sodium acetate (0.100 g). 
Tem perature 100 °C. The specific ro ta tion  of I and II are [a ]o  =  0.0° (c =  1) and [a]f5 =  
=  -|-83.0° (e =  1), respectively, in the given reaction m ixture.
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I n  a c e tic  ac id  m e d iu m  (in  th e  a b s e n c e  o f  so d iu m  a c e ta te ) ,  c o m p o u n d  I 
is c o n v e r te d  a t  100 °C w ith in  15 — 20 m in  in to  a n  e q u il ib r iu m  m ix tu re  (III) 
h a v in g  a sp ec ific  r o ta t io n  o f  [а]го =  + 3 0 °  (F ig . 2). T h is  is e v id e n t ly  th e  e q u i­
l ib r iu m  m ix tu re  o f  th e  tw o  an o m ers . T h e  a n o m e r iz a tio n  also  ta k e s  p la c e  in  
a c e t ic  a n h y d r id e  a t  100  °C, b u t  a t  a s ig n if ic a n t ly  low er r a te ,  as sh o w n  in  F ig . 2. 
T h e  c u rv e  re p re s e n tin g  th e  cou rse  o f  th e  r e a c tio n  in d ic a te s  p re s u m a b ly  th e  
su m  o f  th e  in c re a se  in  sp e c if ic  r o ta t io n  b r o u g h t  a b o u t b y  th e  a n o m e r iz a tio n  
a n d  a lim ite d  ac e to ly s is  r e a c tio n .

The form ation of an equilibrium  m ixture was confirmed by the following experim ents, 
too . A solution of I  (1.00 g) in acetic acid (100 ml) was heated a t 100 °C for 2 hrs, thus [a]o  =  
=  0.0° —*- 31°. The solution was concentrated in  vacuum  and mixed w ith  w ater; the product 
was separated and dried, yielding III (1.00 g). T his was extracted w ith ice-cold m ethanol 
( 3 x 3  ml). The insoluble residue w as IV (0.45 g), [а]Ь° =  + 0 .0 4 °  (AcOH, c =  1). The residue 
from  the methanolic solution was an am orphous substance (V), w ith [<x] d  =  + 4 3 °  (AcOH, 
e =  1)- Based on the com position of I (C20H 21O i ;,N j), calcd. N 10.60; found N  10.54; 10.57% . 
Compound IV, like V, is converted w ithin 30 m in  in  acetic acid a t 100 °C into a m ixture of 
specific ro ta tion  [<x] d =  + 3 0 ° .
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The above substances and m ixtures have been subjected to  paper chrom atographic 
exam ination, using W hatm an 3 paper, and a developing m ixture consisting of re-hexane and 
m ethy l ethyl ketone in 100 : 16 volume ratio . 0.1 ml of a 0.1% solution of the substance to  be 
tes ted  was applied a t the s ta rting  line, and the  dried paper was sprayed w ith liV N aO H  after 
developing for a 5 1/2 h r period. Compound I produced an elongated brown spot, R f  =  0.49, 
while II gave a circular brow n spot, Rf  =  0.83. In  the  chrom atogram s of III, IV, V, character­
istic circular red spots w ith  R f  =  0.76, 0.73 and 0.74, respectively, were observed indicating  
the presence of the a-anom er, in addition to  the  spot due to I.

T h e  a n o m e r m ix tu re  Y h a s  b e e n  s u b je c te d  to  f u r th e r  f ra c t io n a t io n  b y  
d isso lv in g  i t  in  b e n z e n e , th e n  p r e c ip i ta t in g  th e  v a r io u s  f ra c tio n s  f ro m  th e  so lu ­
t io n  w ith  c a rb o n  te tr a c h lo r id e .  T h e  p u re  a -a n o m e r  co u ld  n o t  b e  o b ta in e d  in  
th i s  w a y  e i th e r ,  o n ly  a m ix tu re  e n r ic h e d  in  th e  a -a n o m e r ,  as in d ic a te d  b y  th e  
v a lu e  o f specific  r o ta t io n  a n d  th e  p a p e r  c h ro m a to g ra p h ic  te s t .  V (1 .60  g) y ie ld e d  
a n  a m o rp h o u s  f ra c tio n  (VI) (0 .167 g) w ith  a sp e c if ic  r o ta t io n  o f [а]го =  + 5 1 .5 °  
(A cO H , c =  1).

A f te r  th e  a c e to ly s is  o f  V (9 9 .7 3 %  A c20 ,  N aO A c, 4 h rs  a t  100 °C), th e  
r e d  s p o t in d ic a t in g  th e  p re se n c e  o f  th e  а -a n o m e r  d id  n o t  d is a p p e a r . O n  th e  
c o n t r a ry ,  in  th e  a c e to ly s is  o f  I (9 8 .3 5 %  A c 0 2, N aO A c, 4 h rs  a t  100 °C), th is  
r e d  s p o t w as n o t  o b se rv e d , w h ile  a b ro w n  sp o t w ith  R f =  0 .67  r e p r e s e n t ­
in g  b y - p ro d u c t  Y II a p p e a re d .  T h is  p ro v e d  to  b e  id e n tic a l  w ith  O -te tra a c e ty l-D -  
g lu c o n ic -< l,5 )- la c to n -2 ’,4 , - d in i tro p h e n y lh y d ra z o n e  o b ta in e d  as th e  b y - p r o d u c t  
in  th e  a c e ty la t io n  o f  I c a rr ie d  o u t  in  th e  p re se n c e  o f  q u in o lin e  o r p y r id in e  [3 ], 
a n d  th is  w as th e  m a in  p r o d u c t  in  th e  o x id a tio n  o f  I [4 ]. I t s  s t r u c tu re  h a s  b e e n  
v e r if ie d  b y  N M R  in v e s t ig a t io n s  [4].

