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K IN ET ISC H E  U N T E R SU C H U N G  
D E R  SO LYO LYSEBESTÄNDIG K EIT  

YON K A L IU M D IP H E N Y L D IS E L E N O P H O S P H A T

A. I . B u s e v , N . T. J a c im i r s k a j a  und P . N e n n u n g *

(Chemische Fakultät der Lomonossov- Universität M oskau und 
Sektion Chemie der Karl-Marx- Universität Leipzig)

I Eingegangen am 7. M ärz 1980 

Zur Veröffentlichung angenommen am  29. Ju li 1980**

In  dieser A rbeit w ird die Solvolyse von K alium diphenyldiselenophosphat disku
tiert. Nach C harakteristik  des Reagenz’ d u rch  NM R- und  IR -Spektren wird die D is
soziationskonstante der D iphenyldiselenophosphorsäure zu (1,0 ±  0,1) • 10~2 mol /L 
in CHgOH bzw. (2,8 i  0,6) • 10-2 mol/L in  C2H 5OH indirekt bestim mt. Der Solvo- 
lysem echanism us der D iaryldiselenophosphate w ird angegeben.

K aliu m d ip h en y ld ise len o p h o sp h a t (CeH 50 ) 2P (S e)S eK  (D SP) is t ein neues, 
se lenhaltiges o rgan isches R eagenz — v erg le ich b a r Salzen  der D ith iop h o sp h o r- 
säu ren  [1 — 5], die in  d er A n a ly tik  w eit v e rb re i te t  sind  u n d  zur e x tra k tio n s 
p h o to m e trisch en  B estim m u n g  einer R eihe v o n  E lem en ten  b e n u tz t w erden . 
E s is t b e k a n n t, d a ß  in  a lip h a tisch en  A lkoholen  in  d er W ärm e u n d  in  A nw e
sen h e it geringer M engen Salzsäure eine U m e s te ru n g  von D iary ld iseleno- 
p h o sp h a te n  s ta t t f in d e t  [6]. Sehr w ahrschein lich  f in d e n  analoge Prozesse auch  
in  w äßrigen  L ösungen  s ta t t .

N un  is t ab e r die sp ek tro p h o to m e trisch e  u n d  e x tra k tio n sp h o to m e trisc h e  
B estim m u n g  e iner R e ihe  E lem en te  u n te r  V e rw en d u n g  von D iphenyld iseleno- 
p h o sp h a t n u r  in  A nw esenhe it von M in era lsäu ren  m öglich. D eshalb is t die 
K in e tik  d er s ä u re k a ta ly s ie rte n  Solvolyse des R eag en zes in  a liphatischen  A lko
holen  von In te re sse . A u f d er G rundlage d e r v o n  u ns e rh a lten en  E rgebn isse  
kön n en  Schlüsse gezogen w erden  über den  M echan ism us der Solvolyse d er 
D ia ry ld ise len o p h o sp h a te , auch  k an n  in d ire k t d ie  D isso z ia tio n sk o n stan te  d er 
D ip h en y ld ise len o p h o sp h o rsäu re  b estim m t w erd en , die wegen deren In s ta b i
l i tä t  [6] n ich t u n m itte lb a r  gem essen w erden k a n n .

Experim enteller T eil

M ethanol und Ä thanol werden nach [7] gereinigt. D er W assergehalt der Lösungsm ittel 
wird IR -spektroskopisch bestim m t. Methanol und Ä thanol en thalten  0,05% bzw. 0,1% 
H20 . Das K alium diphenyldiselenophosphat wurde fü r uns am  Lehrstuhl für organische 
Chemie der S taa tsun iversitä t Lwow hergestellt. Es w ird aus Aceton m it Benzol um gefällt 
[F  170 °C (Z.)], seine K onzentration  in Lösung wird jodom etrisch  bestim mt.

Die Absorbanz der Lösungen wird am H ITA C H I EPS-3 gemessen in therm ostatierter 
K am m er bei 25 °C. IR -S pek tren  liefert das IR  10, bei V erw endung von K Br-Tabletten. NMR- 
Spektren werden aufgenom m en am WH 90 in D20 .

* Korrespondenz b itte  an diesen Autor richten.
** Die endgültige Form  angenomm en am 12. D ezem ber 1980.

1 Acta Chim. Acad. Sei. Hung. 108, 1981



2 BUSEV et al.: U NTERSUCH U NG  D E R  SOLVOLYSEBESTÄNDIGKEIT

D as N M R -Spektrum  des K alium diphenyldiselenophosphates (DSP) in D20  bei 90 Mege- 
herz is t ein  S ingulett bei ö =  2,6 ppm , bezogen au f W asser und  7,6 ppm , bezogen au f T etra i 
m ethylsilan . Diese Adsorption kann Pro tonen  der Phenylringe zugeschrieben w erden, fü r da
ein R esonanzsignal im Gebiet Ö =  6,5 — 8,0 ppm  typisch  is t [8].

Im  IR -S pek trum  des DSP fallen zwei A bsorptionsbanden im Bereich 610 — 520 cm -1 
auf. N ach  [9 —12] sind diese zwei B anden der asym m etrischen und der sym m etrischen Schw in
gung der P-(Se)Sc-Gruppe des D iphenyldiselenophosphates zuzuordnen. Das A uftreten  
dieser F requenzen  ist durch die zwei Resonanzform en

\ P / Se \  S Seund  P - erklärbar.

/  ^ S e - /  ^ S e

Eine ähnliche Resonanz beobachtet m an  beim  D iäthyldiselenophosphat und  0 , O -D im ethyl- 
d ith iophosphat.

E rgebn isse

A b b . 1 zeigt die V e rän d e ru n g  des A d so rp tio n ssp ek tru m s e in e r D SP- 
L ö su n g  in  Ä th an o l, die 0,15 M  an  H Cl is t , in  A bhäng igkeit von  d er Z e it. M it 
Z e i ta b la u f  w äch st der P ro d u k ta n te il , d e r be i 275 n m  ein A d so rp tio n sm ax im u m

Abb. 1. A bsorptionsspektren einer äthanolischen K alium diphenyldiselenophosphatlösung 
(1 ■ 1 0 - a m ol/L; 0,15 M  an HCl) nach  1) 2; 2) 4,5; 3) 6,1; 4) 8,3; 5) 10,5; 6) 12,1; 7) 14,8; 
8) 15,5; 9) 17,2; 10) 20,5; 11) 22,5; 12) 25,3; 13) 27,3; 14) 31,1; 15) 34,4; 16) 40,4; 17) 44,6; 

18) 45,2; 19) 59,5 m in nach  H erstellen der Lösung

A cta  Chim . Acad. Sei. Hung. 108, 1981
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h a t .  D ie A d so rp tio n sb an d e  e n tsp ric h t n ach  L age und  F orm  d e r des Phenols 
in  Ä th an o l (A =  275 n m , e =  2 • 103). D as w ied eru m  s tim m t m it E rgebn issen  
aus [6] überein , w o gezeig t w ird, d a ß  in  sau rem  M edium  eine U m este ru n g  von 
D ia ry ld ise len o p h o sp h a ten  s ta t tf in d e t . A nalog  lä u f t  eine d e ra rtig e  R eak tio n  
au ch  in  M ethanol u n d  tert .-Bxitanol ab , w ie w ir  fes tg este llt h ab en .

Die von u ns e rm itte lte  Z erfa llsk in e tik  des D S P  in M ethano l u n d  Ä than o l 
bei u n te rsch ied lich er H C l-K o n zen tra tio n  ze ig t eine befried igende Ü bere in 
s tim m u n g  der M eßw erte  m it G leichung 2, d ie eine R e a k tio n sk in e tik  1. O rd
n u n g  besch re ib t u n d  w eist d a ra u f  h in , d a ß  d ieser P rozeß  ein p seudom ono
m oleku la re r Z erfall des D SP  ist.

^ в ^ О ч
w

c0H5o /
•Se

SeK
2 C2H 5O H

C2H 50 X  y S e
x P f  +  2 CeH 5O H  (1)

SeKc 2h 5o /

WO

j  A cc  A q ___  1
g A m -  A ~  ' 2^3

• k b ■ t,

k b =  b e o b a c h te te  G esch w in d ig k e itsk o n stan te , 
A 0 A b so rb an z  zu R eak tio n sb eg in n ,
A a =  A b so rb an z  zu R eak tio n sen d e ,
A x = A b so rb an z  zur Zeit (.

( 2)

D ie B erechnung  d e r G esch w in d ig k e itsk o n stan ten  kb erfo lg te e in m al aus den 
A nfangsgeschw ind igkeiten  v 0 u n te r  V erw en d u n g  d e r G leichung

К
Vq

[L0]A e
L 0 =  D ip h en y ld ise len o p h o sp h a t (3)

oder grafisch  nach  G le ichung  (2) (kb ~  tg  a). D ie  e rh a lten en  W erte  fü r  k b sind 
un te rsch ied lich  fü r  versch iedene H C l-K o n z e n tra tio n e n . Die A b h än g ig k e it k b 
von  d e r H C l-K o n zen tra tio n  in  CH3O H  u n d  C2H 5O H  zeigen die A b b . 2 u n d  3. 
D er K u rv e n v e rla u f e n tsp r ic h t der P ro to n is ie ru n g  der A nionenform  des D SP 
nach  folgendem  S ch em a:

А -  +  H +  H A
CeH 50x

C„H50 -

3/ Se

\ s o -
(4)

H A  +  2 R O H  ——y H A ' +  2 C6H 5O H A' R0\ p/ Se
R O ^  \ S e ~

K a =  D isso z ia tio n sk o n stan te  H A ,
k 0 =  G esch w in d ig k e itsk o n stan te  des Z erfa lls  der p ro to n is ie rte n  F o rm

1* Acta Chim. Acad. Sei. H ung. 108, 1981
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Abb. 2. Abhängigkeit k^ von  CH3OH in den K oordinaten der Gl. 6

Abb. 3. Abhängigkeit k^  von  сцс| ' n C2HäOH in den K oordinaten der Gl. 6

des D S P  — nach Pseudo — 1. O rd n u n g  (k n sch ließ t d abei k o n s ta n te  L ösu n g s
m itte lk o n z e n tra tio n  ein).

In  A bw esenheit von  S äu ren  erfo lg t p ra k tisc h  keine U m este ru n g  des 
D ip h en y ld ise len o p h o sp h a tan io n s  in  A nalogie zu r H ydro lyse  von  D ia lky l- 
u n d  D ib en zy lp h o sp h a ten  [14, 15]. Die H y d ro lysegeschw ind igke it is t h ier 
p ro p o r tio n a l der K o n z e n tra tio n  der N e u tra lte ilc h en  (M e0 )2P ( 0 ) 0 H  
u n d  (A rC H 20 ).,P (0 )0 H , w ä h re n d  die M onoanionen  (M e 0 ) ,P (0 )0 ^  u n d  
(A rC H 20 ) . ,P (0 )0 _ p ra k tis c h  n ic h t hyd ro ly sie ren . M it m a rk ie rte n  Iso to p en  
w u rd e  festg este llt, d aß  fü r  A ry lp h o sp h a te  die H y d ro ly se  zum  B ru c h  der 
P — O -B in d u n g  fü h rt [15]:

C6H 50 v  y O Н 18Оч О
H 2180  +  XP 4  — ► ) p ^  +  C6H 5O H

C6H . o /  4 )1 1  CüH 50  4 O H
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D ie G leichung zu  (4) la u te t :
k  M H C i]  

ь K a +  [HCl]
oder lin earis ie rt:

_ L  =  _ L  K * 1
k b fc0 ‘ fc„ [HCl] '

(5)

( 6)

A us d er in  A bb. 2 u n d  3 gezeig ten  experim en te ll e rm itte lte n  A bhäng igkeit 
fcb von  der H C l-K o n zen tra tio n  k an n  die D isso z ia tio n sk o n stan te  d er D iphenyl- 
d ise lenophosphorsäu re  e rre c h n e t w erden . F ü r  C H 3O H  u n d  C2H 5O H  is t K a =  
=  (1,0 ±  0,1) ■ 1 0 - 2 m o l/L  bzw . (2,8 +  0,6) ■ IO " 2 m ol/L .

B ei der D iskussion  des S o lvolysem echanism us des D iphenyldiseleno- 
p h o sp h a ts  is t die M öglichkeit eines in n erm o lek u la ren  P ro to n en ü b e rg an g s  vom  
Selen zum  S au ers to ff in  A nalogie  zu r b ek an n ten  R e a k tio n  fü r  P h o sp h o rsäu re 
e s te r  [16 — 19] in  B e tra c h t zu ziehen . In  diesem  F a ll k äm e  fü r  die U m esterung  
ein m onom oleku la re r Z erfall m it synch roner P ro to n is ie ru n g  des S auersto ff
a to m s d er S u b s titu e n te n  in  F rag e :

C0H5(F
v /

Se

C0H 5CK \ S e

A'

cuH5o 4

V1CeH5Q / 4Se

ä-„, CeH 5° \  y S e  
H +  -  v ' P f (V

c0h 5O ' 4SeH
/ /

T
i '[R O H ]

U m e ste ru n g sp ro d u k te  wie
R O x

R O '

v /
'S c

S e il

H

N ach Schem a (7) k a n n  fcb b e rech n e t w erden.

fc ь —

1 R O H ] ^ 4 [ H +]
1 + A a, )

1 +  A ,
[H+]

( 8)

Die G leichung (8) ze ig t fo lgendes. W enn der P ro to n e n ü b e rg a n g  nach  den 
G leichungen  (4) und  (7) gering  is t, d. h. wenn X a> 1, d a n n  is t K a =  K ai 
u n d  den w esen tlichsten  B e itra g  zu r R eak tio n  le is te t d er m onom oleku lare  Zer-
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ч / S efa ll v o n  (R O )2P "  , d e r seh r w ahrschein lich  d u rch  einen  nucleoph ilen
\ S e H

A n g rif f  eines a lip h a tisch en  A lkoho ls au f das P h o sp h o ra to m  erfo lg t. U n te r 
d ie se r  V orausse tzung  is t ein  V erg le ich  von K a m it den  K o n s ta n te n  der e n t
sp re c h e n d e n  schwefel- u n d  sa u e rs to ffh a ltig e n  S äu ren  m öglich .

D e r  p K a-W ert des L ig a n d e n  in  Ä th an o l b e trä g t 1,5; d e r en tsp rechende  
p K a-W e r t  der D ip h en y ld ith io p h o sp h o rsäu re  is t 2,66 in  8 0 % ig e m  Ä thanol
[20]. W ie  zu erw arten , is t d ie  D ip h en y ld ise len o p h o sp h o rsäu re  s tä rk e r  als die 
e n tsp re c h e n d e n  schwefel- u n d  sau e rs to ffh a ltig en  A naloga.

A lle in  es is t b e k a n n t, d a ß  die «harten» S au e rs to ffa to m e  den  «harten» 
P io to n e n  s tä rk e r v e rw a n d t s in d  als die «weichen» S e len a to m e [21]. D eshalb 
is t zu  e rw arten , daß  in  W irk lic h k e it ICa> w esentlich  g rö ß er is t. W enn  äu ß e r
s te n fa lls  K a> 1, is t

K ,
к я K as, d. h. die b e o b a c h te te  D isso z ia tio n sk o n stan te  w ird  h a u p t

sä c h lic h  die P ro to n is ie ru n g  des S au ersto ffa to m s w iedergeben  u n d  den  w esen t
lic h e n  B e itrag  zu ih rem  Z a h le n w e rt le is te t der Z erfall d er Z w itte rio n en fo rm  
des R eagenzes (k0 scheinbar ' k). In  diesem  F a ll w äre in  A nalog ie  zu den 
sa u e rs to ffh a ltig e n  P h o sp h o rsä u re e s te rn  [15] an zu n eh m en , d a ß  die P  — O- 
B in d u n g  gelöst w ird . B e ide  M echanism en b e rü ck sich tig en  den  E in flu ß  des 
A lk o h o ls  au f die R eak tio n sg esch w in d ig k e it. D ie le ich te  Solvolyse des D SP 
in  v e rd ü n n te n  Säuren  (H a lb w e rtsz e it Тц2 in  C H 3O H , 0,01 m o l/L  HCl, b e trä g t 
3 m in ) is t  bei an a ly tisch en  A rb e ite n  zu b each ten .
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T ernary  complexes of the type Cu-NTA-L have been investigated po ten tio - 
metrically, where NTA is nitrilotriacetic acid; L is adenine, hypoxanthine, xan th ine , 
tuanosine or xanthosine. Measurements were m ade in aqueous medium a t 25° m ain 
taining the ionic streng th  a t 0.1. B inary complexes have also been exam ined under 
identical experim ental conditions. The form ation constan ts of the ternary  com plexes 
as compared to  those of the corresponding b inary  complexes are also discussed.

Introduction

In  view  o f th e  biological im p o rtan ce  o f  th e  purines, considerab le  w ork  
on th e  fo rm atio n  o f  co p p er(II)  com plexes in  so lu tio n  w ith  purine d e r iv a tiv e s  
as ligands, has been  rep o rted , w hich has e x c e lle n tly  been review ed b y  I z a t t  
el al. [1]. T he s ta b ili ty  co n stan ts  of ad en in e  a n d  th io g u an in e  com plexes w ith  
a v a r ie ty  of ca tio n s  h av e  been described fro m  th e se  labo ra to ries [2]. I n  ea rlie r 
p u b lica tio n s  [3, 4] m ixed  ligand  com plexes in v o lv in g  th e  purines, an d  2 ,2 ’-hi- 
p y rid in e  or 1 ,1 0 -p h en an th ro lin e  have been  re p o rte d . In  the  p re se n t w ork , 
n itr ilo tr ia c e tic  ac id  (N TA ) has been used as a p r im a ry  ligand for s tu d y in g  
m ixed  ligand  com plex  fo rm atio n  of C u(II) w ith  ad en in e  (ADN), h y p o x a n th in e  
(H X N T ), x a n th in e  (X N T ), guanosine (G N S), a n d  x an th o sin e  (X N S) as se c o n d 
a ry  ligands N i(II) , C o(II), M n(II) and Z n (I I )  y ie ld  o p a c ity /tu rb id ity  a n d /o r  
p re c ip ita tio n  w ith  th e  ligands and  s tu d ies  in  so lu tion  were, th e re fo re , n o t 
possible.

T he s tru c tu re s  o f th e  various pu rines s tu d ie d  are  given in th e  n e x t  p ag e .

R esults and D iscussion

Calculations

To d e te rm in e  th e  fo rm atio n  c o n s tan t o f  th e  m ixed  ligand com plex  th e  
m eth o d  of G o l d b e r g  [5 ] for b in a ry  com plexes w as m odified  for a p p lic a tio n  
to  b iligand  com plex  fo rm a tio n  [3]. V arious p a ra m e te rs  viz. nH, th e  av e ra g e  
n u m b er o f p ro to n s  h o u n d  p er free ligand ion ; n,  av erag e  num ber of se c o n d a ry

* To whom correspondence should be addressed.
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К

Ribose

l ig a n d s  a tta c h e d  p e r (C uN T A )-  com plex  io n ; [L ], free secondary  lig a n d  co n 
c e n tra t io n  w ere ca lcu la ted  em ploying  th e  t i t r a t io n  curves D an d  E  ( vide in fra ) .

S c h w a r z e n b a c h  et al. [6] observed  t h a t  in  1 : 1 m ix tu res o f a  b iv a le n t 
m e ta l  io n  and  N TA , th e  species is e n tire ly  [M (N TA )]~, an d  th e y  m easu red  
th e  fo rm a tio n  c o n s ta n ts  o f th e  [M (N T A )]-  com plex . I t  has been  re p o r te d  [7] 
t h a t  in  C u(II) — N T A  sy stem  [C u(N T A )O H ]2~ form s in an  a lk a lin e  m ed iu m , 
b u t  be low  p H  12; ab o v e  p H  12 m ore O H -  ions get associated . T he v a lu e s  of 
th e  fo rm a tio n  c o n s ta n t o b ta in ed  from  th e  t i t r a t io n  curves in  th is  w o rk  (figs 
o m itte d ) , are  re p o rte d  in  T ab le  I. T hese a re  in  general ag reem en t w ith  l i te r a 
tu r e  v a lu es . T he asso c ia ted  w a te r o f co p p e r n itr ilo tr ia c e ta te  com plex  
[Cu (N T A )(H 20 ) ] “  is rep laced  by  b id e n ta te  lig an d s, w hich are p u rin e  d e r iv a 
tiv e s , d u rin g  th e  te rn a ry  com plex fo rm a tio n . T he values o f th e  fo rm a tio n  
c o n s ta n ts  are re p o rte d  in  T able I . T h e  fo rm a tio n  co n stan ts  o f th e  b in a ry  
co m p lex es have  also been  de te rm in ed  u n d e r  th e  sam e ex p erim en ta l co n d itio n s  
as th o se  of th e  te rn a ry  com plexes an d  a  com parison  has been  m ad e . The 
v a lu e s  o b ta in ed  h ere  are in  ag reem en t w ith  th e  co n stan ts  re p o r te d  earlie r 
(T ab le  I).
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Table I

Formation constants o f various complexes

Fonnation constants

Ligand M/MNTA
Present work

(25°, f i  =  0.1)
L ite ra tu re  values 

(25 ° , / x =  0.1) Ref.

log K * log K + log As log K * log K + log X ,

NTA H + 9.60±0.01 2.45+0.02 1.78 +  0.01 9.65 2.48 1.8 [8]
C u 2 + 12.80+0.01 12.94 — — [8]

ADN H + 9.40 +  0.01 4.45 +  0.01 — 9.83» 4.25» - [9]
- 9.32b 4.22b — [2 ]

Cu- + 6.77+0.02 5.80 +  0.01 — 6.56» 5.60» — [9]
(CuNTA)- 3.77+0.02 - — - — - -

H XN T H + 8.90+0.01 — — 8.94 2.98 19]
Cu'- + 5.80 +  0.01 — — 6.20» — — 19]
(CuNTA)- 3.30 +  0.02 - - — - - -

X NT H + 7.51 +  0.01 — — 7.70» — — [10]
Cu2 + — — — — — —

(CuNTA)- 3.27 +  0.02 — — — -

GNS H + 9.70 +  0.01 - 9.30' — - [9]
Cu2 + 5.32 +  0.02 6.00' — [9]
(CuNTA)- 3.31 +  0.02 — - -

XNS H + 5.73 +  0.01 — 5.67' - [9]
Cu2 + 3.42 +  0.02 — 3.40' - 19]
(CuNTA)- — — — — — —

* log X mnta in case of formation of MNTA * a t 20°, fi =  0.1
log in case of formation of ML b a t 30°, jx — 0.1
log K mntal ' n case of formation of M NT А1. 0 a t 20°, fl =  0.01

+ log K Ml2 in case of formation of ML»

I t  is n o ted  th a t  log I^cuNTAl *s sm aller th a n  th e  f i r s t  fo rm a tio n  co n stan t 
log K CuL and  even less th a n  log K CuLa (in case o f A D N ). T h is m a y  he ascribed 
to  coulom bic in te ra c tio n s  b e tw een  vario u s lig an d  an ionic  species p resen t. In  
th e  fo rm atio n  of th e  te rn a ry  com plexes th e re  is rep u ls io n  b e tw een  one nega
tiv e  charge of th e  seco n d ary  lig an d  an ion  an d  th re e  n eg a tiv e  charges of the  
N TA  anions. On th e  o th e r  h an d , in  th e  fo rm a tio n  o f CuL2, L ~  reac ts  w ith 
C u L + an d  th e re  is an  a t tra c t iv e  force. O bviously , th e  rep u ls iv e  force in  the 
fo rm a tio n  of C u(N TA )L  w ould m ak e  it  less s tab le  th a n  C uL 2 and  hence 
log K CuNrAL <  log K CuL. T he follow ing re la tio n sh ip  becom es obvious: 

U'g  K CuL >  log K cul , >  log A'cuntal-
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E xperim en ta l

Materials
R e a g e n t grade chemicals w ere used . Solutions of Zn(II), C u(II), N i(II), Co(II), and 

M n(II) n it ra te s  were prepared and standard ized  by complexometric ti tra tio n  [11]. A stock 
solu tion  o f N TA (Koch-Light) was p rep a red  by dissolving accurately a weighed am ount in 
ho t w a te r  (ca. 40°), under vigorous shaking. Fresh solutions of A DN  (E. Merck), H X N T 
(R eanal, B udapest), XNT (Reanal, B udapest) , GNS (E. Merck), X NS (E. Merck), MCP (Fluka), 
TGN (K och-L igh t) were prepared in  0.02 M  alkali hydroxide.

S ta n d a rd  solutions of 0.2 M  K O H , 0.02 M  H N 0 3 and 1.0 M  K N 0 3 were prepared as
usual.

Procedure
A n Elico pH  meter (Model L I-10) reading with a precision of 0.02 pH  units, w ith glass 

(E K -62 A) and  calomel electrode assem bly  was used for pH -m easurem ents. Calibration of 
pH  m e te r  w as done with 0.05 M  p o tassiu m  hydrogen ph thala te  buffer.

To stu d y  the ternary com plexes, five titrations were perform ed a t  25°. The titra ted  
solu tions w ere as follows:

A. N itric  acid -f- potassium n itra te .
B . M ixture A -f- NTA.
C. M ixture В -f- metal n itra te  solution.
D . M ixture A secondary ligand .
E . M ixture C 4- secondary ligand .

T he  volume of each solution w as 50 mL. In m ixture C three equivalents of H + are 
lib e ra ted  as a result of the com plexation  reaction. Hence in m ix ture  D th ree equivalents of 
n itric  ac id  were added to com pensate fo r th e  reaction in C. The overall concentrations of the 
v arious solutions were: acid — 0.004 M ;  K N 0 3 — 0.1 M ; NTA — 0.002 M ; m etal n itra te  — 
0.002 M ;  secondary ligand — 0.002 M .  M ixtures А, В, C, D and E  were titra te d  potentio- 
m e trica lly  against 0.2 M  KOH as u su a l and  the corresponding titra tio n  curves were obtained 
(25°, /a =  0.1).

H~ T he  authors are thankful fo r th e  aw ard of a research associateship of the U niversity  
G ran t Commission, New Delhi, to  R G .
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3-H ydroxy-2-naphthoyl hydrazones of benzaldehyde, p-chlorobenzaldehyde, 
p-nitrobenzaldehyde, vaniline, o-vaniline and  salicylaldehyde together w ith  the ir metal 
complexes have been prepared. All com pounds have been characterized by  chemical 
analysis and i.r. spectra; also by 'H  NMR for ligands and by electronic spectral and 
magnetic m easurem ents for the complexes. E xcept for copper chelate w ith  vaniline 
hydroxynaphthoyl hydrazone, copper and zinc compounds w ith o-vaniline and  salicyl
aldehyde derivatives, complexes of general form ula M2+(L)^" have been iso lated , where 
M stands for Co, Ni, Cu and Zn; L~ represents deprotonated m onovalen t didentate 
or triden ta te  ligands. Only copper forms w ith vaniline derivative Cu2+L~(O A c)-  
where OAc-  is the acetate ion. B oth C u(II) and  Zn(II) form w ith o-vaniline and salicyl
aldehyde naphthoyl hydrazones dim eric complexes of general form ula M (L)2_, where 
L 2~ represents d ivalent tr iden ta te  ligand anion. The cobalt and  nickel complexes, 
except th a t  w ith vaniline hydroxynaphthoyl hydrazone, are octahedral. T he la tte r  has 
diam agnetic square environm ent. Copper and  zinc compounds have square p lanar and 
distorted te trahedra l structures, respectively.

Introduction

T he copper an d  nickel com plexes w ith  aldehydes a ro y l h y d razo n es  
( 1 : 1  m e ta l to  ligand  com pounds) becom e re c e n tly  of in d u s tr ia l im p o rta n c e  
as coloring p ig m en ts  o f p lastics [1]. A lth o u g h  a lo t o f w ork  h as  b een  done 
on com plexa tion  b y  m an y  a lip h a tic  an d  a ro m atic  aroyl an d  a c y l h y d ra 
zones [2—17], no a t te m p t  has been , how ever, m ade to  s tu d y  th e  c o o rd in a tio n  
ch e m is try  of S chiff bases derived  from  3 -h y d ro x y -2 -n ap h th o ic  ac id  h y d raz id e  
a n d  carb o n y l com pounds. I t  w as deem ed d esirab le  to  p rep are  a n d  s tu d y  th is  
ac id  hyd razones of b enza ldehyde, p -ch lo ro b en za ld eh y d e , p -n itro b e n z a ld eh y d e , 
v an ilin e , o-vaniline an d  sa licy la ld eh y d e ; a n d  th e ir  m eta l com plexes w ith  
C o (II), N i(Il) , C u (II) an d  Z n (II) .

Experim ental

Preparation o f the ligands
The following m ethod was used for p reparation  of the ligands by direct condensation 

of 3-hydroxy-2-naphthoic acid hydrazide w ith  the appropriate aldehyde. The acid  hydrazide 
has been firstly prepared by standard  m ethods [18].

A solution of the aldehyde (0.1 mole) in a least volume of hot ethanol was th en  added 
under stirring to a ho t solution of the acid hydrazide (0.1 mole) in ethanol. The reaction  mix-

* To whom correspondence should be addressed.
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tu re  w as refluxed on a w ater b a th  for 30 minutes. A yellow ish product was precip itated , 
filte red , w ashed w ith ho t e thano l an d  ether; and dried in  vacuo  a t  60 °C (P20 5). F u rth e r 
pu rifica tion  of the ligand was done b y  recrystallisation from  ethanol.

T he ligands are hereafter referred  to  as “ B3H2NHz, p-C lB 3H 2N H z, p -N 0 2B 3H 2N H z, 
V 3H 2N H z, o-V3H2NHz and S 3H 2N H z” in the abbreviated  form  for the 3-hydroxy-2-naph- 
th o y l hydrazones of benzaldehyde, jo-chlorobenzaldehyde, p-nitrobenzaldehyde, vaniline, 
o-vaniline and  salicylaldehyde, respectively.

Preparation o f the metal complexes
All complexes were generally  prepared as follows. A solution of the m etal ace ta te  

(10 m m ole) in 20 mL hot e thano l o r m ethanol was added u n d er stirring to a hot solution of 
th e  ligand  (20 mmole) in 100 m L of ethanol. The complex w as im m ediately precip itated  and 
was digested  on a w ater b a th  fo r 30 minutes. I t  was ho t-filtered , washed w ith ho t e thanol 
an d  ether, and dried in  vacuo a t  60 °C (P20 5). All com plexes were insoluble in w ater and 
com m on organic solvents.

A na lysis and physical measurements
The chemical analysis of carbon and nitrogen were done by the m icroanalytical tech* 

niques in  the Faculty of Science, U niversity  of Cairo; and E lnasr Co. for medical chemicals, 
E g y p t. The estim ation of m etals w ere carried out by  s tan d a rd  complexometric titra tions.

The i.r. spectra of th e  ligands and their complexes w ere done on a Unicam SP 200 
in fra -red  spectrophotom eter in  th e  range 4000 — 400 cm “ 1 using potassium  bromide pellets 
of th e  sample.

The 1H NMR spectra  of th e  organic ligands in deu te ra ted  dimethylsulfoxide were 
reco rded  a t 25 °C on a Perk in -E lm er R  20-B spectrophotom eter. T etram ethyl silane was used 
as an  in ternal standard. The m agnetic  susceptibility of th e  complexes were determ ined a t 
room  tem perature  w ith a Guoy balance using cobalt(II)-te tra th iocyanato -m ercura te(II) as 
a s tan d ard . Diamagnetic corrections were also calculated. T he m easurem ents were done in 
th e  Physics D epartm ent, F acu lty  o f Science. Alexandria.

The absorption spectra  of th e  complexes as nujol m ull were carried out on a m anual 
U n icam  SP 600 spectrophotom eter in the range of 400 —1000 nm.

R esu lts  and D iscussion

T he ana ly tica l d a ta  o f  th e  ligands an d  th e ir  m e ta l com plexes are lis ted  
in  T a b le  I. The re su lts  a re  com patib le  w ith  th e  suggested  sto ich iom etries. 
I n  all com plexes w ith  B 3 H 2 N H z, p -C lB 3 H 2 N H z , j9 -N 02B 3H 2N H z and  
V 3 H 2 N H z  th e  com plexed  species of th e  lig an d  is th e  m onovalen t an ion . O nly  
in  th e  case of th e  V 3 H 2 N H z  copper com plex one a c e ta te  ion en ters in to  th e  
c o o rd in a tio n  sphere. T h e  com plex-form ing  species o f o-V 3H 2N H z an d  S3H - 
2 N H z  is, how ever, e ith e r  th e  m onovalen t an io n  in  case of Co(II) an d  N i(II)  
o r th e  d iv a len t an ion  w ith  C u (II) and Z n (II) . T h e  1H  N M R and  i.r . m e a su re 
m e n ts  of th e  free lig an d s  show n  in T ables I I  a n d  I I I ,  respective ly , a re  n o t 
a t  v a ria n c e  w ith  th e ir  su g g ested  fo rm u la tio n . T h e  i.r . will be d iscussed la te r  
in  com parison  w ith  t h a t  o f  m eta l chelates.

T he 1H  N M R s p e c tra  show for all p h en o lic  p ro to n s peaks, w h ich  lie 
a t  a  re la tiv e ly  low er m a g n e tic  field  th a n  th a t  n o rm a lly  expected  for a pheno lic  
s u b s ti tu e n t . This in d ic a te  t h a t  these h y d ro x y l g ro u p s are hyd ro g en -b o n d ed  
in  DM SO. The p h en o lic  g ro u p  of th e  acid h y d ra z o n e  m oiety  is p ro p o sed  to  
fo rm  a  6-m em bered c h e la te  ring  w ith  th e  ( — N H  — N  =  ) group. On th e  o th e r 
h a n d , th e  phenolic g ro u p  in  th e  aldehyde re s id u e  is p resu m ab ly  lin k ed  e ith e r
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Table I

Analytical data, colour and m .p. o f ligands and their metal complexes

Compound
Colour 

(M.P. °C)*
М О / *T1 /о  

Found 
(Cal.)

N%
Found
(Cal.)

c%
Found
(Cal.)

B3II2NHZ y-
(Ci8h 14o 2n 2) (222 23) 9.50 74.23

(9.95) (74.47)
Co(B3H2NH z)2 d. yellow 9.41 8.65 67.94

(9.24) (8.79) (67.82)
Ni(B3H2NIIz), b. yellow 9.40 8.49 67.80

9.21) (8.79) (67.84)
Cu(B 3H 2N IIz)2 p. green 10.10 8.63 67.30

(9.90) (8.73) (67.33)
Zn(B3H2N IIz)2 p. yellow 10.18 8.68 66.90

(10.15) (8.70) (67.14)

p-CIB3H2NHz y-
(C18H 130 2N2C1) (2 5 4 -5 5 ) 8.52 66.78

(8.63) (66.57)
Co(p-ClB3H2NHz)„ yellow 8.25 7.64 61.33

(8.34) (7.93) (61.20)
Ni(p-ClB3H2NHz)2 yellow 8.14 7.93 61.30

(8.31) (7.93) (61.22)
Cu(p-ClB3H2NHz)2 green 8.79 7.73 60.84

(8.94) (7.88) (60.81)
Zn(p-ClB3II2NHz)2 yellow 9.42 7.41 60.80

(9.17) (7.86) (60.65)

p -N 0 2B3H2NHz yellow
(Cj8h 13o4n 3) (260 61) 12.30 64.14

(12.53) (64.47)
Co(p-N 0 2B3H 2NHz)„ orange 7.88 11.89 59.19

(8.10) (11.55) (59.43)
N i(p-N 02B3H2NHz)2 orange 8.40 10.90 59.63

(8.07) (11.56) (59.44)
C u(p-N 02B3H2NHz)2 y. green 9.00 11.50 59.20

(8.68) (11.48) (59.05)
Z n(p-N 02B3H2NHz)2 orange 8.63 11.22 59.12

(8.91) (11.45) (58.91)

V3H2NHz У-
(ClaH 160 4N2) (1 7 5 -7 6 ) 8.33 67.55

(8.33) (67.85)
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Table I  (contd.)

Compound
Colour

(M.P. °C)*
M%

Found
(Cal.)

N%
Found
(Cal.)

c%
Found
(Cal.)

Co(V3H2NHz)2 • 2H20 brown 7.76 7.72 59.95
(7.70) (7.32) (59.61)

Ni(V3H2NHz)2 orange 8.36 7.78 62.82
(8.05) (7.68) (62.57)

Cu(V3H2NHz) • OAc green 13.51 6.62 55.11
(13.88) (6.12) (55.08)

Zn(V3H2NHz)2 yellow 8.91 7.63 61.90
( 8 .8 8 ) (7.61) (62.01)

S3H2NHz У-
(C18H I40 3N2) >  300 8.89 70.46

(9.15) (70.58)
Co(S3H2NH z)2 orange 8.62 8.32 64.52

(8.80) (8.37) (64.58)

Ni(S3H2NHz)2 p .  green 8.59 8.17 64.70
(8.77) (8.37) (64.60)

Cu(S3H2NHz) green 17.51 7.75 58.68
(17.27) (7.62) (58.77)

Zn(S3H2NHz) yellow 17.37 7.77 58.37

(17.69) (7.58) (58.48)

o-V3H2NHz У-
(C19H 160 4N2) (258 -59 ) 8.49 67.60

(8.33) (67.85)
Co(o-Y3H2NHz)2 y. brown 8.30 7.70 62.60

(8.08) (7.70) (62.55)

Ni(o-V3H2NHz)2 y. green 7.82 7.62 62.40
(8.05) (7.68) (62.57)

Cu(o-Y3H2NHz) green 15.67 6.70 57.55
(15.97) (7.04) (57.35)

Zn(o-V3H2NHz) yellow 15.92 6.73 57.03
(16.36) (7.01) (57.09)

у =  yellowish, d  =  dark, b =  brownish, p =  pale 
* m.p. uncorrected
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Table II

lH  N M R  peaks o f the aldehydes-3-hydroxy-2-naphthoyl hydrazones in D M SO  at 25 °C in p.p.m .

Compound
N=CH

Assignment

0—cir, arom atic protons -OH —NH

B3H2NHZ 3.20 — 7 .0 2 -7 .8 0 8.24 — 10.90
p-ClB3H2NHz 3.28 — 7 .0 4 -8 .0 0 8.24 — 11.30
p -N 0 2B3H2NHz 3.30 — 7 .1 0 -8 .3 0 8.40 — 11.50
S3H2NHZ 3.20 6 .7 0 -7 .6 8 8.38 8.62 11.20
o-V3H2NHz 3.22 3.70 6 .6 6 -7 .8 6 8.36 8.62 10.82
V3H2NHz 3.24 3.66 6 .6 6 -7 .8 6 8.24 8.36 11.72

Table П1

Infrared spectra o f the ligands and their metal complexes

Compound
Assignment

л
-je

I
t v(NH) v(am. I) r(C = N )

ó(OH) 
in  pi.

B3H2NHz
34901)

3260 -  
3080m

1680s 1660m 1180m

Co(B3H2NlIz)j
3490b

— — 1633m 1175m

Ni(B3H2NHz)j
3490b

— — 1640m 1180m

Cu(B 3II2N IIz)2
3490b

— — 1635m 1175m

Zn(B3H2NHz),
3490b

— — 1630m 1175m

p-ClB3H2NHz
3400b

3 2 0 0 -
3100w

1645s 1640m 1170m

Co(p-ClB3H2NHz)j
3400b

— — 1635m 1175m

Ni(p-ClB3H2NHz)2
3400b

— — 1640m 1175m

Cu(p-ClB3II2NHz)2
3390b

— — 1635m 1175m

Zn(p-ClB3H2NHz)»
3400b

— — 1635m 1175m

p-NO„B3H2NHz
3450b

3230
3120w

1660s 1640m 1175m

Co(p-N02B3H2NHz)2
3450b

— — 1630m 1170m

N i(p-N 02B3H2NHz)2
3450

— — 1630m 1175m

C u(p-N 02B3H2NHz)2
3455

— — 1630m 1175m

Zii(p-N 02B3H2NHz),
3450b

1635m 1175m
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Table 111 (contd.)

A ssignm ent
Compound

r(O H ),
n O H )d 4 N H ) »(am. I) v(C =N )

6{OH) 
in pi.