Lactone-hydrazone VII was also isolated in the following w ay: the raw  product (5.1 g) 
obtained on acetolysis of I (5 g) (97.77% AczO, NaOAc, 4 hrs a t 100 °C) was dissolved in e thy l 
acetate  (20.4 ml) and petroleum  ether (27 ml) was added to  it, resulting in the separation  of 
crystalline raw  VII (0.63 g, 12.5%). M.p. 190— 193 °C, [a]jS =  + 46 .7° (CHC13, c =  1.00). 
A fter recrystallization from  m ethanol, m. p. 193— 194.5 °C, mixed m. p. w ith au then tic  sam ple 
194 °C. The R t value was also identical w ith  th a t  of the authen tic  sample.

C20H 22O13N (526.428). Calcd. C 45.63; H  4.21; N  10.64. Found C 45.38; 45.42; H  4.40; 
4.48; N 10.65; 10.60%.

A fter isolating VII, th e  raw  hydrazone II was obtained (3.9 g, 71%). M. p. 108— 112 °C, 
M B  =  + 87 .5° (CHC13, e =  1).

*

The author thanks Mrs. M. Barta for th e  valuable technical assistance and to  Mrs. 
Dr. M. Balogh for the microanalyses.
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The m ain p roduct of the addition of glycine to o-tolualdehyde in the presence 
of aqueous sodium hydroxide is <hreo-/3-o-tolylserine, while the by-product formed in 
small am ounts is eryt/iro-jS-o-tolylserine. The ester derivatives of both  compounds can 
be reduced to the corresponding aminoalcohols w ith  boron hydrides in high yield.

T h e d e r iv a tiv e s  o f  /З-p h e n y lse rin e  a n d  th e  c o rre sp o n d in g  am in o a lco h o ls  
h a v e  b e e n  e x te n s iv e ly  s tu d ie d  b ec au se  o f th e  s im ila r i ty  o f  th e ir  s t ru c tu re s  to  
th o se  o f  b io lo g ic a lly  a c tiv e  co m p o u n d s . I t  h a s  b e e n  k n o w n  fo r  m ore  t h a n  80 
y e a rs  t h a t  th e  a d d i t io n  o f  g lyc ine  to  b e n z a ld e h y d e  in  th e  p resen ce  o f  a q u e o u s  
so d iu m  h y d ro x id e  le a d s  to  /1 -phenylserine via th e  c o r re sp o n d in g  S ch iff  b a s e  
[1, 2, 3], b u t  th e  a c tu a l  c o n f ig u ra tio n  o f th e  c o m p o u n d , w h ich  is id e n t ic a l  
w ith  t h a t  o f  th re o n in e  [4 ], w as d e te rm in e d  o n ly  in  1950. A cco rd in g  o f  s u b ­
s e q u e n t s tu d ie s , e ry th ro -/? -pheny lserine  ca n  a lso  b e  is o la te d  in  sm all a m o u n ts  
[5, 6 ]; d u r in g  th e  f i r s t  h o u r  o f  th e  re a c tio n  p e r io d , i t s  a m o u n t is n e a r ly  e q u a l  
t o  t h a t  o f th e  threo iso m e r , b u t  on  f u r th e r  s ta n d in g  th e  erythro-iso m er is c o n ­
v e r te d  in to  th e  threo c o m p o u n d  a lm o s t c o m p le te ly  [7 ]. T h is  in te re s t in g  p h e n o m ­
e n o n  is p ro b a b ly  d u e  to  a n  iso m e riz a tio n  p ro c e ss  t a k in g  p la ce  via r e tro g ra d e  
a ld o l a d d i t io n  [8]. D ire c t  a d d i t io n  o f g lycine to  h y d ro x y b e n z a ld e h y d e s  c a n n o t  
b e  c a rrie d  o u t ;  th e  h y d r o x y  a n d  d ih y d ro x y -^ -p h e n y lse r in e s  c a n  b e  p r e p a re d  
o n ly  in  th e  r e a c t io n  o f  th e  a p p ro p r ia te  b e n z y lo x y b e n z a ld e h y d e s  w ith  g ly c in e  
in  th e  p re se n ce  o f  p o ta s s iu m  h y d ro x id e . H ere  th e  m a in  p r o d u c t  o f  th e  r e a c t io n  
is a g a in  th e  threo iso m e r  [9 ]. A d d itio n  o f g ly c in e  to  p -n itro b e n z a ld e h y d e  c a n  
be ac h ie v ed  in  th e  p re se n c e  o f  ca lc iu m  h y d ro x id e , h o w e v e r, in  th is  case o n ly  
th e  threo iso m e r  h a s  b e e n  iso la te d  [10].

I n  th e  k n o w le d g e  o f  th e se  re su lts , o u r  a im  w as  to  s tu d y  th e  r e a c t io n  o f  
to lu a ld e h y d e s  w ith  g ly c in e .

I n  th e  case  o f  o - to lu a ld e h y d e  th e  r e a c t io n  p ro c e e d s  in  a  m a n n e r  q u ite  
s im ila r  to  t h a t  o f  b e n z a ld e h y d e , a n d  4 8 %  threo- a n d  4 .5 %  erythro-/З-o -to ly l- 
se rin e  are fo rm e d  u n d e r  th e  u su a l co n d itio n s . T h e  c o n f ig u ra t io n  o f th e  d ia s te re o ­
m ere ca n  b e  a s s ig n e d  o n  th e  b as is  o f th e  c h a r a c te r is t ic  R f v a lu e s , b e in g  h ig h e r  
fo r  th e  threo iso m e r  [7, 8 ] in  th e  sy s te m  a p p lie d , as w e ll as b y  th e  I R  s p e c tr a ,
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in  w h ic h  a b a n d  c h a ra c te r is t ic  o f th e  erythro iso m er a p p e a rs  a t  8 4 0 — 834 c m ” 1

[9].
I n  o rd e r  to  p re p a re  th e  a p p r o p r ia te  am in o a lco h o l, t/ireo-yS-o-tolylserine 

(I) w as  c o n v e r te d  in to  th e  c ry s ta l l in e  IN - ace ty l-i/ireo-/j-o -to ly l seri n e  e th y l  e s te r  
(H ), a n d  th e  p r o d u c t  w as  re d u c e d  w i th  c o m p le x  h y d rid e s . L i th iu m  a lu m in iu m  
h y d r id e  su g g e s te d  fo r  th e  r e d u c t io n  o f  p h e n y lse r in e  e s te rs  in  th e  l i t e r a tu r e  
[6 , 11] co u ld  n o t  b e  u til iz e d  h e re , s in ce  e v e n  in  in v e rse  a p p l ic a t io n  o f  th e  re ­
d u c in g  a g e n t th e  m a in  p r o d u c t  fo rm e d  w as  i/i re o -l-(o -m e th y lp h e n y ])-2 -e th y l-  
a m in o -1 ,3 -p ro p a n e d io l .  B y  th e  u se  o f  c a lc iu m  o r so d iu m  b o r o h y d r id e ,  h o w ­
e v e r ,  th e  d es ire d  p r o d u c t ,  f / i r e o - l- (o -m e th y lp h e n y l)-2 -a c e ty l-a m in o -l ,3 -p ro -  
p a n e d io l  (III) co u ld  b e  o b ta in e d  in  h ig h  y ie ld ; s u b se q u e n t h y d ro ly s is  w ith

2

CH3

NaOH

SOCl2

"

Cl H

С—С—COOC2H5.

CHa

V

HO H
I I

с —С— COOH
I I 

H n h 2
CH3

I

HCl

HO

C—C—CH2 OH
I I 

H n h 2

IV
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h y d ro c h lo r ic  a c id  r e s u l te d  in  t/i re o - l- (o -m e th y lp h e n y l) -2 -a m in o - l,3 -p ro p a n e -  
d io l (IV). I n  th e  r e a c t io n  o f  II w ith  th io n y l  ch lo ride  i/treo -3 -ch lo ro -3 -(o -m eth y l-  
p h e n y l) -2 -a c e ty l-a m in o -p ro p io n ic  ac id  e th y l  e s te r  (V) w as fo rm e d  in  a  m a n n e r  
c h a ra c te r is t ic  o f  th e  threo iso m e r , s im ila r ly  to  th e  c o r re sp o n d in g  p h e n y lse r in e  
d e r iv a tiv e  [5] b u t  in  a h ig h e r  y ie ld , w i th  p re su m a b ly  u n c h a n g e d  c o n f ig u ra tio n
[12]. I t  is w ell k n o w n  t h a t  N -ace ty l-e ry t/iro -/3 -p h en y lse rin e  e th y l  e s te r  fo rm s  
o x az o lin e  w ith  in v e rs io n  u n d e r  s im ila r  c o n d itio n s  [13]. I t  is n o te w o r th y  t h a t  
in  th e  th re o n in e  se rie s , b o th  d ia s te re o m e rs  can  he c o n v e r te d  in to  o x az o lin e
[14, 15].

T h e  2 ,3 -d i- a n d  t r ia c e ty l  d e r iv a t iv e s  o f IV h a v e  also  b e e n  p re p a re d .  
Erythro-ß-o-to ly ls e r in e , lik e  th e  threo iso m e r , can  h e  c o n v e r te d  in to  N -a c e ty l-  
erythro-ß-o-to ly ls e r in e  e th y l  e s te r  (VI), w h ich  y ie ld s  e ry t/ iro - l- (o -m e th y lp h e -  
n y l) -2 -a m in o - l ,3 -p ro p a n e d io l  (VII) o n  re d u c tio n  w ith  c a lc iu m  b o ro h y d r id e  
a n d  su b s e q u e n t h y d ro ly s is  o f th e  r a w  p ro d u c t :