V 3H 2N H z 3650m
3450b

3200m 1680s 1660s 1180m

Co(V 3H 2N H z)2 • 2H20 3600m
3300b

— — 1645s 1180m

N i(V 3H2N Hz)2 3660m
3450b

— — 1645s 1180m

Cu(V3H2NHz)OAc 3660m
3450b

— — 1650m 1180m

Zn(V 3H2N Hz), 3660m
3450b

1650m ] 180m

o-V3H21NHz
3450b

3 2 0 0 -
3070w

1665s 1635m 1180m

Co(o-V 3H 2N H z)2
3450b

3 2 0 0 -
3070w

1645m 1620m 1180w

Ni(o-V3H2NHz)2
3450b

3 2 0 0 -
3070

1645m 1620m 1180m

Cu(o-V3H2NHz)
3450b

— — 1620m 1185m

Zn(o-V3H2I\THz)
3450b

1620m 1185m

S3H 2N H z
3450b

3200
3080w

1660s 1630m 1170m

Co(S3H2NHz),
3450b

3 2 0 0 -
3080w

1640m 1615m 1170m

N i(S3H 2NH z),
3450b

3200
3080w

1640m 1615m 1170m

Cu(S3H2NHz)
34501)

— 1615m 1175m

Zn(S3H2NHz)
3450b

1615m 1175m

f  =  free, d =  bonded, am. =  amide, in pi. =  in plane, b =  broad, s =  strong, m  =  m e
d ium , w =  weak

to  — N H  —N =  in  o-V 3H 2N H z and  S 3H 2N H z or to  th e  m eth o x y l g ro u p  in  
case  o f  V 3H 2N H z. T h is conclusion  could  be d ra w n  from  th e  re la tiv e  p eak  
p o s it io n  of these  h y d ro x y l groups in  th e  a ld eh y d e  m oiety , w hich s u p p o r t 
th e  fa c t  th a t  th e  h y d ro g en  b ond ing  a b ility  o f  th e  phenolic g roup  to w a rd s  
th e  m e th o x y  g roup  is less p ronounced  th a n  t h a t  to w ard s th e  n itro g en  a to m  
o f  th e  (— N H  — N  =  ) re s id u e . T he XH  N M R  p e a k  observed a t  11.27 -  0.45 
p .p .m ., w hich is te n ta t iv e ly  assigned to  an  ex ch an g eab le  im ino p ro to n  in d ic a te s  
t h a t  all th e  a ld eh y d es-3 -h y d ro x y -2 -n ap h th o y l hydrazones ex ist in  DM SO 
so lu tio n  as an  e n o l—k e to  ta u to m e ric  e q u ilib riu m . The s tru c tu re  o f  th e se  
h y d ra z o n e s  in  DM SO can  accord ing ly  be re p re se n te d  as follows:

A d a  Chirn. Acad. Sei. H ung. 108, 1981



OSMAN, ALI: COM PLEXES W IT H  HYDHAZONES 19

B3H2NHZ, /i-C1B3H2NHz and p -N 02B3H2NHz 

(R = H , Cl or N 0 2)

It

0-V3 H 2NH/, and S3H2NHz; К H3CO or H

Enol-form

VI

In  so lids, th e  i.r. s p e c tra  show th a t  a ll hy d razo n es are p re sen t in  th e  
keto -fo rm . W ell-defined  lig an d  hands a t 3400 3490 an d  1175 +  5 c m " 1 are
a ttr ib u te d  to  s tre tch in g  an d  О — H  in p lane d e fo rm a tio n  m odes of th e  p heno lic  
s u b s ti tu e n t, respective ly . T h e  s tre tch in g  v ib ra tio n  m odes of th e  N H  g ro u p  lie 
in  th e  reg ion  3070 —3260 c m - 1 . The observed  low ering  in  th e  v(OH) a n d  p(N H ) 
frequencies suggest th a t  th e s e  groups are  h y d ro g e n  bonded . V 3 H 2N H z e x 
h ib its , h o w ever, an  a d d itio n a l b an d  a t 3650 c m -1 , w hich is te n ta tiv e ly  a ss ig n 
ed to  th e  free  p a ra -p h en o lic  su b s titu e n t. T h e  r(O H ) a t 3400 — 3490 c m -1 
persists in  all m e ta l ch ela tes. I t  seems th a t  one pheno lic  group a t le a s t is n o t 
involved  in th e  com plex fo rm a tio n . Since B 3 H 2 N Ilz , p -C lB 3H 2N H z an d  
p - N 0 2B 3 H 2 N H z co n ta in  th e  pheno l s u b s ti tu e n t o n ly  in th e  n a p h th a le n e  rin g , 
we can conc lude  th a t  th is  g ro u p  rem ains u n a c tiv e  s ite  for co o rd ina tion  w ith  
m eta l ions. T h e  presence o f  th is  free h y d ro x y l g roup  in com plexes h as  also
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been  c o n firm e d  by  its  chem ical reac tio n  in  d im eth y lfo rm am id e  w ith  iron] I I I ) -  
c h lo rid e  so lu tion .

T h e  genera l fea tu res  of th e  i.r. sp ec tra  o f all m e ta l chelates w ith  B 3 H  
2 N H z . p -C IB 3 H 2 N H z ,/> -N 0 2B 3H 2N H z and  V 3 H 2 N H z are sim ilar. T he lig á m ' 
r(C =  N ) s tre tc h in g  v ib ra tio n  is n eg a tiv e ly  sh if te d  on com plexation . B o ti. 
l ig a n d  r(N H ) an d  r(am ide  I) d isap p ear in  th e  com plexes. C oord ination  o f t to 
m é t a l io n s w ith  these  ligands occurs, th e re fo re , th ro u g h  th e  azom eth ine  n i t r o 
gen a n d  en o la te  oxygen a to m s. The i.r . s p e c tra  o f th e  m eta l com plexes w ith  
o -V 3 H 2 N H z and  S 3H 2N H z can  sim ply  be  d iffe ren tia ted  in to  tw o  g ro u p s. 
T h e  f i r s t  inc ludes th a t  o f n ick e l and  cobal ch e la te s  while th e  second h as  th e  
c o p p e r  a n d  zinc com plexes. In  nickel an d  c o b a lt che la tes, th e  ligands r(C =  N) 
a n d  r(a m id e  I) are n e g a tiv e ly  sh ifted  w hile r(N H ) rem ains u n ch an g ed . T h is 
su g g ests  t h a t  b o th  m e ta l ions are linked  th ro u g h  th e  carbony l oxygen  and 
a z o m e th in e  n itrogen  a to m s. T h e  charge b a la n c e  is com patib le  w ith  p a r t ic ip a 
tio n  o f  th e  ort/io-phenolate oxygen in  co o rd in a tio n  w ith  th e  ca tio n s. O n th e  
o th e r  h a n d , th e  absence of a n y  ab so rp tio n  h a n d s  due  to  r(N H ) an d  v(am id e  I) 
in  a d d it io n  to  th e  n eg a tiv e  sh ift of th e  l ig a n d  r(C — N) in th e  com plexes of 
c o p p e r  an d  zinc w ith  o-V 3H 2N H z an d  S 3 H 2 N H z suggests th a t  th e  com plexed  
lig a n d  is th e  d iv a len t t r id e n ta te  an ion . T h e  coo rd in a tio n  sites are  b o th  th e  
e n o la te  a n d  p h eno la te  oxygens to g e th e r w ith  th e  azom eth ine n itro g en  a to m .

T h e  m agnetic  an d  sp ec tra l d a ta  of th e  c o b a lt, nickel and  co p p er co m 
p lex es a re  given in  T ab le  IV . T he m agnetic  m o m en ts  of th e  c o b a lt( I I )  ch e la tes  
are  b e tw e e n  4.76 an d  5.04 B.M . T hese v a lu es  a re  consisten t w ith  a h ig h -sp in  
o c ta h e d ra l  geom etry . T he electron ic  sp e c tra  o f th e  cobalt co m pounds also 
c o n f irm  th e  o c tah ed ra l en v iro n m en t. T he w eak  b an d s  observed in  th e  reg ions 
530 — 560 an d  620—660 nm  are  te n ta t iv e ly  assigned  to  th e  c ry s ta l f ie ld  t r a n s i 
tio n s  4T 1?(F) -*■ 4T lg(F) an d  4T lg(F) —► 4-42g, resp ec tiv e ly . The b ro ad  b a n d  in 
th e  reg io n  935 — 975 n m  is assigned to  th e  tra n s i t io n  4Tlg(F) —► 4T 2g. T h e  p ro 
p o sed  o c tah ed ra l s tru c tu re  for C o(B 3H 2N H z)2, C o(p-C lB 3H 2N H z)2 and  
Co(jo- N 0 2B 3 H 2 N H z)2 is c o n tra d ic tin g  w ith  th e  s to ich iom etry  of th e se  co m 
p o u n d s  an d  w ith  th e  b id e n ta te  n a tu re  o f  th e  com plex-form ing a g en t. T hese 
a re  in  fav o u r of 4 -co o rd in a te  geom etry . T h e  ten d e n c y  of th e  c o b a lt ion  to  
e x p a n d  its  co o rd in a tio n  n u m b e r from  4 to  6 m ay , how ever, be a t t r ib u te d  
to  m o lecu la r association  b e tw een  th e  c o b a lt ion  in  one m olecule a n d  b o th  
n itro g e n  and  oxygen a to m s in  a n o th e r m olecule . Polym eric s tru c tu re s , in 
so lu b le  in  th e  u su a l o rgan ic  so lven ts, are  acco rd in g ly  form ed. A s im ila r  s tru c 
tu r e  h a s  also been re p o rte d  for (C o (II)-b is-(ace ty lace to n a te ) [19].

T he m agnetic  m om en ts  of all n ickel com plexes, excep t fo r th e  d ia 
m a g n e tic  N i(V 3H 2N H z)2, lie in th e  reg ion  o f 2.86 — 3.19 B.M. T hese  values 
in d ic a te  an  o c tah ed ra l geom etry . T he e lec tro n ic  spectra  of th e  co m pounds 
a lso  co n firm  th e  o c ta h e d ra l s tru c tu re . T h e y  show  tw o m ain  b a n d s  in  th e  
reg io n s  633 +  8 an d  955 +  20 nm , w hich  m a y  be assigned to  th e  tra n s it io n s
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Table TV

21

Electronic spectra and magnetic moments at room temperature o f complexes 
with aldehyde-3-hydroxy-2-naphthoyl hydrazones

Compound Absorption bands, nm Meff.
B.M.

Co(B3H 2NH z)2 540 sh, 650, 975 4.76
Co(p-ClB3H2]NHz)2 545, 620, 970 5.04
Co(p-NOjB3H2NHz)2 S35 sh, 635, 960 4.89
Co(V3H2NHz) 2 • 2H20 550 sh, 630 sh, 965 4.60
Co(S3H2]NHz), 530 sh, 620 sh, 935 4.82
Co(o-V3H2NHz) 2 550 sh, 640, 960 4.77

Ni(B3H2NHz)„ 630, (730, 835), 940 2.86
Ni(p-ClB3H2NHz)2 625, (705, 825), 945 3.16
Xi(p-NO._,B3H2NHz)2 635, (700, 820), 975 3.18
\i(V 3H 2N H z)2 440 s, 610 sh, 780 diainag.
Ni(S3H2NHz)2 640, (690, 825), 935 3.12
Ni(o-V3H2NIIz)2 640 sh. (690, 840), 960 3.18

Cu(B3H2NH z) 2 655 h, 725 sh, 905 1.82
Cu(p-ClB3II2NIIz)2 685 b ,  880 1.91
Cu(p-N02B3H2N Hz)2 670 b ,  860 1.76
Cu(V 3H 2N H z)0 Ac 660 b ,  745 1.44
Cu(S3H2NHz) 670 h, 750 sli, 905 1.60
Cu(o-V3H2NHz) 680 sh, 755 sh, 900 1.45

b =  broad, sh =  shoulder, s =  strong

3A 2g —<■ 3T lf,(F) an d  3A 2g —*■ 3T 2g, re spec tive ly . T he w eak  b a n d s  o r shoulders 
observed  in th e  reg ion  690 — 840 nm  are  p ro b ab ly  a t tr ib u te d  to  th e  tran s itio n s  
3A 2g —* lE g(D) an d  3A 2g —*■ 1E g(G) [20]. Po lym eric  6 -co o rd in a te  o c tahed ra l 
s tru c tu re s  due to  m o lecu la r association  are  also suggested  fo r N i(B 3H 2N H z)2, 
N i(jp-C lB3H 2N H z)2 and  N i(j?-N 02B 3H 2N H z)2. F o rm atio n  o f such  polym eric 
com plexes has been  con firm ed  b y  X -ra y  s tud ies on n ick e l(II)-b is(ace ty l- 
a ce to n a te ) [19]. T he d iam ag n e tism  and  e lectron ic  sp ec tru m  o f N i(V 3H 2N H z)2 
agree w ith  a sq u are  p la n a r  geom etry . T he sp ec tru m  show s an  in te n se  hand  
a t  440 nm  which is assigned  to  th e  xA lg —* 1E g tra n s itio n . T h e  w eak  shoulder 
and  th e  abso rp tion  b a n d  a t  610 and  780 n m  m ay  he a t t r ib u te d  to  the 
1A-lg -4- xA 2g and  1A lg 3E g, respective ly .

T he m agnetic  m o m en ts  of C u(B 3H 2N H z)2, C u(p -C lB 3H 2N H z)2 
and  C u (p -N 0 2B 3H 2N H z)2 are  co n sis ten t w ith  th e  va lu es  e x p e c te d  for 
co p p e r(II)  com pounds. S u b n o rm al m agnetic  m om en ts a re , h o w ever, fo u n d  for 
C u(o-V 3H 2N H z), C u(S 3H 2N H z) and  C u(V 3H 2N H z) OAc. T he low  m agnetic
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m o m e n t v a lu e s  of the  f irs t tw o  com plexes m ay be e x p la in e d  b y  th e  su p e r
ex ch a n g e  m echan ism  [21] o r /a n d  sp in -sp in  in te ra c tio n  b e tw een  tw o  copper 
ions [2 2 ]. D im eric s tru c tu re s  V II a n d  VIII are sugg ested  fo r  Cu(o-V 3H 2N H z) 
an d  C u(S 3H 2N H z). I t  is d if f ic u lt  to  decide w ith o u t co m p le te  X -ra y  w ork  
w h e th e r  th is  d im erization  ta k e s  p lace  th ro u g h  d irec t Cu-Cu in te ra c tio n  or 
su p e r-e x c h a n g e  phenom enon. A  d im eric  s tru c tu re  m a y  also  be proposed  for 
C u(V 3H -2N H z) OAc. The m o le c u la r  association  h e reb y  is p re su m ab ly  achieved

Cu(8.TH2NHz) and Cu(o-V3H2NHz) 

( R = H  or OCH3,R '=2-O H —C10H7)

Cu(V3H2NHz)OAc 

(R = 2-O H —C10H 7)
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th ro u g h  the  b rid g e -ac tin g  a c e ta te  ion  (IX). T he e lec tro n ic  sp e c tra  o f all copper 
com plexes are  co m p a tib le  w ith  sq u are  p la n a r  s tru c tu re . T h ey  show  a broad  
b an d  cen tered  a t  655 — 685 nm , w hich is assigned to  th e  tra n s i t io n  2B lg —*- 2E g. 
In  add itio n  tw o  w eak  b an d s  or shou lders are  observed  a t  7 2 5 —755 an d  860 — 
905 nm . These m a y  be a t t r ib u te d  to  th e  tra n s itio n s  2B lg —*■ 2B.lg an d  2B lg —<- 
—► 2A lg, resp ec tiv e ly .

Zinc form s 1 : 2 m e ta l to  ligand  com plexes w ith  a ll lig an d s excep t for 
th e  tr id e n ta te  o -V 3H 2N H z an d  S 3H 2N H z, w hereby  I : 1 ch e la te s  are form ed. 
D im eric s tru c tu re s , s im ila r to  th a t  of copper com pounds (IX), are  suggested  
for Zn(o-V 3H 2N H z) an d  Z n(S 3H 2N H z). All th e  yellow  zinc com plexes are 
assum ed  to  h av e  d is to r te d  te tra h e d ra l  en v iro n m en t.
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The mean electronegativities which are satisfactory approxim ations for the 
equalized ones can be brought into a close correlation with the sim plest molecular 
param eters. The force constants of diatom ic molecules MgO, CaO, SrO, SiO, SiS, TiO, 
NO +, P f , SO, SeO and TeO or of simple iso lated  bonds can be expressed by means 
of the equalized electronegativities, bond orders, bond strengths and in teratom ic dis
tances. The perform ance of the L e n n a h d - J o n e s  param eters has been tes ted  w ith  the 
potential function proposed by Szőke in calculating coexe and a e, and found to  be 
excellent. The role of the electronegativity in constructing the potential energy func
tions proves the valid ity  of the assum ption th a t  there is a close connection between 
electronegativity  and the energy relations of the  molecules.

Introduction

E le c tro n e g a tiv ity  w as in troduced  in to  th e o re tic a l chem istry  b y  P a u l i n g . 
T his is th e  energy  b y  w hich  an  atom  a t t r a c t s  an  electron or e lec trons b e lo n g 
ing to  a n o th e r a to m , fo r estab lish ing  a b o n d . T h e  concept o f equalized  e le c tro 
n e g a tiv ity  w as in tro d u c e d  by  Sa n d e r s o n  [1] in to  valence th e o ry  a n d  w as 
la te r  ex ten d ed  to  o rb ita l  e lec tro n eg a tiv itie s . T h e  m ain  aim  of th e  p resen t 
s tu d y  is to  use e lec tro n eg a tiv itie s  as p h y sicochem ica l pa ram ete rs  in  ad d itio n  
to  o th e r  spectroscop ic  co n stan ts . T he p re se n t p a p e r  deals w ith  th e  ca lcu la tio n s  
of th e  force c o n s ta n ts , L e n n a r d -J o n e s  p a ra m e te rs , a n h a rm o n ic ity  and  
ro ta tio n a l-v ib ra tio n a l coupling  co n stan ts . A s h as  been po in ted  o u t b y  S zőke

[2], all e le c tro n e g a tiv ity  scales give sch em a tic  v a lues, therefo re , w hen  ch eck 
ing  on th e  m ax im al erro rs o f K e, wex e a n d  a e, th e  c e rta in ty  of th e  D e is im 
p o r ta n t . In  c o n tin u a tio n  o f th e  w ork on th e  e s tim a tio n  of th e  d issoc ia tion  
energy  D e for th e se  m olecules, we to o k  u p  th e  p resen t in v es tig a tio n  o f  th e  
perfo rm ance o f th e  L e n n a r d -J o nes  p a ra m e te rs  for ca lcu la ting  m o lecu la r 
co n s ta n ts  as proposed  b y  S zők e . The D e v a lu es  e s tim a te d  by th e  a u th o rs  [3 — 7] 
are  used  in  th e  e v a lu a tio n  o f K e, coex e a n d  a e c o n s ta n ts , confirm ing  th e  co r
rec tness o f th e  D e v a lu es . As is well know n, th e  p o te n tia l energy is a fu n c tio n  
of in te rn u c le a r  d is tan ce , h u t th e  exact sh ap e  o f  th e  curve depends on th e  d is
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so c ia tio n  energy . The force c o n s ta n ts  and th e  m ean  e lec tro n eg ativ ities  h a v e  
th e  lo w e s t va lues in d ia tom ic  cases. In  th e  case o f d ia tom ic  m olecules th e re  
is a re la tio n s h ip  betw een  th e  force c o n s ta n ts  a n d  th e  bond  s tre n g th s . T h e  
re la tio n s  o f  th e  p a ram ete rs  ch a rac te riz in g  th e  b o n d  s tre n g th , given as th e  p ro 
p o r t io n a l i ty  co n stan t d, can , in  f irs t a p p ro x im a tio n , be considered c o n s ta n t 
w ith in  th e  in d iv idua l groups.

I n  o rd e r to  verify  th e  ab o v e  an d  for th e  ev a lu a tio n  of K e, coex e a n d  a e, 
th e  a u th o r s  adop ted  th e  e le c tro n e g a tiv ity  fu n c tio n  proposed b y  Szőke  [8].  
T h e c r ite r io n  for reca lcu la tin g  th e  coex e an d  a e te rm s  is th a t  th e  L e n n a r d - 
J o n e s  p a ra m e te rs  m u st be o f  th e  sam e m a g n itu d e  in  th e  given b o n d  ty p e  
usin g  th e  co n cep t of m ean  e le c tro n e g a tiv ity  an d  also to  prove th e  co rrec tn ess  
o f th e  p ro p o sed  function .

E s tim a tio n  of d values an d  the  b eh av io u r o f  o ther p aram eters

T h e  re la tio n sh ip  be tw een  th e  force c o n s ta n t and  in te rn u c lear d is ta n c e , 
th e  m e a n  v a lu e  of th e  e lec tro n eg a tiv itie s  an d  d issocia tion  energy w as in t r o 
d u ced  b y  S zőke [8] as

K e = d e D f  г“ 1 (1)

w h e re  K t is th e  force c o n s ta n t reduced  to  u n it  b o n d  order, e =  ( J AX B)12 is 
th e  m e a n  v a lu e  of th e  e lec tro n eg a tiv itie s  o f th e  a tom s form ing th e  b o n d , D e 
is th e  d issoc ia tio n  energy  s im ila rly  reduced  to  u n i t  bond  order; re is th e  in te r 
n u c le a r  d is tan ce . This e q u a tio n  has been w ell es tab lish ed  by  Szőke [2, 9, 10]  
a n d  em p lo y ed  for th e  e v a lu a tio n  of th e  eq u a lized  e lec tronegativ ities b y  m o le 
c u la r  p a ra m e te rs . The e lec tro n eg a tiv itie s  are ta k e n  from  P a u l in g .

T a b le  I  shows th e  p a ra m e te rs  of som e d ia to m ic  m olecules as w ell as th e  
c o rre sp o n d in g  d values acco rd in g  to  E q. (1).

T h e  m olecular ions are  fo rm ed  b y  rem o v a l o f a bond ing  or an  a n t ib o n d 
in g  e le c tro n . I f  a bond ing  e lec tro n  is rem o v ed , th e  force c o n s ta n t, th e  d is 
so c ia tio n  energy  and  th e  rec ip ro ca l in te ra to m ic  d is tan ce  will d im in ish . I f  an  
a n tib o n d in g  electron is rem o v ed , these  c h a ra c te r is tic  values w ill increase . I t  is 
v e ry  re g re tta b le  th a t  th e  cases occurring  in  th e  l ite ra tu re  are n o t a lw ay s so 
u n e q u iv o c a l and  i t  is v e ry  h a rd  to  d is tin g u ish  b e tw een  exp erim en ta l e rro r  an d  
an  a n o m a ly . The s itu a tio n  occurs w ith  P Í  w here we have o b ta in ed  4.121 
m d y n /A  fo r th e  force c o n s ta n t in s te a d  of th e  v a lu e  of 5.56 in  P 2 [2]. A  s im ila r 
f a c t  h a s  been  observed b y  S zőke  [2] in  th e  case of H F + and  O H  + .

T h e  crite rion  for th e  v a lid ity  of E q . (1) is th a t  w ith in  an  in d iv id u a l 
g ro u p  o f  m olecules d  is c o n s ta n t. T he av e rag e  v a lu es  for th e  above seq u en ce  
a re  0 .341 , 0.388, 0.417 an d  0 .376, re sp ec tiv e ly . I n  a class of sim ilar m olecules, 
su c h  as oxides, fluorides etc., i t  is clear t h a t  th e  m olecular p a ra m e te rs  m u s t
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Table I

Parameters o f diatomic molecules

Molecule (N/m)
re

(nm)
DLr

(10-1« kJ) N d

MgO 3 .483 0.1749 5.975 2.05 2 0.320

CaO 3.619 0.1822 7.017 1.87 2 0 .349

SrO 3.402 0.1919 6.739 1.87 2 0.355

SiO 9.238 0.1509 12.922 2.51 3 0.405

SiS 4 .939 0.1928 10.907 2.12 3 0 .360

TiO 7.193 0.1620 11.255 2.29 3 0 .400

N0 + 24.858 0.1602 17.229 3.24 3 0 .780

p+ 4.121 0.1984 8.267 2.10 2.5 0.352

so 8.295 0.1481 8.615 2.96 2 0.373

SeO 6.565 0.1641 6.878 2.89 2 0.375

TeO 5.327 0.1825 6.044 2.71 2 0.385

* Dissociation energies taken from the author’s data.

v ary  in a periodic fash io n  as a fu nc tion  of th e  a to m ic  n u m b er. F igu re  1 show s 
th e  p lo t of in te rn u c le a r  d istances re (d o tte d  line) an d  force c o n s ta n ts  K e 
(solid  line) in  th e  g ro u n d  s ta te s  of th e  som e d ia to m ic  oxide m olecules. T he 
cu rv e  of th e  re v a lu es  h as  a m in im um  w ith in  each  period . T he force c o n s ta n ts  
show  a b eh av io u r o p p o site  to  th a t  of th e  in te rn u c le a r  d istances (F ig. 1) and

Fig. I
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th e y  re a c h  a m ax im um  w ith in  each  period . T he inverse  b eh av io u r o f in te r-  
n u c le a r  d is tan ce  an d  th e  force c o n s ta n t is q u a lita tiv e ly  in  ag reem en t w ith  
th e o re tic a l  ex p ec ta tio n s, i.e. w ith  increasin g  s tre n g th  of b ind ing  th e  p o te n tia l  
m in im u m  is sh ifted  to  sm alle r r v a lues. A t th e  sam e tim e  th e  m in im u m  b e 
com es n a rro w er, th a t  is, th e  force c o n s ta n t X e an d  there fo re  th e  v ib ra tio n a l 
f re q u e n c y  coe increases.

V alidity  o f th e  L e n n a r d -J o n e s  
p aram eters  fo r th e  ev a lu a tio n  o f coe x e and y.e

I n  general, th e  p o te n tia l  energy  fu n c tio n s  do n o t describe th e  low er an d  
h ig h e r  en erg y  levels w ith  th e  sam e accu racy . In  o rd er to  ju s t ify  th e  above, 
a su p p le m e n ta ry  te rm  is u sefu l w hen  em ploy ing  e lec tro n eg a tiv ity . I n  o rder 
to  s tu d y  th e  perfo rm ance of th e  L e n n a r d - J o n e s  p a ram e te rs , we h a v e  chosen 
th e  e q u a tio n  proposed b y  S zőke  [8] as

U  =  D e 1 [1 +  af(r)] . ( 2)

In  E q . (2) th e  o th e r p a ra m e te rs  h av e  th e ir  u su a l spectroscopic  m ean in g  and 
a d e n o te s  th e  Le n n a r d -J o n e s  p a ra m e te r , v can  be defined  as

v =  d
D .

1/2

(3)

w h ere  d  is a p ro p o rtio n a lity  c o n s ta n t, an d  e;, e,j are th e  e lec tro n eg a tiv itie s .

I t  is com m on p rac tice  in  th e  l i te ra tu re  to  co rre la te  sam e p ro p e rtie s  of 
th e  p ro p o sed  func tion  w ith  th o se  o f o th e r fu n c tio n s and  v e rify  how  fa r  th e  
fu n c tio n  is su itab le  to  rep ro d u ce  th e  spectroscop ic  c o n s ta n ts  w h ich  are  n o t 
in v o lv e d  in  th e  fu n c tio n . A n in te re s tin g  a ssu m p tio n  in tro d u ced  b y  S zőke  is 
t h a t

( j r e d j r e d ) ! ^  =  b

D P

1/2
( 4 )

T h e  fu n c tio n  proposed  b y  S zőke an d  L ip p in c o t t  can  be s im u lta n e o u s ly  va lid  
w h e n  th e  above a ssu m p tio n  holds a p p ro x im a te ly  b is a p ro p o r tio n a lity  con
s ta n t )  in  th e  p resen t set o f m olecules. T he assu m p tio n  expresses t h a t  th e  
e lec tro n eg a tiv itie s  can  be u sed  as physico-chem ical p a ra m e te rs  in  ad d itio n  
to  spectroscop ic  co n stan ts .

B y  analogy of th e  e q u a tio n s  g iven  b y  L ip p in c o t t , S c h r o e d e r  and  
D u n h a m , also in tro d u c in g  th e  V an  der V aals te rm s , th e  e q u a tio n s  fo r th e
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and

coe д:е =  1.5 B e

and  b a re  as follows

■f - y -  +  ab{vrcy i2 +
a2b2 ab2
1.6 2

- ^ 5 -  =  ab(vreYI2 
6 B i

2 v r .

a . со,
6 В г Г

2 coe x e 
3 B e 

ab ■

vr,
2

-  a b (vrey i 2

(5)

( 6)

( 7 )

T he d e ta ils  are g iven elsew here [9, 10]. T he ab, b and 0)ед:е an d  <xe v a lu e s  have 
been  ca lcu la ted  for som e d ia to m ic  m olecules and  th e  re su lts  a re  show n in 
T ah ié  I I .  T he average  values of ob's (0.669, 0.665, 0.681, 0.642) a n d  th a t  of 
b's (0.803, 0.974, 0.980. 1.103) fo r d iffe ren t m olecular g roups w ere  u sed  in 
ca lcu la tin g  th e  ыех с and  a e values.

T he s ta n d a rd  dev ia tio n s in  th e  e s tim a te d  coex t and xe v a lu es  fro m  th a t  
o f th e  e x p e rim e n ta l va lues, as seen from  th e  T able I I ,  are 3.4 a n d  3.6, re
spective ly -

Table II

<ue*e Olgí-p *e *e
Molecule ah h (cm ■) (cm “1) (cm - 1) (cm ')

Cal. Expt. Cal. E xpt.

MgO 0 .6 6 1 0 .9 4 7 5 .8 2 0 5 .1 8 0 0 .0 0 5 0 3 0 .0 0 5 0 0

CaO 0 .7 0 9 0 .8 3 1 5 .2 6 5 5 .2 8 0 0 .0 0 3 2 6 0 .0 0 3 3 5

SrO 0 .6 3 7 0 .6 3 1 3 .9 5 6 3 .9 6 0 0 .0 0 1 9 8 0 .0 0 2 0 4

SiO 0 .6 9 3 1 .017 5 .9 0 0 5 .9 2 0 0 .0 0 4 8 2 0 .0 0 5 0 4

SiS 0 .6 8 7 1 .0 3 5 2 .6 6 9 2 .5 7 7 0 .0 0 1 4 6 0 .0 0 1 5 0

TiO 0 .6 1 7 0 .8 7 2 4 .3 7 8 4 .4 9 7 0 .0 0 3 2 3 0 .0 0 3 0 1

NO + 0 .6 5 7 0 .9 6 3 1 6 .6 6 6 1 6 .4 4 9 0 .0 2 4 4 8 0 .0 1 9 0 1

P + 0 .7 0 5 0 .9 9 7 2 .6 6 0 2 .7 4 0 0 .0 0 1 5 9 0 .0 0 1 5 1

SO 0 .6 5 0 0 .1 0 1 6 .0 2 0 5 .7 0 0 0 .0 0 5 6 5 0 .0 0 5 6 0

SeO 0 .6 2 6 1 .1 2 6 4 .5 8 7 4 .5 2 0 0 .0 0 3 3 4 0 .0 0 3 3 0

TeO 0 .6 5 0 1 .084 3 .8 5 5 4 .0 0 0 0 .0 0 2 3 4 0 .0 0 2 3 7

Standard deviation 0 .1 8 6 0 .0 0 0 7 1
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F ro m  these  s tu d ie s , i t  can  be concluded  t h a t  th e  perform ance of th e  
L e n n a r d - J ones  p a ra m e te rs  fo r th e  ev a lu a tio n  o f  o)ex e and  oce are ju s tif ie d  
u sin g  th e  concept o f m ean  e lec tro n eg a tiv ity .

*
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U nsym m etrical disulfides from  the co-photolysis of m ixtures of sym m etrical 
alkyl disulfides is reported. R ates have been obtained for 35 com binations of C2 to 
Ci0 alkyl disulfides and their isomers. An equilibrium  is atta ined  a fter re la tively  short 
irradiation periods in cyclohexane.

T he effectiveness o f d isu lfides as ra d ia tio n  p ro tec to rs  [1, 2] a n d  th e ir  
d e riv a tiv e s  as a n tio x id a n ts  [3] is w ell k n ow n . Molecules c o n ta in in g  th e  di
su lfid e  linkage a re  believed  to  be a k ey  p o in t o f a tta c k  w hen b io log ica l system s 
a re  ir ra d ia te d  w ith  UV lig h t. T h ey  a re  u sed  as a chain tra n s fe r  a g e n t in  free 
ra d ic a l p o ly m erisa tio n . Several d isu lfides h av e  been found to  sh o rte n  the  
la te n c y  phase an d  to  increase th e  g ro w th  o f v iru s sta ins in  cell c u ltu re s  [4].

T here are  v a rio u s m eth o d s re p o rte d  in  th e  lite ra tu re  w h ich  use  ac tiv a ted  
su lfen y l d e riv a tiv e s  to  sy n thesize  u n sy m m etrica l disulfides. T h e  com m on 
ac tiv e  su lfenyl d e riv a tiv e s  are su lfen y l h a lid e  [5], sulfenyl th io c y a n a te  [6], 
su lfen y l h y d raz id e  [7], su lfeny l th io c a rb o n a te  [8], su lfen im ide [9], th io su l
fa te  [10], th io su lfo n a te  [11], th io l su lf in a te  [12] and  alkyl th io d ia lk y l sulfo- 
n iu m  sa lts  [13]. S u lfu r m onoch lo ride  w ith  active m eth y len e  com pounds, 
G rig n ard  reag en ts , alkenes or arenes can  give disulfides a n d  ch lo rod ith io  
com pounds, b u t  o th e r  p ro d u c ts  as well [14].  Oae  and  co-w orkers [15] have 
rep o rted  th a t  u n sy m m etrica l d isu lfides can  be ob ta ined  b y  t r e a t in g  th io- 
n itr i te s  w ith  th io ls . All th e  m e th o d s re p o r te d  so far involve tw o  or th re e  steps 
to  syn thesize  u n sy m m etrica l d isu lfide . W e xvish to  rep o rt an  easy  an d  less 
cum bersom e m e th o d  for its  sy n th es is  b y  pho to lysing  d isu lfides. A n equ i
lib riu m  is a tta in e d  a fte r  re la tiv e ly  sh o rt periods in cyclohexane.

E x p erim en ta l

All experim ents were carried ou t a t room  tem perature , 20 ±  3° w ith sam ples thoroughly 
degassed by a lternate  freeze-pump thaw  cycles utilizing a simple high vacuum  system . The 
reaction cell was a quartz  tube, 6 mm of th a t contains 250 pi of equim olar m ix tu re  of di
sulfide (RSSR -f- R ’SSR’). The light source was a H anovia 306-20 medium pressure mercury 
lam p w ith Vycor 7910 filter to elim inate w avelength less than 230 nm. The position  of the 
lam p was fixed to  have constant light in tensity  throughout the experim ents, w hich was

* For correspondence: B-63, U niversity Marg, Jaipur-302004, India.
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m easured by  a detector a ttached  to  a LIMS 920 photom eter. All th e  symmetrical disulfides 
were o f commercial grade and w ere used after purification b y  fractional distillation. A t the 
end of th e  reaction, the reaction m ix tu re  was analyzed b y  th erm al conductivity or by  flam e 
ionization  gas chrom atography using tricresyl phosphate an d  Apiezon-M columns. A blank 
m ix tu re  of disulfide was alw ays passed  through the gas chrom atograph  to  check for in itial 
concentrations and to detec t th e  e x te n t of any therm al reaction . The extent of therm al reac
tion  w as invariably  less th a n  0.5%  of the photo-chemical processes. The formation of unsym - 
m etrical disulfide was confirm ed b y  comparing their g lc  [16] and  mass spectra [17] w ith 
sam ples w hich were obtained by  th e  m ethods described earlier [18, 19]. The eluted unsym - 
m etrical disulfide fraction was tra p p e d  in liq. N2 ( — 196 °C).

R esu lts  and D iscussion

P re lim in a ry  in v e s tig a tio n s  showed th a t  in  ag reem en t w ith  p rev ious 
re p o r ts  [19, 20], p h o to ly s is  o f  m ix tu res  of n e a t  R S S R  -|~ R 'S S R ' y ields th e  
u n sy m m e tric a l d isu lfide . T h e  ra te  of p ro d u c tio n  o f R S S R ’ is excep tionally  
la rg e  in  cyclohexane a n d  d ecreases  w ith  increasin g  ex p o su re  tim e  and  becom es 
c o n s ta n t  a f te r  sh o rt i r ra d ia t io n  periods. F u r th e r  ir ra d ia tio n  did no t a lte r  th e  
p ro p o rtio n  of th e  th re e  d isu lfid es  p resen t, co n c lu d in g  t h a t  th e  equ ilib rium  is 
a t ta in e d . I t  is also o b se rv e d  th a t  th e  p h o to ch em ica l eq u ilib riu m  is a t ta in e d  
re la tiv e ly  a fte r sh o rt i r ra d ia t io n  period in  cy c lo h e x a n e  c o n tra ry  to  th e  w ork  
of H a r a l d s o n  et al. [21].

T h e d a ta  for e q u im o la r  m ix tu res  of s tra ig h t c h a in  d ia lky l disulfides are 
show n in  T able I. T he in i t ia l  r a te  of u n sy m m etrica l d isu lfide is th e  low est for 
d ie th y l disulfide —d ip e n ty l d isu lfide  system . S ig n if ic a n t decreases in th e  r a te  
o f u n sy m m e tric a l d isu lfid e  fo rm a tio n  was o b se rv ed  w h en  one of th e  d isu lfide  
w as ch an g ed  from  d ip ro p y l to  diisopropyl d isu lfid e  (c f. T able II) . H ow ever, 
w hen  b o th  disulfide h a d  iso a lk y l groups, th e  o b se rv ed  ra te  of u n sy m m etrica l 
d isu lfid e  fo rm ation  w ere v e ry  m uch higher. E x c e p tio n a lly  high ra te s  a re  also 
o b se rv ed  for d ie th y l-d ip ro p y l disulfide system  in  w h ich  th e  reac tio n  is co m 
p le te d  in  less th a n  a m in u te . T h e  resu lts  of th e  series o f  experim ents in  w h ich  
v a r io u s  C2 to  C10 d isu lfid e  w ere  co-photolysed w ith  d ib u ty l, d iisobu ty l, disec- 
b u ty l  an d  d ite r tb u ty l  d isu lf id e  are show n in  T a b le  I I I .  I t  is ap p a re n t th a t

Table I

Initial rates o f unsymmetrical disulfide (RSSR ') form ation for straight chain
dialkyl disulfides

R SSR  +  R 'SS R '
in  cyclohexane

Rate of R S S R 'fo rm a tion , %  m in -1

R ' = CaH 5 n-C3H 7 n-C4H 9 n-C5H u

|0.1[ [ 0 .011 |0.1| |0.0Lj |0.1| |o.oi| |0.1| 10.01|

R = C H 3 3.8 20.6 3.0 21.0 0.6 3.4 0.4 1.6
C2H 5 — 10.2 100 0.95 5.0 0.18 1.45
n-C3H 7 — - - 1.2 6.0 0.31 3.0
»-C4H 9 — — — — — 0.22 1.65
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Tabic II

Initial rates o f unsymmetrical disulfide (RSSR’) 
formation fo r  dipropyl disulfide (R ’SSR’ -!- RSSR) mixtures

R S S R  4- R 'S S R ' 
in  cyc lo h ex an e

R a t o f R S S R ' fo rm a tio n , %  m in - 1

R ' =  n -c,H, R ' =  iso-C3H 7

|0.1| 10.011 |0 . I | |0.01

R = C H 3 3.0 21 0.78 2.7
C2H5 10.2 100 4.7 18.9
n-C4H9 1.2 6.0 0.34 1.2
iso-C4H 9 0.35 2.5 4.4 25.7
sec-C4H 9 5.0 27.5 3.2 10.5
n-CjHu 0.31 3.0 0.09 0.58
iso-CjHjj 0.38 2.3 3.8 13.0

Table III

In itia l rates o f unsymmetrical disulfide (RSSR ') 
formation fo r  dibutyl disulfide (R 'SSR ' -j- RSSR) mixtures

Rates of RSSR ' form ation, %  m in -1

RSSR 1 R 'SSR '
-C .H ,in cyclohexane R ' =  n iso-C.H, sec-C4H e iert-C4H B

|0.1| lo-oii |0.1| 10.01 |0.11 |0.01| |0.1| 10.011

R = C H 3 0.6 3.4 0.44 3.0 0.9 5.0 0.039 0.205
C2H5 0.95 5.0 0.3 2.1 4.6 30 0.034 0.18
n-C3II7 1.2 6.0 0.35 2.5 5.0 27.5 — —

iso-C„II7 0.34 1.2 4.4 25.7 3.2 10.5 - —
n-C5H n 0.22 1.6 0.16 1.6 0.14 0.80 0.0267 0.12
iso-C5H n 0.3 1.9 11.9 85.1 0.14 0.86 0.033 0.14

th e  r a te  of u n sy m m etrica l d isu lfide  fo rm atio n  is s ig n ifican tly  low er for th e  
m ix tu re s  con ta in ing  d i te r tb u ty l  disulfide co m p ared  to  tho se  o f o th e r d isulfide.

In  ad d itio n  to  th e  d a ta  lis ted  in  T ab le  I , I I ,  I I I ,  th e  ra te s  o f  u n sy m 
m e trica l disulfide fo rm a tio n  fo r d im eth y l d isu lfid e -d iiso p en ty l d isu lfide an d  
d ie th y l d isu lfid e—d iiso p en ty l disulfide m ix tu re s  w ere also o b ta in ed . T he 
values are  0.40, 0 .38%  m in -1  in  0.1 cyclohexane an d  2 .0 , 2 .1%  m in -1  in
0.01 cyclohexane, resp ec tiv e ly .

T he observ a tio n  th a t  u n sy m m etrica l d isu lfide  is th e  only  co -photo lysis 
p ro d u c t and  th a t  p h o to ly s is  o f disulfide alone does n o t re su lt in  p ro d u c t 
fo rm atio n  leads to  th e  conclusion  th a t  th e  C — S b o n d  fission  does n o t occur 
to a g rea t e x te n t as co m p ared  to  S —S bond  c leavage in  ag reem en t w ith  th e
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e a r lie r  w o rk  [18 — 26]. T he a c c u m u la te d  ev idence th u s  s tro n g ly  in d ic a te s  th a t  
th e  o n ly  s ign ifican t p r im a ry  p rocess in  th e  condensed  p h ase  p h o to ly s is  m ust 
b e  th e  hom oly tic  ru p tu re  o f  th e  S — S bo n d  p ro d u c in g  th iy l rad ica ls .

S ince  no reac tions o th e r  th a n  those  lead in g  to  u n sy m m e tric a l d isu lfide 
fo rm a tio n  occur a fte r  12 h rs  ir ra d ia tio n , th e  m echan ism  ap p licab le  to  th e  
p h o to s ta t io n a ry  s ta te  th u s  p re su m a b ly  consists on ly  of th e  th re e  reversib le  
p ro cesses  (1 — 3).

R S S R  +  hv 2 RS (1)

R 'S S R ' +  hv^= ±  2 R 'S (2)

R S S R ' +  hv R S +  R 'S (3)

T h e  c o n cen tra tio n  of u n sy m m e tr ic a l d isu lfide increases in  th e  sy s tem  u n til  
i t  e ffec tiv e ly  com petes fo r th e  ab so rp tio n  of lig h t an d  i ts  ow n pho to lysis 
b eco m es an  im p o rta n t sou rce  o f th iy l rad ica ls . A fte r som e c h a ra c te ris tic  ex
p o su re  tim e , a p h o to s ta tio n a ry  s ta te  will be a tta in e d  as described  earlie r [27] 
fo r  d im e th y l—die th y l, d ie th y l — d ip ro p y l an d  d im e th y l—d ip ro p y l d isulfide 
sy s te m s .

T h e  u n sy m m etrica l d isu lfid e  fo rm atio n  can  occur on ly  via  th e  follow ing 
p ro cesses

RS +  R 'S S R ' - >  R S S R ' +  R 'S  (4)

R S  +  R 'S  —> R S S R ' (5)

T h e  o v e ra ll m echanism  can  be  re p re se n te d  b y  a  sim ple e q u ilib riu m

R S S R  +  R 'S S R ' 2 R S S R '. (6)
h v

T h e  d a ta  of T ab le  I I I  show  th a t  th e  ra te  of u n sy m m e tric a l d isu lfide 
fo rm a tio n  is th e  low est fo r R S S R  — d ite r tb u ty l  d isu lfide  m ix tu re s . T he b e h a v 
io u r  o f  d i te r tb u ty l d isu lfid e  a p p e a rs  to  be q u ite  d iffe ren t from  o th e r  disulfides. 
T h e  d a ta  ind ica te  th a t  th e  a t ta c k  of th iy l  rad ica ls  on d isu lfid e  m olecule is 
d e c re a sed  su b s ta n tia lly  w h en  th e  su lfu r a to m s are s ig n if ic a n tly  ste rica lly  
h in d e re d . The reduced  s e n s it iv ity  o f ra te s  of ra d ic a l reac tio n s  fo r  d i te r tb u ty l  
d isu lf id e  system s co m p ared  to  o th e r  d isu lfides is co n sis ten t w ith  th e  ob serv a
t io n  m ad e  by  P ryo r  et al. [22] a n d  Oh ta  et al. [28] for p h en y l rad ica ls . F u r th e r  
s tu d ie s  a re  und erw ay  to  p re p a re  a n d  in v e s tig a te  th e  effect of h ig h e r m olecular 
w e ig h t d isulfide of b io log ica l im p o rtan ce  on exchange reac tio n .

*

The author is thankfu l to  U niversity  of Saskatchewan, Saskatoon, C anada for pro
viding th e  necessary research facilities and  to Dr. В. C. J o sh i for the  valuab le  suggestions
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Depending on the JV-substituents, o-phenylenediamines react in  the system 
Cu(l) halide /  am ine /  0 2, through radicals or nitrene interm ediates, to  give (a) cis-cis- 
muconitriles (through o-dinitrenes); (b) w ith  insertion of nitrenes into th e  С—H bond; 
or (c) with coupling of the nitrenes to diazo compounds.

Introduction

C opper(I) h a lid e /a m in e /0 2 system s a re  versa tile  reag en ts  in  im p o rta n t-  
o x id a tio n  reac tio n s such as th e  o x id a tiv e  coupling  of te rm in a l a ce ty len es  to  
d iacety lenes [1, 2 ], th io ls  to  d isu lfides [3], and  phenols to  d ip h en o q u in o n es 
an d  p o lye thers [4]. T he o x id a tio n  of a ro m a tic  am ines w ith  m o lecu la r oxygen 
a c tiv a te d  by  m eta l sa lts  is a well e s tab lish ed  reac tion . o -P heny lened iam ine  
(la ) is oxidized in  th e  presence o f fe rric  ch loride [5— 9] to  2 ,3 -d iam inophen- 
azine or 2 -am ino-3-oxophenazine . A niline is coupled to  azobenzene  [10] and 
2 -am in o d ip h en y lam in e  is ox idized to  2 -am ino-3 ,5 -d ihydro -5 -pheny l-3 -pheny l- 
im inophenazine  [11] b y  d ioxygen  in  th e  cuprous ch lo rid e /p y rid in e  system . 
C om pound la  h as also been oxid ized  to  c is,c is-m uconitrile  (4) b y  using  a 
s to ich iom etric  a m o u n t o f n ickel p e ro x id e  [12], lead  te t r a a c e ta te  [13], and 
b y  d ioxygen  ca ta ly zed  b y  cuprous ch lo ride  in  py rid ine  [14]. T h is r in g  cleavage 
resem bles th e  enzym ic reac tio n  o f p y ro ca tech ase  y ield ing  cis,c is-m ucon ic  acid 
from  th e  isoelec tron ic  ca techo l [15]. S ince know ledge is scarce a b o u t th e  cop
per-d ioxygen  com plex(es) [16— 18] fo rm ed  in  th e  C uC l(py)02 sy s te m  an d  the 
m echanism  of th e  fo rm a tio n  of cis,cis-m uconon itrile  from  o -pheny lened iam ine, 
we u n d e rto o k  a sy s te m a tic  s tu d y  of th e  effect o f d iffe ren t s u b s ti tu e n ts  and 
th e  role of th e  degree an d  m ode of su b s ti tu tio n  on th e  n itro g en  a to m s  of 1 on 
th e  p ro d u c ts  of th e se  co p p er-ca ta ly zed  oxygenations, in  o rd e r  to  o b ta in  
a b e t te r  in sig h t in to  th e  m echanism  o f such  reactions.

R esu lts an d  D iscussion

A n u m b er o f iV -substitu ted  o-pheny lened iam ines w ere p re p a re d  and 
allow ed to  re a c t w ith  d ioxygen  in  th e  p resence of CuCl in  p y rid in e .

The resu lts  and  th e  possible re a c tio n  p a th s  proposed  a re  show n in 
Schem es 1 an d  2. I f  b o th  N -atom s o f th e  o-pheny lened iam ine  d e r iv a tiv e  (1)
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b e a r a t  le a s t one h y d ro g e n a to m , like in  la - b  a n d  l e ,  th e  o-diim ine (2a) or 
th e  su b s titu te d  o-diim ines 2b, 2e were o b ta in e d  b y  a tw o-e lec tron  o x id a tio n  
s tep . A fu r th e r  tw o -e lec tro n  ox ida tio n  of 2a  le a d s  p ro b ab ly  to  th e  d in itren e  3, 
w hich th e n  rea rran g es  to  c is ,c is-m uconon itrile  (4). C om pound 4 is also fo rm ed  
by  pyro lysis  [19] or p h o to ly s is  [20] of o -d iaz idobenzene u n d er d iffe ren t con d i
tio n s, an d  th e  in te rm e d ia c y  of th e  d in itre n e  3 w as assum ed on th e  basis of 
analogous reac tions o f sev e ra l azidobenzenes [21]. iVjiV’-D im ethyl-o-benzo- 
diim ine (2b) could n e ith e r  be oxidized fu r th e r , n o r iso la ted  from  th e  reac tio n  
m ix tu re . T he reaso n  fo r  th is , we believe, is  th e  easy  p o ly m eriza tio n  of th is  
class of com pounds. F ro m  th e  m o n o su b s titu te d  d e riv a tiv e , iV -phenyl-o-pheny- 
lened iam ine  ( le ) , th e  tw o -e lec tro n  oxid ized  p ro d u c t 2e undergoes a  fu r th e r  
H -a b s tra c tio n  (on e-e lec tro n  oxidation) re su ltin g  in  th e  in te rm e d ia te  rad ica l 5, 
from  w hich  in  a n  in tram o lecu la r  n itren e  in se r tio n  reac tio n  th e  rad ica l 6 is 
form ed, end ing  up  in  p h en az in e  (7) th ro u g h  a  su b seq u en t one e lec tro n -o x id a 
tio n . The rad ica l 5 m a y  also  re a c t in  an  m te rm o lecu la r fash ion  giv ing  p ro b ab ly  
th e  d irad ica l 8, from  w h ich , b y  coupling a n d  h y d ro g en  m ig ra tio n , th e  th ree -  
e lec tro n  o x id a tio n  p ro d u c t 9 is form ed in  2 6 %  y ie ld . In te re s tin g ly , th e  N ,N ’- 
d isu b s titu te d  acy l ( lc )  a n d  to sy l (Id) d e r iv a tiv e s  do n o t re a c t w ith  d ioxygen  
in  th e  presence of c o p p e r(I)  chloride in  p y rid in e . T h is can  be exp la ined  w ith  
th e  s tro n g  e lec tro n -w ith d raw in g  ch a ra c te r  o f  th e  su b s titu e n ts .

I f  one o f th e  N -a to m s of o -pheny lened iam ine  is d isu b s titu te d  ( I f  g), 
th e  oxyg en a tio n  re a c tio n s  ta k e  a d iffe ren t course. In  these  com pounds one 
o f  th e  am ino  g roups a t ta c h e d  to  th e  benzene r in g  is in suscep tib le  to  o x id a tio n  
(th e  in e rtn ess  of te r t ia r y  am ines ag a in st o x y g e n a tio n  is well d o cu m en ted ). 
T h is s tru c tu ra l fe a tu re  p re v e n ts  th e  fo rm a tio n  o f d iim ine in te rm e d ia te s  of 
ty p e  2. C om pounds I f  a n d  l g  are, how ever, re a d ily  tran sfo rm ed  to  lO f an d  
10g by  a  tw o -e lec tro n  o x id a tio n  step . T hese о-su b s titu te d  n itren es , depend ing  
on  th e  su b s titu e n ts  o f th e  neighbouring  am in o  g roup , m ay d im erize  as in  th e  
case of lO f to  th e  azo com pound  11 (y ie ld : 3 6 % ), o r n itren e  in se r tio n  m ay  
ta k e  place in to  th e  C— H  b o n d  of th e  b en zy lid en e  g roup  of 10g giv ing  2-phenyl- 
benzim idazole  (12). C om pound  12 could also  be p rep a red  from  th e  o-azidoanil 
o f benza ldehyde  a t  130—-150 °C in  a good y ie ld , assum ed ly  th ro u g h  n itren e  
in se rtio n  [22, 23]. U n d e r th e  cond itions o f  th e  reac tio n  12 is o x id a tiv e ly  
coupled  to  l , l ’-b is(2 -pheny lbenz im idazo le ) (13).

W ith  te t r a s u b s t i tu te d  deriv a tiv es  su ch  as te tram eth y l-o -p h en y len e- 
d iam ine  ( lh )  or ./V îV’-d ibenzy lidene-o -pheny lened iam ine  ( l i)  no o x y g en a tio n  
w as observed  in  th e  C uC l/py system .

F ro m  th e  re a c tio n s  in  Schem es 1 a n d  2 th e  conclusion m ay  be d raw n  
th a t  th e  copper d io x y g en  com plex fo rm ed  from  copper(I) ch lo ride , p y rid ine  
an d  d ioxygen  a b s tra c ts  hyd rogens successively  from  th e  o-pheny lened iam ine 
d e riv a tiv e s  giv ing ra d ic a ls  o r n itren e  in te rm e d ia te s , w hich th e n  re a c t in  an  
in tra  or m term olecu lar fa sh ion  p rac tica lly  in  th re e  w ays:
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(i) ring  sp littin g  of o -d in itren es  (3) to  cis,c is-m uconon itrile  (4);
(ii) in se rtio n  of n itren es  in to  th e  C— H  bond , e.g. th e  re a c tio n s  of 5, 8, 

an d  10g;
(iii) th e  coupling of n itre n e s  to  d iazo com pounds, th e  re a c tio n  of lOf 

to  11.
C om pounds, w here no h y d ro g en s  are  a tta c h e d  to  th e  n itro g e n  in  th e  

o-pheny lened iam ine  d e riv a tiv e s  show ed inertn ess  in  these  re a c tio n s .

E xperim en ta l
Materials and methods

Л. IV’-D it о syl-o-pheny lene d iam ine (Id) [24], ]V,iV’-diacetyl-o-phenylenediam ine (lc) 
[25], and iV-benzylidene-o-phenylenediamine (lg ) [26] were synthesized from  o-phenylene
diam ine by known methods. ]V,iV’-Dim ethyl-o-phenylenediainine (lb ) was prepared  from Id 
according to  [27]. N -Phenyl-o-phenylenediam ine (le) and iV,]V-dimethyl-o-phenylenediamine 
(If)  were obtained by the m ethod of Sch o pf  [28] and B a m berg er  [29], respectively. The 
solvents were dried and distilled before use. Pyridine was dried over potassium  hydroxide. 
Copper(I) chloride (REANAL) was purified w ith potassium  sulfite solution and  dried in 
vacuum .

IR  spectra were run on ZEISS U R  20 and SPECORD 75IR instrum en ts . A SPECORD 
UY-VIS spectrophotom eter and a V A R IA N  T 60, w ith TMS as in ternal s tan d a rd , were used 
for recording the UV, VIS and ’H -N M R  spectra. The mass spectra were tak en  on a VARIAN 
MAT 111 GC-MS spectrom eter using an  ionization energy of 70 eV.

Oxidation of 2-am inodiphenylam inc ( lc )

Copper(I) chloride (2.0 g; 20 mmoles) was dissolved in 10 m L of d ry  pyridine and 
stirred  under dioxygen until no m ore of the gas was consumed (the 0 2-up take  was about 
5 mmoles during f h). To th is solution 1.84 g (10 mmoles) of 2-am inodiphenylam ine (lc), 
dissolved in 10 mL of pyridine, w as slowly added, w ith stirring. After the oxygen absorption 
ceased, the pyridine was evaporated  in  vacuum , the residue extracted  w ith  e th e r and  separated 
by  TLC (silica gel, CH2C12) to give 0.48 g of phenazine (7), |MS (m/e): 180 (M +)], identical 
spectrum  w ith an authentic sam ple [30]; Amax (E tO H ) 360 nm [31]), and 0.52 g of 2-amino- 
3,5-dihydro-5-phenyl-3-phenylim inophenazine (9), identical w ith an au th en tic  sam ple [11].

Oxidation of Л ,iV-dimethyl-о-phenylenedi amine ( I f )

The reaction w ith 1.36 g (10 mm oles) of I f  was carried out as above, and  th e  dry residue 
purified by TLC (silica gel, CH,CL) to give 0.48 g of 2,2’-bis(dim ethylam ino)azobenzene (11). 

MS (m/e): 268 (M+), m .p. 7 6 - 7 7  °C.
UV: Amax (E tO H ): 462 mm (e =  3280), identical w ith the lite ra tu re  d a ta  [32].

Oxidation of IV-benzylidene-o-phenylenediamine ( lg )

The reaction was carried o u t w ith  1.96 g (10 mmoles) of lg  in the usual w ay. A fter the 
extraction  w ith ether the dry  residue was recrystallized from ethanol to  give 13 as white 
crystals. Yield: 42% , m.p. 196 °C.

C,„H18N4 (386.44). Calcd. C 80.8; H  4.7; N 14.5. Found C 80.4; H 4.6; N  14.2%.
IR  (K B r): v (C =  N) 1615, v ( C - N )  1340 cm "1.
UV (E tO H ): ;.max =  204 (18 600), 240 (5730), 294 nm (8320).
‘H-NM R (CCI4): 6 7.15 ppm  (16 H . m, ArH), 7.85 (2H, m, ArH).
MS (m/e): 386 (M+); 193 (M-C„H4N2CC6H5).

The authors are grateful to  Prof. L. Markó for his interest th ro u g h o u t th is work.
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The reactions of bis-jr-cyclopentadienyl and  bis-Tt-indenyl molybdenum (VI)-oxo- 
dichloridc w ith th e  hydroxy oximes (O xH 2) viz. salicylaldoxime (SO xH 2), 2-hydroxy- 
5-m ethylacetophenoneoxim e (AOxH2), 2-hydroxy-l-naphthaldioxim e (N O xH 2) and 
w ith  dioximes (O x 'H 2) viz. a-benzildioxim e (B O x 'H 2), dim ethylglyoxime (D O x 'H 2) and 
2,6-diacetylpyridinedioxim e (PO x 'H 2) have been studied in te trahydro fu rane  in the 
presence of triethylam ine a t room tem peratu re . The complexes isolated of the  types 
[(л-С5Н5)2 or (л-С9Н 7),МоО(Ох)] and [(л-С5Н 6)2 or (л-С9Н7)2МоО(Ох'Н)С1], have been 
characterized by elem ental analyses, i.r. and  electronic spectra, electrical conductance 
and  magnetic m easurem ents.

Introduction

A lthough  ox im es are w idely recogn ized  as versa tile  ligands a n d  a n u m b e r 
o f com plexes w ith  v a rio u s  tra n s itio n  m e ta ls  h av e  been s tud ied  in  d e ta il an d  
h av e  been  review ed re c e n tly  [1], m uch  re m a in s  to  be learned  a b o u t th e  ty p e  
o f  s tru c tu re s  th a t  a re  form ed. In  g en era l, th e  oxim e fu nc tion  is k n o w n  [2] 
to  c o o rd in a te  in fo u r w ays:

OH 0 ---- *-M 0 ----- H— о

СГ M 
1

A .

1 1 1
I II III

-------О — ► M
- X

I
IV

C o o rd ina tion  m odes I a n d  III are  observed  m o st freq u en tly , a lth o u g h  it  shou ld  
be n o te d  th a t  th e  ox im e function  is a poor d o n o r unless it  is a p a r t  o f  a ch e la te  
ring . T h e  in te re s t in  such com plexes c o n tin u es  because of th e ir  in te re s tin g

* To whom correspondence should be addressed.
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s t ru c tu ra l  aspec ts  an d  a n a ly tic a l ap p lica tio n s. H ow ever, th ere  is no re fe ren ce  
in  th e  l i te ra tu re  reg a rd in g  th e  p re p a ra tio n  a n d  c h a rac te riza tio n  o f ox im e 
d e r iv a tiv e s  o f b is-jr-cyc lopen tad ieny l and  bis-7r-indenyl m o lybdenum (V I)-oxo- 
d ich lo rid e . I t  is, th e re fo re , considered  of in te re s t  to  s tu d y  th e  re a c tio n s  o f 
b is-7 r-cyclopen tad ieny l an d  bis-jr-indenyl m o ly b d enum (V I)-oxo-d ich lo ride  w ith  
d iffe re n t oxim es in  d iffe ren t m o lar ra tio s  in  n o n -aq u eo u s  m edia.

E xperim en ta l

Special precautions were taken  to exclude m oisture and  all operations were carried  ou t 
u nder anhydrous condition. Bis-.т -cyclo pentad ienyl molybdenum(VI)-oxo-dichloride and  bis- 
T -indenyl m olybdenum (VI)-oxo-dichloride were prepared by th e  method reported earlier [3, 4]. 
Oximes were prepared by known m ethods [5]. T H F  (B D H ) was dried by storage over sodium 
wire overn igh t and w as then  boiled under reflux un til it  gave a blue colouration w ith  benzo- 
phenone. I t  was finally  dried by distilling over LiAlH,. п-H exane was dried by distilling over 
sodium  wire.

P repara tion  o f  the complexes

All the complexes were prepared by a similar procedure. The appropriate oxime (1 mole) 
was added  to  a solution of bis-T-cyclopentadienyl or bis-T-indenyl molybdenum(VI)-oxo- 
dichloride (1 mole) in d ry  T H F  (50 mL). To this, trie thy lam ine (2 mole in hydroxyoxim es and 
1 mole in dioximes) was added, th e  m ixture was stirred  for 30 —35 hrs., then  dried  under 
pressure and  th e  product was crystallized from n-hexane. The reactions of bis-T-cyclopenta- 
dienyl o r bis-jr-indenyl molybdenum(V 1 )-oxo-diehloridc w ith  dioximes in 1 : 2 m olar ra tio , 
respectively , in  the presence of 2 mole of triethylam ine, have also been studied b u t in  such 
cases also 1 : 1 products could have been isolated.

E lem enta l analyses and physica l measurem ents

The carbon and hydrogen analyses were carried  o u t a t  the M icroanalytical Division 
of C entral D rug Research In s titu te , Lucknow, and D ep artm en t of Chemistry, B anaras H indu  
U niversity , V aranasi (India). M olybdenum was m easured as 8-hydroxyquinolate. N itrogen 
was estim ated  b y  K jeldahl’s m ethod and chlorine as silver chloride.

In fra red  spectra in K B r pellets were recorded on a Perkin-Elm er-621 and B eckm ann 
A cculab-9 spectrophotom eter, electronic spectra in te trahyd ro fu rane  on a Perkin-Elm er-4000 A 
and on Cary-14 spectrophotom eter. The magnetic susceptib ility  m easurem ents were carried 
ou t by  G ouy’s m ethod using m ercury te tra th iocyanocobalta te(II) as calibrant. E lectrical con
ductance m easurem ents were carried ou t in nitrobenzene on a Beckmann conductivity  Bridge 
Model RC-18A.

R esu lts and D iscussion

A  sy s te m a tic  s tu d y  o f reac tio n  of b is-jr-cy c lo p en tad ien y l m o ly b d en u m - 
(Y l)-o x o -d ich lo rid e  or b is-jr-indenyl m o lybdenum (V I)-oxo-d ich lo ride  (1 m ole) 
w ith  h y d ro x y o x im es (1 mole) in  th e  presence o f  tr ie th y la m in e  (2 mole) y ie ld ed  
com plexes of th e  ty p e  [(я-С5Н 5)2 or (.-r-C9H 7)2M oO (O x)] w here [O X ]2- r e p re 
sen ts  th e  an ion  of co rrespond ing  oxim es:

(я>С5Н 5)2МоОС12 +  O xH 2 +  2 E t 3N 

- >  [(л>С5Н 5)2М оО(ОХ)] +  2 E t3N  • HC1 

(tt-C9H 7)2M oOC12 +  O xH 2 +  2 E t 3N  

—► [(jr-C9H 7)2M oO(OX)] +  2 E t 3N  • HC1.
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T hese com plexes are  so luble in  benzene, te tra h y d ro fu ra n , ch loroform , d i
m e th y l fo rm am ide, n itro b en zen e  an d  d im eth y l su lfox ide. A n a ly tica l d a ta  are 
given in Table I.

R eactions o f  bis-rr-cyclop en tad ien y l m o lybdenum (V I)-oxo-d ich lo ride  and  
bis-7r-indenyl m olybdenum (V I)-oxo-d ich lo ride  (1 m ole) w ith  d ioxim es (O x’H 2) 
(1 m ole) in  te tra h y d ro fu ra n e  in th e  presence of tr ie th y la m in e  (1 mole) yielded 
com plexes of th e  ty p e  [(.7-C5H 5)2 or (я>С9Н 7)2М оО(Ох'Н)С1] w here [O x 'H ]1- 
rep resen ts  th e  an io n  o f th e  co rrespond ing  oxim e.

TH F
(jr-C5H 5)2MoOCl2 +  O x 'H 2 +  E t3N 

► [(я-С5Н 5)2М оО(Ох'Н)С1] +  E t3N • HC.1

(тг-С9Н 7)2МоОС12 +  O x 'H 2 +  E t3N 

- *  [(.-T-C,jH7)2M oO (O x'II)C l] +  E t3N • HC1.

T hese com plexes are  so luble  in  n itrobenzene, d im e th y l fo rm am id e  and  d i
m e th y l su lfoxide, sp a rin g ly  soluble in te tra h y d ro fu ra n e  an d  insoluble in 
benzene and  ch lo ro fo rm . A n a ly tica l d a ta  are given in  T ab le  I.

All these o x im a to  com plexes are  suscep tib le  to  h y d ro ly s is  an d  decom 
pose on h ea tin g  ab o v e  180°. E lec trica l conductance  m easu red  in  n itrobenzene 
show  th em  to  be e ssen tia lly  non-e lec tro ly tes .

M agnetic and  electronic spectral studies

M agnetic su scep tib ilitie s  m easured  a t  room  te m p e ra tu re  b y  G ouy’s 
m eth o d  proved  th e  ex p ec ted  d iam ag n etic  n a tu re  o f th e  com plexes. T he elec
tro n ic  sp ec tra  reco rd ed  in  te tra h y d ro fu ra n e  show  a b a n d  a t  ca. 34 000 — 
34 500 c m -1 . T he e lec tro n ic  sp e c tra  of ligands also show  th is  b an d , ind ica ting  
th a t  th is  is due to  in te rn a l tra n s it io n  of ligand an d  m ay  be assigned  to  л  —«- n* 
tra n s itio n  of ( C = N )  group .

In frared  spectra

T he im p o r ta n t i.r . frequencies are  given in T ab le  I I .  T h e  in fra red  sp ec tra  
o f th e  ligands e x h ib it  a b ro ad  b a n d  a t  ca. 3300 — 3250 c m -1 assigned  to  v(OH), 
w hich vanishes in  th e  sp e c tra  o f com plexes of h y d ro x y o x im es in d ica tin g  th a t  
b o th  th e  O H  g roup  co o rd in a te  to  m e ta l a to m  th ro u g h  d e p ro to n a tio n . H ow 
ever, in  th e  sp e c tra  o f com plexes derived  from  diox im es, th is  h an d  sh ifts a t 
3400 c m -1 . In  th e se  com plexes, th e  p rec ip ita tio n  o f E t3N ■ HC1 du ring  th e  
p re p a ra tio n  of com plexes an d  also th e  estim atio n  o f ch lo rid e  in d ica te  th e  in 
vo lv em en t of on ly  one O H  group  to  th e  m e ta l a to m  th ro u g h  d ep ro to n a tio n .
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Table I

A naly tica l data o f  the complexes*

Compound
Calculated % Found %

С II N Cl м С н N Cl м
1 2 3 4 5 6 7 8 9 10 11

[(n C5H5)2MoO(SOx)] 54.1 3.9 3.7 — 25.4 53.9 3.7 3.6 — 25.4

[(л- C5H5)2MoO(AOx)] 56.3 4.6 3.4 - 23.6 56.2 4.6 3.4 - 23.4

[(л- C5H5),MoO(NOx)] 59.0 3.9 3.2 22.4 58.7 3.5 3.0 - 22.0

[(л C5H5)2MoO(BOx’H)Cl] 55.5 4.4 4.4 6.8 18.1 55.3 4.1 4.2 6.5 18.0

[(л C6H5)2MoO(DOx’H)C1 I 42.8 4.3 7.1 7.1 24.4 42.6 4.0 7.0 8.7 24.0

[(л -  C5H5)2MoO(POx’II)Cll 46.4 4.2 8.9 7.5 20.0 46.3 4.2 8.8 7.5 20.0

[(л C9H ,)2MoO(SOx)] 62.9 3.9 2.9 20.0 62.5 3.4 2.7 — 19.7

[(л - С9Н7)гМоО(АОх)] 64.1 4.5 2.7 19.0 64.0 4.3 2.4 - 18.4

[(л— C9H7)2MoO(NOx)J 66.0 3.9 2.6 - 18.2 65.6 3.7 2.4 - 18.0

[(л С9Н 7)2МоО(ВОх,Н)С11 62.0 4.3 4.5 5.7 15.3 61.8 4.0 4.4 5.6 15.3

[(л C9H7)2MoO(DOx’H)C1J 53.5 4.2 5.6 7.0 19.4 53.3 4.0 5.5 7.0 19.0

[(л С9Н ,)2МоО(РОх’Н)С1] 56.8 4.2 7.3 6.2 16.8 56.5 4.1 7.2 6.0 16.6

* where SOxH2 =  C7H7JN02, AOxH2 =  C9H n N 0 2, NOxH2=  Cn H9N 0 2, BOx’H 2 =  C14H 12N20 2, DOx’H , =  C4H8N20 2, PO x’H 2 =  C9Hn N30 2.
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Table П

Important infrared spectral bands (in  cm ~l)  with assignments

Compound :ЮН v C = N v(N— O)
v(C—O) 
phenolic
a < N -o )

8a or 8b 6a 16b f(M o—Py) t-(M o-N )
r(M o -O )
phenolic

[ ( л — C5H 5) 2M o O ( S O x ) ] — 1560a 1200s, 930s 1290s — — — — 360w 480w
[ ( л  C 5H 5) 2M o O ( A O x ) ] — 1550m 1190m, 935m 1280m — — — - 37 5w 470m
[ ( л - C 5H s) 2(M o O N O x ) ] — 1550m 1200m, 940s 1280m — — — — 375m 470w
[ ( л — C 5H 5) 2M o O ( B O x H ) C l] 3400mb 1555s 1190m, 940s 1275m — — — — 370w,

365m
—

[ ( л -  C 5H 5) 2M o O ( D O x 'H )C 1 ] 3420mb 1540m 1185s, 930m 1270b — — — — 375m,
360w

—

[ ( л — C 5H 6) 2M o O ( P O x 'H ) C l ] 3400mb 1540m 1195m, 940m 1280m 1585s 630m
615sh

410s 285w 370w,
350w

—

[ ( л  C y H ^ M o O Í S O x ) ] — 1560s 1200s, 930s 1290s — — — - 360w 480m
[ ( л — C g H 7) 2M o O ( A O x ) ] — 1555m 1195m, 930m 1280m — — — — 370w 480m
[ ( л -  C e H ^ M o O i N O x ) ] — 1560s 1185m, 935m 1285mb — — - — 375m 475w
[ ( л — C g H 7) 2M o O ( B O x 'H ) C l J 3400b 1550m 1190m, 940s 1270m — — — — 370w,

360w
—

[ ( л -  C 9I I 7) 2M o O ( I ) O x 'H ) C l | 3400mb 1540m 1195m, 930m 1280m — — — — 375w,
350w

—

[(л -  C9H 7) ,M o O ( P O x 'H ) C l J 3400b 1540m 1190m, 935m 1275m 1580s 628m,
610sh

415m 280w 370w,
350w
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T h e  m edium  b a n d  a p p e a rin g  a t ca. 1610 c m -1 in  th e  ligands d u e  to  
r(C =  N ) sh ifts  to  low er f re q u e n c y  ca. 1560 — 1550 c m -1 . T he low ering  o f  th e  
v(C =  N ) frequency  in d ic a te s  t h a t  th e  C =  N  b o n d  o rd e r decreases an d  t h a t  th e  
n i tro g e n  a to m  coord inates to  m o lybdenum  [6]. T h e  large r(C =  N) sh ifts  from  
th e  n o rm a l value of 1610 c m “ 1 to  1560 — 1550 c m “ 1 appears to  be d u e  to  
re so n a n c e , con jugation  o r co u p ling  w ith  C = C  a n d  w ith  hydrogen  b o n d s [6]. 
T h e  b a n d s  in  th e  1200 — 1185 an d  940 — 930 c m “ 1 regions in  th e  com plexes 
a re  a t t r ib u te d  [6] to  a r (N — O) v ib ra tio n .

I n  ad d itio n  to  above  th e  p y rid ine  rin g  v ib ra tio n s , in  th e  lig an d  2,6-di- 
a c e ty lp y r id in e  d ioxim e, a p p e a r  a t  1580 c m “ 1 (8 a  or 8b, ring  d efo rm atio n ), 
620 c m “ 1 (6a, an in -p lan e  d efo rm ation ) a n d  400 c m “ 1 (16b, o u t-o f-p lan e  
d e fo rm a tio n ) . In  th e  com plexes, these  b an d s show  u p w ard  sh ift ( ~  10 c m “ 1) 
a n d  s p li t t in g  of 6a b a n d  h as  also been observed . T he u p w ard  sh ift a n d  sp lit
t in g  o f  6 a  b an d  are c o n s is te n t [7— 9] w ith  th e  p y rid in e  n itrogen  co o rd in a tio n . 
T h e  b a n d  due to  r(M o—P y ) is loca ted  a t  ca. 285 — 280 c m “ 1.

I n  th e  in frared  sp e c tra  o f b is-jr-cyc lopen tad ieny l m olybdenum (Y I) d e ri
v a t iv e s  th e  presence o f C5H r  rin g  in  th e se  com pounds is in fe rred  b y  th e  
a b s o rp tio n  bands [10] a t  ca. 3000 c m “ 1 (C — H  s tre tch in g ), a t  ca. 1150 and  
1025 c m “ 1 (C—H , in -p lan e  defo rm ation ) a n d  a t  860 — 840 c m “ 1 (С —H , out- 
o f-p la n e  defo rm ation). S h a rp  an d  s trong  a b so rp tio n  bands in  th e  reg ion  
1460 — 1440 c m “ 1 in d ica te  th e  С —C s tre tc h in g  (asy m m etric  rin g  b re a th in g ), 
a n d  a lso  th e  jr-bonding o f th e  ring  w ith  th e  m o ly b d en u m  oxo-group . The 
p re se n c e  o f indenvl g roup  is in d ica ted  by  th e  u su a l peaks due to  CgHg" ring . 
T h e  a b so rp tio n  bands d u e  to  p h en y l p a r t  [10] o f th e  indeny l g roup  ap p e a re d  
a t  1600 a n d  1450 c m “ 1 (C — C s tre tch in g ), a t  ca. 1380 an d  750 c m “ 1 (C — H , 
in -p la n e  an d  ou t-o f-p lane  d efo rm atio n s, re sp ec tiv e ly ). A b an d  a t  710 c m “ 1 
m a y  b e  d u e  to  th e  m e th y le n e  rock ing  v ib ra tio n  (since indene itse lf  show s an 
a b s o rp t io n  b an d  a t ca. 700 c m “ 1).

I n  a d d itio n  to  above, a  v e ry  sharp  b a n d  a t  ca. 980 c m “ 1 in  all th e  com 
p le x e s  is due to  Mo =  0  s tre tc h in g  frequencies [11].

T h u s , on the  basis o f e lem en ta l ana lyses, e lec trica l co n d u c tan ce , in f ra 
re d  a n d  electron ic sp ec tra , th e  follow ing s tru c tu re s  are assigned fo r th e  co m 
p le x e s  (see in  th e  n e x t p ag e).

*

R esearch  facilities prov ided  by  Prof. S. C. T r ip a t h i  enabling the work to  be carried 
o u t a t  th e  Organometallic L abo ra to ry , Chemistry D epartm en t, U niversity of G orakhpur, are 
g rea tly  appreciated.
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represents the anion 

o f hydroxyoximes 
(SOx2, AOx2 and XOx2)

(III)

represents the anion 

of dioximes
(BOx H~' and DOx'HT1)

represents the anion 

of PO x'H 2 
(POx'H*1)
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The m ean  polarizabilities of homologous series of nematogenic írans-4-ethoxy- 
4’-n-alkanoylazobenzenes have been eva lua ted  by  using the modified L ippincott 
Ó-function po ten tia l model [1, 2]. From the eva lua ted  polarizabilities, the diam agnetic 
susceptibilities of these liquid crystals are calculated  using the m ethod of R a o  and 
Mu r th y  [3]. The results are discussed in re la tion  to  the ones obtained from  th e  refrac- 
tiv ity  m ethod  and  P ascal’s method.

Introduction

The s te ric  s tru c tu re s  of po lym ers, b io p o ly m ers  and  liqu id  c ry s ta ls  has 
been s tu d ied  b y  v a rio u s  physica l m eth o d s lik e  X -ra y  d iffrac tion , N M R , O R D  
an d  CD. R e c e n tly  a t te m p ts  have been m a d e  b y  R ao et al. [4] an d  M u r t h y  
et al. [5 — 8] to  u se  m ean  po la rizab ility  as a te c h n iq u e  to  in v es tig a te  th e  s te re o 
chem istry  o f  th e se  m acrom olecules. T hey  h a v e  s tu d ied  th e  p o la rizab ilitie s  o f 
a few po lym ers an d  b iopolym ers and h av e  successfu lly  applied  p o la riz a b ility  
in  th e  co n fo rm a tio n a l analysis o f b io po lym ers [9]. R ecen tly  M u r t h y  et al. [1, 
2, 10, 11] h av e  also  e v a lu a te d  th e  p o la rizab ilitie s  o f a few liqu id  c ry s ta l sy stem s 
w ith  th e  id ea  o f u s in g  th e m  for co n fo rm a tio n a l s tud ies.

The p re se n t in v es tig a tio n  deals w ith  th e  ev a lua tion  of m ean  po la riza- 
b ilit ies of a hom ologous series of th e  n e m a to g e n ic  4 -e thoxy-4 ’-n -a lk an o y lo x y - 
azobenzenes C H 3C H 2O - C 0H 4N = N C eH 4OC( =  O)(CH 2)nC H 3 for n  =  3 to  12 
using  a m e th o d  b ased  on th e  L ip p in co tt d -fu n c tio n  p o ten tia l m odel m od ified  
recen tly  b y  M u r t h y  an d  R e d d y  [1, 2].  T h e  m ean  d iam agnetic  su scep tib ilitie s  
o f these  liq u id  c ry s ta ls  are  also e v a lu a ted  fro m  th e  p o la rizab ility  d a ta  using  
th e  m ethod  o f R ao  an d  M urthy .

Method

The e q u a tio n s  fo r ca lcu la ting  th e  m e a n  p o la rizab ility  in  te rm s  o f th e  
para lle l bo n d  co m p o n en t (2,’ ацр), p e rp e n d ic u la r  bond co n tr ib u tio n  (27 2 a ±) 
and  no-bond reg ion  elec tron  co n tr ib u tio n  (А  0Сцп) are

=  1/3 (X a ||p +  2 'a ||n +  A 2 a J .  (1)

4 * Acta Chim. Acad. Sei. Hung. 108, 1981
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W h ere

^ a llP =
4 nA  exp (T  — T C)IT C IP  1 1 2 { X t -  X . t f

+  2 C%_
• exp

4

an d
® | | n  X f j xj

E 2 x ± =  n df ZXf*J
E X f

T h e  m ean  p o la rizab ility  in  th e  liq u id  c ry s ta llin e  phase (ж) is

ж =  ж,
Qi

( T c - T )

( 2 )

(3)

(4)

( 5 )

w h ere  m  is th e  slope of th e  q versus t p lo t, qx is th e  d en sity  of th e  liq u id  c ry s ta l  
in  th e  liq u id  phase, жх is th e  m ean  p o la riz a b ility  in  th e  liqu id  ph ase  a n d  T c 
is th e  tra n s i t io n  te m p e ra tu re .

T h e  significance o f th e  v a rio u s  te rm s  in  th e  above equations is e x p la in e d  
in  R ef. [1, 2]. The b o n d  le n g th s  used  in  th e  e v a lu a tio n  of m ean p o la r iz a b ility  
w ere  ta k e n  from  R ef. [12]. T h e  values o f A  an d  CR w ere ta k e n  from  o u r  p re 
v io u s  w o rk  [13, 14]. T he d e n s ity  d a ta  fo r th e se  sy stem  were ta k e n  fro m  R ef.
[15].

T h e  sem i-em pirical re la tio n  d e riv ed  b y  R ao an d  Mu r t h y  b e tw een  d ia 
m a g n e tic  su scep tib ility  an d  p o la rizab ility  can  be w ritte n  as

— X =  (Ута ’)х  (6 )

H e re  у  =  (0.9)" reveals th e  u n s a tu ra t io n  s ta te  of th e  m olecule w ith  n d e n o t
in g  th e  n u m b e r of u n s a tu ra te d  bonds an d  rin g s p re se n t in  th e  m olecule, a ' is 
th e  d eg ree  of covalency  o f th e  c h a ra c te ris tic  g roup  an d  is given as

a' =  [a\lm аЦп‘ . . .  ст‘/л*]1/2

w h e re  oq, a2, . . . , ap are  P a u lin g ’s p e rc e n t co v a len cy  ch arac ters  of th e  b o n d s 
p re s e n t in  th e  ch a rac te ris tic  g roup . n v  n2, . . . , np a re  th e  bond  o rders o f  th e  
v a r io u s  b o n d s in th e  c h a ra c te r is tic  g roup , m i s  a c o n s ta n t equal to  0.72 X 1019.