H H
I I

C—C— CH2OH
I

HO N H 2
CH3

VII

Experim ental

Threo- and erythro-/?-0-tolylserine

Sodium hydroxide (3.62 g) and glycine (4.55 g) were dissolved in a m ixture of w ater 
(15 ml) and ethanol (2 ml) a t 0 °C, then  o-tolualdehyde (14.7 g) was added to it and stirred  
a t 0 °C for 15 min. The m ix ture  solidified into a crystalline mass; th is  was heated to 30 °C 
and the homogeneous m elt obtained was refrigerated overnight followed by the addition  of 
concentrated hydrochloric acid (7.4 ml). The crystals separated were filtered off; 9.67 g of 
p roduct was obtained. M. p. 192— 195 °C (d.) The substance was dissolved in w ater (100 ml) 
and precipitated w ith ethanol (100 ml); the precip itate was filtered  off, yielding threo-ß-o- 
tolylserine (5.70 g). M. p. 203— 204 °C (d.). Yield: 48% . The R j  value is 0.56 on a Kieselgel-HF 
layer, in a developing m ixture consisting of bu tano l, acetone, am m onia and w ater (8 : 1 : 1 : 6).

C10H 13NO3 (195.2). Calcd. C 61.53; H  6.71; N 7.17. Found C 61.45; H 6.24; N 7.29% .
The product (1 g) separated  from the m other liquor was dissolved in w ater (10 ml). 

A ddition of ethanol (20 ml) afforded erythro-ß-o-tolylserine (0.53 g). M. p. 201 °C (d.). Yield: 
4 .5% . The Ry value is 0.44 on a Kieselgel-HF layer, in a developing m ixture consisting of 
butanol, acetone, am m onia and  w ater (8 : 1 : 1 : 6).

C10H 12NO3 (195.2). Calcd. C 61.53; H . 6.71; N 7.17. Found C 61.55; H  6.63; N 7.16% .

N-Acetyl-threo-/?-o-tolylserine ethyl ester

Threo-ß-o-tolylserine (26.8 g) was refluxed in absolute ethanol (500 ml) for 5 hrs while 
introducing hydrochloric acid into the solution. This was evaporated to  dryness in vacuum , 
then  the oily product obtained (48.9 g) was dissolved in water (100 ml), then  1% sodium  car­
bonate solution (450 ml) and acetic anhydride (25 ml) were added dropwise during a 15 m in 
period while stirring vigorously a t 0 °C. A fter stirring for 1 hr the precip itate separated  was
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filtered off. 23.80 g of p ro d u c t was obtained after drying. M. p. 161—165 °C. A fter recrystalliza­
tion  from ethanol (150 ml) 20.85 g of the substance was obtained. M. p. 174— 175 °C. Yield: 
57% .

C14H 19N20 4 (265.3). Calcd. C 63.38; H 7.22; N 5.28. Found C 63.18; H  7.42; N 5.37% .

Threo-l-(o-m ethylphenyl)-2-ethylam ino-l,3-propanediol

A solution of L iA lH 4 (1.30 g) in absolute ether (60 ml) was added dropwise to a solution 
of N-acetyl-i/ireo-/?-o-tolylserine ethyl ester (2.65 g) in ether (60 ml) under nitrogen atm osphere 
while stirring. A slight increase in the tem peratu re  of the solution could be observed. The 
m ixture was stirred a t room  tem perature  for 3 hrs, then  w ater (5 ml) was added; the precipitate 
separated was filtered off and  the ethereal m other liquor was evaporated to  dryness, the residue 
(1.25 g) was filtered w ith  benzene. W eight after drying: 0.90 g. M. p. 91—93 °C. Yield: 43% . 
A fter recrystallization from  benzene, m. p. 95—96 °C.

C12H 19N 02 (209.3). Calcd. C 68.89; H 9.14; N 6.68. Found C 68.41; H 9.24; N 6.26% .
The inorganic prec ip ita te  was dissolved in  2N  hydrochloric acid (100 ml), the solution 

was made alkaline, filtered , then  extracted w ith 3 x 5 0  ml of ethyl ace ta te ; the ex tract was 
evaporated to dryness, th e  crystalline residue (0.35 g) was filtered w ith benzene. 0.25 g of threo- 
l-o-m ethyl-phenyl-2-acetylam ino-l,3-propanediol was obtained. M. p. 194— 195 °C. Yield: 11%.

Threo-l-(o-m ethylphenyl)-2-acetyl-am ino-l,3-propanediol

(a) CaCl2-2 H 20  (2.2 g) was dissolved in absolute ethanol (75 ml) and a solution of 
N aB H 4 (1 g) in absolute e thanol (75 ml) was added dropwise a t — 50 °C under cooling w ith 
d ry  ice-acetone and stirring . N-Acetyl-tJireo-ß-o-tolylserine ethyl ester (2.65 g) was added to  
the m ixture, and it was stirred  a t —20 °C for 7 hrs, then  refrigerated overnight. The sodium 
chloride precipitate was filtered off, the m other liquor was evaporated to dryness, and the 
residue was taken up w ith  I N  hydrochloric acid (20 ml). The crystals separated were filtered 
off and washed w ith ethanol. 2.22 g of the product was obtained. M. p. 200—201 °C. Yield: 
100%. After recrystallization from absolute ethanol, m. p. 203—204 °C.

C12H 17N 0 3 (223.3). Calcd. C 64.58; H 7.67; N 6.27. Found C 64.24; H 7.73; N 6.19% .
(b) W hen the reduction  was carried ou t in tetrahydrofuran  (100 ml) with the same 

am ounts of reagents a t  30 °C for 8 hrs, 1.90 g of the product was obtained. M. p. 198—200 °C. 
Yield 85% .