U sing  E qs (5) an d  (6) th e  m ean  p o la rizab ilitie s  and  m ean  d ia m a g n e tic  
su sc e p tib ilitie s  o f th e  hom ologous series o f im n s-4 -e th o x y -4 ’-n -a lk an o y lo x y - 
azo b en zen es  have been d e te rm in ed . In  o rd e r to  h av e  a  com parison, th e  m ean  
p o la riz a b ilitie s  of these  liq u id  c ry s ta ls  w ere also ca lcu la ted  from  th e  re f ra c tiv -  
i ty  m e th o d  [16]. The m ean  d iam ag n e tic  su scep tib ilitie s  o f these  liq u id  c ry s ta ls  
w ere d e te rm in e d  by  P a s c a l ’s m eth o d  [17, 18] . T he resu lts  are p re se n te d  in  
T a b le s  I  an d  II .
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Table I

Polarizabilities (X  10“  cm 3) o /C H 3CH20 - C eH4N = N C eH4OC(=OXCH2)nCH3

“ £*|lp r «lln 2.’ 2a j_ m x 104 a a*

3 6.053 0.128 4.320 10.07 3.492 3.752

4 6.450 0.128 4.547 9.13 3.685 4.020

5 6.846 0.128 4.695 8.62 3.789 4.191

6 7.242 0.128 4.921 9.38 4.013 4.293

7 7.639 0.128 5.146 9.49 4.214 4.533

8 8.035 0.128 5.372 9.51 4.402 4.637

9 8.431 0.128 5.597 9.70 4.609 4.813

10 8.828 0.128 5.823 9.92 4.816 4.902

11 9.224 0.128 6.049 9.76 5.024 5.152

12 9.620 0.128 6.774 10.25 5.486 5.304

* E s tim a te d  b y  th e  re frac tiv ity  m ethod

Table II

Diamagnetic susceptibilities (X105 CGS Units) of 
CH3CH2OC6H4N =  NC6H,OC( 0)(CH ,)nCH3

» —X —x*

3 19.178 19.257
4 20.314 20.443
5 21.131 21.629
6 22.446 22.815

7 23.582 24.001
8 24.748 25.187

9 25.853 26.373
10 26.989 27.559
11 28.125 28.745

12 29.260 29.931

*  E s tim a te d  by  P ascal’s m ethod

C onclusion

T h e  re su lts  in  T ab les I  an d  I I  p e rm it to  d raw  th e  follow ing conclusions. 
T he p o la rizab ilitie s  o f all th e  te n  liqu id  c ry s ta ls  as ca lcu la ted  from  th e  m odified 
L ip p in c o tt (5-function m odel agree v e ry  w ell w ith  th e  values o b ta in e d  from  
th e  re f ra c tiv i ty  m e th o d . T his suggests th e  ap p licab ility  of our m e th o d , w hich
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se rv es  as an  a priori m e th o d  o f o b ta in in g  e s tim a te d  p o larizab ilities  w ith o u t 
re c o u rse  to  experim en ta l m e th o d s . T he sam e conclusion  can  be d raw n  in  th e  
case  o f  su scep tib ility  m e a su re m e n ts  too . W hile no  d irec t p ro o f for ou r c a lcu la 
tio n s  f ro m  experim ents co u ld  be o b ta in ed , in d ire c t evidence fo r its  v a lid ity
is  p r o v id e d  b y  P ascal’s m e t h o d ,  w hose  correctness  has a lready b een  e s ta b 
l is h e d  [19 ,  20] .

T he authors thank Prof. S. V. S u bra h m a n y a m , H ead, D epartm ent of Physics, for his 
keen in te re s t  in  this work.
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The quadra tic  and the m ost im p o rta n t cubic force constants as well as the 
dipole m om ent derivatives of ethylene have been calculated ab initio a t th e  H artree- 
Fock level, using a large spd basis function  set and  for comparison a sm aller sp basis 
set. The ah initio  harm onic force field w as scaled w ith 6 empirical scale factors by 
optimizing th e  la t te r  on the experim ental frequencies. The final force field  reproduces 
all available experim ental data as precisely as does the most sophisticated  experi
m ental force field  and  is considered as the  m ore reliable one in the cases of th e  few 
discrepancies. The infrared intensities are m oderately  well reproduced by  the  sp basis 
set; the  polarization functions improve th e  resu lts significantly.

Introduction

E th y le n e  is one o f th e  few m olecules fo r  w hich highly  d e ta ile d  s tu d ies  
have  been ca rried  o u t, b o th  ex p e rim en ta lly  a n d  theo re tica lly , fo r th e  d e te r 
m in a tio n  o f th e  g enera l harm onic force f ie ld . F o r  m an y  years, th e  b asic  p ro b lem  
concerned  th e  A g sy m m e try  species in  w h ich  th e re  are tw o b asica lly  d iffe ren t 
sets o f force c o n s ta n ts , b o th  of w hich re p ro d u c e  th e  frequency  d a ta  o f sev e ra l 
iso topic  species eq u a lly  well. This p ro b lem  w as f ir s t  solved in  1971 in  a n  ex 
p e rim en ta l s tu d y  b y  M cK e a n  and  D u n c a n  [1] based  on 13C fre q u e n c y  sh ifts  
in C H 2CD2 an d , s im u ltan eo u sly , in an  ab in itio  s tu d y  by  P u l a y  a n d  M e y e r  [2]. 
L a te r  on, th e  ex ce llen t w ork  of D u n c a n , M c K e a n  and  Ma l l in so n  [3], b ased  
on 55 ex p e rim en ta l d a ta  including 13C f re q u e n c y  sh ifts and  Coriolis c o n s ta n ts , 
re su lted  in  one o f  th e  m o st sop h is tica ted  fo rce  fie ld  d e te rm in a tio n s ev e r m ade 
(quo ted  as D-M -M  force field  in  th is  p a p e r) . R ecen t ab initio  c a lc u la tio n s  b y  
B lom and  A l t o n a  [4] scaled on th e  e x p e r im e n ta l frequencies, g av e  a  force 
fie ld  (В -A force fie ld  in  th e  following) w h ich  confirm s th e  e x p e rim e n ta l one 
in  a lm o st ev e ry  re sp e c t; still, in sp ite  o f th e  ex ce llen t general ag re e m e n t, th e re  
are also som e d is tu rb in g  sm all d isc repanc ies in  th e  finer details.

R ecen tly , we h av e  s ta r te d  sy s te m a tic  s tu d ie s  for th e  d e te rm in a tio n  of 
m olecular force c o n s ta n ts  (as well as d ip o le  m om ent d e riv a tiv es  a n d  geo-

* D uring p a rt of this work G. F. was v isiting  research associate a t the D epartm en t 
of Chemistry, U niversity  of Texas, Austin, Texas.
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m e trie s )  f ro m  th e  com bined  in fo rm a tio n  of ab in itio  q u a n tu m  chem ical c a lc u la 
tio n s  on  th e  SCF level an d  ex p e rim en ta l d a ta  [5]. R esu lts  on e th y le n e  w ill 
be p re s e n te d  here.

T h e  m a in  purpose  o f th is  s tu d y  is to  in v e s tig a te  th e  basis se t e ffec t. 
W e h a v e  c a rr ie d  ou t ca lcu la tio n s w ith  a la rg e  sp d  basis  w hich, from  th e  p o in t 
of v iew  o f  fo rce  co n stan ts , re p re se n t re su lts  close to  th e  H a rtre e -F o c k  lim it. 
T hese  w ill be  com pared  w ith  re su lts  o b ta in e d  w ith  m o d era te  sp basis fu n c tio n  
se ts . I n  a d d itio n , we w a n t to  analyze  th e  sm all d iscrepancies m en tio n ed  ab o v e  
b e tw een  th e  ex p erim en ta l an d  th e o re tic a l fo rce  fie ld .

C om puta tional de ta ils

T h e  ca lcu la tio n s h av e  been  ca rried  o u t b y  th e  force (g rad ien t) m e th o d
[6], u s in g  th e  ab in itio  g ra d ie n t p ro g ram  T E X A S  [7]. O ur general p ra c tic e  
fo r fo rce  c o n s ta n t ca lcu la tio n s is described  in  [5]. T he large, spd basis  w as 
e sse n tia lly  th e  6 — 31G** basis  developed  in  P o p l e ’s group [8, 9],  w ith  tw o  
m in o r d e v ia tio n s  w hich shou ld  be in s ig n if ican t fo r th e  resu lts: for h y d ro g e n , 
th e  e x p o n e n ts  w ere scaled u n iq u e ly  b y  1.15, r a th e r  th a n  using tw o d iffe re n t 
sca lin g  fa c to rs ;  for ca rbon , th e ir  o rig inal a to m ic  ex p o n en ts  were used  w ith o u t 
sca ling . O th e rw ise  th e  basis w as ex ac tly  ta k e n  fro m  [8, 9]. Specifica lly  th e  
e x p o n e n ts  o f  th e  p o la riza tio n  fu n c tio n s w ere a d(C) =  0.8, a p(H) =  1.1. F o r 
th e  c o m p a ra tiv e  sp basis se t ca lcu la tio n s o u r s ta n d a rd  G aussian 4 —21 basis  [5] 
w as u se d  w h ich  is sim ilar to  th e  w idely  ap p lied  4 — 31G  basis [10] w ith  a  s lig h t 
re d u c tio n : th e  f ir s t  c o n tra c tio n  in  th e  valence  shell con ta in s only tw o  fu n c tio n s  
in s te a d  o f  th re e ;  th is  is m ore  econom ical a n d  g ives v e ry  sim ilar re su lts .

T h e  o rig in a l q u a n tu m  m ech an ica l c a lc u la tio n s  w ere carried  o u t a ro u n d  
th e  fo llo w in g  reference g eo m etry : R(CC) ■ 1.339 Á (133.9 pm ), r(C H ) =
=  1.085 Á  (108.5 pm ), /3(CCH) =  121.1°. A s su g g ested  by  B lom and  A l t o n a

[11] a n d  a d v o c a te d  also b y  u s  [5], th e  id ea l re fe rence  geom etry  sh o u ld  be  
an  e m p ir ic a lly  co rrec ted  th e o re tic a l g eo m e try , w h ich  is considered as th e  b e s t 
e s tim a te  o f  th e  tru e  eq u ilib riu m  geo m etry . F o r  e th y len e  th is  is: R(CC) =  
=  1.334 Á  (133.4 pm ), r(C H ) =ь 1.078 Á (107.8 p m ), /?(CCH) =  =  122.0° (see 
sec tio n  on  g eo m etry , below ). T h u s, th e  o rig in a l fo rce  co n stan ts  w ere t r a n s 
fo rm ed  to  th is  geom etry , u sin g  th e  anharm onic. force co n stan ts  o b ta in e d  
in  o u r c a lcu la tio n s .*  F o r th e  la t te r ,  all f ai a n d  f Uj  ty p e  te rm s are  a v a ila b le , 
ex c e p t th e  f jjk te rm s. T he lack  o f th ese  la t te r ,  g en era lly  sm aller, cub ic  te rm s  
and o f  th e  h ig h er te rm s shou ld  only  in s ig n if ic a n tly  influence th e  t r a n s f o r 
m a tio n .

* T his is done by a small com puter program  in th e  following way: the more com plete 
po ten tia l w hich  includes the cubic term s is w ritten  in ana ly tic  form  and the second derivatives 
of th is fu n c tio n  are evaluated a t the new geometry.
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In  acco rdance  w ith  th e  reco m m en d a tio n s  of [5], local sy m m e try  co o rd i
n a te s  w ere used  in  th e  v ib ra tio n a l an a ly s is . T h ey  are defined  in  F ig . 1 and 
T ab le  I .

Table I

Definition o f local symmetry coordinatesa)

S, =  R; S2 -- r, +  r2; S3 r3 +  r4; S4 - r4 r,; S5 =  r3 r4; - 2a, /?, /?2;
S7 =  2a2 ß 3 ßt ; Ss - ß j  /32; S9 =  /?3 /?4; S10 - ©2за> S41 =  0 1652:

■^12 =  T 3126 +  T4125 ' T 3125 “I- T412«

a) See also Fig. 1.
Normalization factors are om itted in the table; each coordinate is norm alized in the usual 

way by ( 2  c f ) - ' l2
0  is an out-of-plane and т a torsional coordinate as defined in: W ilso n , E. B., J r .,  D ec iu s , 

J . C., Cro ss , P. C., Molecular Vibrations, McGraw-Hill, New York, 1955. 0  thus describes the 
angle of the C =C  bond w ith the CH2 plane (wagging). In  both waggings, the CH2 groups bend 
tow ards the positive z direction.

Fig. 1. Definition of in ternal coordinates for ethylene

I t  is now  genera lly  e s tab lished  t h a t  th e  theo re tica l d iag o n a l fo rce  con
s ta n ts , as ca lcu la ted  a t th e  SCF level, a re  sy stem atica lly  o v e re s tim a te d  by 
10 — 30 p e rc e n t an d  th e  off-d iagonal te rm s  are ob tained  w ith  co m p arab le  
accu racy , th e  dev ia tio n s being less sy s te m a tic . A lthough th is  a c c u ra c y  is no t 
su ffic ien t fo r a  p u re  th eo re tica l d e te rm in a tio n  of th e  force f ie ld , th e  th e o re 
tic a l in fo rm a tio n  can  be v e ry  successfu lly  com bined  w ith  th e  e x p e rim e n ta l 
d a ta . In  som e earlie r calcu la tions by  us [12] an d  b y  B o t s c h w i n a  et al. [13 — 15] 
th e  coup ling  te rm s  w ere tak en  from  th e  th e o ry  and  th e  d iagonal te rm s  f i t te d  
to  th e  e x p e rim e n ta l frequencies. In  a n o th e r  p rocedure, as p ra c tic e d  b y  B lo m  
an d  A l t o n a  [11] and  in our sem iem p irica l calcu lations [16], th e  fo rce  con
s ta n ts  are  g rouped  according to  th e ir  ty p e s , w ith  a sep a ra te  sca le  fa c to r  for 
each  g roup  an d  th e  com plete force f ie ld  is scaled on th e  e x p e rim e n ta l fre 
quencies. In  th e  p rac tice  of B l o m  and  A l t o n a  all coupling c o n s ta n ts  rep re sen t
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one sing le  group w ith  a com m on  facto r. In  o u r p ro ced u re , if  F it an d  F jj are 

sca led  b y  c(- and  Cj, th e n  У c(-c - is used for F j]-. T h is  p rocedure  was used in  th e  
p re se n t s tu d y , too . N e ith e r  o f th e  tw o m eth o d s c a n  he  la id  on a s tr ic t th e o re 
tic a l  basis , b u t  sca ling  th e  sm aller in te ra c tio n  te rm s  is n o t a crucia l p o in t 
a n y w a y : th e  m ain  e ffec t o f  b o th  procedures is to  scale dow n th e  d o m in a n t 
d iag o n a l force c o n s ta n ts . In  fav o u r of ou r p ro c e d u re , one m ay m en tio n  t h a t  
i t  is in v a r ia n t  to  c e r ta in  tran sfo rm a tio n s  o f th e  v ib ra tio n a l co o rd in a tes , 
n o ta b ly  to  sy m m e triz a tio n  o f  in d iv idua l in te rn a l  coord inates.

R esu lts  and discussion

Geometry

A lth o u g h , i t  w as a lre a d y  inc luded  in  ou r g e n e ra l p ap er [5], for c o m p le te 
ness w e q u o te  here  th e  th e o re tic a l geom etry  o b ta in e d  w ith  th e  tw o d iffe re n t 
basis  fu n c tio n  sets an d  co m p are  i t  w ith  4 — 31G re su lts  [17, 18] as well as w ith  
th e  e x p e rim e n ta l re su lts  o f D u n c a n  [19]. In  a d d itio n , in  colum n 5 of T ab le  I I

Table II

The geometry o f ethylenea)

4— 21 4—31Gb> 6—31G** exp.«> scaled
4—21

c=c 1.312 1.316 1.318 1.334 1.334
C - H 1.073 1.073 1.077 1.081 1.078
CCH 122.0 122.0 121.7 121.3 122.0

a) Bond lengths in  A =  10” 10 m, bond angle in degree.
b) Refs. [17, 18]. c> Ref. [19].

th e  c o rre c te d  4 —21 g eo m e try  is given, w hich is co n sid e red  as a good e s tim a te  
of th e  t ru e  e q u ilib riu m  g eo m etry . The c o rre c tio n  is based  on sy s te m a tic  
d e v ia tio n s  observed  in  th e  4 — 21 calcu lations on a n u m b er of m olecules, as 
in d ic a te d  in  [5] an d  as w ill be  discussed in  m o re  d e ta il  in  a sep a ra te  p a p e r . 
B o th  th e  4 — 21 an d  th e  6 — 31G** harm onic fo rce  c o n s ta n ts , to  be g iven , re fe r  
to  th is  g eo m etry  as reference .

Force constants

T h e  q u a n tu m  m ech an ica lly  ca lcu la ted  fo rce  c o n s ta n ts  were scaled  on 
the  e x p e rim e n ta l freq u en c ies  as described ab o v e . In  th e  f irs t stages o f th e  
f i t t in g  p ro ced u re , th re e  sca lin g  fac to rs  were u sed  a cco rd in g  to  a rough  s e p a ra 
tio n  o f  th e  v a rious ty p e s  o f v ib ra tio n s : s tre tc h in g s , in -p lan e  bendings an d  o u t-
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of-j)lane deform ations» T h is gave a lread y  a  fa ir ly  good re p ro d u c tio n  o f th e  
e x p e rim e n ta l frequencies. O ur fin a l a im  is, how ever, to  o b ta in  a fo rce  field 
w hich  is as re liab le  as possib le th u s  m ak in g  a c ritica l discussion o f  th e  ex p e ri
m e n ta l resu lts  ju s tif ie d . F o r th is  p u rp o se  all o f th e  types of c o o rd in a te s  were 
s e p a ra te d , lead ing  to  6 scaling  fac to rs. T hese  w ere optim ized in  a le a s t square  
p ro ced u re  b y  f i t t in g  th e m  sim u ltan eo u sly  to  th e  v ib ra tio n a l freq u en c ies  of
C.,H„ C2D 4 and  CH2CD.,. T he frequencies w ere th o se  corrected  fo r an h a rm o n ic -  
i ty  an d  w ere ta k e n  from  D u n c a n  et al. [3], ex cep t ft>5 and  w6 w h ich  w ill be 
d iscussed  below .

The fin a l scaling  fac to rs  are given in  T ab le  I I I .  The fin a l fo rce  c o n s ta n ts , 
o b ta in e d  a fte r  scaling, are  com pared  w ith  th e  B-A [4] and  D-M -M  [3] force 
fie ld s  in T able IV.

T a b l e  I I I

Scale factors for the force constants

4—21 6—31G"

CH stretch. 0.9346 0.9077
CC stretch. 0.9043 0.8679
sym. def. 0.8241 0.8622
rocking 0.8487 0.9028
wagging 0.7499 0.7958
tw ist 0.8097 0.8406

Before going in to  de ta ils  o f th e  force c o n s ta n ts , tw o p o in ts  in  th e  assign
m e n t of th e  p a re n t m olecule C2H 4 are  w o rth  discussing.

F o r th e  B lg CH s tre tc h in g  m ode, th e  assignm ent r5 =  3102.5 c m -1 , 
cos =  3231.9 c m -1  w as used  in  th e  D-M -M  force field. L a te r , h o w ev er, th is  
m ode w as reassigned  to  r5 =  3083.2 c m -1  [20] w hich gives a f te r  a n h a rm o n ic ity  
co rrec tio n  o>5 =  3212 c m -1 . W e used th e  la t te r  value in th e  f i t t in g  p rocedure . 
B l o m  an d  A l t o n a  a lread y  p o in ted  o u t [4] th a t  th e ir  4 31G ab in itio  ca lcu la 
tio n  favored  th is  la t te r  a ssignm en t. As can  be seen from  T ab le  V, a n  excellen t 
f i t  is o b ta in ed  fo r th e  reassigned  v a lu e  also in  our ca lcu la tio n s, b o th  w ith  
th e  4 — 21 and  w ith  th e  6 — 31G** force fie ld s. T hus, in d ep en d en t o f  th e  basis 
se t, all theo re tica l re su lts  d e fin ite ly  co n firm  th e  reassignm ent.

The o th e r q u estio n ab le  p o in t is th e  B lg rocking m ode w h ich  h as  never 
been  observed  in  th e  v ap o r phase . T h e  assignm en t used in  [3], ve =  1220, 
coe =  1245 c m -1 is based  on a c o m b in a tio n  ban d . B ased on th e ir  ca lcu la ted  
frequencies , B l o m  and  A l t o n a  sugg ested  [4] an a lte rn a te  a ss ig n m en t of 
re =  1236 c m -1 (g iv ing oje =  1261 c m -1 ) w h ich  is a w eak h a n d  in  th e  R am an  
sp ec tru m  of th e  liq u id . W e ca rried  o u t th e  f ittin g  w ith  b o th  assig n m en ts:

A d a  Chim. Acad. Sei. H ung. 108, 1981



60 FOGARASI, PULAY: FORCE FIELD AND DIPOLE MOMENT

Table IV

Force constants o f ethylenea)

Description FU
p resen t^ B - A c > D - M - M d >

4—21 6— 31G**
exp.

CC str. F i,i 9.351 9.152 9.311 9.395
CH2 sym. str. F 22 5.606 5.601 5.609 5.620
CH2 as. str. 5.547 5.537 5.546 5.575
CH2 sym. def. 7Г

J  6,6 0.467 0.470 0.468 0.470
CH2 rock ^8,8 0.560 (0.570b') 0.558 0.573 0.572
CH2 wagg ^ 1 0 ,1 0 0.267 (0.258)<9 0.268 0.257 0.257
torsion ^12,12 0.135 (0.139)D 0.135 0.139 0.139

CC str./C H 2 sym. str. 0.112 0.123 0.106 0.257
CC str./C H 2 sym. def. F i ,c 0.220 0.190 0.223 0.222
CH2 sym. str./sym. str. F 2,3 0.011 0.009 0.010 0.017
CH2 sym. str./sym. def. F 2,c 0.093 0.087 0.082 0.018
CH2 sym . str./sym. def. F 2i 7 0.013 0.016 - 0.013 0.074
C1I2 sym. def./sym. def. F c „ i 0.017 0.018 0.019 0.018
CH2 as. str./as. str. F t ,s 0.022 0.019 0.020 0.082
CH2 as. str./rock F , ,  8 0.161 0.123 0.155 0.111
CH2 as. str./rock F tfi -0 .0 5 5 0.060 0.059 - 0.285
CH2 rock/rock -̂ 8,9 -0 .0 8 6 0.093 0.088 0.087
CH2 wagg/wagg ^10 ,11 0.035 0.039 0.039 0.039

a) U nits are consistent w ith  energy measured in a j ,  stretching coordinates in A 0.1 nm 
and bending coordinates in radian.

A b initio results, scaled by  the factors given in Table II I . 
c) Scaled ab initio results from  B lom and Altona  [4]. 
d> Experim ental results from  D uncan , McK ean  and Ma llin so n  [3]. 
e) The considerable deviations of the rocking, wagging and torsional force constants from 

the D-M-M and В-A values are the consequence of different geom etry. To show this, the scaling 
of th e  4 — 21 force constants was also carried out using the G m atrix  evaluated a t the D-M-M 
geometry. These values are given in  parentheses.

as T a b le  У  shows th e  re p ro d u c tio n  is indeed  so m ew h at b e tte r  w ith  co6 =  
=  1261 c m " 1, b u t th e  re su lts  are less conclusive th a n  w as th e  case w ith  ct>5. 
(As to  th e  o th e r th e o re tic a l frequencies , th e  re a ss ig n m e n t of o>6, w hich affec ts  
m a in ly  th e  rocking  force c o n s ta n t, has no ticeab le  e ffec t only on coe an d  co10. 
T h e ir  v a lu es  for b o th  a ss ig n m en ts  are included  in  T ab le  V.)

As a  som ew hat a r b i t r a r y  choice, we have  a c c e p ted  th e  reassignm en t also 
fo r th e  rock ing  m ode a n d  o u r  fin a l scale fac to rs  a n d  force co n stan ts  re fe r to  
th e  reass ig n ed  values со- =  3212, co6 =  1261 c m - 1 .

W h en  discussing th e  force field , th e  f i r s t  g enera l observation  from  
T ab le  IV  is th e  v e ry  good ag reem en t of all th e  th re e  th eo re tica l resu lts  w ith  
each  o th e r  as well as w ith  th e  D-M-M values. T w o im p o r ta n t  conclusions can
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T ab le  V

Experimental (harmonic) and calculated frequencies (cm -1)1'

(Ui
C,II, C,D, CH X D ,

exp. A В c D exp. A c D exp. A В c D

1 3152 3157 3154 3155 3158 2330 2335 2333 2330 2332 3145 3147 3145 3145 3147
2 1655 1658 1669 1657 1658 1539 1536 1535 1537 1541 1609 1610 1618 1609 1608
3 1370 1369 1356 1367 1371 1000 1000 998 998 1000 1047 1045 1044 1043 1043

Л 4 1044 1043 1043 1045 1044 738 738 738 739 738 903 903 903 905 904

5 3212 3210 3212 3215 3229 2381 2391 2396 2398 2389 2408 2400 2403 2407 2402
6 1245b) 1253 1258 1262 1249 1028 1021 1024 1027 1024 1164 1165 1168 1173 1166

1261е) 1257 1263 1024 1027 1168 1172

Bui 7 969 955 962 967 967 731 722 727 732 731 763 762 764 764 764

вч 8 959 973 967 962 962 798 804 799 794 794 963 965 964 964

40O
'

Biu 9 3234 3239 3236 3243 3232 2418 2410 2409 2415 2413 3223 3225 3225 3229 3230
10 843 842 835 849 844 _ 605 600 610 605 699 698 692 703 697

845 838 608 602 700 694

B 3II 11 3147 3136 3136 3135 3136 2266 2266 2266 2263 2264 2298 2302 2301 2298 2300
12 1473 1476 1479 1469 1472 1094 1093 1095 1089 1091 1411 1410 1403 1406 1414

a' exp.: experimental values taken from [3]; A: obtained with the present 4 -21 force field; B: obtained with the present 6 -31G** force 
field: C: B l o m  and A l t o n a  [4]: D: D-M-M force field [3];

b) assignment used in [3]. c'  proposed assignment from [4], the second голе for rn, and mI0 refers to this.
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be d ra w n  from  a com p ariso n  of th e  th e o re tic a l force fields. F irs t, co n sid e rin g  
t h a t  w c app lied  a s lig h tly  d ifferen t scaling p ro c e d u re  th an  th a t  used  b y  B l o m  

a n d  A l t o n a  [4], th e  ag reem en t w ith  th e ir  re s u lts  shows th a t  th e  e x a c t fo rm  
o f sc a lin g  is n o t a c ru c ia l p o in t. (As to  th e  d iffe rences in some d iag o n a l te rm s , 
see th e  rem ark s  below .) Secondly, i t  is v e ry  rea ssu rin g  th a t  th e  f in a l  fo rce  
c o n s ta n ts  are  a lm ost in d e p e n d e n t of th e  b as is  se t. W hile th is is n o t su rp r is in g  
fo r th e  tw o  sim ilar sp basis  se ts , i t  is th e  m ore  s ig n ifican t th a t  even th e  in c lu 
sion  o f  p o la riza tio n  fu n c tio n s  does n o t c h an g e  th e  results. O f co u rse , th is  
re fe rs  to  th e  scaled v a lu es ; th e  original ab in it io  values differ co n s id e ra b ly , 
as c a n  be  ca lcu la ted  b a c k  from  th e  scaling  fa c to rs  of Table I I I .

F o r  th e  d iagonal force co n stan ts , th e  a g re e m e n t w ith  th e  e x p e rim e n ta lly  
d e r iv e d  D-M-M values is genera lly  ex cellen t, th e  deviations being 1 p e r  c e n t 
o r le ss . O ne should  rea lize  t h a t  th e  la rg e r d iffe ren ces in  th e  rock ing , w ag g in g  
a n d  to rs io n a l force c o n s ta n ts  are th e  co n seq u en ce  of different g eo m e try  ( th is  
re fe rs  a lso  to  th e  В -A v a lu es): if  th e  sam e ab in itio  values are sca led  u s in g  
th e  D -M -M  G m a tr ix , th e  ag reem en t is e x c e lle n t, see Table IV. ( In  f a c t ,  th e  
to rs io n  is a one d im ensional m ode so th a t  th e  corresponding  force c o n s ta n t  
is u n iq u e ly  defined  b y  th e  exp erim en ta l freq u en c ies , independen t of th e  s t a r t 
in g  ab in itio  va lue .) N o te  th a t  th is  geom etry  e ffec t causes com parab le  relative  
c h a n g e s  in  th e  re le v a n t coup ling  term s. H o w ev e r, a few per cen t u n c e r ta in ty  
in  th e s e  sm all c o n s ta n ts  is in sign ifican t a n d  i t  does no t explain  th e  m u ch  
g re a te r  d iscrepancies to  be discussed fu r th e r  be low .

A lth o u g h  th e  d ep en d en ce  of th e  force c o n s ta n ts  on the , to  som e e x te n t  
a lw ay s  u n c e rta in , se lec tion  o f th e  geom etry  is  obv ious, it is u su a lly  le f t  o u t  
o f  c o n s id e ra tio n  because  o th e r  u n c e rta in ty  fa c to rs  p redom inate . T his p ro b le m  
sh o u ld  be  b o rn  in  m in d , how ever, if  h igh q u a l i ty  re su lts  are com pared .

C oncern ing  th e  d iag o n a l force c o n s ta n ts , th e r e  is one m ore, f in e r  d e ta il :  
th e  6 — 31G** v alue  o f th e  CC stre tch in g  c o n s ta n t  Н1Д is abo u t 2 p e r  c e n t 
sm a lle r  th a n  in  o th e r re su lts . A lthough th is  is s t i l l  com patib le w ith  th e  1 p e r  
c e n t e x p e rim e n ta l u n c e r ta in ty  in th e  freq u en c ies , it  seemed w o rth w h ile  to  
a n a ly z e  i t  in  de ta il. I t  tu rn s  o u t th a t  th e  u n d e r ly in g  problem  is n o t w ith  F X1 
i ts e lf  b u t  w ith  th e  CC s tr ./C H 2 sym . def. c o u p lin g  te rm , F 10 w hich , as can  
be seen  fro m  T able IV , is 0.03 sm aller in a b so lu te  v a lu e  th an  in o th e r  re s u lts .  
W h ile  su ch  a sm all d e v ia tio n  is usually  n eg lig ib le , in the p resen t case  F le  
co u p les  tw o  n ea r-d eg en e ra te  zero th -o rder (as i f  th e re  were no coup ling  e i th e r  
in  G o r F ) frequencies eo2 an d  a>3 w hich th u s  b eco m e  extrem ely  sen sitiv e  to  i t .  
W ith  sm a lle r  F le  to2 becom es too  high so t h a t  th e  fittin g  p ro ced u re  tr ie s  
to  c o m p e n sa te  for th is  b y  low ering F x T h is w as  exp lic itly  p roved  b y  v a r y 
in g  F \  6 as an  in d e p e n d e n t p a ra m e te r. In  th is  case  F l e converged to  — 0.219 , 
F t,I t °  9 .34 and  F a(i to  0.467. W h atev er is th e  lie s t e stim ate  of th e  t r u e  v a lu e  
o f F li6, — 0.19 or —0.22, th e  sm all d ifference is ce rta in ly  in sig n ifican t fro m  
th e  p h y s ic a l p o in t of view .
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T u rn in g  now to  th e  d iscussion  of th e  com ple te  force fie ld , in c lu d in g  all 
co u p lin g  te rm s, som e gen era l considera tions seem  a p p ro p ria te . All th re e  scaled 
th eo re tica l force fie lds agree w ith  th e  D-M-M resu lts  in  g enera l v e iy  well, 
e x c e p t fo r ju s t  a few  co u p lin g  co n stan ts . N o tew o rth y  is th e  d isc rep an cy  in 
th e  CC str./C H 2 sym . s tr . ( F 12) an d  th e  C H 2 as .s tr ./C H 2 ro ck ’ ( F 49) term s. 
O ne should  realize th e  basic  d ifference betw een  th e  tw o ap p ro ach es . In  th e  
p u re ly  exp erim en ta l d e te rm in a tio n , 55 d a ta  p o in ts  were f i t te d  b y  18 p a ra m 
e te rs . A lthough  th e  ra t io  o f n u m b e r of d a ta  p o in ts  to  n u m b e r o f p a ra m e te rs  
is re la tiv e ly  h igh, th e re  m a y  be s till too  m uch flex ib ility  in  th e  f i t t in g  p roce
d u re , w ith  th e  re su lt t h a t  som e p a ra m e te rs  rem ain  ill-d e te rm in ed . O n th e  o ther 
h a n d , ou r scaling p ro ced u re  co n ta in s  only 6 p a ram e te rs . T h is, to g e th e r  w ith  
th e  s ta r tin g  ab in itio  v a lu es  p laces a  v e ry  s tr ic t  re s tr ic tio n  up o n  th e  final 
th e o re tic a l fo ice fie ld .

O f g rea t im p o rta n c e  is th e  o b se rv a tio n  th a t  th e  d ev ia tio n s occu r ra n d o m 
ly . O bviously , i t  is ju s t  th e  ex p e rim en ta l force fie ld  in  w hich ra n d o m  errors 
can  be expec ted : due to  th e  d iffe ren t sen s itiv ity  of th e  in d iv id u a l force con
s ta n ts  to  th e  e x p e rim e n ta l d a ta , i f  one o f th e  la t te r  is s tro n g ly  p e r tu rb e d  
b y  som e an h a rm o n ic ity  effec t, th e  re su lt m ay  be a force c o n s ta n t m a tr ix  in 
w h ich  a few e lem ents are  ill-d e te rm in ed , w hile all o thers are co rrec t. On the  
o th e r  h an d , i t  is reaso n ab le  to  assum e th a t  th e  th eo re tica l force fie ld  is well 
b a lan ced , i.e. if  th e  m a jo r ity  o f force c o n s ta n ts  are co rrec t, as ju d g e d  by 
ex p e rim e n t, th e n  th e  rem a in in g  ones are also co rrec t w ith in  co m p arab le  
accu racy .

W e discuss f irs t  th e  in -p lan e  force fie ld , in  th e  ligh t o f the  frequencies . 
As can  be seen from  T ab le  V, th e ir  re p io d u c tio n  is as good as by  th e  D-M-M 
fie ld , f i t te d  d irec tly  to  th e  e x p e iim en ta l d a ta . In  th e  CH (CD) s tre tc h in g  
reg ion , th e  A g, B Jg a n d  B 2u frequencies are  in  fac t b e tte r  rep ro d u ced  th a n  
cou ld  be expected  from  th e  1 p er cen t ex p erim en ta l u n c e r ta in ty , as accep ted  
b y  D u n c a n  et al. [31. T h u s , th e ir  e s tim a tio n  of an h a rm o n ic ity  w as a p p a re n tly  
exce llen t. T he B 3u o>11 m ode in C2H 4 is also rep roduced  w ith in  0.3 p e r cen t, 
b u t  i t  is no ticeab le  th a t  i t  com es ou t sy s tem atica lly  too  low  b y  11 --12 c m -1 
in  all ca lcu la tions, in c lu d in g  th e  D-M-M one, w hile it  is ex ce llen tly  rep ro d u ced  
in  th e  iso topic m olecules. C onsidering  th a t  th e  accep ted  e x p e rim e n ta l value 
o f  vn  =  3021 c m -1 (g iv ing  a>u  =  3147 c m -1) co n ta in s a  la rge  c o n e c tio n  for 
F e rm i resonance [3] ( th e  d ire c tly  m easured  b and  cen te r is a t  2988.6 c m '1
[21]), i t  seem s th a t  th is  co rrec tio n  w as slig h tly  o v erestim a ted .

In  th e  m ore in te re s tin g  m edium  freq u en cy  range, th e  m ax im u m  d ev ia 
tio n  of th e  4 — 21 re su lts  from  th e  ex p e rim en ta l frequencies of C.,H4, C2D 4 and 
C H 2CD2 is 4 c m -1  ( !) (w ith  th e  a>6 - 1261 c m -1  assignm en t b e ing  accep ted ;
i t  is 8 c m -1 w ith  th e  o iig in a l assignm en t). In  th e  6 — 31G** re su lts  som ew hat 
la rg e r  dev ia tions a re  o bserved  for co2 and  a>3 in C2H 4 (14 c m -1 ). T h ese  are  due 
to  th e  sligh tly  d iffe ren t v a lu e  of th e  CC s tr ./C H 2 sym .def. coup lin g , as was
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d iscu ssed  above. E v e n  th e s e  are , how ever, w ell accep tab le , especially  i f  one 
re a liz e s  th a t  co2 is r a th e r  u n c e r ta in , co n ta in in g  a  F e rm i resonance  correction  
o f  7 c m “ 1 [3].

W hile  such an  e x c e lle n t rep ro d u c tio n  o f  th e  27 in -p lane  frequencies 
w o u ld  n o t su ffic ien tly  p ro v e  th e  correctness o f  an  ex p e rim en ta l force field , 
i t  is c e rta in ly  a v e ry  s tro n g  a rg u m en t fo r th e  re lia b ili ty  of our re su lts . We 
u se d  o n ly  4 (in-plane) a d ju s ta b le  p a ia m e te rs  so t h a t  th e  f in a l force fie ld  is 
s t i l l  basica lly  fixed  b y  th e  ab in itio  c a lcu la tio n s . N everthe less, i t  seem ed 
a p p ro p r ia te  to  check th e  re p ro d u c tio n  of th e  re m a in in g  ex p e rim en ta l d a ta . 
T h is  is th e  m ore in te re s tin g  because , c o n tra ry  to  th e  ex p e rim en ta l force field , 
th e s e  w ere no t used  in  o u r f i t t in g  p rocedure. T ab le  V I an d  T ab le  V II  show 
th e  freq u en cy  sh ifts o f th e  13C isotopic fo rm s a n d  th e  Coriolis coup ling  con
s ta n ts ,  respectively .

Table VI

13C frequency shifts (cm -1)

Isotope exp .a> D-M-Mb> 4—2I°> 4—31Gd> 6—31G**C)

H 212C13CH2 A o j 2 22.0 (1.0) 22.1 21.6 21.7 20.6
Aco3 6.8 (0.3) 6.9 7.1 7.2 8.0
A g ) 12 3.1 (0.1) 3.1 3.1 3.2 3.1

D2I2C13CD2 A o j9 6.4 (0.5) 6.4 5.3 5.1 4.2
A o j u 4.1 (0.2) 4.1 4.2 4.0 4.3
A(Oi2 3.9 (0.1) 3.9 3.8 3.8 3.8

H ,12C13CD, Ao)„ 14.2 (1.0) 13.7 13.0 13.4 12.1
A o j5 19.0 (1.0)<9 17.7 18.5 19.0 18.9
A o j u 12.7 (0.7) 12.8 13.3 12.8 13.2

H 2I3C,3C H 2 Ad) 12 5.9 (0.3) 5.9 5.8 5.9 5.8

1)2' 3C13CD2 Acon 7.4 (0.4) 7.2 7.4 7.1 7.5
A o j12 6.7 ( - ) 7.2 7.1 7.2 7.1

H 2' 3C12CD2 Aco1 6.5 (0.5) 6.3 6.5 6.2 6.5
Ao) 2 26.2 (0.6) 26.5 25.9 26.1 25.0
Ао>я 13.7 (1.0)«) 12.6 13.0 13.3 13.2

a) Experim ental data  corrected for anharmonicity [3], w ith uncertainties in parentheses.
b) Reproduction of the da ta  b y  the experimentally derived force field [3].
c) Present results. <0 Ref. [4].
e) Contrary to [3], these were also corrected for anharm onicity, see text.
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T a b l e  V I I

Coriolis coupling constants o f  C2H4

Uj  in Cij exp.a) D-M-M1» 4—21») 6—31G**°>

1, 5 0 .065 (0 .0 1) 0 .065 0.059 0 .070

3, 6 0 .4 (0.1) 0 .36 0.356 0 .375

4, 10 0.90 (0.02) 0 .89 0.859 0 .863

6, 8 0 .61 (0.05) 0 .58 0.559 0.552

7, 10 0.44 (0.02) 0 .46 0.512 0.505

9, 11 0.04 (0.04) 0 .09 0.036 0 .044

a) Experim ental values (w ith uncertainty in parentheses) taken over from  [3].
b) Reproduction of the da ta  by the experim entally derived force field [3].
c) Present results, w ith the scaled force fields of Table IV.

W e can now  discuss th e  m ain  d isc repanc ies in  th e  coup ling  co n stan ts  
on th e  basis of th e  com p le te  ex p erim en ta l d a ta .  T he CC s tr ./C H 2 sym . s tr. 
( F 12) in te ra c tio n  te rm  is 0.11 — 0.12 in  all th e o re tic a l re su lts  w hile its  D-M-M 
va lu e  is 0.257, s ig n ifican tly  larger. A ccord ing  to  D u n c a n  et al. [3], F l2  is 
m ain ly  defined  b y  th e  13C sh ifts  Aco2(C2H 4) a n d  Acov  zla>u (C H 2CD2). As can 
be seen, th e  th e o re tic a l force fields rep ro d u ce  th e se  d a ta  v e ry  well, i t  is only 
th e  6 — 31G** va lu e  of Zlco2 w hich  is s lig h tly  o u ts id e  th e  e x p e rim e n ta l range. 
W e have checked  th a t  th e  la t te r  m inor d isc rep an cy  com es from  th e  d ifferences 
in  F t l  an d  F 16 d iscussed  above. T hus, i t  is p ro v e d  th a t  all re le v a n t d a ta  can 
be rep ro d u ced  also w ith  th e  low er value o f F 12 an d  we see no reason  to  d o u b t 
t h a t  th e  th e o re tic a l re su lt is th e  co rrec t one.

Tw o o th e r  re m a rk a b le  d iscrepancies co n ce rn  F i<8 an d , in  a m ore p ro 
nounced  w ay, F 4 9. In  te rm s  of our local sem isy m m etry  co o rd in a tes  th e  physica l 
d ifference can be seen v e ry  clearly . T ak ing  th e  th e o re tic a l va lues, th e  coupling  
o f th e  CH2 as. s tre tc h , w ith  th e  rocking  on th e  sam e carb o n  a to m  is sign ific
a n tly  la rger th a n  th a t  w ith  th e  rock ing  on th e  o th e r  ca rb o n  a to m . T h e  D-M-M 
values show  ju s t  th e  oppo site  tre n d . A lth o u g h  th e re  is no e x a c t th eo re tica l 
a rg u m en t for e ith e r  re su lts , in tu itiv e ly  th e  ab in itio  re su lt is c e rta in ly  m ore 
p lausib le .

As th e  e x p e rim e n ta l in fo rm atio n  is d ire c tly  re la te d  to  sy m m e try  species, 
it  seem ed a p p ro p ria te  to  analyze  th is  p ro b lem  in  m ore d e ta il in  te rm s  of sym 
m e try  coo rd in a tes , r a th e r  th a n  in  our local co o rd in a tes . T he re le v a n t te rm s  are 
th e n  th e  sy m m etry  coup ling  force c o n s ta n ts  (B l? species) an d  F ffi f
(B 2u species), as defined  an d  given in  T ab le  V I I I .