(c) A solution of N aB H 4 (0.5 g) and N-acetyl-i/ireo-o-tolylserine ethy l ester (1.33 g) 
in absolute ethanol (100 ml) was stirred a t room tem perature  for 8 hrs, then  allowed to stand  
overnight a t room tem peratu re  and evaporated to  dryness in vacuum . The crystalline residue 
was mixed with 1ЛГ hydrochloric acid (15 ml) and filtered off. After drying the weight of the 
product was 1.01 g. M. p. 193— 194 °C. Yield 91% . A fter recrystallization from  absolute e th a ­
nol, m. p. 203—204 °C.

Threo-l-(o-m ethylphenyl)-2-am ino-l,3-propanediol

T/ireo-l-o-m ethylphenyl-2-acetylam ino-l,3-propanediol (1 g) was hydrolyzed w ith 2iV 
hydrochloric acid (10 ml) on a boiling w ater b a th  for 1 hr, the solution was clarified w ith car­
bon, made alkaline w ith  2ZV sodium hydroxide solution (13 ml), ex trac ted  w ith ethyl acetate 
(3 x 2 0  ml) and the e x trac t evaporated to dryness. A crystalline substance (0.74 g) was ob­
tained , it was filtered w ith  benzene. After drying the weight of the p roduct was 0.61 g. M. p. 
102— 106 °C. After recrystallization  from benzene (60 ml), the weight of the product was 
0.45 g. M. p. 115— 117 °C. Yield 56%.

Ci 0H 15NO2 (181.2). Calcd. C 66.30; H 8.34; N 7.75. Found C 66.26; H 8.38; N 8.04% .

N ,N ,0-T riacetyl-threo-l-(o-m ethylphenyl)-2-am ino-l,3-propanediol

T/ireo-l(o-m ethylphenyl)-2-acetylam ino-l,3-propanediol (0.2 g) was dissolved in ab ­
solute pyridine (1 ml), and acetic anhydride (1 ml) was added while cooling with ice. The 
solution was allowed to  stand  overnight a t room tem perature, evaporated to  dryness in vacuum , 
the residue was dissolved in ether (40 ml), washed w ith I N  hydrochloric acid (2 x 1 0  ml) and 
w ater (2 X 10 ml), and th e  ethereal solution was concentrated after drying. 0.16 g of crystalline 
product was obtained. M. p. 114— 115°C. Yield 58% .

C16H21N 0 2 (307.3). Calcd. C 62.54; H 6.89; N 4.56. Found C 61.91; H 6.85; N 4.45% .
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Threo-l-(o-m ethylphenyl)-2-acetyl-am ino-3-acctyl-oxy-propanol

T/ireo-l-(o-m ethylphenyl)-2-am ino-l,3-propanediol (0.5 g) was suspended in absolute 
benzene (22 ml) and  acety l chloride (0.74 ml) was added while stirring a t room tem perature. 
The m ixture was stirred  a t  room  tem perature for 1 hr, and ice-water (19 ml) was added. The 
aqueous phase was separated , the pH  was ad justed  to  8 w ith  concentrated ammonia solution 
(1 ml) under cooling, and extracted with ether (3 x 2 5  ml). The ethereal solution was dried, 
then  evaporated to  dryness; the residue was crystallized from  benzene. 0.31 g of the product 
was obtained. M. p. 136— 137 °C. Yield 43%.

C14H 19N 0 4 (265.3). Calcd. C 63.36; H 7.22; N  5.28. Found C 63.47; H  7.05; N 4.99% .

N-Acetyl-erythr0 -7 -f>-tolvFerine ethyl ester

The substance was prepared from eryihro-/3-o-tolylserine similarly to the procedure 
applied for the corresponding threo isomer. Yield 61% . M. p. 126— 127 °C (ethanol).

C14H 19N20 4 (265.3). Calcd. C 63.38, H 7.22; N  5.28. Found C 63.48; H 7.38; N 5.39% .

Erythro-l-(o-m ethylphenyl)-2-am ino-l,3-propanediol

I t  was p repared  from  N-acetyl-erythro-/S-o-tolylserine ethy l ester similarly to  the pro­
cedure used for the corresponding threo isomer. The reduction  step was carried out w ith calcium 
borohydride in ethanol. Yield 45% . M. p. 102— 103 °C (from benzene).

C10H 15NO2 (181.2). Calcd. C 66.30; H 8.34; N  7.75. Found C 66.50; H  8.42; N 7.86% .

Threo-3-chloro-3-(o-m ethylphenyl)-2-acetyl-am ino-propionic acid ethyl ester

N-Acetyl-(hreo-/?-o-tolylserine ethyl ester (0.5 g) was stirred  w ith thionyl chloride (5 ml) 
a t  room tem peratu re  for 30 min, then the solution was poured into 10% sodium carbonate 
(50 ml) under cooling. The precipitate separated was filtered off, dried and crystallized from 
benzene-petroleum  ether. W eight: 0.20 g. M. p. 95—97 °C. Yield 38% .

C14H 18C1N03 (283.7). Calcd. C 59.27; H  6.39; Cl 12.46; N 4.93. Found C 58.98; H 6.36; 
Cl 12.15; N 5 .14% .

*

The au thor th an k s  the M icroanalytical D epartm en t of the In s titu te  for the m icro­
analyses, and Dr. P . Sohák for recording the infrared  spectra.
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A ry lid e n e -iu s (p h e n y la c e ta m id e s )  [2] a re  k e y  c o m p o u n d s  in  th e  s y n th e s is  
o f  l - a ry l- l ,4 -d ih y d ro -3 (2 H )- is o q u in o lin o n e s  [1] h a v in g  s ig n if ic a n t  b io lo g ic a l 
a c t iv i ty .  P re v io u s ly , e x te n s iv e  in v e s tig a tio n s  d e a lt  w ith  th e  fo rm a tio n  o f  th e s e  
c o m p o u n d s  fro m  a ry la c e to n itr ile s  o r  a ry la c e ta m id e s  [3]. T h e  a im  o f th e  p re s e n t  
s tu d y  w as  to  e lu c id a te  w h e th e r  th e  m e th o d  is also su ita b le  fo r  th e  s y n th e s is  
o f  d e r iv a tiv e s  c a r ry in g  a lk y l g ro u p (s )  a t  th e  m e th y le n e  g ro u p s  o f  th e  bis- 
a m id e . O n  th e  b as is  o f k in e tic  m e a s u re m e n ts  [2], a n  u n fa v o u ra b le  e ffe c t o f  
th e  c h a in  b ra n c h in g  a t  th e  o t-position  co u ld  be e x p e c te d  o n  th e  r e a c tio n  p r o ­
c e e d in g  b e tw e e n  th e  a ro m a tic  a ld e h y d e  a n d  th e  n itr i le ,  p re s u m a b ly  b e c a u s e  
o f  s te r ic  rea so n s :

A rC H O  +  2 A r’C R 1R 2CN  A r C H ( N H - C O  C R 1R 2- A r ,)2

T h e  re a c tio n  w as ac co m p lish e d  in  a n h y d ro u s  a c e tic  a c id , in  th e  p re se n c e  
o f  c o n c e n t r a te d  su lfu r ic  ac id  c a ta ly s t .  T h e  d a ta  o f  th e  n ew  6 is-am id e  d e r iv a ­
t iv e s  a re  sh o w n  in  T a b le  I .

A s i t  can  b e  se en  in  th e  T a b le , a lk y l s u b s t i tu t io n  in  th e  а -p o s itio n  s ig n if­
ic a n t ly  re d u c e s  th e  y ie ld  o f th e  6£s-am ide. T h e  h in d e r in g  e f fe c t  is p a r t i c u la r ly  
s tr ik in g  in  th e  case o f  d is u b s t i tu t io n ,  w h en  a p ro lo n g e d  r e a c t io n  p e r io d  is 
n e c e s s a ry  fo r  th e  fo rm a tio n  o f  th e  p r o d u c t  w ith  b e n z a ld e h y d e . I t  is w o r th  
n o tin g  t h a t  th e  c h a in  le n g th  o f  th e  a lk y l s u b s t i tu e n t  s t ro n g ly  in f lu e n c e s  th e  
e x t e n t  o f  co n v e rs io n . A n o th e r  in te r e s t in g  fe a tu re  o f  th is  r e a c t io n  is t h a t  m e th y l  
a n d  p h e n y l  s u b s t i tu e n ts  g ive rise  to  n e a r ly  th e  sam e re d u c t io n  in  y ie ld .

B e n z y lid e n e -6 is (p h e n y liso b u ty ra m id e )  has  also  b e e n  sy n th e s iz e d  f ro m  
is o b u ty ra m id e  b y  G i l b e r t ’s m e th o d  [4 ], b u t  th e  y ie ld  w as e v e n  lo w er (2 9 % ) 
th a n  in  th e  a c e tic  ac id  p ro c e d u re .

A cta  C h im . (B u d a p e s t)  8 4 , 1975
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Table I

/N H  — СО — CR1R 2 -  C6H 5 
A r-C H <

^ N H  —СО —C R 'R 2 —C6H 5 

Arylidene bis (phenylacetamides)

R 1 R 2 At

Reaction
Yield

%
M p.* °c

(Solvent o f cryst.)

Analysis 
Calcd./found

time,
hr

temp.
°C C H N

H H C6H5 (3) 24 20 75 — — — —

Me H CfiH 5 24 20 35 224 77.69 6.79 7.25
(DMF) 77.59 6.75 7.24

Me Me c 6H 5 168 20 31 167—68 78.22 7.29 6.76
(EtOAc) 78.14 7.44 6.71

Me Me p -n o 2- c 6h 5 24 20 25 183—85 75.16 6.77 3.15
(EtOH) 74.96 6.37 3.14

iP r H C6H 5 24 40 26 260—62 78.70 7.77 6.35
(MeOH) 78.77 8.14 6.52

iP r H p -N 0 2— C6H 5 48 40 17 279 71.44 6.83 8.62
(DMF) 71.53 7.06 8.75

iP r Me C6H 5 48 40 — — — — —

Bu H C6H 5 72 20 8 226—28 79.09 8.14 5.95
(D M F-EtOH ) 78.82 8.16 6.16

C„H5 H c„H5 48 20 36 271—72 82.34 5.92 5.49
(PrOH) 82.54 6.38 5.29

CeH 5 H p-N 02— CcH 5 48 20 33 302—03 75.66 5.26 7.56
(DMF) 75.70 5.51 7.44

* Melting points are uncorrected

E x p e r im e n ta l

M aterials a-Phenylpropionitrile  was prepared according to  th e  procedure proposed 
by M ohasza [5]. The o th er nitriles were synthesized T abanko  and  P e r k y ’s [6] method in  
DMSO solution.