The se n s itiv ity  of th e se  in te ra c tio n  c o n s ta n ts  to  th e  in p u t  d a ta  is a n a 
lyzed  in  [3]. A ccord ing  to  th is , am ong th e  13C sh ifts  i t  is Zlai9(C2D 2) an d  Acos, 
<dco9(CH2CD2) w hich  a re  m ost im p o rta n t in  fix in g  b o th  coup ling  co n stan ts .
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T a b l e  V I I I

CH2 as. str./rock interaction constants in terms o f symmetry coordinatesa)

Symmetry force const. D-M-Mb> 4—21«> 4 —31Gd> 6—31G*«>

=  f 4>8 -  f 4,9 0.396 0.216 0.214 0.182

F S ff =  f 4>8+  f 4>9 -0 .1 7 4 0.106 0.096 0.062

a) S tandard symmetry coordinates, which agree w ith those of [3], except th a t  deforma
tion  coordinates are not scaled b y  r0. For units see Table 1У.

b) Ref. [3]. c> Present results. d> Ref. [4].

A m o n g  th e  Coriolis d a ta , £68 is sensitive to  F f^m, w hile f 710 an d  £410 are 
s e n s it iv e  to  F^)™. An im p o r ta n t  o bserva tion  o f th e  au th o rs  is th a t ,  am ong 
th e s e ,  Zlco5 and Aa>g of C H 2C D 2 are  in conflict w ith  th e  o thers, as well as w ith  
s e v e ra l frequency  d a ta . T h e y  suggested  te n ta tiv e ly  t h a t  c ry s ta l s ite  sy m m etry  
m a y  ca u se  some weak F e rm i resonances and  due to  these  u n c e rta in tie s  th e y  
u s e d  n o  anharm o n ic ity  c o rre c tio n  fo r Acog an d  Atw9, i.e. sacrificed  th e ir  ex ac t 
r e p ro d u c tio n  for the sake o f  th e  o th e r d a ta .

T h is  separa te  h an d lin g  o f  Acob and  Acog seem ed u n n ecessary  in  o u r ca lcu 
la t io n s ,  a n d  we applied th e  u su a l a n h a rm o n ic ity  co rrec tion . A ccep tin g  th e  
a n a ly s is  in  A ppendix I . o f [3 ], e ith e r  from  D enn ison ’s ru le  or from  th e  a n 
h a rm o n ic i ty  d a ta  based on o v e rto n e s , th is  co rrec tion  is a b o u t -I- !  c m -1  for 
b o th  frequenc ies . These c o rre c te d  values are g iven in  our T ab le  V I.

W ith  these co rrec ted  v a lu e s , b o th  Zlco5 an d  Acog o f CH2CD2 a re  well 
re p ro d u c e d  by  the  th e o re tic a l force fields, b u t  Aa>g o f C2D 4 com es o u t too  
sm a ll. T h e  situation  is o p p o s ite  w ith  th e  D-M-M fie ld : th is  rep ro d u ces  Acog, 
b u t  g iv es  less sa tisfac to ry  a g re e m e n t for th e  o th e r  tw o  sh ifts. U n fo rtu n a te ly , 
i t  is  im p ossib le  to  m ake a d e f in ite  choice: zI<m9(C2D 4) is, as can  be ju d g e d  by  
c o m p a r in g  its  4 — 21 an d  6 — 31G** value, ex trem e ly  sensitive to  th e  force 
f ie ld , so t h a t  it  is no t ju s t if ia b le  to  p red ic t i t  th eo re tica lly . On th e  o th e r  han d , 
in  o u r  o p in ion  it  is r a th e r  u n c e r ta in  ex p erim en ta lly , to o . I t  w as m easu red  in  
th e  p u re  c ry s ta l only (an d  n o t  in  solid so lu tion), so th a t  c ry s ta l f ie ld  effects 
c a n n o t  b e  ru led  out co m p le te ly  (th e  sub jec t of d eb a te  being freq u en cy  d iffe r
en ces o f  th e  order of 1 c m -1 ).

A s to  the  Coriolis c o n s ta n ts ,  £e8 w hich de te rm in es F f5)™ is rep ro d u ced  
w ith in  th e  quoted  u n c e r ta in ty . F o r  F,^™ th e  im p o r ta n t  d a ta  are С4Д0 and  
C710. T h e  f irs t one is c a lc u la te d  ju s t  ou tside th e  ex p e rim en ta l ran g e , fo r th e  
l a t t e r  th e  deviation  is la rg e r. C onsidering, how ever, th a t  u n c e rta in tie s  o f a  £ 
c o n s ta n t  a re  always ro u g h  e s tim a te s , b o th  ca lcu la ted  values seem  accep tab le . 
T h e  re l ia b il i ty  of our force f ie ld  is also su p p o rted  b y  th e  fa c t th a t  th e  o th e r 
th r e e  £ co n stan ts  are e x c e lle n tly  rep roduced . Specifically , we rep ro d u ce  
£9>u, w h ic h  is not the  case w ith  th e  D-M-M field . A lth o u g h  £911 is v e ry  u n 
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c e r ta in  ex p e rim en ta lly , rea liz ing  th a t  its  v a lu e  o f  0.04 w as given as an  u p p e r 
lim it in  [21], th e  D-M-M va lu e  of 0.09 is d e fin ite ly  to o  large.

As to  th e  frequenc ies , m en tio n ed  in  [3] as be ing  in  con flic t w ith  Aco5 and  
Awg, we see no c o n tra d ic tio n , all o f th em  a re  rep ro d u ced  b y  th e  th e o re tic a l 
force fields w ith in  ex p erim en ta l u n c e r ta in ty .

Fig. 2. Force constan t display graph for the sym m etry  species B if, of СЛ1, and C2D4

A sep ara te  q u estio n  in connection  w ith  F |^ m is th e  reassignm en t o f co5 
an d  co6 in  C2H 4, as discussed above. I t  seem ed in te re s tin g  to  analyze, how th is  
in fluences th e  co u p ling  co n s tan t. In  F ig . 2 th e  force c o n s ta n t d isp lay  g rap h s 
for th e  B lg species o f C2H 4 and  C2D 4 are  show n. As can be seen, from  th e  
(orig inal) frequencies alone 0.50 — 0.56 w ould follow  fo r F |™ . The f in a l D-M-M 
value , f i t te d  to  th e se  an d  several o th e r  d a ta , is on ly  0.40. C learly, if  th ese  
frequencies, as be ing  u n c e rta in , w ere left o u t o f co n sid e ra tio n , th e  rem ain ing  
d a ta  w ould p re d ic t a  v a lue  s ig n ifican tly  below  0.40. T he fac t th a t  th e  new  
values of bo th  co5 a n d , especially , w6 sh ift th e  coup lin g  c o n s ta n t to  low er values, 
is a good a rg u m en t fo r th e  co rrec tness of th e  reassig n m en ts . Also, in  v iew  of
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th e s e  co n sid e ra tio n s th e  th e o re tic a l  v a lu e  o f 0 .1 8 —0.22 seem s m u ch  m ore 
re lia b le  now .

W ith  th e  d iscrepancy  in  F^™  in  m ind , a sim ilar analysis w ould  also  be 
in te r e s t in g  fo r the  B.iu species. H ere , how ever, th e re  are  no re liab le  d a ta  for 
w10 o f  C2D 4. J u s t  to  ge t a b e t te r  in s ig h t, we h av e  co n s tru c te d  th e  d isp lay  
g ra p h s  fo r  tw o  tr ia l  va lues, w10 =  600 an d  606 c m “ 1, re sp ec tiv e ly , b a sed  on 
th e  c a lc u la te d  resu lts. As F ig . 3 show s, F f f  is ex trem ely  sensitiv e  to  sm all 
u n c e r ta in t ie s  in  b o th  co9 an d  co10 w h ich  show s th e  dangers of an  ex p e rim en ta l 
d e te rm in a tio n . The th e o re tic a l v a lu e  seem s v e ry  well accep tab le .

F ig . 3. Force constant display graph  for the sym m etry  species B2U of C2H 4 and C2D4

T he out-o f-p lane force constants

F in a lly , th e  ou t-o f-p lane  fo rce  fie ld  shou ld  be d iscussed  b rie fly . This 
le a v e s  m u c h  less p roblem  fo r d e b a te , as th e  th re e  m odes fac to rize  in to  one
d im e n s io n a l sy m m etry  b locks so th a t ,  a p a r t  from  th e  u n c e r ta in ty  in  th e  geo
m e tr y  d iscussed  above, th e  e x p e rim e n ta l force fie ld  is u n iq u e ly  d e te rm in ed . 
T h u s , th e  p rim ary  reason fo r in c lu d in g  th e  ou t-o f-p lane  fie ld  in  th e  in v e s tig a 
t io n  w a s  to  o b ta in  th e  sca ling  fac to rs  w hich  a re  hoped  to  be tra n s fe ra b le  to  
s im ila r  m olecules. O ur s tu d y  on b u ta d ie n e , acrolein  an d  g lyoxal, w h ich  is in  
p ro g re ss , confirm s th is  [22].
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In  th e  p re se n t c o n te x t th e  only n o ticeab le  p o in t is th e  fac t t h a t  b o th  
th e  4 — 21 and  th e  6 — 31G** force fie ld  in te rc h a n g e  th e  sequence o f th e  tw o , 
v e ry  close ly ing , w agg ing  m odes со, and  co8. O b v io u sly , th e  d e te rm in in g  q u a n t
i ty  is th e  ra tio  o f th e  w agging/w agging’ co u p lin g  to  th e  w agging d iag o n a l 
c o n s ta n t (and , a c tu a lly , th is  is w h a t rem ains fix ed  b y  th e  ab  in itio  re su lt in  
o u r scaling p ro ced u re). I t  can  be ca lcu la ted  t h a t ,  w ith  th e  G m a tr ix  in  our 
geom etry , th e  sequence  reverses a t  th e  ra tio  o f  0.150, w hile ou r v a lu e  is 0.134 
an d  0.148, re sp ec tiv e ly , in  th e  4 — 21 and  th e  6 —31G** force field . F o r  th e  
coupling  th is  m ean s o n ly  a  difference of a few  th o u sa n d th s  of a j .  T h u s , th e  
th e o re tic a l va lu e  is p h y sica lly  v e ry  accu ra te , in  sp ite  o f its  in a b ility  to  re p ro 
duce co rrec tly  th is  e x trem e ly  sensitive sp littin g .

Cubic force constants

A nharm onic  ca lcu la tio n s  of v ib ra tio n a l sp e c tra  are  becom ing m ore an d  
m ore im p o rta n t. F o r e th y len e , Ma c h id a  an d  T a n a k a  [23] h av e  p u b lish ed  
a sim plified  em pirica l anharm on ic  force fie ld  b a sed  on Morse p o te n tia l  fo r 
th e  in d iv id u a l bo n d s. I t  seem ed w orthw hile  to  m ak e  ou r ab in itio  re su lts  a v a il
ab le fo r fu tu re  ca lcu la tio n s . In  fac t, an  an a ly s is  o f e th y len e  using  ab in itio  
anharm on ic  force c o n s ta n ts  is a lread y  in p ro g ress  b y  B lom [24]. F ro m  our 
ca lcu la tions, th e  m o st im p o r ta n t, f jit and  f U: ty p e , cub ic  te rm s can be e v a lu a te d  
from  th e  forces. T h e y  a re  given in T able IX . T o  conserve  space, on ly  th e  b e s t 
q u a lity , 6 —31G** re su lts  are given.

Table IX

6-31G** cubic force constantsa)

R R R  = -5 6 .1 ; R R r  =  - 0 .2 7 ;  R Rß  = -0 .4 1
rrr — —32.7; rrR =  + 0 .1 5 ; t j A  =  - 0.00; r1r]ißz ~~ —0.16; rirlß3 = +  0.06;

ri rA  = -0 .0 2 ; r irir2 =  0.17; ririr3 == -0 .0 6 ; ririri — + 0 .1 0

ßßß = 0.25; ß iß  iß  2 — 4" 0.55; ßißißs -= -0 .0 8 ; ßißißi =  -0 .0 8 ;  ßßR =  -  0.52;

ßißiri = 0.26; ßißir2 = -  0.20; ßlßlr3 =  -0 .0 0 ; ßtßiU  =  -0 .0 8 ;

&&R = 0.50; 0 , 0 , r , =  0.06; 0 ,0 , ,r3 =  -0 .0 2 ;  0 ,0 , / S, =  + 0 .06 ; 0 ,0 ,  ß3 =  - 0 .0 5 ;

tt\R =  —0.14; XTr = -  0.016; тт/S =  -0 .0 1 2

a) Direct calculated values w ithout any ad justm ent, obtained around the geom etry: 
R (C C )=  1.339 Á, r ( C H )=  1.085 A, (A =  lO '10 m) Д С С Н ) =  121.1°. f lJk (i ^  j  ^  b) type 
terms have not been calculated. For simpler notation, only the subscript is used, e.g. R R R  stands 
for R, r and ß  are individual internal coordinates here, defined in Fig. 1. ©,, 0 2 and т  are
equivalent to Si0, S„ and S,2, respectively, defined in Table I. U nits are consistent w ith energy 
measured in a j ,  stretching coordinates in A =  10-1" m  and bendings in radian.
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D ipole m om ent derivatives

F ro m  th e  dipole m o m en ts  in  th e  d is to r te d  geom etries, th e  co rresp o n d in g  
d e r iv a tiv e s  can be e v a lu a te d  n u m erica lly . T h ey  are given in  T ab le  X , com 
p a re d  w ith  o th e r re su lts . F o r  a com p ariso n  w ith  th e  d irec t o b se rv ab les , th e  
in te n s i t ie s  them selves are  com piled  in  T ab le  X I  for C2H 4 and  C2D ,.

T a b l e  X

Dipole moment derivatives, with respect to local symmetry coordinatesa)

Experim ental Theoretical

+»> Bc> 73/3+ ld> 4—21«) 4—31Gf> 6—31G8) 6—31G**e)

9/ix/9 S 2 (sym. str.) + .4 2 7 +  .447 +  .557 +  .426 +  .511 + .5 2 2 +  .445

b p -J b S6 (sym. def.) - . 1 6 5 +  .197 +  .211 +  .151 +  .183 +  .189 +  .201

dpy/d S 4 (as. str.) - . 5 1 2 - . 5 2 2 .641 - . 5 8 7 .667 -  .677 - . 5 3 7

dpy/dSg  (rock.) - . 1 8 5 - . 0 2 1 .035 .104 .101 .123 — .056

9 u2/9 -S ,o (wagg.) -  .684 +  .691 +  .866 +  .829 +  .924 +  .931 
( + .7 8 0 )  
( + .6 9 1 )

+  .855

a) Dipole moment m easured in В ы  3.33564X 10-30 Cm, stretching coordinates in Á =  
=  10 _1° m, bendings in radian.

Signs are consistent w ith the direction of the x, у  and z axes given in Fig. 1 and the defini
tion  of coordinates in Table I, and the dipole m om ent vector showing from positive to negative 
charge. b) The original experim ental study  [26]. Note th a t only the relative signs are determined 
b y  experim ent, the absolute signs were ju s t proposed, based on bond theory considerations. 
c> R ein terpreted  experimental values [25]. Signs based on ab initio calculations. d) Ref. [25]. 
e) P resen t results, calculated around the geometry: Я(СС) =  1.339 Á, r(CH) =  1.085 A, /i(CCII) =  
=  121.1°. f> Ref. [4], calculated around R(CC) =  1.338 A, r(CH) =  1.084 A, /S(CCH) =  121.0°. 
g) R ef. [18], calculated around th e  theoretical geometry. Values in parentheses: basis set ex
tended  b y  bond functions.

T a b l e  X I

Infrared absolute intensities (km • mol l)

Sym m . Mode
C2H 4 C,D,

exp.») 4—21 6—3IG** exp.**) 4—21 6— 31G**

Btu CO, 81.3 (79.8) 103 109 41.7 58.9 62.7

Bzu 24.9 31.8 26.8 12.2 17.3 14.7

Ш10 0.20 (0.53) 0.68 0.21 0.04 0.37 0.12

Взи « 1 1 13.5 15.0 16.1 7.6 7.1 7.4

(012 9.8 5.2 9.4 5.2 3.0 5.4

a) The reinterpreted values of [25] are accepted here; in parentheses the original values 
of [26].

b) From  [26].
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F irs t, a b rie f  discussion o f th e  ex p e rim en ta l d e riv a tiv es  seem s necessary . 
W e have accep ted  here  th e  an a ly s is  o f [25], w hich differs from  th e  original 
one [26] in  tw o  w ays: th e  950 c m -1  reg ion  w as re in te rp re te d , w h ich  leads 
to  slig h tly  d iffe ren t in ten sities  A 7 an d  A 10. M ore im p o rta n tly , th e  fo rm  o f the 
n o rm a l v ib ra tio n s  w as d e te rm in ed  from  th e  D-M-M force fie ld  w h ich  d ra s tic 
a lly  reduces th e  m ag n itu d e  o f th e  rock ing  d e riv a tiv e  as co m p ared  to  [26]. 
F u rth e rm o re , as i t  is well k n o w n , a basic u n c e r ta in ty  in  th e  e x p e rim e n ta l 
re su lts  arises from  th e  fa c t th a t  o n ly  th e  ab so lu te  values of Эl^ldQi a re  d e te r
m ined  by  th e  m easu red  in te n s itie s . W ith in  one sy m m etry  species, d ifferen t 
relative signs o f Э/х/д@(- give d iffe re n t (Q deno tes n o rm al co o rd in a tes ,
S  s ta n d s  fo r sy m m e try  co o rd in a tes .)  T he co rrec t choice m ay  be se lec ted  on 
th e  basis o f iso tope  d a ta  (even th e n , obv iously , th e  ab so lu te  signs o f g^u/gS,- 
rem ain  in d e te rm in a te , as all signs can  be reversed). As to  th e  re la t iv e  signs, 
G o l i k e  et al. [26] accep ted  id e n tic a l signs (sym bolized b y  + 4 ~ )  in  species
B 2u and  opposite  signs (-|---- ) in  B 3u, w ith  th e  rem ark  th a t  th e  (-|----- ) sign
co m b in a tio n  in  B 2u c an n o t be ru le d  o u t com plete ly . I t  can  now  be fin a lly  
es tab lish ed  th a t  th e  accep ted  choice in  B 2u w as co rrec t. W ith  re c e n t  reliab le 
force fields — e ith e r  th e  D-M-M or th e  p re se n t one — if  o p p o site  signs are 
assum ed  for th e  dft-ldQi d e riv a tiv e s , th is  leads to  opposite  signs fo r th e  
v a lu es , w hile all th eo re tica l re su lts  show  clearly  th a t  th e y  h a v e  th e  sam e 
(negative) sign.

On th e  o th e r h an d , th e  re la tiv e  sign co m b in a tio n  (-|---- ) in  B 3u, used
in  th e  ex p e rim en ta l s tu d y  [26] w as th e  w rong  choice: i t  leads to  opposite  
signs fo r th e  sym m . s tre tc h in g  a n d  th e  sym . def. d e riv a tiv e s , w h ich  is u n 
accep tab le  on th e  basis o f th e  q u a n tu m  m echan ical re su lts .

T ak in g  th u s  th e  re in te rp re te d  ex p e rim en ta l values as th e  b a s is  o f  com 
p ariso n , one can  d raw  th e  fo llow ing conclusions. T he w agging (ou t-o f-p lan e) 
d e riv a tiv e  is som ew hat o v e re s tim a te d  in  all th eo re tica l c a lcu la tio n s , excep t 
in  one w hich used  bond  fu n c tio n s in  th e  basis se t [18]. T he re su lt is , how ever, 
v e ry  sensitive to  th e  form  of p o la riz a tio n  fu n c tio n s an d  th e  b e t te r  b a lan ced  
6 —31G** basis gives again to o  h igh  a va lue . T he consistency  o f  th e  o v er
e s tim a tio n  in d ica te s  th a t  i t  m ig h t be an  e lec tro n  co rre la tion  e ffec t, a lth o u g h  
good SCF calcu la tio n s using  so ft p o la riza tio n  fu n c tio n s w ould  be  n eed ed  to  
su b s ta n tia te  th is  conclusion. N o te  t h a t  th e re  is also a  co n sid e rab le  ex p e ri
m en ta l u n c e r ta in ty : th e  w agging d e riv a tiv e  show ed differences u p  to  10 per 
c en t, depend ing  on th e  iso tope fro m  w hich i t  w as d e te rm in ed  [26].

T he in -p lane  de riv a tiv es  o b ta in e d  w ith  th e  sp basis se ts  a re  reaso n ab le  
to  th e  e x te n t t h a t  a se m iq u a n tita tiv e  p red ic tio n  of th e  in te n s itie s  is a lread y  
possib le a t  th is  level. T he p o la rized , 6 — 31G** basis w orks e x c e lle n tly ; th e  
ca lcu la ted  values agree w ith  th e  e x p e rim e n ta l ones w ith in  a few  p e r  cen t,
i.e. w ith in  ex p erim en ta l u n c e r ta in ty . I t  is on ly  th e  v e ry  sm all ro c k in g  d e riv a 
tiv e  for w hich th e  percen tag e  e r ro r  seem s la rg e r. H ow ever, its  v a lu e  derived
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f ro m  th e  in tensities is e x tre m e ly  sensitive to  th e  force fie ld , so th a t  we con
s id e r  th e  q u an tu m  m e c h a n ic a l re su lt as th e  m ore  re liab le  one.

F in a lly , i t  is in te re s t in g  to  in vestiga te  th e  d ire c tio n  (abso lu te  sign) of th e  
d ip o le  m o m en t d e riv a tiv es . A ll theo re tica l re su lts  show  th a t  for th e  s tre tc h in g  
m o d e s  th e  CH bond b e h a v e s  fo rm ally  as h a v in g  C + H ~  p a r t ia l  charges, w hile 
in  th e  bend in g  m odes, in c lu d in g  th e  w agging, C _ H + fo rm al charges ap p ear. 
I t  is n o ticeab le  th a t  th e  sa m e  behav iou r w as o b se rv ed  in  m e th an e  (see fo o t
n o te  to  T ab le  V I in  [5]).

I n  te rm s of th e  b o n d -m o m e n t hyp o th esis  th is  m eans th a t  th e  ц сн  bond  
m o m e n t is positive (p o sitiv e  ch a rg e  on hydrogen ) w hile  its  d e riv a tiv e  eCH w ith  
r e s p e c t  to  th e  CH d is ta n c e  is  neg a tiv e . In  th e  p io n e e r ex p erim en ta l w ork  [26] 
th e  a p p a re n t  anom aly  t h a t  e ith e r  /.i or e m u s t ch an g e  sign betw een  th e  B 2u 
a n d  B 3u sym m etry  species, le d  to  com plex sp ecu la tio n s . I t  is now  clear th a t  
th is  w as  caused by  th e  u n fo r tu n a te  choice o f signs in  B 3u. N o te  also th a t  th e ir  
su g g e s te d  sign for th e  w ag g in g  derivative  (F ig . 7 in  [26]) w as also in co rrec t. 
T h e  th e o re tic a l re su lts  a re  c o n s is te n t th ro u g h o u t th e  th re e  sy m m etry  species.

*

T his material is based in p a r t  upon work suppo rted  by the U.S. N ational Science 
F o u n d a tio n  under G rant No. INT-7819341 and by  th e  H ungarian  In s titu te  for Cultural 
R e la tio n s  as part of the cooperative research program  of th e  Eötvös L. U niversity and the 
U n iv e rs ity  of Texas. I t  has also been  supported in p a r t by  a g ran t from The R obert A. Welch 
F o u n d a tio n .

Note: After we finished th e  m anuscript of th is s tu d y , Prof. J. L. DUNCAN sent us 
th e  m anuscrip t of a recent w ork b y  D uncan  and H a m il t o n  describing their im proved deter
m in a tio n  of the ethylene force fie ld , based on 116 experim ental data . I t  was reassuring to  see 
th a t  in  all cases where significant changes occurred as com pared to  the original D-M-M field, 
th e  new  values came closer to  th e  ab initio values. More specifically, the agreem ent is much 
b e t te r  now  for the CC str./C H 2 sym . str. coupling constan t as well as for the CH2 as. str./rock. 
c o n s ta n t Е|Ут  ( b] species); how ever, the discrepancy in  th e  o ther CH2 as. str./rock. interaction 
•Fjjy™ ( B 2u) is  still present.
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The far infrared spectra (5 0 0 - 50 c m -1) of a variety  of diam agnetic copper(I) 
complexes of some pyridine derivatives have  been measured. T en tative assignments 
of the stretching Cu — X  and Cu —N v ib ra tions are given. IR  results suggest distorted 
te trahedra l geom etry for L3CuX complexes. The results given here suggest different 
structures for L2CuX complexes depending on the nature of the su b stitu en t group 
in pyridine ring. Monomeric, C3V, or dim eric structures are form ulated  for complexes 
derived from  ligands w ith  electron releasing or a ttrac ting  groups, respectively. Poly
meric structures are proposed for LCuX complexes.

Introduction

Mal ik  [1, 2] has suggested  a m o n o m eric  s tru c tu re  for 1 : 1 copper(I) 
com plexes derived  from  p y rid in e  an d  o th e r  re la te d  ligands. On th e  o th e r  han d , 
a h ig h er co o rd in a tio n  n u m b e r th a n  tw o  fo r  b is(am ine)copper(I) p e rch lo ra te  
com plexes has been  suggested  by  L e w i n  et al. [3] on th e  basis o f  th e ir  low er 
frequencies. H ow ever, R a s t o n  and  W h i t e  [4] have s tud ied  th e  s tru c tu re  of 
p y rid in e -co p p er(I)  iod ide b y  X -ra y  an a ly s is . T h is ad d u c t consists of th e  well 
know n te tra h e d ra l  te tra m e ric  u n it C u4I 4. I t  is th e  only exam ple  w hich  has 
been s tu d ied  an d  no s tru c tu ra l  in fo rm a tio n  is ava ilab le  for any  o th e r  copper(I) 
h a lide  com plexes o f p y rid in e  and  its  d e r iv a tiv e s .

R ecen tly  we h av e  been  in te re s te d  in  th e  s tu d y  of copper(I) com plexes 
derived  from  p y rid in eca rb o x y lic  acids a n d  th e ir  deriv a tiv es  [5, 6]. As cop- 
p e r(I) , being d 10 ion, does n o t show d-d  tra n s i t io n s  and  th e re fo re  th e  s te re o 
ch em is try  o f its  com plexes can n o t he d e riv e d  from  th e ir  e lec tron ic  sp ec tra , 
and  in  o rd er to  gain  s tru c tu ra l  in fo rm a tio n  on som e copper(I) com plexes we 
m easu red  th e ir  fa r  in fra re d  sp ec tra . In  th is  p a p e r  we re p o rt th e  low er fre q u e n 
cies in  th e  reg ion  500 — 50 c m -1  for c o p p e r(I)  com plexes derived  from  p y rid in e - 
carb o x y lic  acid esters  an d  o th e r p y rid in e  d e riv a tiv e s .

Experim ental

The complexes have been prepared according to  the method described previously [5, 6] 
and  their pu rity  was checked by  elem ental analyses (Table I). Magnetic m easurem ents, reflect
ance spectra, X -ray  powder pa tte rn s, m icroanalyses of С, H  and N, and conductiv ity  m easure
m ents were carried ou t as given previously [5, 6].

* Tho whom correspondence should be addressed.
** D epartm ent of Inorganic Chemistry, Charles University, 12 840 Prague, Czecho

slovakia.
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Table I

Analytical data

Complex Colour
Analysis: %  Found/Required

Cu C H N

(E tlN )C uC l yellow cryst. 25.55 38.27 3.74 5.42
powder 25.40 38.41 3.63 5.60

(E tlN )C u B r yellow cryst. 21.74 32.60 2.98 4.56
powder 21.56 32.61 3.08 4.75

(E tlN )C u I yellow 18.75 27.74 2.74 4.00
powder 18.60 28.12 2.65 4.10

(E tlN )C uC N yellow 26.60 44.43 3.84 11.38
powder 26.40 44.81 3.77 11.61

(E tlN )C uSC N pale yellow 23.23 39.32 3.47 10.42
powder 23.30 39.44 3.33 10.26

(M elN )C uBr yellow cryst. 22.33 30.03 2.55 5.02
powder 22.64 29.96 2.51 4.99

(M elN )CuI yellow 19.42 25.78 2.06 4.18
powder 19.39 25.66 2.15 4.27

(M elN)CuCN yellow 28.24 42.67 3.21 12.17
powder 28.03 42.38 3.11 12.35

(M elN)CuSCN pale yellow 24.76 37.50 2.85 10.72
powder 24.56 37.15 2.70 10.81

(E tIN )2C uBr pale brown 14.42 43.32 4.03 6.04
powder 14.25 43.11 4.07 6.28

(M eIN)2CuCl red brow n cryst. 17.25 44.25 3.87 7.37
powder 17.02 44.05 3.78 7.50

(M elN )X uB r brown cryst. 15.37 40.12 3.52 6.32
powder 15.21 40.25 3.38 6.70

(M e lN )X u I red orange 13.87 36.35 3.17 5.82
cryst. powder 13.67 36.18 3.03 6.02

(2,4-lut)2CuBr yellow cryst. 17.55 45.96 5.16 7.72
powder 17.76 46.99 5.07 7.82

(2,4-lut)2CuC10, white cryst. 16.98 44.22 4.83 7.42
powder 16.84 44.56 4.80 7.42

(2,5-lut)2CuBr yellow cryst. 17.45 46.33 5.27 7.64
powder 17.76 46.99 5.04 7.82

(E tIN )3CuCl red brown 11.62 52.33 4.97 7.52
crystals 11.50 52.18 4.92 7.60

(E tIN )3C uBr red brown 10.68 48.37 4.66 6.89
cryst. powder 10.64 48.29 4.56 7.04

(2,5-lut)3CuC104 light brown 13.01 51.88 5.74 8.46
powder 13.13 52.06 5.62 8.67

(E tIN )4CuC104 red orange 8.39 50.39 4.92 7.18
crystals 8.28 50.07 4.73 7.30

(M eIN)4CuC104 red orange 9.12 47.00 4.08 7.67
crystals 8.93 47.27 3.97 7.87

A bbreviations; MeIN: m ethyl isonicotinate, E tIN : ethyl isonicotinate, lut: lutidine
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The IR  spectra in the regions 4000 400 c m -1 and 500 -50 c m '1 were measured on
a UR-20 (Zeiss, Jena) and  a Perkin-Elm er 325 spectrophotom eter. The solid samples were 
m easured as nujol mulls and/or K B r pellets, and  liquid ligands as cap illary  films. Spectra 
in the region 400 — 50 c m '1, were obtained for samples as pressed discs in  polyethylene using 
a R IIC , FS-620 interferom eter, the requisite calculations being perform ed on an IBM com
puter.

R esults and  D iscussion

T he v ib ra tio n  frequencies (500 — 50 c m -1 ) fo r b o th  lig an d s  and  th e ir  
copper(I) com plexes a re  co llected  in T ab le  I I .  B ecause th e  com plexes dis
socia te  in organic so lv en ts  like alcohols, ace tone , ch lo ro fo rm , etc., an d  th e re 
fore th e ir  so lu tions c o n ta in  v a rie tie s  of species, we w ere n o t ab le  to  m easure 
th e ir  so lu tion  sp ec tra .

Table II

Far infrared spectra

Compound Vibrations (cm -1 )

E tIN 334vs, 270s, 194vs
(EtlN)CuCl 365m, 285s, 220vs, 190s, 150s, 118m, 98m
(E tlN )C uB r 354vs, 282vs, 2L8s, 176s, 142s, 112s
(E tlN )C uI 352s, 282s, 212s, 156m, 136s, 116w, 98m, 76wm
(EtlN)CuCN 348s, 298s, 210vs, 172s, 162s, 132m
(EtlN)CuSCN 346vs, 272vs, 218vs, 196s, 162m, 124m, 106in
(E tIN )2CuBr 350s, 280s, 224ms, 204ms, 180m, 148m, 120m, 80m
(E tIN )3CuCl 356ms, 308s, 282s, 234ms, 212s, 196s, 156m, 144m, 114m, 74m
(E tlN )jC uB r 348vs, 324m, 278vs, 222s, 210s, 188m, 150s, 120m, 76m, 56m
(E tIN )4CuC10, 346s, 274s, 206s, 160m
MeIN 358s, 334vs, 218vs, 170vs
(McIN)CuBr 378s, 330vs, 224vs, 160ms, 112s, b
(MelN)CuI 372vs, 335vs, 230vs, 142s, 98s, b
(MelN)CuCN 374s, 345vs, 230s. 220s, 164m
(MelN)CuSCN 370s, 340s, 232s, 200s, 170ms, 120m
(MeIN)2CuCl 386w, 336s, 226ms, 198m, 180s, 100m, 88m
(MeIN)2CuBr 380wm, 336vs, 234vs, 198s, 154m, 136s, 112s
(MeIN)2CuI 377m, 340vs, 226vs, 202m, 144ins, 124s, 96m
(MeIN)4CuC104 372m, 330vs, 230vs, 150ms
(2,4-lut),CuBr 442vs, 427s, 294wm, 251m, 240m, 215m
(2,4-lut)2CuC104 448vs, 434m, 316wm, 266s, 207in
(2,5-lut)2CuBr 435ms, 370w, 314ms, 246ms, 166ms, 150vs
(2,5-lut)3CuC104 440w, 408w, 378w, 312m, 162ms, 96vs, 74s
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F a r  IR  spectroscopy h a s  b een  used to  s tu d y  c o p p e r(II)  ha lide  com plexes 
o f  s u b s t i tu te d  pyrid ines [7]. F o r  copper-n itrogen , th e  s tre tc h in g  freq u en cy  
w as o b se rv ed  in th e  range  230  — 270 cm -1 , for co p p er-ch lo rid e  it  was 230 — 
330 c m -1  an d  for co p p e r-b ro m id e  th e  range w as 190 — 260 c m -1 . P rev ious 
s tu d ie s  [8, 9] have show n t h a t  th e  assignm ents o f pM—X  an d  pM — N  in p y r i
d in e  d e r iv a tiv e  system s, M LmX n, a re  reasonable. T h u s  rC u —X  m ay  be id e n ti
f ied  b y  th e ir  shifts to  low er freq u en c ies  when X  is p ro g ressiv e ly  changes from  
ch lo rid e  to  iodide and by  c o m p a riso n  w ith p erch lo ra tes  o f  copper(I) com plexes 
o f  th e  sam e  ligands. T he b a n d s  w hich  are re la tiv e ly  in sen sitiv e  to  change in  
h a lo g en  are  te n ta tiv e ly  assig n ed  as copper-n itrogen  s tre tc h in g  v ib ra tio n s . Also, 
th e  w o rk  o f W ong and  B r e w e r  110] on the  isoelec tron ic  Z n (II)  com plex w ith  
m e th y l  ison ico tina te  (M eIN ) h a s  been considered. T h e y  assigned th e  tw o 
b a n d s  observed  a t 230 an d  203 c m -1  in its  sp ec tru m  as z inc-n itro g en  s tre tc h in g  
v ib ra t io n s  in  accordance w ith  th e  calcu la ted  ones.

M etal-halogen and  m e ta l-n itro g e n  v ib ra tio n s  o f com plexes of th e  ty p e  
u n d e r  considera tion  are o f te n  I R  active and  can  th e re fo re  be u tilized  for 
s t r u c tu r a l  investiga tions. A  g e n e ra l fea tu re  of th e  s p e c tra  is th e  sh ift o f th e  
fu n d a m e n ta l  modes of th e  lig a n d s , as expected  [9]. T h e  sp ec tra  of all com 
p lex es  are  well ch a rac te rized . In  order to  fa c ilita te  co m p ariso n , th e  copper- 
h a lo g e n  an d  copper-n itrogen  s tre tc h in g  frequencies a re  g iven in  T ab le  I I I .

L 4CuC104 com plexes: T e tra h e d ra l geom etry  has been revealed  for 
[L4Cu ] + w here L is p y r id in e  b y  X -ra y  analysis [11]. F o r  such geo m etry , T d 
s y m m e try , one s tre tch in g  a n d  one bending co p p e r-n itro g en  v ib ra tio n  fre 
q u en c ie s  are  expected . I n f ra re d  sp ec tra  in th e  reg ion  4 0 0 0 —400 c m -1  as well 
as c o n d u c tiv ity  m easu rem en ts  h a v e  revealed th e  ion ic  n a tu re  o f (E tIN )4CuC104 
a n d  (M eIN )4CuC10, com pl ex es  b o th  in th e  solid s ta te  an d  in so lu tions, re 
sp e c tiv e ly . F o r these tw o  c o m p lex es  only one b a n d  in  th e  reg ion  200 — 230 c m -1  
a s so c ia te d  w ith  th e  c o p p e r-n itro g e n  stre tch in g  v ib ra tio n  is observed . A round  
1 5 0 — 160 c m -1 an o th e r b a n d  is also observed a n d  te n ta t iv e ly  assigned as th e  
c o p p e r-n itro g e n  bend ing  fre q u e n c y . The o b se rv a tio n  o f these  tw o h an d s  is 
in  c o n tr a s t  w ith  th a t  re p o r te d  fo r o ther L4CuC104 com plexes, w here L is 
p y r id in e , 4-picoline and  q u in o lin e  [3], w hich a re  tr a n s p a re n t  in  th e  region 
6 0 0 — 170 c m -1 . We p re p a re d  th e  te tra k is (p y rid in e )co p p e r(I)  p e rch lo ra te  
co m p lex . I ts  colour, an a ly s is , I R  spec trum  above 600 c m -1 , an d  o th e r p h ysica l 
d a ta  a re  very  close to  th o se  g iv en  by  L e w in  et al. [3]. T he fa r  in fra red  spec
t r u m  o f th e  com plex p re p a re d  b y  us showed th a t  it  is tra n s p a re n t  only  in  th e  
ra n g e  170 — 375 c m -1 , an d  th r e e  h an d s a t 170, 158 and  108 c m -1 are  observed . 
In  o rd e r  to  be certa in  t h a t  th is  tran sp a re n c y  is n o t due  to  th e  ca tio n  [(pyri- 
d in e )4C u ]+, we p rep ared  a n d  m easu red  th e  sp e c tru m  o f p y rid in e -co p p er(I) 
io d id e  a d d u c t. H ere too  w e fo u n d  th a t  it is t r a n s p a re n t  in th e  region 190 — 
375 c m -1 , and th ree  h a n d s  a t  172, 144 and 82 c m -1 to g e th e r  w ith  a shou lder 
a t  190 c m -1 are observed .
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GOHER, DrATOVSKÍ: COPPER(I) COMPLEXES 7 9

Table III

Copper-halogen and copper-nitrogen stretching frequencies (cm -1)

Complex v C u —X v C u —N

(E tIN )3CuCl 234 308, 212, 196
(E tIN )3CuBr 188 324, 222, 210
(E tIN )2C.iBr 182, 148 224, 204
(EtlN)CuCI 190, 150 220
(EtlN )CuB r 178, 142 216
(E tlN )CuI 156, 136 212
(EtlN)CuCN 210
(EtlN)CuSCN 218
(EtINhCuCIO, 206
(MeIN)3CuCl 180, 140 226, 198
(MeIN)2CuBr 154, 136 234, 196
(MeIN)2CuI 140, 124 226, 202
(MelN)CuBr 160, 108 224
(MelN)CuI 142, 96 230
(MelN)CuCN 230, 220
(MelN)CuSCN 232, 200
(MeIN)4CuC104 230
(2,4-lut)2CuBr 240 294, 251
(2,4-lut)2CuC104 316, 266
(2,5-lut)2CuBr 246 314
(2,5-Iut)3CuC104 312

L 3C uX  com plexes: T w o com plexes o f  th is  form ula ( E t I N ) 3C uX  
(X  =  Cl o r B r) — are ex am in ed . X -ra y  p o w d er d iffrac tog ram m e re v e a ls  th e  
isom orph ism  o f these  tw o  com pounds. T hese tris(am in e)co p p er(I) h a lid e  co m 
plexes e x h ib ite d  sim ilar re flec tan ce  sp ec tra  to  t h a t  o f th e  cation  [ (E tIN )4C u] + 
(F igures 1 an d  2).