B is  amides

These were synthesized as described form erly [3].
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ACTA CHIMICA
TOM 84 —ВЫ П. 4 

РЕЗЮМЕ

Исследование вязкости систем хлорид металла -  Н.,0 и хлорид металла
-  НС1- Н20

Э. Б Е Р Е Ц

Исследованы вязкости водных и солянокислых растворов хлоридов щелочных и 
редкоземельных металлов.

На онове сравнительного изучения хода кривых вязкость — концентрация для 
бинарных смесей, а также на основе величины и направления изменений вязкости, про­
исходящих при добавлении третьего компонента к бинарным растворам, были сделаны 
заключения относительно структуры растворов, а также их зависимости от концентрации 
в бинарных и тройных системах.

Исходя из полученной зависимости вязкости от концентрации для бинарных сме­
сей, были предложены аналитические и графические методы расчета вязкости для трой­
ных систем.

Отличие син-кетоксимов 2-ацилфуранов от их анти-изомеров, а также их 
конденсированных аналогов с помощью спектров ЯМР

П. Ш ОХАР, Д Ь . ОЧКАИ и Л . ВАРГА

Син- и анти-изомеры 2-ацилфураноксимов, незамещенных в положении 3, могут 
быть легко различены с помощью спектров ЯМР. Синглет Н-3 сильно смещен парамаг­
нитно в случае шн-изомера по сравнению с анти-изомером (Ад sá 0,75 ppm), вследствие 
анизотропного эффекта оксимной группы.

Электропокрытие кобальта, II

Поляризация катода и размеры зерен покрытия
Р. Д. СРИВАСТАВА и С. КУМАР

Было исследовано влияние плотности тока, температуры и pH на поляризацию 
катода, стойкость к коррозии электропокрытия под влиянием атмосферы и на размеры 
зерен электропокрытия кобальта в некоторых ваннах электропокрытия кобальта. Увеличе­
ние плотности тока увеличивает поляризацию и уменьшает размеры зерен покрытия. 
Повышение температуры ванны уменьшает поляризацию и стойкость к коррозии и увели­
чивает размеры зерен. Уменьшение pH ванны вызывает понижение стойкости к коррозии и 
увеличение размеров зерен.



ИК колебательные частоты восстановленных окислов WO _х (1 ^  х > 0
А. Б . КИШ

Были исследованы И К спектры окислов вольфрама с составом W 03_x (1 ;> х >  о). 
В интервале 0 <  х <  0,1 образуются окислы с триклинной, моноклинной, орторомби­
ческой и тетрагональной кристаллической решеткой, и, несмотря на отклонение от со­
става W 03, их обычно называют полиморфными модификациями «W03». Все эти четыре 
типа окислов с такой симметрией — в зависимости от термической обработки и примесей — 
могут быть стабильными и при комнатной температуре. Т. к. спектры различных моди­
фикаций в большей или меньшей степени различаются, то поэтому при ИК спектрофото­
метрическом исследовании окисла, обычно называемого W 03, необходимо выяснить, с какой 
модификацией имеем дело.

С помощью анализа фактора групповой симметрии D lh, D2ft, C2ft и С,- могут быть 
определены возможное число колебаний и тип симметрии. Две сильные полосы поглощения 
этих окислов указывают на то, что в окислах доминируют молекулярные колебания окта- 
эдерного элемента W 06, и, т. о., в первом приближении окислы могут рассматриваться как 
искаженные модификации идеальной решетки типа R e03. В соответствии с этим характер 
ИК полос может быть определен с помощью корреляции Ол -*■ Г).,л — Г)2/г С,-. Степень
расщепления частоты 2НШ в направлении трансформационного превращения тетраго­
нальной в триклинную структуру, т. е. в соответствии с увеличением искажения, повы­
шается.

Сдвиг наивысших частот полос колебания vw _0  строго связан со значением х, т. е. с 
числом мест дефектов W ^O  кислорода. Т. о., на основе спектра можно заключить о типе 
окисла, т. е. о строении. Одновременно с этим, зависимость между частотой и дефектом 
кислорода указывает на различия в способе встраивания дефектов кислорода и их строении 
в ряду окислов W 03_x (1 >  х >  0). ИК спектр оказывается чувствительным и для образо­
вания т. наз. сверхрешетки 2 х W20O58 =  W40O116.