C om plexes of th is  fo rm u la  have  been  fre q u e n tly  fo rm ula ted  as a  t e t r a 
h ed ra l or a p p ro x im a te  te t r a h e d ra l  [12]. A ssu m in g  C3v sy m m etry , one rC u —X  
(A j)  an d  tw o  rCu — N (A ;  a n d  E ) s tre tc h in g  b a n d s  are  expected . As seen  from  
T ables I I  an d  I I I ,  only one h a n d  can be a t t r ib u te d  to  rC u — X  s tre tc h in g  for 
(E tIN )3C uX  com plexes since  i t  is ab sen t fro m  th e  sp ec tra  of (E tIN )4CuC104. 
This b an d  ap p e a rs  a t 234 c m -1  fo r th e  ch lo ride  a n d  a t  188 c m -1 for th e  b ro m id e  
com plex. I t  w as po in ted  o u t  [13] th a t  th e  p resen ce  of copper(I) — ch lo rid e  
s tre tc h in g  a b so rp tio n  ab o v e  200 c m -1  s tro n g ly  im plies th a t  halogen  a to m s 
are non  b rid g in g . T hus m onom eric  s tru c tu re  m a y  be assigned to  th e se  1 : 3

Acta Chim. Acad. Sei. Hung. 108, 1981



8 0 GOHER, DRÁTOVSKY: COPPER(I) COMPLEXES

F ig . 7[Reflectance spectra  of (1) (E tIN )3CuCl, (2) (E tIN )4CuC104, (3) (M eIN)2CuBr

Л (nm)
F ig. 2 Reflectance spectra o f (1) (MeIN)3CuC104, (2) (M elN)CuI, (3) (MeIN)4CuC104

c o m p lex es . The rC u(I) — B r/rC u (I) —Cl ra t io  b e in g  0.79 com pares w ell w ith  
th e  r a t io  0.77 given b y  W o ng  an d  B r e w e r  [1 0 ]. The values g iven  h e re  for 
rC u (I)  — Cl and  rC u(I) — B r a re  m uch low er th a n  th e  corresponding  s tre tc h in g  
v ib ra t io n s  observed fo r tris(3 -p ico lin e )co p p er(I)  halide com plexes. I n  th is  
l a t t e r  case , rCu(I) —Cl a n d  rC u(I) — B r w ere  o bserved  a t 294 an d  225 c m -1 , 
r e s p e c tiv e ly  [14]. T h is in d ic a te s  s tro n g er copper-halogen  bond  in  3-picoline 
co m p le x e s  th a n  in  th e  E t I N  ones. As e x p e c te d  tw o  bands asso c ia ted  w ith  
c o p p e r-n itro g e n  s tre tc h in g  v ib ra tio n s  are o b se rv ed  in  th e  range 190—230 c m “ 1 
fo r  b o th  com plexes in  acco rdance  w ith  C3v sy m m e try . H ow ever, a n o th e r  s tro n g  
b a n d  is  observed a t  308 c m -1  in  th e  sp e c tru m  o f th e  chloride co m p lex  and  
a t  324 c m -1  in  th a t  of th e  b rom ide one. T h is  b a n d  is absen t from  th e  sp e c tra  
o f a ll o th e r  com plexes d e riv ed  from  th e  sam e  ligand . L e w in  et al. [3] h av e  
a ss ig n e d  tw o  b ands, in  som e cases m ore, in  th e  region 425—250 c m -1 , as 
c o p p e r-n itro g e n  s tre tc h in g  v ib ra tio n s  fo r c o p p e r(I)  com plexes d e riv e d  from
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o th e r p y rid in e  d e riv a tiv es . T h e  sep ara tio n  betw een  th ese  tw o  b an d s  exceeds 
in  som e cases 100 c m -1 . T herefo re  we assigned th e  b a n d  w h ich  appeared 
a ro u n d  308 — 324 c m -1  as cop p er-n itro g en  s tre tc h in g  v ib ra tio n s . T h e  appear
ance o f m ore th a n  tw o  b an d s  associa ted  w ith  co p p er-n itro g en  stre tch ing  
v ib ra tio n s  suggest th a t  th e se  tris(am in e)co p p er(I)  h a lide  com plexes do no t 
possess local C3v sy m m e try  a ro u n d  copper ca tion .

L 2CuX  com plexes: T h e  assignm en t o f s tru c tu re s  to  com plexes of this 
fo rm u la  has generally  cau sed  d ifficu lty  [14]. T hey  have  b een  fre q u e n tly  for
m u la te d  as th ree  c o o rd in a te  m onom ers, halogen  b ridged  d im ers  o r ionic com 
p ounds con ta in in g  th e  an ion  [C uX 2] _ . T he com plexes describ ed  here m ust 
be o f th e  firs t tw o  since th e y  gave n o n -co n d u c tin g  so lu tio n s in  chloroform  
an d  acetone . X -ra y  d iffrac tio n  revealed  th e  isom orph ism  o f (M eIN )2CuX 
(X  =  Cl, B r and I) com plexes.

M onom eric s tru c tu re  I fo r these  1 : 2 com plexes w ith  C2v sym m etry  
req u ires  one vCu—X  (A j) a n d  tw o  rC u —N  ( A x -f- B 2) to  be IR -a c tiv e . On the  
o th e r h a n d , dim eric s tru c tu re  II req u ires  tw o  b ridg ing  rC u —X  a n d  tw o  rC u—N

L L X
\ \  /  \  /

Cu— X Cu Cu
у • /  \  /  \L L X

I II

to  be IR -a c tiv e . A ccord ing  to  th e  d a ta  g iven here  in  T ab le  I I I ,  we can dis
tin g u ish  betw een  tw o  ty p e s  o f L2CuX  com plexes m en tio n ed  here . O f th e  first 
ty p e  a re  th o se  derived  from  m e th y l an d  e th y l iso n ico tin a tes , i.e. ligands w ith 
e lec tro n  a ttra c tin g  s u b s titu e n ts  in  th e  p y rid in e  ring . In  th is  case tw o  bands 
below  200 c m -1  are  sen s itiv e  to  halogen an d  th e re fo re  a ssigned  as bridging 
copper-halogen  s tre tc h in g  v ib ra tio n s  since th e y  are  a b se n t fro m  sp ec tra  of 
th e  p e rch lo ra tes  of co p p er(I)  com plexes derived  from  th e  sam e ligands. In  the  
region 2 0 0 —240 c m -1 tw o  b an d s  associa ted  w ith  co p p er-n itro g en  stre tch in g  
v ib ra tio n s  are  observed  in  acco rdance  w ith  th e  dim eric fo rm u la  II.

O f th e  second ty p e  com plex  are th o se  derived  from  lu tid in e s , i.e. ligands 
w ith  e lec tron  a ttra c tin g  g roups. T he ap p ea ran ce  o f one b a n d  asso c ia ted  w ith  
th e  te rm in a l copper-halogen  s tre tc h in g  v ib ra tio n s  suggest tr i-co o rd in a ted  
m onom eric  s tru c tu re  I fo r th e se  bis com plexes. T ab le  I I I  show s th a t  two 
b an d s associa ted  w ith  co p p er-n itro g en  s tre tc h in g  v ib ra tio n s  a re  observed, 
suggesting  th a t  th e  co p p er(I)  c a tio n  possesses local C2v sy m m e try  in  these 
com plexes. The h igher s tre tc h in g  freq u en cy  observed  here  fo r th e se  copper(I) 
sa lts  w hen  com pared  w ith  co p p e r(II)  sa lts  m u st be in d ic a tiv e  o f  a strong  
cop p er-n itro g en  bonds. T h is in  tu rn  m ay  be due to  th e  s p 2 h y b rid iza tio n  
of th e  tr i-co o rd in a ted  co p p er(I) .
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I t  w as po in ted  ou t [15] t h a t  fo r a given o x id a tio n  s ta te  of a m e ta l, th e  
m e ta l-h a lo g e n  stre tch in g  f re q u e n c ie s  decrease as th e  co o rd in a tio n  n u m b e r of 
th e  m e ta l  increases. This m a y  e x p la in  w hy th e  te rm in a l copper-b rom ide  v ib ra 
tio n s  o f  th e  m onom eric 1 : 2 com plexes ap p ear a t  h ig h e r frequencies w hen  
c o m p a re d  to  th a t  of m o n o m eric  1 : 3 com plexes o f E tI N . T his re flec ts  th e  
g e n e ra l te n d e n c y  for longer b o n d  len g th s  in  m e ta l com plexes of h ig h er coo rd i
n a t io n  n u m b e r.

L C u X  com plexes: T h e  co m p lex es rep o rted  h ere  o f th is  genera l fo rm u la  
g av e  n o n -co n d u c tin g  so lu tio n s  in  chloroform  or ace to n e , a n d  th e ir  re flec tan ce  
s p e c t r a  a re  very  sim ilar to  th o s e  o f  cations [L3C u ]+ d e riv ed  from  th e  sam e 
lig a n d s  as seen from  F ig . 2. X - r a y  pow der d iffrac tio n s show ed th a t  th e  halide  
c o m p le x e s  are  isom orphous.

A b o v e  200 cm -1 no b a n d s  cou ld  he a t tr ib u ta b le  to  copper(I) — cldoride 
s t r e tc h in g  v ib ra tions. H o w ev e r, as seen from  T ab le  I I  an d  I I I ,  tw o b an d s  
b e lo w  200  c m -1 are sen sitive  to  ch an g e  of th e  h a logen , and  th e re fo re  assigned 
as b r id g in g  copper(I) — h a lo g e n  s tre tc h in g  frequencies . I n  th e  reg ion  200— 
240 c m - 1 , only  one b an d  a s so c ia te d  w ith  cop p er-n itro g en  s tre tc h in g  freq u en cy  
is o b se rv e d . These resu lts  s u g g e s t dim eric s tru c tu re  [L C uX ]2 fo r th e se  1 : 2 
h a lid e  com plexes, in w hich c o p p e r ( I )  ion is tr ig o n a lly  co o rd in a ted . T he fo rm u 
la t io n  g iv e n  here is in  c o n tr a s t  w ith  th e  lin ear g e o m e try  p roposed  for 1 : 1 
c o p p e r ( I )  halide com plexes o f  p y r id in e  and  o th e r re la te d  ligands [1, 2]. I t  also 
d iffe rs  f ro m  th a t  given fo r 1 : 1 co p p er(I)  halides o f lu tid in e s  an d  sym -collidine. 
I n  th e  la t te r  case th e  te rm in a l  copper-halogen s tre tc h in g  v ib ra tio n s  w ere 
o b s e rv e d  [16]. H ow ever, th e  s tru c tu re  of [(py )C uI]4 rev ea led  th e  ex istence  
o f th e  te tra h e d ra l u n it Cu4I 4 [4]. T h e  spectrum  o f p y rid in e -co p p e r(I)  a d d u c t 
p r e p a re d  b y  us is so s im ila r to  t h a t  o f (py)4CuC104 t h a t  we could  n o t id e n tify  
th e  copper-iod ide  freq u en c ies . B ecause te tra m e ric  fo rm u la tio n  h av e  been 
re v e a le d  fo r  L C ul com plexes d e riv e d  from  ligands o th e r  th a n  p y rid in e , e.g. 
p ip e r id in e  [17], m orpholine [1 8 ], po lym eric s tru c tu re s  fo r th e  1 : 1 copper(I) 
h a lid e  com plexes under c o n s id e ra tio n  can no t be ru led  o u t.
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Isentropic compressibilities of four te rnary  mixtures, w hich included  methyl- 
ethylketone and n-heptane as common com ponents and a homologous series of n-alka- 
nols as non-common com ponents, were m easured a t 303.15 K. The alkanols employed 
were 1-propanol, 1-butanol, 1-pentanol an d  1-hexanol. Isentropic com pressibilities of 
five binary m ixtures of n-heptane w ith 1-propanol, 1-butanol, 1-pentanol, 1-hexanol 
and  inethylethylketone were m easured a t  303.15 K. The deviation in  isen trop ic  com
pressibility is positive in  two system s; b o th  positive and negative deviations are ob
served in the rem aining tw o systems.

Introduction

A su rv ey  o f th e  l i te ra tu re  show s t h a t  on ly  few a tte m p ts  h a v e  been  m ade 
to  s tu d y  isen tro p ic  com pressib ilities  o f te rn a ry  m ix tu res o f n o n  e lec tro ly tes  
th o u g h  d a ta  w ere co llec ted  fo r a la rge  n u m b e r  of b in a ry  m ix tu re s . E x p e ri
m e n ta l re su lts  o f te rn a ry  m ix tu re s , w hen  com pared  w ith th o se  o f  co rre sp o n d 
ing b in a ry , will th ro w  lig h t on change in  in te rsp ace  betw een  m olecu les arising  
due to  th e  ad d itio n  o f a th ird  co m p o n en t to  a b in a ry  sy s tem . F u r th e r ,  th e  
th ird  co m ponen t b rings a change b o th  in  th e  n a tu re  and  degree o f  in te ra c tio n  
b e tw een  m olecules o f co m p o n en ts . W ith  a  v iew  to  s tu d y  th e se  fa c to rs , isen 
tro p ic  com pressib ilities fo r fo u r te rn a ry  m ix tu re s  w ith  n -h e p ta n e  a n d  m eth y l- 
e th y lk e to n e  as com m on co m p o n en ts  a n d  a  hom ologous series o f  n -a lkano ls 
as non-com m on co m p o n en ts  w ere m easu red  a t  303.15 K . T h e  non-com m on  
com p o n en ts  w ere 1 -p ropano l, 1 -b u tan o l, 1 -pen tano l an d  1 -h ex an o l. W hile 
n -h e p ta n e  is capab le  o f ex e rtin g  s tru c tu re  b reak ing  effect on se lf-assoc ia ted  
a lk an o ls , m e th y le th y lk e to n e  w ould  be ab le  to  ex ert b o th  s t ru c tu re  b reak in g  
an d  s tru c tu re  m ak in g  effects. H ence th e  sy s tem s chosen affo rd  an  o p p o r tu n ity  
to  s tu d y  th e  re la tiv e  s tre n g th s  o f s tru c tu re  break ing  an d  s t ru c tu re  m ak ing  
effects in  te rm s o f isen tro p ic  com pressib ility -com position  re la tio n s .

* To whom correspondence should be addressed.
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Experimental
P urification  o f materials

The alcohols (B .D .H .) were purified by the m ethod described by R ao and N a id u  [1]. 
1-Propanol, 1-hutanol, 1-pentanol an d  1-hexanol were refluxed  over lime for 5 h and  then  
frac tio n a ted  using a frac tionating  colum n th a t contained th ir ty  theoretical plates. M ethyl- 
e thy lketone  (B .D .H.) was purified  b y  the method, described b y  R e d d y  and N a id u  [2]. The 
sam ple was dried over anhydrous potassium  carbonate and finally  distilled. n-H eptane (E ng
lan d  B .D .H .) was dried over sod ium  hydroxide pellets for several days and finally fractio 
n a ted . T he purities of th e  liquids were checked by com paring the measured densities w ith 
those repo rted  in the lite ra tu re  [3]. The data  are given in  T able I. Densities were m easured 
using a bi-capillary pycnom eter described by R ao [4].

Table I
Densities o f pure substances at 303.15 К

Present work 
p /g  c m -3

L itera tu re  
P /g  cm -3

M ethylethylketone 0.79449 0.79452
n-H eptane 0.67504 0.67510

1-Propanol 0.79562 0.79567
1-Butanol 0.80202 0.80206

1-Pentanol 0.80762 0.80764

1-IIexanol 0.81198 0.81201

Isentropic com pressibilities were computed from  u ltrason ic  sound velocity and density  
using th e  relation

* 3, « =  u - * p - '  ( 1)

w here xSla8, и and p  denote isen trop ic  compressibility, sound  velocity and density, respec
tive ly , o f a ternary  m ixture. T he values of xSl23 were accu ra te  to ± 2  TPa. U ltrasonic sound 
velocities were measured w ith  a  single crystal u ltrasonic in terferom eter a t a frequency of 
2 M H z and  the values were accu ra te  to  ± 0 .15% . The densities for ternary  m ixtures were 
ca lcu la ted  from experim ental E® included in an earlier com m unication [5]. The relation

x 1M 1 + x 2M 2 + x 3 M 3

-------- -------------------  ( )
w as used  in these calculations, x 2, x 2, x 3 and M ,, M 2, M 3 denote  th e  mole fractions and m ole
cu lar w eights of m ethylethy lketone, 1-alkanol and n-hep tane , respectively, V  and denote 
m olar volum e and excess volum e, respectively. Isentropic com pressibilities of binary m ixtures: 
m ethy lethy lketone w ith га-hep tane  and  n-heptane w ith  1-propanol, 1-butanol, 1-pentanol and 
1-hexanol were also com puted in  a similar manner.

R esults and D iscussion

T h e  dev ia tion  in  is e n tro p ic  com pressib ility , -KSl2s fo r a  te rn a ry  m ix tu re  
is c o m p u te d  from  th e  re la t io n

=  — Кid (3)
w h e re  and  xld a re  ise n tro p ic  com pressib ilities  o f th e  real m ix tu re  a n d

012 8  b j 28 A

an  id e a l m ix tu re , re sp e c tiv e ly . T he ideal ise n tro p ic  co m p ressib ility  is c a lcu la ted  
u s in g  th e  equation

x l t .  = Ф 1 \  +  Ф 2 x s, +  ф з* в  (4 )
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Table II

Experimental values fo r  the isentropic compressibility o f ternary systems: 
M ethylelhylkelone(l) -f- 1 -alkanol(2) -f- n-heptane(3) at 303.15 К

Ф1 <|ia Pl g e m - * u/m s-1 x ai2->

T P a - i
^ 8 1 2 »

T P a -1

M ethylethylketone(l) +  l-propanol(2) -f- n-heptane(3)

0.7155 0.1018 0.77039 1151 980 12
0.6850 0.1232 0.76905 1153 978 9
0.5983 0.2389 0.77329 1156 968 10
0.4785 0.3415 0.77142 1158 967 8
0.4516 0.3392 0.76752 1155 976 9
0.3267 0.4617 0.76763 1156 975 11
0.2307 0.6046 0.77406 1165 952 6
0.1187 0.7026 0.77255 1167 951 4

M ethylethylketone(l) -f- l-butanol(2) +  n-heptanc(3)

0.7422 0.1202 0.77786 1162 952 6
0.7228 0.1032 0.77219 1157 967 8
0.5993 0.2266 0.77368 1164 954 6
0.4869 0.2972 0.76918 1165 958 4
0.2894 0.5002 0.77229 1175 938 4
0.2268 0.5970 0.77737 1184 918 2
0.1159 0.7107 0.77825 1189 909 4
0.1130 0.7596 0.78432 1196 891 3

M ethylethylketone(l) +  l-pentauol(2) -j- n-heptane(3)

0.7060 0.1165 0.77255 1164 955 2
0.5788 0.2432 0.77450 1173 939 3
0.4761 0.3055 0.77038 1175 940 1
0.3748 0.4342 0.77634 1189 911 - 3
0.2982 0.4846 0.77385 1191 910 - 3
0.2254 0.6169 0.78335 1208 875 - 5
0.1204 0.7036 0.78231 1214 867 - 6
0.1002 0.7580 0.78724 1222 850 - 6

M ethylethylketone(l) -f- l-hexanol(2) j- n-heptane(3)

0.7412 0.1248 0.77904 1168 941 5
0.6041 0.2330 0.77739 1178 927 2
0.4805 0.3024 0.77200 1183 926 - 2
0.4216 0.3858 0.77693 1194 903 - 3
0.3471 0.4381 0.77536 1199 897 - 4
0.2961 0.4925 0.77699 1204 888 - 5
0.2188 0.6243 0.78629 1225 848 - 7
0.1096 0.7493 0.79027 1242 820 - 9
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w h e re  Ф г, Ф2, Ф3 an d  %Sj, xSj, a re  v o lu m e  frac tio n s  and ise n tro p ic  co m 
p re s s ib ilitie s  o f m e th y le th y lk e to n e , an a lk a n o l an d  n -hep tane , re sp ec tiv e ly . 
T h e  re s u l ts  a re  inc luded  in  T ab le  I I .

T h e  b in a ry  d a ta :  m e th y le th y lk e to n e  w ith  n -h ep tan e  and  n -h e p ta n e  w ith  
1 -p ro p a n o l, 1 -bu tano l, 1 -p en tan o l an d  1 -h ex an o l are  given in  T ab le  I I I  a long  
w ith  excess volum es. T he d ev ia tio n  in  ise n tro p ic  com pressib ility  o f  th e se  
b in a r y  m ix tu re s  are also g rap h ica lly  p re se n te d  in  F ig . 1. The values o f K s an d

Fig. 1. P lo t of K s as a function of volum e fraction for m ethylethylketone(l) +  n-heptane(2) 
and l-a lk an o l(l) +  n-heptane(2) a t  303.15 К

ex cess  vo lu m es fo r b in a ry  m ix tu re s  o f m e th y le th y lk e to n e  w ith  fo u r  a lcohols 
a re  r e p o r te d  to  be w ith in  th e  ex p e rim en ta l e rro r  [6]. H ence th e  d a ta  a re  n o t 
in c lu d e d  here.

T h e  resu lts  in c lu d ed  in  T ab les I I  a n d  I I I  in d ica te  th a t  th e  n o n -id ea l 
b e h a v io u r  o f th e  fou r te r n a r y  system s is p a ra lle l  to  th a t  of fou r b in a ry  ones 
m a d e  u p  o f n -h ep tan e  a n d  th e  fo u r a lcoho ls. T h is  is expected  since th e  K s 
v a lu e s  a n d  excess vo lum es a re  w ith in  th e  e x p e rim e n ta l e rro r in  th e  b in a ry  
m ix tu re s  o f m e th y le th y lk e to n e  w ith  fo u r a lcoho ls. I t  is v e ry  d ifficu lt to  u n d e r 
s ta n d  th e  orig in  of d e v ia tio n  in  isen tro p ic  com pressib ility . H ow ever, one  can 
q u a l i ta t iv e ly  exp la in  th e  size an d  m a g n itu d e  o f d ev ia tio n  in  te rm s o f m o lecu la r 
in te r a c t io n .  The d a ta  o f th e  fo u r te rn a ry  m ix tu re s  an d  th e  b in a ry  d a ta  in 
c lu d e d  in  T ab le  I I  suggest t h a t  th e  a d d itio n  o f e ith e r  n -h ep tan e  or a  m ix tu re  
o f  n -h e p ta n e  and  m e th y le th y lk e to n e  b rin g s a b o u t depo lym eriza tion  o f h y d ro 
g en  b o n d e d  aggregates o f alcohols over th e  w hole  range of com position . In  th e  
r e m a in in g  tw o  system s d ep o ly m eriza tio n  occu rs in  m ix tu res r ich  in  h e p ta n e -  
k e to n e  m ix tu re s . On th e  o th e r  h an d , in  m ix tu re s  rich  in  1 -p en tan o l and  
1 -h e x a n o l th e  d cp o ly m eriza tio n  is o u tw e ig h ed  b y  effect of in te rs ti t ia l  acco m m o 
d a t io n  o f  n -h ep tan e  an d  m e th y le th y lk e to n e  m olecules in  th e  alcohol p o ly m ers .
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Tabic III

Experimental values fo r the isentropic compressibility o f binary systems at 303.15 К

' Ф pit cnl-’ *• к . yE
T P a - i TPa-» cm3 mol-1

Ф C3H 7OH 4 - (1 -  Ф)С,Н1в

0.0000 0.67504 1112 1198

0.0902 0.68479 1107 1192 22 0.223
0.1554 0.69215 1108 1187 28 0.305
0.1868 0.69582 1109 1169 30 0.318
0.2302 0.70087 1110 1158 31 0.338
0.3247 0.71209 1116 1127 30 0.336
0.4119 0.72268 1123 1097 27 0.300
0.5037 0.73387 1131 1067 24 0.264

0.6909 0.75716 1150 999 16 0.145
0.8777 0.78028 1173 931 7 0.057
1.0000 0.79562 1190 887

Ф C A O H  +  (1 -  Ф)С7Н 16

0.0000 0.67504 1112 1198
0.0508 0.68122 1110 1191 11 0.090

0.1563 0.69383 1116 1157 17 0.210
0.1884 0.69779 1118 1147 18 0.226
0.3009 0.71198 1127 1106 18 0.230
0.4074 0.72352 1139 1066 17 0.210
0.5202 0.73998 1150 1022 15 0.170

0.6178 0.75251 1162 984 12 0.142
0.7197 0.76564 1176 945 10 0.106
0.8320 0.78018 1193 900 6 0.062
0.9251 0.79226 1209 863 3 0.022
1.0000 0.80202 1224 832

Ф C,Hu OH +  (1 Ф)С,Н„

0.0000 0.67504 1112 1198
0.1010 0.68777 1120 1159 4 0.146

0.1988 0.70056 1130 1118 3 0.170

0.3059 0.71481 1142 1072 1 0.151
0.4135 0.72923 1157 1024 - 3 0.116

0.4837 0.73876 1168 922 - 5 0.076
0.5920 0.75343 1185 945 - 7 0.017

0.6979 0.76773 1202 901 - 8 -0 .0 2 4

0.7653 0.77675 1215 872 - 9 -0 .0 3 8

0.8378 0.78638 1227 844 - 7 -0 .0 4 2

1.0000 0.80762 1257 784
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Table III (contd.)

Ф p i g cm -* u /m s '1 *в К , y E

T P a * T P a - i cm3 m ol-1

Ф CeH 13OH +  (1 Ф)С,Н1б

0.0000 0.67504 1 1 1 2 1198
0.0905 0.68725 1 1 2 0 1160 3 0.046
0.1530 0.69576 1126 1134 3 0.050
0.1956 0.70164 1132 1 1 1 2 2 0.042
0.3023 0.71639 1148 1059 - 3 0 .0 1 0

0.4120 0.73161 1166 1005 —  7 -0 .0 2 6
0.5357 0.74869 1189 944 - 1 2 -0 .0 5 4
0.7023 0.77167 1 2 2 2 868 13 -0 .0 7 3
0.8246 0.78837 1250 813 - 1 2 -0 .0 6 6
0.9128 0.80029 1267 778 - 7 -0 .0 4 3
1.0000 0.81198 1285 746

Ф CH3COC2H5 +  (1 Ф)С,Н16

0.0000 0.67504 1 1 1 2 1198
0.0735 0.68353 1104 1 2 0 0 22 0.350
0.1329 0.68717 1105 1192 31 0.545
0.1750 0.68999 1106 1184 35 0.645
0.2352 0.69818 1107 1169 37 0.730
0.2937 0.70574 1108 1154 38 0.775
0.4088 0.71904 1 1 1 2 1125 40 0.790
0.5008 0.73005 1119 1094 36 0.740
0.6122 0.74370 1128 1056 29 0.635
0.6464 0.74800 1131 1045 27 0.590
0.8090 0.76898 1148 987 15 0.340
1.0000 0.79446 1170 920
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2-A lkylm ercapto-4-phenyl-8-benzylidene-3,4,5,6,7,8-hexahydroquinazolines (Ш  
a —f) and their salts ( I la —f) can be arom atized  by singlet oxygen or alkaline 
K 3[Fe(CN)e] oxidation reactions to  ob ta in  2-alkylm ercapto-4-phenyl-8-benzylidene- 
5,6,7,8-tetrahydroquinazolines ( IV a - f ) .  T he structu res of IVa f were confirm ed by 
UV, IR , ‘H -NM R and I3C-NMR spectroscopy.

In  p rev ious p ap ers  we described  th e  sy n th es is  of some 3 ,4 ,5 ,6 ,7 ,8 -hexa- 
h y d ro -2 (lf /) -q u in a zo lin e th io n e s  (I) an d  th e i r  S -alky l d e riv a tiv e s  ( I l a —d) 
[1 , 2 ]; la te r  on hom ologues w ith  a  h ig h e r n u m b e r of carbon  a to m s  (П е —f) 
w ere also syn th esized  (see E x p e rim en ta l) .

In  th e  p re se n t p a p e r  th e  p a r tia l a ro m a tiz a tio n  of I l a —f  will he d iscussed .

R X

1 I la  (R =  CHa, X  =  l)  

b  (R =  C 2 H 5 ,  X  =  Br) 

c (R =  CjH7, X =  I) 

d (R =  С«!!«, X  =  Br) 

e (R =  CjHu, X  =  Br) 

f (R =  CeHis, X =  Br) 
Fig. 1

SR

II I»  (R =  CH3) 

b (R =  C2H 6) 

c ( R = C 3H7) 

d (R =  C4H9) 

e (R =  C jH u) 

f  (R =  CeHis)

* P a rt I I I ,  see Ref. |2].
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T a b l e  I

C om pound
M .p.,°C F o rm u la , M.w., Y ield , %

UV  (ethano l) I R ,  c m -1 
(KBr pelle ts)

»H-NMR, 
ö  p pm  (CDCI3)

R | X ^max (nm) lo g s

He 155 160 Co„H„BrN»S 240 4.78 [ NH 0.7 t 3H CH3
3250- 2400 1

(CH2)4CH3 Br 483.53 278 5.03 l = N H  + 0 .9 -3 .7  m 14H CH2. SCH,
1650 j>C=N

36 327 4.59 5.3 s 1H CH
7.0—7.8 m 11H Ar, = C H

10.3 10.7 s 2H = N H + a

n f 134 - 142 G>7H q4BrN9S 239 4.46 ( NH 0.8 t 3H CH3
3300 2400 1(CH2)5t.H 3 Br 497.56 277 4.70 1 = N H  + 0 .9 - 3.7 m 16H CH2, SCH.,
1650 vC =N

62 328 4.23 5.3 s 1H CH

N 7.1 7.7 ra 11H Ar, = C H

10 .3-10 .7  s 2 H = A fH + "

li le 104 110 C26H 30N2S 238 4.30 3370 i'NH 0.9 t  3H CH3
(CH2)4CH3 402.61 278 4.55 1620 rC = N 1.1—3.3 m 14 H CH2, SCH2

84 325 4.13 4 .7 -5 .1  s 2H NH, CH*
7 .0 -7 .7  m l l H A r ,  = C H

1Ш 87 94 C,7H 32N2S 237 4.33 3375 rN H 0.8 t  3H CH3,
(CH2)5CH3 416.64 277 4.58 1620 rC = N 0 .9 -3 .3  m 16H CH2, SCH2

6 6 329 4.22 4 .5 -5 .0  s 2H NH, CH"
7 .0 -7 .8  m l lH A r ,  = C H

“ Disappears on the effect of D.,0
b The CH signal is overlapping the NH signal, on the effect of D20  the value of the integral decreased
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W h en  th e  p re p a ra tio n  of th e  co rresp o n d in g  bases w as a t te m p te d  from  
th e  sa lts  l i e —d, in  som e cases th e  p ro d u c t w as o th e r th a n  th e  I I Ic —d d e riv a 
tiv e  ex p ec ted . In  th e  1H -N M R  sp e c tru m  o f th e  substance  o b ta in e d  from  lid  
th e  signals o f th e  CH an d  N H  p ro to n s  assum ed  to  be a t  p o s itio n s  4 an d  3, 
re sp ec tiv e ly , w ere a b se n t, show ing  t h a t  th e  heterocyclic  rin g  m u s t h a v e  a ro 
m a tic  ch a ra c te r . Since th e  sp o n tan eo u s  fo rm a tio n  of IVd in  th e  a lk a lin e  reac 
tio n  m ix tu re  occurred  in  v e ry  p o o r y ie ld  only  (14% ), a su ita b le  o x id a tio n  
m eth o d  w as to  be found  to  p rep a re  th e  a ro m a tic  derivatives o f I l i a —f. C hrom ic 
acid an d  H 20 2 were tr ie d  unsuccessfu lly . S ince in  th e  prev ious case th e  d eh y d ro 
g en a tio n  w as suspected  to  be due  to  th e  effect of 0 2 d isso lved  in  m e th an o l, 
th e  reac tio n  was tr ie d  in  a lk a lin e  m ed iu m  (K O H , m ethano l) w h ile  sucking  
a ir  th ro u g h  th e  so lu tion . T h is m e th o d  also  failed.

R ecen tly  several p ap ers  h av e  d e a lt w ith  ox idations b y  s in g le t oxygen 
[3 — 5]. T h is can  be p rep a red  v e ry  ad v an tag eo u sly  b y  th e  p h o to ch em ica l 
m e th o d  using  m eth y len e  b lue  sen s itiz e r [6 ]. Com pound I la —f  w as d issolved 
in  m e th an o l co n ta in in g  K O H  an d  a v e ry  sligh t am o u n t of m e th y le n e  blue, 
an d  exposed  to  th e  ra d ia tio n  o f su n ; in  th is  w ay  IVa—f w ere  p re p a re d  in 
accep tab le  y ields. (S im ilar re su lts  w ere ach ieved  w hen using  an  U V  lam p  as 
th e  lig h t source.) W hen  th e  above e x p e rim e n t w as effected in  N 2 a tm o sp h e re , 
no  a ro m a tiza tio n  could be observed , w hich  confirm s th e  m ech an ism  invo lv ing  
th e  ac tio n  of sing let oxygen.

G i r k e  [7, 8 ] ach ieved  th e  a ro m a tiz a tio n  of p a rtia lly  s a tu r a te d  p y rim i
d ines an d  quinazolines b y  m eans of p o ta ss iu m  h ex acy an o ferra te  in  sa tis fa c to ry  
y ie lds. T h is m ethod  gave in  o u r e x p e rim e n ts  substances of h ig h e r p u r i ty  th a n  
th o se  o b ta in ed  p rev iously . In  c e r ta in  cases, w hen  s ta rtin g  from  th e  co rre sp o n d 
ing  bases, th e  a ro m atic  p ro d u c ts  cou ld  ag a in  be ob ta ined  (see E x p e rim e n ta l)  
in  sa tis fa c to ry  y ields.

I l a — f IV a (R =  CHs)

b  ( R  =  C 2 H 5 ) 

c (R =  C 3 H 7 )  

cl ( R  =  C4H0) 

e (R =  CjHii) 

f  (R =  СяН,з) 

Fig. 2

I la
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Table II (D

Compound
R M.p., °c Formula, M.w., Yield, %

UV (ethanol) IR, cm-1 
(KBr pellets)

Ш-NMR,
Ö ppm (CDC1S)

^max (nm) lo g  E

IVa
CH,

123-128 C22H 2oN2S
344.48
73“
61b

223
264
350

4.22
4.38
4.06

1520 1 c 
1530 J ^ Ar

1.4-1.91 ш  гцл г « , [m oil l n 2

1.6 \  3HSCH/ 
6.9 —7.7 m 10H Ar 
8.2 t 1H =CH

IVb
C2H5

80-84 Ĉ HggNoS
358.51
15“
13b

263
351

4.40
3.99

1515 !’C=CArc 1.4 t 3H CH3i 
1 .2 - 2 .0 1  ш г „
2 5 3 1 I ^  on L1ÍI2

3.16 q 2H SCH2 J = 6 Hz 
7.1-7.6 m lOHAr 
8.2 t 1H =CH

IVc
C3H7

90-95 c24h 24n 2s
372.53
48“
46b
54e

223
265
352

4.24
4.39
4.00

1520 )'C=CAr- 1.05 t 3H CH3

^ I s i o  } m 8 H C H *
3.2 tf 2H SCH2 
7.1-7.7 m lOHAr
8.2 t 1H =CH

IVd
C4H9

106-113 Q A A S
386.57
41“
39b

2 2 2
264
352

4.22
4.37
3.99

1520 ] p _r- c
1530 J

1.0 t 3H CH3

^ З л } “  10H C H *
3.2 t' 2H SCH2 
7.1-7.7 m lOHAr
8.2 t 1H =  CH

IVe
C5HU

88-92 c26h 28n 2s
400.60

17»
41*

224
264
351

4.25
4.38
4.01

1520 1 гл_p c
1530 J 1 bAr

0.9 t 3H CH3

l2HCH=
3.2 tf 2H SCH2 
6.9 —7.9 m 10H Ar
8.3 t Ш =CH
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96-100 CnHjoNjS 2 2 2
414.62 264
46* 351
35b

* according to method A; 
b according to method B; 
c very intense doublet or multiplet band;
d the signal of the methyl group overlaps that of the methylenes; 
e from Hie, by method A;
1 in first-order approximation;
8 from Ше, by method A .

4.25
4.39
4.02

15201 
1530 J vC=CAr” 0.9 t 3H CH3

1 .1
2 .6 - W

 N
3 

и
 M m 14H CHj

3.2 t< 2H SCH,
7.0 -7.8 m 10H Ar
8.3 t 1H =  CH

CDOi
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T h e  s tru c tu re s  o f th e  p ro d u c ts  w ere c o n firm e d  by IR , 1H -N M R , 13C- 
N M R  a n d  UV spectro scop ic  m ethods.

T h e  sh a rp  v N H  b a n d  ch arac te ris tic  o f  th e  s ta rtin g  m a te ria l I l i a —f  
(3360 — 3380 c m -1 ) is a b se n t in  IY a—f, w hile a sk e le ta l v ib ra tion  of th e  h e te ro 
a ro m a tic  rin g  appears as a new  b and  in th e  ra n g e  betw een  1520 and  1530 c m -1 . 
( E x a c t  ass ig n m en t of th e se  b an d s is d ifficu lt, s ince  there  are th re e  a ro m a tic  
r in g s  in  th e  m olecule.)

I n  th e  1H -N M R  sp e c tra  (Table I I )  th e  a b sen ce  of the  CH p ro to n  a t  s ite  
4 in d ic a te s  th e  occurrence o f a ro m atiza tio n  m o s t s trik in g ly  ( I l i a —f: <5 4 .9) [2]. 
T h e  o n ly  olefin  p ro to n  in  th e  m olecules su ffe red  a  param agnetic  sh if t o f 0.6 —
0.7 p p m  (<5 8.2 ppm ) as co m p ared  w ith  th e  s ta r t in g  bases ( I l i a —f); th is  can  
p ro b a b ly  be  a t tr ib u te d  to  th e  shielding an d  c o n ju g a tio n  effect of th e  h e te ro 
a ro m a tic  ring . This signal ex h ib its  a t r ip le t  c h a ra c te r  (allyl coup lin g  w ith  
a m e th y le n e  group). In  th e se  spectra , a s ig n if ic a n t change can be o b se rv ed  
in  th e  s ig n a l assigned to  th e  SCH 2 group. In  I l i a —f, a com plex m xd tip le t can  
be a ss ig n e d  to  th e  S -m e th y len e  group [2 ], w h ile  in  IY a —f th is signal is s ig n ific 
a n t ly  s im p le r, owing to  th e  h igher sy m m etry  o f  th e  molecule. In  th e  s p e c tra  
o f  th e  a ro m a tic  co m p o u n d s IV a —f, th e  sh if t d a ta  for th e  5CH 2 a n d  7C H 2 

p ro to n s  a re  nearly  id e n tic a l (d 2.5 —3.0 p p m ), w hile  th e  shifts of th e  sam e 
m e th y le n e  p ro to n s in  th e  s ta r t in g  bases are  d 1.4 — 2.1 ppm  (5CH2) an d  <5 2.5 — 
2.9  p p m  (7C H 2). T he ca rb o n  a to m  a t s ite  4 is  in  s p 2 hybrid  s ta te  as a  re s u lt  
o f th e  a ro m a tiz a tio n , th u s  th is  phenyl g roup  lies in  th e  plane of th e  m olecu le , 
w h ich  ex p la in s  th e  id e n tic a l sh ifts of th e  5C H 2 a n d  7CH2 ring  p ro to n s  m e n 
tio n e d  ab o v e . The h igh  d ifference betw een  th e  sh if ts  of the  sam e p ro to n s  in  
th e  s ta r t in g  bases ( I l i a —f) confirm s th e  a x ia l  position  of th e  C-4 p h e n y l 
s u b s t i tu e n t .  This is also in d ic a te d  by  th e  f a c t  t h a t  a rom atiza tion  ta k e s  p lace  
r e la t iv e ly  read ily ; th e  s u b s ti tu e n t w ith  h ig h  sp ace  requ irem ent le av es  th e  
u n fa v o u ra b le  axial p o s itio n  to  becom e c o p la n a r  w ith  the  m olecule.

T h e  assignm ents o f th e  13C-NMR s p e c tru m  o f IVd is show n in  F ig . 3. 
I t  is n o te w o r th y  th a t ,  as co m p ared  w ith  th e  13C -N M R  spectrum  of th e  s ta r t in g  
m a te r ia l  I  [1], th e  a ro m a tic  ch a rac te r of th e  h e te ro  ring  is re flec ted  in  th e  
sh if ts  o f  th e  C-2, C-4, C-4a a n d  C-8 a carb o n  a to m s . T he ch arac ter o f th e  C-8 , 
C- 8  a  d o u b le  bond  rem ain ed  essen tia lly  u n c h a n g e d . T h u s the  ro ta tio n a l freed o m  
o f th e  p h e n y l ring  in  th e  b e n z a l group can  b e  co n sid e red  to  be sim ilar to  t h a t  
in  I .  T h e  p h en y l group a t ta c h e d  to  C-4 is n o t  in v o lv e d  in  a sign ifican t d e lo c a l
iz a tio n  e ith e r . The trans  c h a ra c te r  of th e  b e n z a l g roup  is also re ta in ed .

T h e  ap p earan ce  of th e  new  ch rom om orph ic  sy stem  results in  s ig n if ic a n t 
c h a n g e s  in  th e  UV sp e c tra , to o  (Table I I ) ,  as com pared  w ith  th e  s ta r t in g  
s u b s ta n c e s  I l i a —f. In  I l i a —f th e re  are th re e  c h a ra c te r is tic  m ax im a [2]. E a c h  
o f th e m  is sh ifted  as a  resxilt of a ro m a tiz a tio n . I n  com pounds I l id  a n d  IV d 
th e  fo llo w in g  changes can  be  observed: I l id  Ax =  237 nm , A2 =  276 n m , A3 =  
=  325 n m ; IVd =  222 n m , A2 =  264 n m , A3 =  352 nm.

A cta  Chim . Acad. Sei. Hung. 108, 1981
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Г "  4 " ’

IV d

Fig. 3

T he e x p e rim e n ta l re su lts  su p p o rt th e  earlie r observ a tio n  [7, 8 ] th a t  
d ih y d ro p y rim id in es  an d  quinazolines can  easily  be d eh y d ro g en a ted . T he reac 
tio n  p re su m ab ly  ta k e s  p lace accord ing  to  a ra d ic a l m echan ism , w hich is 
fav o u red  b y  th e  re la tiv e ly  h igh s ta b ility  o f  th e  rad ica l o f benzy l ty p e  form ed 
tra n s itio n a lly  [9].

Experim ental

Of the spectra discussed, the IR spectra were recorded with a Specord F5 instrument; 
the PMR spectra were obtained with a Perkin-Elmer R-12 (60 MHz) spectrometer. The 13C- 
NMR spectrum of IVd was recorded with a Varian XL-100-15 FT (25.16 MHz) instrument 
in CDC13, at room temperature, the internal standard being TMS. The UV spectra were taken 
with a Perkin-Elmer 402 spectrophotometer. The UV lamp used for irradiation, was Analysen
lampe, Hanau, A 366 nm, 125 watts. In the reactions, outside illumination was employed, the 
reaction time was, on the average, 1 2  hours.