Масс-спектрометрическое исследование производных а-аминоокси-
карбоновых кислот

Й. ТАМАШ, Ю. ХЕГЕДЮ Ш -ВАЙДА, Л . ДАНЧИ и Л . КИШ ФАЛУДИ

Приводится масс-спектрометрическое поведение О-аминооксиуксусной кислоты и ее 
некоторых производных, замещенных на карбоксиле, а также на карбоксиле и амино­
группе. Фрагментация свободной кислоты протекает гораздо сложнее, чем фрагментация 
глицина. Масс-спектр производных — вследствие распространения фрагментации на все 
связи скелета открытой цепочки — снабжает подробными сведениями относительно по­
рядка атомов в молекуле. В случае анилидов были обнаружены многие процессы пере­
группировок, среди которых следует упомянуть миграцию метилена и метила.

pH-Метрическое исследование смешанных лигандных хелатов сксованадия 
(IV) с пиколиновой и некоторыми дикарбоксильными кислотами

С. П. СИНГ и Й. П. ТАНДОН

Описываются pH-метрические исследования взаимодействия оксованадия(1У) с 
пиколиновой кислотой в присутствии и отсутствии некоторых дикарбоксильных кислот 
(щавелевая, фталевая, малеиновая кислоты) при 30 +  0,5°С (0 =  0,1 K N 03). Было обнару­
жено образование комплексов с составом как 1 : 1, так и 1 : 2 (VO+2: пиколиновая кислота) 
и определены их константы стабильности: log Км а  =  5,93 +  0,02 и log КмАг — 10,52 +  
+  0,11. Константа равновесия реакции VOA+ +  Н20  VO(OH)A +  Н+ была рассчитана в 
системе с составом 1 : 1 (УО+2:пиколинова кислота) и равна 3,97 +  0,08. В трехкомпонент­
ных системах было обнаружено образование комплексов со смешанными лигандами с 
составом 1 : 1 : 1 .  Были определены их константы стабильности.



Комплексное исследование катализаторов с никелевым скелетом, I

Термодесорбционный метод и установка для исследования гидрирующих
катализаторов

Й. ХЕЙСМАН, К. ПАЙЕР, Ш. БЕКА Ш И  и Й. ПЕТРО

Была разработана термодесорбционная установка для определения количества и 
форм водорода, сорбированного на гидрирующих катализаторах. В ней были использова­
ны печь, специальной конструкции, и детектор со встроенными торговыми термометрами 
сопротивления платины. На внешнюю поверхность керамического покрытия сопротивле­
ния, находящегося в измерительной ячейке, специальным методом наносили платиновый 
катализатор высокой чувствительности и продолжительного времени жизни. Чувствитель­
ность детектора на два порядка превышает чувствительность ячеек теплопроводности. 
Воспроизводимость результатов, получаемых на установке, удовлетворительна и откло­
нения от средних величин не превышают 10%-ов.

На обычном и модифицированном медью никеле Ренея был обнаружен слабо и 
сильно связанный водород, а на катализаторах, приготовленных из сплавов Ni—Mg и Ni— 
Zn, было обнаружено три различных типа водорода. Общее количество водорода на по­
следних катализаторах значительно меньше, чем на образцах из сплавов Ni—Zn.

Проводятся дальнейшие исследования в этой области.

Взаимодействие незамещенных углеводородов с платиновыми 
катализаторами: протекающие реакции, ретенция, дезактивация

и регенерация
3. ПААЛ, С. Д ж . ТОМСОН, Д ж . В Е Б Б  и Н. Д ж . М Э ККОРКИНДЕЙЛЬ

Было исследовано взаимодействие этилена, циклогексана и 1-гексена с платиновыми 
катализаторами. Протекающие реакции объясняются, с одной стороны, диспропорциони­
рованием водорода, приводящим к гидрированию и гидрогенолизу, а с другой сторны, к 
образованию водородно-убедненных продуктов как в газовой фазе, так и на поверхности. 
Нанасыщенные углеводороды претерпевают диссоциативную адсорбцию на металле, вы­
тесняя часть удерживаемого водорода. Были получены новые доказательства в пользу того, 
что адсорбция на одинарной связи приводит к гидрированию-дегидрированию, в то время 
Как многократные связи приводят к гидрогенолизу и задерживанию углеводородов. Селек­
тивность к реакциям гидрогенолиза и гидрования была различной на катализаторах 
платиновой черни и платины на силикагеле; вероятно, для протекания этих процессов 
требуются различные активные центры. Задерживание углеводородов является основной 
причиной дезактивации катализатора; удаление удерживаемых частиц требует обработки 
кислородом. Обработка водородом является менее эффективной. Было найдено, что проте­
кание всех этих процессов зависит от структуры углеводородов. Задерживание и реактива­
ция были исследованы также с помощью радиоактивной метки.

Комплексы олова(1У) с шиффовыми основаниями, полученными из 
о-гидроксиацетофенона и аминсспиртов

О. П. СИНГ, Р. Н. ПРАСАД и И. П. ТАНДОН

Производные типа SnCl4- SBH2 и SnCl4(SBH2)2 были синтезированы на основе 
реакции хлорида олова(1У) с шиффовыми основаниями с молярными отношениями ком­
понентов 1 : 1 и 1 : 2, в среде сухого бензола. Результирующие продукты были получены с 
почти количественным выходом и в состоянии с пригодной чистотой. Были сняты их ИК 
спектры. Данные по проводимости указывают на то, что они являются неэлектролитами.



Синтез трео- и эритро-/3-о-толилсерина и его производных
А. ХАЙОШ

При присоединении глицинов к о-толуальдегиду в присутствии натриевой щелочи, в 
качестве главного продукта образуется трео-, а в качестве побочного продукта, в неболь­
шом количестве, — эритро-/?-о-толилсерин. Сложные эфиры этих двух соединений с бор- 
гидридными комплексами восстанавливаются с хорошим выходом до соответствующих 
аминоспиртов.
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