The elemental analysis data of the compounds were within the limits of experimental
error.

Syntheses of the starting materials (Ha d) have been reported [2]. The preparation 
of 2-pentylmercapto-4-phenyl-8-benzylidene-3,4,5,6,7,8-hexahydroquinazoline hydrobromide 
(He) and 2-hexylmercapto-4-phenyl-8-benzylidene-3,4,5,6,7,8-hexahydroquinazoline hydro
bromide (I lf) from I  was achieved by using pentyl or hexyl bromide, respectively; the cor
responding bases were liberated with potassium hydroxide yielding H ie f [2 ].

Other data for lie f and Hie f are shown in Table I.

2-M ethylm ercapto-4-phenyl-8-benzylidene-5,6,7,8-tetrahydroquinazoline (IV a)
Method A

Compound Ila (4.76 g; 0.01 mole) was dissolved in methanol (100 mL) and a solution 
of potassium hydroxide (1.12 g; 0.02 mole) in methanol (40 mL) was added. Methylene blue 
(5 mg) was added to the solution which was then exposed to sunshine in an Erlenmeyer flask 
(ERGON) for 12 h. The course of the reaction was monitored by TLC (adsorbent: Kieselgel 
GF254 nach Stahl, Merck; developing mixture: benzene-ethyl acetate 10 : 1; detection with 
iodine; Rj  values: Illb 0.66, IVb 0.79). At the end of the reaction a colourless precipitate 
separated, this was filtered off, washed with methanol then with water until neutral and 
recrystallized from methanol. The mother liquor of the reaction was evaporated to dryness, 
the oily residue was dissolved in benzene and washed with 1 0 % hydrochloric acid and with

7 Acta Chim. Acad. Sei. Hung. 108, 1981
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w ater u n ti l  n eu tra l and colourless, th e n  dried over anhydrous m agnesium  sulfate. A fter s tan d 
ing fo r one day , the solution was filte red , evaporated  to  dryness and  the residue was recrysta l
lized from  m ethanol. The products ob ta ined  as a precip itate from the reaction m ix ture  and  
in  th e  la t te r  w ay were found to be iden tical in  all respects. (Compound IVa was isolated in 
a sim ilar m anner, when using an UV lam p for irradiation.

Method В
C om pound Ila  (4.76 g; 0.01 mole) was suspended in w ater (70 mL); potassium  hydroxide 

(1.12 g; 0.02 mole) and K 3[Fe(CN)e] (7 g; 0.021 mole) were added to  the suspension, which 
was th e n  covered w ith a layer of benzene (60 mL). The reaction m ixture was stirred  for 22 h, 
th en  K 3[Fe(CN)6] (2 g; 0.006 mole) w as added  again, and stirring was continued for 3 h  more. 
T he com pletion  of the reaction was checked by  TLC. A t the end of the reaction th e  benzene 
phase w as separated, the aqueous phase ex trac ted  w ith benzene (2 X 100 mL), and th e  com 
b ined  benzene phases were washed w ith  w ater until colourless and neutral. The solution was 
dried  over anhydrous magnesium sulfate, filtered  nex t day and  evaporated to  dryness. The 
residue  w as crystallized from m ethanol.

T he analogous compounds IV b—f were obtained in a sim ilar m anner by m ethods A  
or В  from  l ib  -  f. These m ethods w ere also employed in the arom atization reactions s ta rting  
from  th e  corresponding bases ( l ile , l i le )  (see Table II).

O th e r da ta  of IVa f are show n in Table II.

T he  au thors’ thanks are due to  Dr. R . O h m a c h t  and Mrs. M. Отт for the analyses, to 
Dr. R . O h m a c h t  for the IR  spectra, to  Mrs. Gy. H a l á s z  for the LTV spectra and  to  Miss E. 
M á t r a i ,  Mrs. E . B l e s z i t y  and Miss H .  T e n c z  for technical assistance.
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R E C E N S I O N E S

G. A. S omorjai  and  M. A. V an  H o v e : Adsorbed  monolayers on solid surfaces

Springer Verlag, 1979

This m onograph has been published by Springer Verlag and it is No. 38 in th e  series 
of “ S tructure  and Bonding” .

This book gives an excellent sum mary on th e  in teraction  between adsorbed mono- 
layers and solid surfaces starting  with the principle o f m onolayer adsorption, an d  of the 
ordering of adsorbed m onolayer. The causes, the degree o f ordering, and the tem p era tu re  
dependence of surface irregularities are given.

In the last decade m any new methods have been developed based on physical m ethods 
applied to solid surfaces. In  the fourth chapter a b rief sum m ary of all m ethods used so far 
shows the applicability , the lim itations, eic., of these experim ental techniques.

These m ethods are divided into five subgroups: M ethods sensitive to a) a tom ic  geo
m etry  a t surfaces; b) electronic structure and geom etry  of surfaces; c) electron d is tribu tion  
a t surfaces; d) chemical composition a t surfaces; and  f) vibrational structure of surfaces. 
The reader who is no t fam iliar w ith all these m ethods can easily understand the princip le of 
Low Energy Electron Diffraction (LEED ), R eflection H igh Energy E lectron D iffraction 
(R H E E D ), Field Ion Microscopy (FIM), surface Sensitive Extended X-ray A bsorption  Fine 
S tructure  (SEX A FS), etc. UV and X -ray photoem ission spectroscopy (UPS an d  X P S ) are 
included in the second subgroup and information ab o u t th e  electron structure of th e  surface 
can be collected by these methods. Auger electron spectroscopy (AES) and Secondary  Ion 
Mass Spectroscopy (SIMS) are the tools to m easure quan tita tive ly  surface compositions. 
Infrared  (IR ) and H igh Resolution Electron E nergy  Loss Spectroscopy (H R E E L S ) are very 
powerful m ethods to study  the structure of the adsorbed  layer.

D ata on different adsorbates are given in ch ap te r 5, including the ordering and  lite ra 
ture citations.

The book is finished by a sum mary of the surface crystallography of o rdered  mono- 
layers of atom s and of ordered m ultiatom ic and m olecular monolayers.

The book m ay serve as a handbook for everyone who is working in the field  of surface 
chem istry either from a fundam ental aspect or in connection with heterogeneous catalysis.

L. G uczi

Lecture Notes in  C hem istry , Vol. 11

F . A. G ia n t u r c o : The Transfer o f  Molecular Energies by Collision: Recent
Quantum Treatments

Springer-Verlag, Berlin, Heidelberg, New York, 1979, 327 pp.

Results from crossed molecular beam studies, use of lasers for state selected excita tion  
of molecules, increased use of molecular spectroscopy in k inetic experiments have con tribu ted  
considerably in recent years to our knowledge of chem istry  a t a microscopic level. A t the 
same tim e significant progress has been made in developing reliable theoretical tre a tm en ts  
for the calculation of probabilities and cross sections for various channels in reactive collisions 
and non-reactive inelastic encounters. This volum e provides the presentation of th e  th eo re t
ical and  com putational aspects of the simplest ty p e  of energy transfer, namely of th e  con
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version of translational energy into rotational and v ib ra tio n a l energy in encounters of atom s 
and sim ple molecules in the ir ground electronic sta te .

The working formalism required to deal w ith q u an tu m  mechanical scattering  is in tro 
duced in  C hapter 1. The n ex t chap te r provides a clear p resen ta tion  of generally used  ab initio  
po ten tia l energy hypersurface calculation m ethods, com putational techniques and  some 
recen t applications. A pproxim ate treatm ents are review ed only briefly. A detailed description 
of th e  th eo ry  of three-dim ensional atom-molecule and  molecule-molecule encounters resulting  
in the  conversion of translational energy into ro ta tio n a l and vibrational excitation  is given 
in C hap ter 3. The form ulation of the theory presented by  th e  author adopts a fully qu an tu m  
m echanical approach based on th e  Schrödinger equation . The drawback of the rigorous ab 
initio  tre a tm e n ts  is th a t their application is restric ted  to d ay  to light systems and  to  low col
lision energies. A pproxim ations suggested in recent years to  reduce the dim ensionality of the 
coupled-channel (CC) equations are discussed in C hapter 4. The importance of such app rox i
m ate  tre a tm e n ts  comes from  the expectation th a t  th e y  m ay  allow the calculation of cross 
sections fo r more sophisticated system s a t various collision energies. Text proceeds w ith 
a su rvey  of num erical procedures available for the solu tion  of the CC equations (C hap ter 5), 
and ends w ith  a short discussion of the relationship betw een computed cross sections and  
experim en ta l quantities obtained from  relaxation phenom ena (Chapter 6).

T his volum e consists of an up-to-date and well balanced presentation of th e  theory , 
the com pu ta tiona l techniques and the numerical procedures related to the subject. R eaders 
possessing a good knowledge in quantum  chem istry and  fam iliar with the basic elem ents 
of th e  sub jec t discussed, will find  the volume very  useful. Experim entalists and  g radua te  
s tuden ts  w ith  little  experience in th e  areas m entioned, m ay  fin d  difficulties in reading th e  book.

T. BÉRCES

W . K l em m , R . H o p p e : A norganische  Chemie 

S am m lu n g  G öschen de G ru y te r  

W alter de G ruyter, Berlin -New Y ork , 1980. 328 p.

Dieses auf drei Jah rzehn te  zurückblickende, in  16 Auflagen erschienene B uch  d iente 
und d ien t dem  Ziel, einen kurzen Überblick über das G ebiet der anorganischen Chemie zu 
b ieten  u n d  is t vor allem fü r H ochschulstudenten m it Chemie als Nebenfach, fü r M itte lschul
schüler u n d  für Leser m it M ittelschulbildung und In teresse  für Chemie bestim m t.

D as B uch en tspricht dem Ziel; zum V erständnis sind die Kenntnisse ausreichend, die 
w eltw eit in den M ittelschulen verm itte lt werden.

D er W ert der vorliegenden Auflage wird dad u rch  erhöht, daß das S I-System  kon
sequen t angew endet wird. D adurch  ergänzt bzw. ko rrig ie rt das Buch jene H andbücher und  
H ochschullehrbücher, die früher herausgegeben w urden , jedoch zur Zeit noch im  G ebrauch 
sind.

N eben der Anwendung des SI-System s bring t die 16. Auflage vor allem in zwei Bezie
hungen  Neues. A bsatz X X X III  en th ä lt einen rech t b rauchbaren  Überblick über die m itte ls 
verschiedener S trukturprüfm ethoden zu erhaltenden Inform ationen. Auch die D iskussion der 
technischen  Probleme w urde der Entw icklung der Industrieverfahren en tsprechend  — 
w esentlich modernisiert.

B. CsÁKVÁRI

Lecture Notes in  C hem istry , Vol. 18

S te fa n  G. Ch r is t o v : The Statistical and Collision Theory o f  Chemical Reactions

Springer-Verlag, Berlin Heidelberg — New Y ork, 1980. 322 pages

The au tho r is the form er director of the In s titu te  of Physical Chemistry of th e  B ulgarian  
A cadem y of Sciences, m em ber of the Bulgarian A cadem y of Sciences. In this book he gives 
a survey  of high standard  on the results obtained in  th e  field  of quantum -m echanical tr e a t
m en t of chemical reactions and th e  possibilities of fu r th e r development.

A cta  Chim . Acad. Sei. Hung. 108, 1981
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The main concept of the hook is th a t a tom ic and molecular properties, as well as the 
knowledge of the electronic structure enable us to understand  the elem entary steps of chemical
processes.

The increasing am ounts of information in th e  las t decade initiated scientists to develop 
new m ethods for calculating the potential energies o f reacting systems, reaction  cross-sections 
and reaction ra te  constants. The basic problems can be solved in an exact m anner only for 
the simplest chemical reactions on the basis of quantum -m echanical and sta tistica l physics. 
For th is reason, various approxim ations have been made for the sim plification of complex 
problems. The aim of the book is to discuss in de ta il the correlations betw een the different 
theories, possibly on the basis of uniform aspects. The au thor does not deal w ith  com puter 
techniques for the solution of this task. H ow ever, uniform ity demands the clear definition 
of principles and the correct form ulation of theories.

A pproxim ate theories as e.g. the classical collision theory or the semiclassical theory 
of transition  sta tes introduce simplifying conditions and apply corrections (steric factor, 
transmission coefficient), which are in general n o t well-defined for the approxim ation  of 
experim ental results. Therefore, it  seems to be m ore reliable to narrow the conditions and 
to give more precise definitions.

The book sets ou t from an equation based on a general collision theory  which, under 
certain conditions, can be transform ed into th e  equations of either the classical collision 
theory, or various sta tistical theories. Thus these conditions can be defined m ore precisely 
and the lim its of valid ity  can be better studied.

In C hapter I ,  “ The Potential Energy of R eacting  Systems” , m ethods are surveyed, 
suitable for the calculation of potential energy surfaces, w ith special reference to the rela
tionship between electronic structure and reactiv ity .

C hapter 2, “ D ynam ics of Molecular Co.lisions” , is somewhat longer. I t  deals w ith the 
calculation m ethods of reaction cross-sections of electronic adiabatic and non-ad iabatic  reac
tions, b u t several approxim ate methods useful for p ractical applications are also m entioned.

C hapter 3, “ General Theory of R eaction R a te s” , is the most im p o rtan t p a r t of the 
book. This chapter tries to present the various reac tion  rate  theories from a uniform  aspect.

Finally, C hapter 4 “ Application of R eaction  R a te  Theories” , illustrates th e  present 
capabilities of these theories.

C hapter 1 (29 pages) discusses the following topics: Adiabatic A pproxim ation, Correc
tions in the A diabatic A pproxim ation, and P o ten tia l Energy Surfaces.

C hapter 2 (85 pages) treats T im e-dependent and  Tim e-independent Collision Theories, 
Transition P robability  and Reaction Cross-section, Classical Trajectory Calculations, Q uan
tum -m echanical Calculations, Quasi-classical Calculations and Non-adiabatic T ransitions in 
Chemical Reactions.

C hapter 3 (105 pages) includes Form ulation  of Reaction Rates According to  Collision 
Theory, Classical and Semiclassical A pproxim ations, A diabatic Statistical Theory of Reaction 
Rates, Calculation of the Transmission Coefficient and  the Tunnelling Correction, and  General 
Consequences of R ate  Equations.

C hapter 4 (87 pages) discusses several unim olecular and bimolecular gas- and  liquid- 
phase reactions.

Among gas-phase reactions only the reactions of isoenergetic particles can be treated  
accurately, in the liquid-phase mainly reactions w ith  electron exchange, and in one case with 
proton exchange are discussed. The subject is com pleted  w ith electrode kinetic and  biological 
problems selected from  the literature.

The book can serve two different purposes: th e  physicochemist can ob ta in  a survey 
about the up-to-date stand  and possibilities of this theo ry  w ithout getting lost in q uan tita tive  
details, and on the o ther hand, it can supply a good s ta r t for scientists in tend ing  to  work 
in this difficult field.

The book is prepared by ro tap rin t technique w ith the inevitable typ ing  m istakes, 
which are, fo rtunate ly , no t distorting the sense.

The au tho r does no t use a uniform nom enclature, designations and the SI units.
The tex t contains 30 line figures and 200 references, of which 25 are the w orks by the 

author.
Gy. V a b s á n y i
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INTERACTION STUDIES IN  B IN A R Y  LIQ UID  
M IX TU R ES FROM VISCOSITY M EASUREM ENTS
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Pratapganh City — 230 002, U .P ., India)
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A ccepted for publication O ctober 13, 1980*

A comparison of viscosities evaluated from  K a t t i and Ch a u d h r i’s relation  
and from F r e n k e l ’s rela tion  has been made in th ree  b inary  liquid m ixtures w ith cyclo
hexane as a common com ponent viz. cyclohexane-phenol, cyclohexane-p-cresol and 
cyclohexane-o-chlorophenol over a wride range of compositions a t 30 °C. F r e n k e l ’s 
relation underestim ates the viscosity values w hereas the results obtained from  K a tti 
and Ch a u d h r i’s relation  are in excellent agreem ent w ith  the experim ental values. The 
excess free energy of m ixing, strength  of in teraction  param eter and interaction energy 
term  have also been com puted and the in teractions explained.

In troduction

In te ra c tio n  s tu d ies  in  liq u id  m ix tu res h a v e  been  a m a tte r  of su ffic ien t 
in te re s t d u rin g  th e  la s t  few  decades [1 —12]. M ost of th e  a tte m p ts  m ad e  so 
fa r  give only  a q u a lita tiv e  t re a tm e n t of in te rm o le c u la r  in te rac tio n s. H ow ever, 
on ly  a few a tte m p ts  [13 — 18] h av e  been m ade to  p re d ic t in te rm o lecu la r in te r 
ac tio n s q u a n tita tiv e ly . In  th e  p resen t co m m u n ica tio n  th eo re tica l e v a lu a tio n  
o f  v isco sity  (r]) has been  m ade for th ree  b in a ry  liq u id  m ix tu res; cyclohexane- 
-phenol, cyclohexane-j>-cresol and  cyclohexane-o-ch lo ropheno l (h e rea fte r th e se  
th re e  system s are sim p ly  s ta te d  as I, I I  an d  I I I ,  respective ly ) using  K a t t i  

an d  C h a u d h r i ’ s  re la tio n  [13 an d  also F r e n k e l ’ s  re la tio n  [19]. F u rth e rm o re , 
excess free energy  o f m ix ing  (a • A F m), in te ra c tio n  p a ra m e te r  (d) an d  in te ra c 
tio n  energy te rm  (IF vis ) h av e  been  com pu ted  u s in g  v isco sity  d a ta . In  o rd e r to  
c a r ry  ou t ca lcu la tions e x p e rim e n ta l m easu rem en ts  due to  R a m a n  et al. [20] 
w ere used. T he v iscosities an d  m olar volum es w ere  m easu red  w ith  an  accu racy  
o f ^ 0 .0 0 1  an d  ^ 0 .0 1 ,  re sp ec tiv e ly . In  th e  p re se n t in v estig a tio n , th e  sp re a d  
o f  ex p erim en ta l an d  ca lcu la ted  d a ta  is well e s ta b lish e d  u p to  second p lace  of 
th e  decim al as m ay  be seen la te r  on in  th e  re su lts  an d  discussion p a r t  o f  th is  
paper.

* In  final form accepted March 6, 1981

1 Acta Chim. Acad. Sei. Hung. 108, 1981



1 0 4 MISHRA: BINARY LIQUID MIXTURES

T heoretical

A  w ell-know n re la tio n  [2 1 ] be tw een  th e  free energy of a c tiv a tio n  (A F *) 
a n d  e n e rg y  of v a p o riz a tio n  (A E )  is g iven  b y .

A F *  =  Л Е/2.45 ( 1 )

T h e  a c tu a l  value o f th e  f lu id ity  Фт (а) is exp ressed  by  th e  fo llow ing  re la tio n  
d u e  to  E y r in g  et al. [21],

W h e re  V m, h, N ,  A F m, R  a n d  T  s tan d  fo r m o lar volum e o f th e  m ix tu re , 
P la n c k ’ co n stan t, A v o g ad ro  c o n s ta n t, free en e rg y  o f m ixing, gas c o n s ta n t  and 
a b s o lu te  tem p era tu re , re sp ec tiv e ly . x i an d  А Е /  s ta n d  for m ole f ra c tio n  and  
e n e rg y  o f v ap o riza tio n  o f co m p o n en t ‘i ’ in  th e  m ix tu re . T he fra c tio n  (1/2.45) 
o f  th e  free energy o f m ix in g  in  th e  above e q u a tio n  is rep resen ted  b y  th e  le tte r  
a  a n d  d ifferen t w orkers [16, 22, 23] gave d iffe ren t values fo r i t .

R ew riting  e q u a tio n  (2) in  te rm s o f v isco sity  t]m(a) of th e  m ix tu re  and  
ta k in g  logarithm s on b o th  sides one gets,

I n  t h e  lig h t o f E y r in g ’s eq u a tio n  [21] for th e  f lu id ity  o f id ea l m ix tu r e s , th e  
v is c o s i t y  o f  an id eal m ix tu r e  rjm ^  is  g iv e n  b y  th e  relation ,

T h u s  a  ■ J F m can be e v a lu a te d  from  E q . (5) u sin g  th e  v isc o s ity  d a ta . G r ü n b e r g  
a n d  N issa m  [24] h a v e  g iv e n  th e  fo llo w in g  re la tion  for th e  v is c o s ity  o f  n on 
id e a l m ixtu res,

W h e re  rjj s tands for th e  v isco s ity  o f co m p o n en t i in th e  m ix tu re . F ro m  E qs
(5) a n d  (6 ), in te ra c tio n  p a ra m e te r  (d ) c an  be o b ta in ed , th u s ,

( 2)

In 4m(a) +  In i - ^ - J  =  2  x ‘ ■ Щ / 2 Л 5  R T -  a  • A F J R T . (3)

(4)

F ro m  E q s (3) and  (4) th e  fo llow ing ex p ressio n  is o b ta ined ,

a  • AFm =  —R T [In t?m(a) ~  ln  *7т(1)] • (5)

2

ln  Vm(a) =  2  Xi l n  ’ll +  X 1 ‘ X 2d  ■ ( 6)

d
1 cc • A F m

(7)
■ Xo R T

A cta  Chim. Acad. Sei. H ung . 108, 1981



MISHRA: BINARY LIQUID MIXTURES 105

Г)m(a) from  K a t t i and  Ch a u d h m ’s re la tio n  [13] is g iven  b y ,

ln  Vm(a) • V m =  J Z  x t ln  Vi V i +  *1*2 ’ • (8)
i= 1

A lso, r)m{̂  from  F r e n k e l ’s re la tio n  [19] is ca lcu la ted  as follows,
2

!°g  Vm(a) =  2Ü  *i lo S Vi +  2 x ix 2 log Vl 2 (9)
i=l

r]1 2 s tan d s  for th e  v iscosity  o f th e  m ix tu re  a t  equim olar com p o sitio n .
A n in sp ec tio n  o f E qs (8 ) a n d  (9) show s th a t  th e  fac to r JFvis a n d  t?12  

h a v e  been ad d ed , respective ly , to  ac c o u n t fo r  th e  non -ideality  in  th e  m ix tu re . 
M oreover, b o th  p a ram e te rs  are e x p lic itly  in  th e  respective e q u a tio n s . This 
m akes possible to  com pare th e  re la tiv e  m e rits  o f  b o th  the  eq u a tio n s . A  th e o re t
ica l ou tlook  show s th a t  th e  ad v an ta g e o u s  fe a tu re  o f E q . (8 ) over (9) lies in  the  
fa c t th a t  th e  fa c to r  r/12 has been ta k e n  as th e  v a lu e  of v iscosity  a t  eq u im o lar 
com position  o f th e  m ix tu re  an d  i t  w ill be  c o n s ta n t for th a t  m ix tu re  a t  the  
p a r tic u la r  te m p e ra tu re  w hereas fa c to r  JFvis v a rie s  w ith  th e  c o m p o s itio n  of 
th e  m ix tu re . C onsequen tly  b e tte r  a g reem en t w ith  experim en ta l v a lu e s  is ex
p ec ted  from  E q . (8 ) th a n  th a t  from  E q . (9). H ow ever, ac tu a l s ta te  o f  affairs 
w ill be d iscussed la te r  on in  th e  re su lts  an d  d iscussion  p a r t of th e  p re s e n t p ap er.

A ssum ing t h a t  E q . (9) enab les th e  e s tim a tio n  of W vis_ from  a  know ledge 
o f ex p e rim en ta l v isco s ity  d a ta , fo llow ing  ex p ressio n  m ay also be d e r iv e d  from  
E qs (6 ) and  (8 ).

f^vis.
R T

*1*2
In

V i '
2------- b *!*■>
V i '

d. ( 10)

T he q u a n tity  A  log (r]w) is g iven b y ,

[A log  (r?F)]exp. =  [log (r)m ■ F m)]exp -  x t log r}tV,  (11)
/=1

2

[A log (r?F)]calcd. =  [log (r?m . V m)] calcd. *< l°g  Vi Vi ■ (12)
i=i

w here  r]m s ta n d s  fo r th e  v isco sity  o f th e  m ix tu re  and  o th e r sy m b o ls  have  
th e ir  u su a l m ean ings. In  order to  m ake a  com parison  betw een  F r e n k e l ’s 
re la tio n  and  K a t t i an d  Ch a u d h r i’s re la tio n , rjm values ev a lu a ted  fro m  b o th  
th e  re la tio n s w ere sep a ra te ly  s u b s ti tu te d  in  E q . (12) and  [A log [t?F )]ca)cd values 
so o b ta in ed  w ere com pared  w ith  [A log (r]V)]expt values.

R esults an d  D iscussion

Tables I  an d  I I  en list th e  v a lu e s  o f v isc o s ity  r] and  m olar v o lu m e  V  for 
p u re  liqu ids a n d  liq u id  m ix tu res , re sp e c tiv e ly . A  log (rjF) va lu es  e v a lu a te d  
fro m  K atti an d  Ch a u d h r i’s re la t io n  a n d  fro m  F r e n k e l ’s re la t io n  have

1* Acta Chirn. Acad. Sei. H ung . 108, 1981



1 0 6 MISHRA: BINARY LIQUID MIXTURES

Table I

Viscosity and molar volume values fo r pure liquids, at 30 °C

Liquid V
10-s kg m_1 s -1 10 6 in* mole-1

Cyclohexane 0.801 109.46

Phenol 6.944 88.31
p-Cresol 10.440 105.29
o-Chlorophenol 2.998 102.73

also b e e n  com pared  w ith  ex p erim en ta l A  log  (q V )  va lues in  T able I I .  V alues 
o f in te ra c t io n  p a ra m e te r  (d), excess free en erg y  o f  m ix in g  (a • A F m) a n d  in te r 
a c tio n  en e rg y  te rm s  ( W vis) a re  lis ted  in  T ab le  I I I .  A n  inspection  o f T ab le  I I I  
(C o lum n 3) shows th a t  th e  v a r ia tio n  of a • A F m fo r  a ll th e  m ix tu res are  a lm o st 
sy m m e tr ic a l. The p o s itiv e  m ag n itudes of a  • A F m values are la rg es t fo r th e  
sy s te m  I I I  an d  low est fo r th e  system  I. T his o b se rv a tio n  m ay he ra tio n a liz e d  
in  te rm s  of th e  in te rn a l f le x ib ility  of cyc lohexane  p rov id ing  m ore fav o u ra b le  
a c c o m o d a tio n  to  a less a sso c ia ted  liquid  w ith in  av a ilab le  volum e in  its  liq u id  
s tru c tu re .  O f course, p h en o l in  system  I, in  c o m p a riso n  to  p-cresol an d  o-chloro- 
ph en o l in  system s I I  a n d  I I I ,  respective ly , is a h ig h ly  associated  liq u id  fo rm in g  
la rg e r m o lecu la r ag g reg a te s . H igh degree o f a sso c ia tio n  in  phenol is d u e  to  
s tro n g e r  in te rm o lecu la r  h y d ro g e n  bonding b e tw e e n  its  molecules w h ereas , in  
case o f  p -c reso l, th e  e le c tro n  releasing s u b s t i tu e n t  ( — CH3 group) due  to  its  
- \ - I  e ffec t red u c tes  th e  e x te n t  o f in te rm o lecu la r h y d ro g en  bonding  b y  accen 
tu a t in g  th e  e lec tron  d e n s ity  on oxygen a to m  in  — O H  group and  in  th e  case 
of o -ch lo ropheno l, in tra m o le c u la r  hyd rogen  b o n d in g  set up b e tw een  th e  
e le c tro n eg a tiv e  ch lo rine  a to m  and hydrogen  a to m  of —OH group p re v e n ts  
s ig n if ic a n tly  th e  fo rm a tio n  o f in te rm o lecu la r h y d ro g e n  bonding. O bv io u sly , 
fro m  T ab le s  I I  an d  I I I ,  i t  m a y  also be o b se rv ed  t h a t  a t  equ im olecu lar co m 
p o sitio n s , m ax im um  p o s itiv e  m agn itudes o f a  • A F m are accom panied  b y  th e  
m a x im u m  neg a tiv e  m a g n itu d e s  th e  q u a n tity  A  lo g  (rj • V). Colum ns 2 a n d  4 
of T a b le  I I I  show th a t  b o th , th e  negative m a g n itu d e s  of in te rac tio n  p a ra m e te r  
d  a n d  in te ra c tio n  en e rg y  te rm  (lF vis), follow a n  e x a c tly  sim ilar tre n d  o f  v a r ia 
tio n  w ith  th e  com position .

N ig am  et al. [16] an d  R am  Moorthy  [17 ] observed  th a t  if  d  >  0 an d  
large  in  m ag n itu d e , s tro n g  specific in te ra c tio n  is in d ica ted . I f  d 0 b u t  n o t 
v e ry  la rg e  in  m ag n itu d e , w eak  specific in te ra c tio n s  are presen t. I f  d  0 an d  
large  in  m ag n itu d e , th e re  are  no specific in te ra c tio n s . All the  system s u n d e r 
p re se n t s tu d y  belong  to  n o n -p o la r w eakly p o la r  ty p e  system . A n e x a m in a tio n  
o f T a b le  I I I  (C olum n 2) show s th a t  th e  values o f  d  a re  negative  for a ll th e  sy s
te m s , th e  nega tive  m a g n itu d e  being largest in  sy s te m  I I I .  Also, th e  n e g a tiv e  
m a g n itu d e  o f d , in  sy s te m  I  (excep t a t xx =  0 .2 8 2 4  an d  0.5905) an d  sy s te m  I I

Acta Chirn. Acad. Sei. H ung. 108, 1981
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Table II

Viscosity (q), molar volume (V ) and A log (r/C) values for binary 
liquid mixtures at 30 °C

V
10 8 kg m -1 s _I

V
10~® m # m ole-1 A  log ( q V )

x l I Calcd. by Calcd. by 1 Calcd. by Calcd. by
Exp. I Ideal Eq. (8) Eq. (9) Exp. Calcd. 1 Exp. using using

1 (Ref. [13]) (Ref. (19]) Ref. [13] Ref. [19]

1 Cyclohexane - phenol m ixtures (j?12 =  1.472X10-3 k g m _1 s _1)

0.0815 5.517 5.823 5.517 5.425 89.81 90.04 0.024 -0 .0 2 3 -0 .0 3 1

0.2049 3.870 4.461 3.870 3.824 92.43 92.64 -0 .0 6 1 -0 .0 6 0 —0.065

0.2824 3.177 3.773 3.177 3.118 93.97 94.28 —0.074 0.073 -0 .0 8 1

0.4033 2.326 2.906 2.326 2.317 96.58 96.84 -0 .0 9 6 0.094 0.096

0.5012 1.864 2.353 1.864 1.860 99.01 98.90 0.098 0.099 0.099

0.5905 1.552 1.939 1.552 1.544 100.88 100.80 0.094 0.094 -0 .0 9 7

0.7019 1.255 1.525 1.255 1.252 103.15 103.15 0.083 -0 .0 8 3 -0 .0 8 4

0.7969 1.066 1.242 1.066 1.066 105.24 105.16 0.065 0.065 -0 .0 6 5

0.8953 0.898 1.004 0.898 0.918 107.28 107.25 0.047 0.048 — 0.038

II Cyelohexane-p-cresol m ixtures = 1.752X 10-3 kg m " ' Г 1)

0.1014 7.352 8.047 7.352 7.343 105.69 105.71 0.039 — 0.039 -0 .0 4 0

0.1683 5.440 6.777 5.440 5.889 105.75 105.99 0.096 0.095 -0 .0 6 1

0.3021 4.004 4.806 4.004 3.890 106.57 106.55 0.079 0.079 -0 .0 9 2

0.3949 2.988 3.787 2.988 2.980 107.30 106.94 0.101 0.103 -0 .1 0 4

0.5007 2.250 2.886 2.250 2.247 107.40 107.38 -0 .1 0 8 -0 .1 0 8 -0 .1 0 9
0.6007 1.732 2.233 1.732 1.756 107.73 107.80 0.111 - 0.110 -0 .1 0 4

0.7004 1.350 1.728 1.350 1.401 108.64 108.21 -0 .1 0 6 -0 .1 0 7 -0 .0 9 1

0.7973 1.110 1.348 1.110 1.147 108.96 108.62 -0 .0 8 3 0.084 —0.070

0.8999 0.909 1.035 0.909 0.946 109.24 109.04 -0 .0 5 6 -0 .0 5 7 -0 .0 3 9

II I  Cyclohexane-o-chlorophenol m ixtures (f]12=  0.8772X 10 :i k g m - 1 s -1)

0.1078 2.275 2.600 2.275 2.331 103.32 103.46 0.059 0.058 -0 .0 4 7

0.2025 1.996 2.295 1.996 1.909 104.03 104.08 -0 .0 6 1 -0 .0 6 0 —0.079

0.3072 1.622 1.999 1.622 1.569 104.98 104.80 -0 .0 8 9 -0 .0 9 1 —0.105

0.4048 1.331 1.757 1.331 1.336 105.78 105.45 0.121 - 0.120 -0 .1 1 9

0.6046 1.032 1.350 1.032 1.028 107.27 106.80 -0 .1 1 4 -0 .1 1 6 -0 .1 1 8

0.6564 0.981 1.260 0.981 0.975 107.38 107.15 -0 .1 0 3 -0 .1 0 9 - 0.111
0.7542 0.881 1.108 0.881 0.897 108.11 107.81 -0 .0 9 8 0.099 —0.092

0.8969 0.795 0.918 0.795 0.826 109.13 108.77 -0 .0 6 1 -0 .0 6 2 —0.046
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Table III

Values o f interaction parameter (<i), excess free energy o f  m ixing  (a • A F m) 
and interaction energy term ( lVv]S) for binary liquid mixtures at 30 °C

a  • d F m
*1 1 0 kcal  m o le -1 10 ~s k c a l m o le -1

I Cyclohexane — phenol

0.0815 -0 .7 2 1 0 32.51 -4 1 8 .1 5
0.2049 -0 .8 7 2 0 85.52 — 510.48
0.2824 -0 .8 4 8 6 103.53 -4 9 6 .5 7
0.4033 -0 .9 2 4 8 133.99 -5 42 .77
0.5012 -0 .9 3 1 5 140.20 -5 4 6 .9 9
0.5905 -0.9212 134.11 -5 40 .95
0.7019 0.9299 117.14 -5 4 6 .6 3
0.7969 -0.9427 91.86 -5 5 4 .2 7
0.8953 -1 .1 8 9 2 67.12 -7 0 2 .8 9

I I  Cyclohexane-p-cresol

0.1014 -0 .9 9 1 0 54.34 -5 9 6 .2 9
0.1683 -1 .5 6 9 6 132.27 -9 4 4 .3 3
0.3021 -0 .8 6 6 1 109.94 -5 2 1 .0 6
0.3949 -0 .9 9 1 8 142.69 -5 9 6 .5 5
0.5007 -0 .9 9 6 0 149.91 -5 9 9 .2 1
0.6007 -1 .0 5 8 1 152.80 -6 3 6 .4 9
0.7004 -1 .1 7 7 1 148.71 -7 0 8 .3 5
0.7973 -1 .1 9 9 8 116.74 -7 2 1 .9 4
0.8999 -1 .4 4 5 4 78.39 -8 6 9 .5 6

I I I  Cyclohexane-o-chlorophenol

0.1078 -1 .3 8 9 5 80.46 -8 3 5 .2 7
0.2025 -0 .8 6 3 6 83.96 -5 19 .05
0.3072 -0 .9 8 0 7 125.66 -5 8 9 .2 5
0.4048 -1 .1 5 2 1 167.13 -6 9 2 .4 7
0.6046 - 1.1221 161.50 -6 7 4 .3 9
0.6564 -1 .1 1 0 9 150.84 -6 6 7 .6 2
0.7542 -1 .2 3 5 0 137.84 — 742.32
0.8969 -1 .5 4 9 3 86.25 -9 3 1 .5 5
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(ex cep t a t х г =  0.1683 an d  0.3021) increases reg u la rly  w ith  a n  increase in 
c o n cen tra tio n  o f cyclohexane w hereas in  sy s tem  I I I  such  a  re g u la r  increase 
is n o t  observed. T h is show s th a t  a n y  ty p e  o f  in te ra c tio n  th a t  m a y  be possible 
in  th e se  th ree  sy stem s is m ost p ro n o u n ced  in  sy s tem  I , less in  sy s tem  I I  and 
le a s t  in  system  I I I .

R a m a n  et al. [20] h av e  t r e a te d  I F v i s  as a c o m p o sitio n -in d ep en d en t p a ram 
e te r . A n  inspection  o f co lum n 4 o f T ab le  I I I  rev ea ls  th a t  W vis is a  com position  
d ep e n d e n t p a ra m e te r  c o n tra ry  to  th e  o b se rv a tio n s m ade b y  th e m  [20].

A n  inspection  o f  Colum ns 8, 9 an d  10 o f T ab le  I I  m ak es i t  possible to 
co m p are  th e  re la tiv e  m erits  o f F r e n k e l ’ s  re la tio n  an d  K a t t i  a n d  C h a u d h r i ’ s  

r e la tio n  in  te rm s o f  th e  q u a n ti ty  A  log  (tjV).  T he  d ev ia tio n  b e tw een  theore tica l 
a n d  exp erim en ta l v a lu es  using  K a t t i  an d  C h a u d h r i ’ s  re la tio n  lies in  th e  
ran g e  o f 0.12 — 7.41 p e r  cen t for sy s te m  I  w hereas F r e n k e l ’ s  re la tio n  shows 
th e  dev ia tio n  of 0 .4 6 —9.19 p er c en t. In  case o f sy s tem  I I ,  th e  d e v ia tio n  shown 
b y  K a t t i  and  C h a u d h r i ’ s  re la tio n  lies a ro u n d  1.83 p er c e n t w hile F r e n k e l ’ s  

r e la tio n  shows an  ap p rec iab le  a m o u n t o f d e v ia tio n  ra n g in g  fro m  0.83 — 25.68 
p e r  cen t. T he ran g e  o f d ev ia tio n  show n b y  K a t t i  an d  C h a u d h r i ’ s  re la tion  for 
sy s tem  I I I  lies a ro u n d  0.41 — 5.43 p e r cen t w hereas F r e n k e l ’ s  re la tio n  shows 
d ev ia tio n s  in  th e  ra n g e  o f 1.67 — 30.7 p e r c e n t .  A c o m p a ra tiv e  look  over the  
ran g e  of dev ia tions in  th e  ligh t o f in te rin o lecu la r  in te ra c tio n s  d iscussed  above 
show s th a t  the  ran g e  o f  dev ia tio n s show n b y  b o th  th e  re la tio n s  in  case of system  
I  is a lm ost sim ilar in  m ag n itu d e  w hereas in  sy stem s I I  an d  I I I  th e  m agnitudes 
o f d ev ia tions d iffer s ig n ifican tly . I t  concludes th a t  in  case o f system s w here 
th e re  are ap p reciab le  a m o u n t o f in te ra c tio n s  p re sen t, b o th  th e  re la tions are 
eq u a lly  ap p licab le  w hile in  th e  case of th e  sy stem s w here in te ra c tio n s  are no t 
w ell p ronounced  F r e n k e l ’ s  re la tio n  is less a c cu ra te  in  th e  e v a lu a tio n  of th eo 
re tic a l values. T his is p ro b ab ly  due  to  th e  fa c t th e  in tro d u c tio n  o f th e  te rm  
rj12 in  E q . (9) is m ore a p p ro p ria te  to  acco u n t h ig h e r  degree o f  in te ra c tio n  and 
th is  te rm  should  be excluded  or a  sm aller v a lu e  for ?j12 sh o u ld  be chosen in 
case' o f  system s w here  th e re  are  o n ly  v e ry  w eak  in te ra c tio n s  p re sen t. Choice 
o f  rjy „ a t  equ im olecu lar com position  for a ll th e  m ix tu re s  is n o t  a lw ays advisable. 
M oreover, th e  a d v a n ta g e o u s  fe a tu re  o f K a t t i  an d  C h a u d h r i ’ s  re la tio n  over 
F r e n k e l ’ s  re la tio n  lies in  th e  fa c t t h a t  lF vis is a co m p o sitio n  dependent 
p a ra m e te r  w hich ta k e s  in to  acco u n t th e  e x te n t o f  in te ra c tio n s .

C onclusion

On th e  basis o f  above d iscussions, i t  m ay  be conc luded  th a t  K a t t i  and 
C h a u d h r i ’ s  re la tio n  gives b e tte r  ag reem en t w ith  th e  e x p e rim e n ta l values th a n  
F r e n k e l ’ s  re la tio n . F u rth e rm o re , a q u a lita tiv e  as well as a  q u a n tita tiv e  e sti
m a tio n  of in te rin o lecu la r  in te ra c tio n s  is possible from  v isco sity  m easurem ents.
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H o w e v e r , th e  approach  is q u i te  u n a b le  to  p red ic t e x a c tly  th e  n a tu re  o f in te r 
a c tio n s  p re se n t in  th e  sy s te m s  u n d e r  s tu d y  an d  fu r th e r  w ork  in  th e  fie ld  is 
n e e d e d .

*

T he au thor is highly thank fu l to  Dr. R. L. Misra for useful discussions. He is also g rate
ful to  D r. J . D. Pand ey  for his k in d  in terest.
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Mechanical investigations (unidirectional compression) were carried out on 
poly(vinyl alcohol) hydrogels prepared from polym ers of different relative molecular 
mass and relative molecular mass distribution.

In accordance w ith earlier experim ental results, it  was found th a t  K pS io  2/3 
considerably increases w ith increasing volume fraction of the polym er and th a t the value 
of the topological factor, Ay/^2/3, is independent of the degree of cross-linking also 
in the case when polym ers of different molecular mass and molecular mass distribution 
are used.

I t  has been established th a t the efficiency of netw ork form ation increases w'ith 
increasing relative molecular mass of the prim ary  polym er chains.

I t  has been concluded th a t in the reference sta te  of the gel chain dimensions 
can he fairly well approxim ated by relationships valid for dilute polym er solutions.

Moreover, investigations showed th a t the m echanical properties of the gels are 
decisively determ ined by the quan tity  of the elastically active netw ork chains while 
the role of pendan t chains — a t least in the case of unidirectional compression 
can be neglected.

In tro d u c tio n

In  th e  f irs t  p a r t  o f th is  series th e  effect o f a few  fu n d a m e n ta l p a ram e te rs  
ch a rac te ris tic  o f n e tw o rk s , such as th e  c o n c e n tra tio n  o f th e  in itia l po lym er 
so lu tion , th e  m ed iu m  o f cross-linking, th e  chem ical n a tu re  o f th e  cross-link ing  
ag en t and  th e  degree o f cross-link ing  on th e  m echan ical p ro p ertie s  of chem 
ica lly  cross-linked p o ly (v in y l alcohol) hyd roge ls has been  d iscussed.

The p resen t co m m u n ica tio n  deals w ith  th e  effect of th e  re la tiv e  m olecular 
m ass and  th e  re la tiv e  m olecu lar m ass d is tr ib u tio n  o f th e  s ta r tin g  po lym er on 
th e  m echanical ch a ra c te ris tic s  of th e  gels d e te rm in ed  m acroscop ically .

T heoretical

On th e  basis  o f th e  s ta tis tic a l th e rm o d y n a m ic  th e o ry  of ru b b e r  e la s ti
c ity , th e  change o f H e lm h o ltz  energy  in  th e  case o f u n id irec tio n a l d e fo rm ation  
of hom ogeneous, iso tro p ic , sw ollen netw o rk s can  be w ritte n  in  th e  following
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fo rm  [1, 2 ]:

A A eI — A A ‘el =
k T K lVe,

2 (1)

•where K x and  K 2 are c o n s ta n ts , vel is the  n u m b er o f e las tica lly  ac tiv e  n e tw o rk  
c h a in s  in  th e  system , V i th e  v o lu m e  of th e  iso tro p ic , u n d efo rm ed  n e tw o rk , 
q{ i t s  v o lu m e  degree o f sw elling , V  th e  vo lum e o f th e  defo rm ed  n e tw o rk , and  
q0 th e  so-called  reference d eg ree  o f  sw elling. A x m eans th e  ra tio  o f  d e fo rm atio n  
in  th e  d irec tio n  of force (if L Vx is th e  leng th  of th e  u n d efo rm ed  an d  L x t h a t  of 
th e  d e fo rm e d  sam ple m easu red  in  th e  d irec tion  o f th e  я -axis, th e n  A x =  L J L Vx), 
к  is B o ltz m a n n ’s c o n s ta n t a n d  T  th e  te m p e ra tu re .

I f  th e  volum e is n o t  ch a n g e d  b y  d e fo rm atio n , E q . (1) gives fo r th e  
fo rc e  (f ) th e  following re la tio n sh ip :

/  =
d(A A el -  A A ‘ei) R T  K 1v*iV (i 4i

9  L x t , v  L \ ' x %
(Ах - л - 2) . ( 2)

H e re , r*| is th e  co n cen tra tio n  o f  th e  e lastica lly  ac tiv e  n e tw o rk  chains in  th e  d ry  
n e tw o rk , an d  V d is th e  v o lu m e  o f th e  d ry  gel.

T h e  value of K 1 in  th e  eq u a tio n s  is d e te rm in ed  m ain ly  b y  th e  steric  
s t r u c tu r e  of th e  gel. A cco rd in g  to  th e  W a l l — F l o r y — H e r m a n s  th e o ry , 
g e n e ra lly  accep ted  to d a y , fo r  id ea l netw orks К г =  1. Several a u th o rs  re la te  
K i  to  th e  n um ber of n e tw o rk  ch a in s  s ta r tin g  from  one ju n c tio n  p o in t ( fu n c tio n 
a l i ty , f ) .  A ccording to  th e  ca lcu la tions o f D u is e r , S t a v e r m a n  and  
G r a e s s l e y  [3, 4]:

I n  th e  case of c ro ss-lin k in g  in  th e  po lym er so lu tion  b y  ta k in g  in to  
c o n s id e ra tio n  of th e  n e tw o rk  d e fec ts  only  th e  p e n d a n t cha ins, th e  so-called 
te r m in a l  chains, th e  v alue  o f  ca n  be ca lcu la ted  from  th e  re la tio n sh ip  [5]:

v*,
2 do

M nv*

2 JVf,
M„

(3)

In  E q . (3) v* is th e  n u m b e r o f  m oles of n e tw o rk  chains p er u n it  d ry  vo lum e 
o f  th e  gel, d2 th e  d en sity  o f  th e  po lym er, M n is th e  m o lecu lar m ass o f  th e  
p o ly m e r  in  th e  s ta r tin g  so lu tio n , M c th e  average  re la tiv e  m o lecu la r m ass 
o f  th e  n e tw o rk  chains. T he th e o re tic a l ca lcu la tio n  of o th e r  n e tw o rk  defects 
(e n ta n g le m e n ts , in tra m o le c u la r  cy c liza tion , u n re a c te d  fu n c tio n a litie s , etc.) can  
n o t b e  reg a rd ed  as so lved, th e y  depend  s tro n g ly  on  th e  in d iv id u a l p ro p ertie s  
o f  th e  g iv en  system .
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T he estim a tio n  o f th e  p a ra m e te r  qn causes fu r th e r  d ifficu lties . A ccording 
to  th e o re tic a l co n sid era tio n s,

ч Г  =
<Г2)  os

•where ( r2>os is th e  m ean  sq u a re  en d -to -en d  d is tan ce  o f  th e  n e tw o rk  chains in  
th e  so-called  reference s ta te  o f  th e  sw ollen n e tw o rk , w hile ^ r2̂  is th e  m ean 
sq u a re  en d -to -end  d is tan ce  o f  th e  n e tw o rk  chains in  th e  d ry  s ta te . T h e  reference 
s ta te  is th a t  s ta te  o f th e  n e tw o rk  in  w hich th e  n e tw o rk  ch a in s  do n o t exert 
a n y  force on th e  ju n c tio n  p o in ts .

T he reference degree o f  sw elling, q0, is also called  th e  m em o ry  p a ram e te r, 
because  on th e  basis o f  th e  re la tio n sh ip

„2 /3  _  < r 2 >0S _  < ^ > 0 3  < / 2>C _  < ^ > 0 5  2/3 / 3 \

’ * "  « 7 “  « 7  ( l

i t  is co rre la ted  w ith  qc, i.e. t h a t  vo lum e degree o f sw elling, a t  w h ich  gel p rep a 
ra t io n  occured  [2]. In  E q . (4) <V2)>C is th e  m ean  sq u are  e n d -to -en d  d is tan ce  of 
th e  n e tw o rk  chains a f te r  cross-link ing  a t  th e  vo lum e o f gel fo rm a tio n . I f  we 
assum e th a t  th e  chains are  o f  eq u ilib riu m  co n fo rm atio n  in  th e  in it ia l  polym er 
so lu tio n , fu r th e r  th a t  in  th e  case o f cross-linking a t  c o n s ta n t vo lu m e in  the 
sam e so lven t, chain  d im ensions do n o t change (i.e. th e n  q0 =  qc.
H ow ever, th is  ap p ro x im a tio n  is a rb itra ry , because th e  fo rm a tio n  o f  th e  cross
links m ay  be accom pan ied  b y  a s tro n g  d efo rm atio n  o f  th e  ch a in s .

I t  follows even  from  th is  b r ie f  su rv ey  th a t  e x p e rim e n ta lly  o n ly  th e  value 
o f  p ro d u c t K \ V * \ q ^ 3 c an  be d e te rm in ed  u n am b ig u o u sly  b y  u s in g  E q . (2). 
To o b ta in  in fo rm atio n  on  th e  m o lecu lar q u an titie s  c h a ra c te r is tic  o f  gels, fu rth e r  
a ssu m p tio n s  m u st be m ad e , w h ich  ta k e  in to  co n sid e ra tio n  also  th e  p roperties 
o f  th e  rea l sy stem  in v e s tig a te d .

E xperim en ta l

Materials and methods
For our investigations K u raray  Poval 420 (Japan) poly(vinyl alcohol) (PVA) was used. 

The acetate content of the p roduct was hydrolyzed in m ethanol — w ater m ix tu re  w ith an 
excess of NaOH, then fractionated  w ith n-propanol (Reanal, anal, grade). F our fractions 
were prepared in this way, and  the parts  of low and high relative m olecular mass were then 
separated , similarly w ith n-propanol, from these solutions. Samples of m edium  relative molec
u lar mass (m arked fraction II , I I I ,  IV and  V) were used for fu rther investigations. Fraction 
I was prepared in a similar w ay from Mowiol 4 88 (Hoechst, G FR).

The characteristics of the fractions were determ ined by viscosiinetry a t  303 i  0.1 K.

In trinsic viscosities were determ ined from  the axial sections of the ~ SP- vs. c functions, extra-
c

polated to c =  0. In the m easurem ents, the concentration of the PVA solutions was varied 
betw een 0.2 and 0.9 g/100 cm3. The relative average molecular mass of the single fractions was 
calculated through the relationship [6 ]

M 8o3 = 4 . 2 8 x 10-*M&<“
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Table I

Intrinsic viscosity a n d  relative molecular mass o f  P VA  fractions

Symbol of 
fraction

Msos
(100 cm8 x g-1) Mw

I 0.26 22 300

i i 0.45 52 600

h i 0.70 102 700

IV 0.84 139 600

V 1.50 345 500

Table II

Relative m olecular mass o f polydisperse systems

Symbol of 
system M w P F  =  ---------- 1

M n

PD 1 95 400 60 000 0.59
PD 2 199 000 91 300 1.18

PD 3 302 700 190 600 0.59

PD I 69 500 25 800 1.69

PD II 184 000 41 900 3.39
PD I I I 298 300 110 900 1.69

(T able  I). According to our earlier results [7], the fractionation  process used by us gives a 
re la tiv e  molecular mass d is tribu tion , w hich can be considered as ra th e r narrow. The depedence 
of th e  mechanical properties of th e  gels on the relative m olecular mass and on the molecular 
m ass d istribution of the p rim ary  po lym er chains has been studied. Polydisperse systems were 
p rep a red  by the mixing of th e  fractions.

Three mixtures were p rep a red  from  fractions I  and  Y, and  three from fractions II

and  V ; in  both cases the degree o f polydispersity f P F  =  w — l l  of one of the m ixtures was
V M n )

PF ax
m ax im al (marked with PD  I I  an d  P D  2), while th a t of the o ther two m ixtures P F  = ---- -- x-

(m ark ed  PD  I, PD II I  and PD  1, P D  3). Gels marked w ith PD  I, PD  II , PD  I I I  were prepared 
from  th e  m ixtures of fractions I  a n d  Y , those marked w ith PD  1, PD  2 and PD  3 from m ixtures 
o f frac tions II  and V. The re la tiv e  molecular masses of the m ixtures m arked w ith PD are 
co n ta in ed  in Table II. Our investigations were carried ou t on gels of various degree of cross- 
link ing  (dc: 50,100, 200 and 400), cross-linked a t 9.0 w t.%  polym er concentration w ith glutaric 
a ldehyde  (GDA). The degree of cross-linking is the molar ra tio  of the m onom er and the cross- 
link ing  agent.

Gels were prepared from  th e  PVA solution a t 298 dz 0.1 K, in  special dismountable 
fram es, suitable for the p rep ara tio n  of cylindrical specimens.

F o r mechanical investigations the apparatus of our own design described earlier has 
been  used , which is suitable for th e  high-precision determ ination  of force-deform ation func
tio n s  in  unidirectional com pression [8].

The degree of swelling of th e  gels was changed by  the equilibrium  swelling-degree 
decreasing method developed by  us (modified deswelling technique) [9].

All the investigations were carried  out at 298 ^  0.1 K.
All the measurement po in ts w ere calculated from the arithm etic  m ean of a t least three 

m easurem ents. Reproducibility generally  was within 5 rel. % .
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R esults and  D iscussion

M echanical m easu rem en ts  w ere e v a lu a te d  on th e  basis of th e  p h en o m en o 
logically  d ed u c tib le , com plete ly  generalized  M o o n e y  R iv l in  e q u a tio n  [10, 
11]. F rom  th is , th e  fo llow ing re la tio n sh ip  c a n  be derived  for force in  th e  case 
o f u n id irec tio n a l s tre tc h in g  or com pression :

/  =  2 С1(ЛХ -  A - 2) +  2 C 2( l  -  A , 3) . (5)

In  E q . (5) Cx an d  C 2 are  co n stan ts , th e ir  v a lu es  depend  only  on  m o lecu lar 
p a ram e te rs  c h a ra c te r is tic  of th e  s tru c tu re  o f  th e  n e tw o rk  and  on te m p e ra tu re .

F o r ideal n e tw o rk s  2 C X is equal to  th e  te rm
K x v*[RT V d

J V x %

2 /3

of E q . (2),

w hile C 2 is zero.
In  acco rdance  w ith  ou r earlier in v e s tig a tio n s  in  sim ilar sy s tem s, i t  was 

found  th a t  for a ll th e  gels C 2 == 0, w ith in  th e  lim its  o f ex p erim en ta l e rro r [12].
In fo rm a tio n  on th e  effect of th e  re la tiv e  m o lecu lar m ass o f  the  p r im a ry  

p o lym er chains on  n e tw o rk  fo rm atio n  can  be o b ta in e d  if  the  av erag e  change 
in  th e  value of 2Сг cau sed  b y  u n it q u a n ti ty  o f th e  cross-linking ag en t is in v e s ti
ga ted  as a fu n c tio n  o f th e  m olecular m ass o f  th e  po lym er (Fig. 1). T he value 
o f cODA in th e  fig u re  w as ca lcu la ted  b y  s u b tra c tin g  from  th e  to ta l  q u a n t i ty  
o f th e  cross-link ing  a g en t in tro d u ced  in to  th e  sy stem  th e  q u a n t i ty  needed  
for th e  cross-link ing  of in d ep en d en t cha ins, b ecau se  th is  q u a n tity , d ep en d in g  
on th e  re la tiv e  m o lecu la r m ass of th e  m acro  m olecules in  th e  s ta r t in g  p o ly m er, 
does n o t ta k e  p a r t  in  th e  fo rm atio n  o f e la s tic a lly  ac tiv e  n e tw o rk  ch a in s . I t  
can  be e stab lish ed  th a t  th e  efficiency o f c ross-link ing  process increases w ith  
increasing  re la tiv e  m o lecu la r m ass of th e  p o ly m er. P resu m ab ly , th is  is due  to  
reasons o f so lu tio n  s tru c tu re . Since Р У А  is a po lym er w ith  a te n d e n c y  for 
c ry s ta lliz a tio n , an d  accord ing  to  experiences in  co n ju n c tio n  w ith  o u r sam ples 
th is  ten d en cy  fo r c ry s ta lliz a tio n  decreases w ith  increasing  m o lecu la r m ass,

Fig. 1. Variation of 2Сг/с0рд w ith the relative m olecular mass of the polym er; dc: (1) 100;
(2) 200; (3) 400
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p re s u m a b ly  the  segm ent d is tr ib u tio n  is less hom ogeneous in  po lym er so lu tio n s 
o f  lo w er re la tiv e  m o lecu lar m ass. One p a r t  o f  th e  cross-linking a g e n t ad d ed  
to  sy s te m s  con ta in ing  su ch  assoc ia tions fixes th e  s tru c tu re  a lread y  fo rm ed  in  
th e  so lu tio n . M oreover, i t  c a n  be  estab lished  t h a t  th e  e x te n t of change decreases 
w ith  in c rea s in g  m olecu lar m ass. W h en  u sin g  po lym ers of su ffic ien tly  large 
m o le c u la r  m ass, i t  can  be assu m ed  th a t  th e  effic iency  of n e tw o rk  fo rm a tio n  
b eco m es in d ep en d en t o f th e  m o lecu la r m ass o f th e  polym er.

F ro m  th e  value o f 2Cx th e  p ro d u c t K rv*{q ^ 2li in  E q . (2) can  be ca lc u la ted , 
c o n ta in in g  th e  m olecu lar p a ra m e te rs  c h a ra c te r is tic  of th e  gel, w h ich  are 
in d e p e n d e n t of th e  degree o f sw elling . I t  becam e a p p a re n t a lread y  fro m  ea rlie r 
in v e s tig a tio n s  th a t  for РУ А  gels, c o n tra ry  to  th e o ry , K 1v * ^ 2/3 is n o t c o n s ta n t,

о (1) д  (3)

□  ( 2 )  X  ( 4 )

Fig. 2. -Kx) ei <?(Г2/3 vs. v2 functions for PVA gels; a) fraction  I I ; b) fraction I I I ;  c) fraction  IV; 
d) fraction V; dc: (1) 50; (2) 100; (3) 200; (4) 400
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b u t  increases w ith  increasing  vo lum e f ra c tio n  o f  th e  po lym er (v 2 =  q ^ 1)', f irs t 
to  a  sm all e x te n t ,  th e n  ab o v e  vo lum e frac tio n s  o f 0.3 — 0.4 v e ry  s te e p ly  [12]. 
T he sam e ph en o m en o n  was o b se rv ed  also in  system s p rep ared  f ro m  po lym ers 
o f d iffe ren t re la tiv e  m olecular m ass or d iffe ren t re la tiv e  m olecular m ass  d is tr i
b u tio n  (F igs 2 and  3). M oreover, i t  can  be e s tab lish ed  from  F ig . 3d th a t  at 
th e  sam e degree of cross-link ing  th e  course o f  th e  K xv * ^ 2̂  vs. v 2 fu n c tio n s  is 
generally  less steep  for p o ly d isp e rse  system s.

To e lim in a te  in te r  m o lecu la r in te ra c tio n s , increasing  w ith  decreasing  
degree of sw elling, th e  p ro d u c t K-Xv* ^ 2li, c h a ra c te ris tic  o f th e  gel, h as  been 
d e te rm in ed  b y  th e  process u se d  earlie r, fro m  th e  value of th e  fu n c tio n  e x tra 
p o la ted  to  in f in ite  degree o f  sw elling (T able I I I ) .

a

O ( I )  Д  ( 3 )

□  ( 2 )  X  ( 4 )

b

•  ( 5 )  v  ( 7 )

■  ( 6 ) ® ( 8 )

Fig. 3. K ^ q ^ l 3 t’s. r 2 functions for PVA gels a) PD  I; b) PD  II ; c) PD I I I ;  de: (1) 50; (2) 100;
(3) 200; (4) 400; d) dc: 200; (5) PD  II ; (6) PD  2; (7) fraction II I ; (8) frac tion  V
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Table III

К I v Ji q J"2/3 (r2 * 0) values o f PVA gels

Symbol of 
system

!/> (mol x m —3)

Degree of cross-linking

50 100 200 400

I 26.5 10.0 2.5 —

II 32.0 13.5 5.5 —
h i 37.0 19.7 9.0 4.0
IV 42.5 22.0 11.0 5.0
V 47.5 25.5 12.5 6.5

PD 1 38.0 16.0 7.0 —
PD 2 41.5 20.5 8.5 4.0
PD 3 45.5 23.0 12.5 6.0
PD I 32.0 14.5 4.0 —
PD II 37.0 17.0 7.0 2.5
PD III 41.0 22.0 12.0 5.0

P lo ttin g  the K Lv*! v a lu es  as a fu n c tio n  o f  th e  q u a n tity  of th e  e la s ti
c a lly  a c tiv e  netw ork  ch a in s  (p*,) contained in  u n i t  vo lu m e of the  d ry  n e tw o rk , 
in fo rm a tio n  is o b ta in ed  o n  th e  topological fa c to r  K ^^q f213 (Figs 4, 5; T ab le  IV ). 
I t  c a n  be  estab lished  fro m  th e  figures th a t  th e  la rg e r  th e  re la tiv e  m o lecu lar 
m ass o f  th e  p rim ary  p o ly m e r , th e  higher is th e  v a lu e  o f th e  topo logical fa c to r .

Í M
T his c a n  be easily seen f ro m  F ig . 5, where, in sp ite  o f  th e  differences in  | w — 1 

th e  o rd e r  P D  I  <  P D  I I  < [ P D  I I I  is valid . I t  b ecom es also ev id en t fro m  th e

Fig. 4. D eterm ination of the value  o f  К ^ 0213 (topological factor). (1) fraction I; (2) fraction  I I ; 
(3) frac tion  I I I ;  (4) fraction IV; (5) frac tion  V
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Fig. 5. D eterm ination of the value of k^g,,2/3 (topological factor). (1) PD I; (2) P D  I I ;  (3) PD  II I

fig u re s  th a t  in  acco rdance  w ith  o u r e a r lie r  o b serv a tio n s K xq ^ 2̂  is in d e p e n d e n t 
o f  th e  degree o f cross-link ing  [12]. I n  T ab le  IV  th e  values o b ta in e d  fo r the  
K 1 a n d  q0 p a ra m e te rs  a t  d ifferen t c o n d itio n s  are  sum m arized. I t  c a n  be seen 
t h a t  in  each case b o th  K x and qn d iffe r  co n sid e rab ly  from  values e x p e c te d  on 
th e  basis  of th e o ry .

I n  view  o f th e  fa c t th a t  b o th  v*t a n d  q f 2,’‘ are functions o f  th e  re la tiv e  
m o lecu la r m ass ( M c) o f  th e  ne tw ork  c h a in s , i t  seem ed w orth  to  in v e s tig a te  th e  
ch an g e  o f th e  p ro d u c t К гг * ^ д 2̂  w ith  M c (F igs 6, 7). I t  can be e s ta b lish e d  from  
th e  fig u res  th a t  th e  func tions log K yv*{q ^ 213 vs. log M c are, for all th e  sy stem s, 
s t r a ig h t  lines w ith  n eg a tiv e  slopes. T h e  slopes (m) of th e  s tr a ig h t  lines v a ry  
b e tw e e n  — 1.0 an d  — 1.2.

Tabic IV

K t and q0 values o f P V A  gels

Symbol of 
system * i? re'e K l  («» =  4c) «. (K. =  i) 5. (K , =  0.5)

i 0.028 0.161 213.4 75.5
i i 0.030 0.173 192.5 68.0

h i 0.033 0.190 166.8 58.9
IV 0.038 0.219 135.0 47.7
V 0.043 0.248 112.1 39.7

PD 1 0.034 0.196 159.5 56.4
PD 2 0.037 0.214 140.5 49.7
PD 3 0.040 0.230 125.0 44.2
PD I 0.031 0.179 183.2 64.8
PD II 0.034 0.196 159.5 56.4
PD I I I 0.036 0.207 146.4 51.8
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Fig. 6. log /Vji'* </0 2/3 vs. log M c functions. (1) fraction I; (2) fraction II ; (3) fraction  I I I ;
(4) fraction IV; (5) frac tion  V

U n d er c e r ta in  a r b i t r a r y  assum ptions, th e  v a lu e  of m  can be c a lc u la ted  
also th eo re tica lly . T h e  fa c t t h a t  very  high q0 v a lu e s  h a v e  been o b ta in ed  fo r th e  
sy s tem s  in v e s tig a te d  in d ic a te s  th a t  th e  re fe ren ce  s ta te  of th e  gels lies in  th e  
reg io n  o f d ilu te  so lu tio n . I n  th is  range, using  th e  F l o r y — F o x  and  th e  K u h n — 
Ma r k — H o u w in k  e q u a tio n s , chain  dim ensions in  th e  reference s ta te  c a n  be  
ex p ressed  in  a sim ple fo rm  [13, 14, 15]:

K M a =  Ф
* 3<r2) 3/s2

M
( 6 )

w h ere К  and a are c o n s ta n ts  o f  th e K u h n — M a r k — H o u w in k  e q u a tio n , 
a  is  th e  exp an sion  fa c to r  an d  Ф is F lory’s c o n s ta n t .

O n th e  other h a n d , <r2> d can  be ca lcu la ted  o n  th e  basis o f purely g eo m e tr i
ca l con sid eration s i f  th e  q u a n tity  o f  th e cross d in k in g  agent added to  th e  
sy s te m  is know n:

(r2>d
2 M r T ,:!

N A d 2
(7)

w here  N A is th e  A v o g ad ro  n u m b er.
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Fig. 7. log X>e*i9i*/S «’*• l°g M c functions. (1) PD  1; (2) PD  2; (3) PD 3; (4) PD  I ;  (5) P D  II ;
(6) PD  I I I

F ro m  E qs (6) an d  (7) >ve o b ta in :

2/3 __
M c (2l3)a.

I n  co n sid e ra tio n  o f  th e  facts t h a t  fo r РУ А  so lu tio n s a  increases e x p o n e n tia lly  
w ith  th e  0 .1 th  p o w er o f th e  re la tiv e  m o lecu la r m ass [7], an d  t h a t  fo r  idea l

n e tw o rk s  V*, =  , th e  p ro d u c t K jV ^ q ö ^ 3 can  he w ritte n  in  th e  fo rm  C M ~ 123.
ш с

T hough  th e  ca lcu la ted  e x p o n en t d iffers fro m  tho se  d e te rm in ed  e x p e rim e n 
ta l ly ,  th is  is in d e e d  n o t suprising  in  v iew  o f th e  sim plify ing  a ssu m p tio n s  m ade 
(use  o f  re la tio n sh ip s  re lev an t to  so lu tio n s o f  in fin ite  d ilu tion , c a lc u la tio n  of 
M c on th e  hasis o f  th e  chem ical re a c tio n , d isreg a rd in g  ne tw ork  d e fec ts , etc.).

I t  should  he em phasized th a t  th e re  is no  su b s ta n tia l d ifference b e tw een  
th e  fu n c tio n s fo r gels p repared  fro m  fra c tio n a te d  a n d  from  po lyd isperse  p o ly m er 
sam p les , w hich in d ic a te s  in  acco rdance  w ith  ex p e rim en ta l resu lts  a lre a d y  m en 
tio n e d  th a t  th e  m echan ical p ro p e rtie s  o f n e tw o rk s  are  d e te rm in ed  p rim a rily  
b y  th e  q u a n ti ty  o f  th e  e la stica lly  ac tiv e  n e tw o rk  chains c o n ta in e d  in  u n it

So2'3 =
2Фосл 

N k d , K
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v o lu m e . T h u s, in  th e  case o f u n id irec tio n a l com pression  te rm in a l chains 
(p e n d a n t chains) do n o t  su b s ta n tia lly  c o n tr ib u te  to  th e  elastic  w ork  n eed ed  fo r 
th e  p ro d u c tio n  o f d e fo rm a tio n .

I t  c an  be sa id  on  th e  basis of Figs 6 a n d  7, and  th e  re la tiv e ly  sm all 
d iffe ren ce  b e tw een  th e  ca lcu la ted  an d  th e  e x p e rim e n ta l m  va lues, t h a t  in  th e  
sy s te m s  in v e s tig a te d  th e  ch a in  d im ensions in  th e  reference s ta te  — a t  le a s t 
as co n cern s th e  c h a ra c te r  o f th e ir  dependence  o n  M c — can  be fa ir ly  w ell 
a p p ro x im a te d  w ith  re la tio n sh ip s  re le v a n t to  d ilu te  po lym er so lu tions.

F o r  th e  fu r th e r  in v e s tig a tio n  o f th e  p ro p e rtie s  o f gels th e  so-called sca ling  
c o n c e p t offers a  p o ss ib ility  [16]. A ccording to  a sca ling  law , th e  e lastic  m o d u 
lu s  (E ) a n d  th e  p o ly m er c o n c e n tra tio n  o f th e  gel in  swelling eq u ilib riu m  (ce) 
a re  in  th e  follow ing re la tio n sh ip  w ith  one a n o th e r :

E  ос с*'25

w h ere  E  =  R T K ^ q ^ q f 1'3.
T h e  E  an d  ce va lu es  o f th e  РУ А  gels are  c o n ta in e d  in  T ab le  Y. I n  th e  

case o f  lo g a rith m ic  p lo ttin g , p o in ts  be long ing  to g e th e r  lie in  good a p p ro x im a 
t io n  a lo n g  th e  sam e s tra ig h t  line  (F ig . 8). T h e  slope of th e  s tra ig h t line , 2 .1 , is 
close to  th e  th e o re tic a l v a lu e , w hich  is p a r tic u la r ly  n o te w o rth y  in  co n sid e ra tio n  
o f  th e  s u b s ta n tia l  d e v ia tio n  o f th e  РУ А  n e tw o rk s  fro m  th e  ideal m odel sy stem .

Table V

ce and E  values o f  P V A  gels

Symbol of fractions
Degree of 

cross- I II I ll IV V
linking

ce
(g cm-8)

E x  10-* 
(Nm-1) ce

(g cm -1)
ExlO-*
(N m -1)

ce(g ra n - ')
E x  10-4 
(N m -2)

ce
(g cm -8)

E x  10-< 
(Nm -1)

ce
(g cm -8)

E x l O ~ *  
(N m -2)

50 0.146 3.25 0.162 4.12 0.171 5.34 0.178 6.18 0.182 6.74

100 0.088 1.02 0.099 1.38 0.114 2.44 0.125 2.89 0.137 3.30

200 0.038 0.19 0.057 0.49 0.074 0.91 0.089 1.22 0.093 1.45

400 — — — — 0.048 0.42 0.056 0.52 0.058 0.62

I t  also  becom es a p p a re n t  from  th e  fig u re  t h a t  w ith in  th e  lim its of e x p e rim e n ta l 
e rro r  th e  ex p o n en t is in d e p e n d e n t o f th e  q u a n t i ty  o f  te rm in a l chains c o n ta in e d  
in  th e  sy stem .

T h is  fin d in g  is in  c o n tra d ic tio n  w ith  re c e n t e x p e rim e n ta l re su lts  o b ta in e d  
fo r p o ly (d im e th y ls ilo x an e ) a n d  p o ly s ty ren e  gels, accord ing  to  w h ich  th e  
e x p o n e n t increases co n sid e rab ly  w ith  in c re a s in g  ra tio  of p e n d a n t ch a in s
[17, 18].
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Fig. 8. log E  vs. log ee functions for PVA gels; sym bols of the fractions: (1) I ; (2) I I ;  (3) I I I ;
(4) IV; (5) V

To e lu c id a te  th e  n a tu re  o f sev e ra l an o m alies  a ttr ib u te d  to  c ry s ta lliz a 
tio n , in v e s tig a tio n s  are  carried  o u t o n  sy s tem s  of sim ilar s te r ic  s tru c tu re  
th a t  o f th e  РУ А  gels s tud ied , w here  th e  p o ss ib ility  of c ry s ta ll iz a tio n  is a 
p rio ri exc luded  b y  th e  chem ical n a tu re  o f  th e  po lym er chains.
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A bipotentiostatic  m easuring system  has been developed for electrochem ical 
kinetic investigations in system s featuring two working electrodes, as e.g. th e  ro tating  
ring disc electrode. The m easuring m ethod  is described, and the application  of the 
technique is illustrated  on hand  of a few dynam ic measurements.

T he ro ta t in g  rin g  disc e lec trode  b ecam e  a  w idely  used  to o l o f in v e s tig a 
tio n  in  th e  la s t  decade [1, 2]. E sse n tia lly , th e  soluble in te rm e d ia te s  a n d  end 
p ro d u c ts  fo rm ed  a t  th e  disc e lec trode  used  as w ork ing  electrode are  tra n s p o r te d  
b y  th e  w ell defined  convective  d iffusion  to  th e  v ic in ity  o f th e  rin g  e lec trode  
used  as an  in d ic a to r  e lectrode, w here  th e y  can  be d e tec ted  an d  d e te rm in e d  by  
a  su ita b ly  se lec ted  m eth o d  [3, 4, 5]. F o r  exam ple , cu rren t-free  p o te n tia l  [4] 
o r lim itin g  c u r re n t [1, 2, 3, 6] can  be m easu red  a t  th e  a p p ro p ria te ly  selected  
in d ic a to r  e lec tro d e , w ith  an  in s tru m e n t p a rk  analogous to  th a t  o f  th e  e lec tro 
chem ical m easu rin g  tech n iq u e  used  a t  th e  w o rk ing  e lectrode. M easu rin g  te c h 
n ica l p o ssib ilities  an d  dem an d s m ay  arise , w h ich  w ould req u ire  th e  a p p lica tio n  
o f p o te n tio s ta tic  or p o te n tio d y n a m ic  m easu rin g  tech n iq u es a t  b o th  th e  disc 
an d  th e  r in g  elec trodes. In  th is  case, u s in g  th e  sym bols o f th e  e q u iv a len t 
e lec tric  c irc u it show n in  F ig . 1, th e  p o te n tia l  d ifferences o f th e  e lectrodes 
W 2-R  a n d  W l- R  o u g h t to  be k e p t in d e p e n d e n tly  of one a n o th e r  a t  co n tro lled  
an d  g en era lly  d iffe ren t c o n s ta n t va lues ev e n  i f  im pedances Z x—Z 4 do change. 
T his ta s k  is perfo rm ed  b y  th e  b ip o te n tio s ta ts  [7, 8].

T he b lo ck  schem e o f a  b ip o te n tio s ta t  perfo rm ing  such ta s k  is show n 
in F ig . 2. (T he m ark in g  o f e lec tro d e  co n n ec tio n s is th e  sam e as in  F ig . 1.)

I t  follow s a lread y  from  th e  m ost sim p le  e q u iv a len t schem e o f  e lec trode  
im p ed an ce  show n in  F ig . 1 th a t  th e  c u r re n t flow ing  th ro u g h  th e  tw o  w ork ing  
e lec trodes (W l, W 2) can  n o t be se p a ra te ly  m easu red  in  th e  c ircu it o f  th e  co u n te r 
e lec trode  (A) (w here th e  a lg eb ra ic  sum  o f th e  tw o  cu rren ts  is f low ing ). T hus, 
c u rre n t m easu rin g  system s h av e  been  lo c a te d  in  th e  c ircu its  o f  th e  w ork ing  
elec trodes, w ith  th e  consequence th a t  none o f  the electrodes can be connected 
to zero po in t .
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126 FARKAS et al.: ROTATING RING DISC ELECTRODE

W2 W1

Fig. 1. E lectric equivalent of an  electrolysis cell w ith  tw o working electrodes; Z l, Z2, Z3, 
Z4 — electrode impedances; W l, W2 — working electrodes; H — reference electrode;

A  — counter electrode

Fig. 2. B lock scheme of the b ipo ten tiosta t. The m arking of the  electrode connections is th e  
same as in  Fig. 1. F o r further symbols see te x t and Figs 3, 4

T h e  u n it  consisting  o f  A 4 (p ro tec ted ) o p e ra tio n a l am plifier, T  pow er 
a m p lif ie r  (feedback to  th e  in p u t ;  ga in  =  1) a n d  o f  th e  d isp lay  sy stem  I l out 
se rv es  fo r  th e  m easu rem en t o f th e  c u rre n t flow ing  th ro u g h  tv o rk ing  e lec trode  W l .

T h e  p o ten tia l o f th e  w o rk in g  e lec trode  W l  is in  th is  a rra n g e m en t a t  
q u a s i e a r th  p o ten tia l, b ecau se  th e  o p era tin g  v o lta g e  estab lished  b e tw een  th e  
in p u ts  o f  A4 feedback  o p e ra tio n a l am plifier is o n ly  o f an  o rder of m a g n itu d e  
o f 10 /IV .
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1 « U

0,1 »u

b

Fig. 3. Schematic diagram  of the unit m arked in Fig. 2. w ith  P  (1)2. Upp b: generation of in te r
nal program  voltage; U PR k: connections of the external program  voltage, A(S) — sum m ation 
amplifier, OL — overload indicators, PT  power am plifier, YA — high-frequency amplifier,

1 ^  — high-frequency indicator

Fig. 4. Circuit diagram  of current ou tpu ts (Iout). lout — direct cu rren t output, I  — built-in  
amperemeter, LA — low-frequency amplifier, — low-frequency noise indicator

The c ircu it b u il t  u p  from  u n its  A5, A 6, A 9, P 2  a n d  I2 0Ut serves for th e  
m easu rem en t o f  th e  c u rre n t flow ing  th ro u g h  th e  w o rk in g  electrode W 2. T he 
p o te n tia l  d ifference b e tw een  th e  W 2-R  e lec tro d es ca n  be m easured  a t th e  
o u tp u t  of th e  o p e ra tio n a l am p lifie r A6.

The c ircu it su p p ly in g  th e  e lec tro lyzing  c u r re n t (an d  pow er) is th e  p a r t  
b u il t  up  from  u n its  A l ,  P I .  T he sw itch  K 1 sw itches o ff th e  electro lyzing  cell 
fro m  th e  b ip o te n tio s ta t . U sing a n  in v e rte r , th e  p o te n tia l  difference betw een  
e lec trodes W l-R  ca n  be m easured  a t  th e  o u tp u t  o f  th e  o p e ra tio n a l am plifier A l.

In  open p o s itio n  of sw itch  K 2 , show n in  F ig . 2, a g a lv an o sta tic  m ode of 
o p e ra tio n  can be estab lish ed  over th e  e lec trode  sy s tem  W 2-A -R .

U nits m ark ed  in  F ig . 2 w ith  P I  (2) g e n e ra te  th e  e x te rn a l and  b u ilt- in  
p ro g ram  voltages (F ig . 3), and  com prise th e  h ig h -freq u en cy  noise in d ic a to r  
(УА), the  overload  in d ic a to r  (O L) and a p o w er am p lifie r (PT).

The o u tp u ts  I I  (2)out (F ig. 4) co n ta in  also th e  noise ind ica to rs  connected  
a f te r  th e  low -frequency  am plifiers  o f th e  b ip o te n tio s ta t .

I t  can be seen  from  th e  c ircu it d iag ram s o f F igs 2, 3 and  4 th a t  th e  
o u tp u t  signals p ro p o rtio n a l to  th e  values o f  th e  p a ra m e te rs  to  be m easured  
(p o ten tia l d ifferences, c u rre n t s tren g th s)  are  voltage outputs,  hav ing  a t  th e
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sa m e  tim e  a low o u tp u t im p e d a n c e . T h is fea tu re  perm its  to  co n n ec t to  each 
o u tp u t  reco rd ers  o f d isp lay  sy s te m s  se lec ted  from  a w ide field .*

A f te r  th e  descrip tion  o f  th e  b lo ck  d iag ram  and  th e  p rin c ip le  o f  o p e ra tio n  
o f  th e  b ip o te n tio s ta t , its  a p p lic a tio n  in  in v estig a tio n s w ith  th e  ro ta t in g  ring  
d isc  e lec tro d e  will be d iscussed . W ith o u t claim  for co m ple teness, a  c ircu it 
d ia g ra m  w ill be described, w ith  th e  a id  o f w hich  m an y  m eth o d s  in  in v e s tig a tio n  
c a n  b e  e lab o ra ted  (F ig. 5). N a tu ra l ly ,  b y  chang ing  th e  a rra n g e m e n t, severa l 
k in d s  o f  m easu rem en ts can  b e  rea lized .

I n  th e  following, th e  u s a b ili ty  o f  th e  m easuring  a p p a ra tu s  w ill be described  
on  h a n d  o f  experim en ta l re su lts  o b ta in e d  in  th e  anodic d isso lu tio n  o f  copper.

T h e  disc of th e  ro ta t in g  r in g  d isc  e lectrode is m ade o f  co p p er, its  ring  
f ro m  p la tin u m . Teflon rings a re  u se d  fo r th e ir  in su la tio n . E le c tr ic  con n ec tio n  
is p ro v id e d  b y  carbon  b ru sh es  th ro u g h  b ronze  rings lo ca ted  a t  th e  ex ch an g e
a b le  e lec tro d e  stem s.

T h e  electrode is ro ta te d  b y  a n  asynch ronous m o to r o f  s ta b le  speed  of 
r o ta t io n .  A У -belt gear p ro v id es  fo r chan g eab le  connection  b e tw een  th e  m o to r 
a n d  th e  e lectrode disc. F o r th e  ra p id  checking  of ac tu a l speed  o f ro ta t io n  a 
m a n u a l  ta c h o m e te r  is used. E x a c t  v a lu es  are  estab lished  b y  a  m easu rin g  eq u ip 
m e n t ,  o p e ra tio n  on th e  basis o f  th e  c irc u it d iag ram  show n in  F ig . 6.

T h e  essence of th e  m e a su rin g  p rin c ip le  is th a t  in fra re d  l ig h t, e m itte d  
b y  th e  p h o to d io d e  is re fle c ted  fro m  a  n arro w , m arked  p a r t  o f th e  e lectrode 
d isc . T h e  reflec ted  signal is c o n v e r te d  b y  a  pho tosensor in to  a n  e lec tric  signal. 
T h is  s ig n a l is fed a fte r  a m p lif ic a tio n  an d  un ifo rm ization  to  th e  in p u t  o f a

Fig. 5. C ircuit diagram of the m easuring system . D P — bipotentiostat, FG  — function  gener
a to r, PM  — voltmeter, COM — com m on zero point of the system, EXT.M  — connection of 

ex te rn a l measuring instrum ent (the  o ther symbols are the same as in Figs 1, 2, and 3)

* W e wish to call the a tten tio n  also to the fact th a t ou tpu t circuits designed in this 
w ay  m ake possible connection to analogue com puters, even in feedback mode of operation  [9].
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c o u n te r , an d  th e  n u m b e r  o f revo lu tions p e r  u n i t  tim e  appears d ire c tly  on  th e  
d ig ita l d isplay .

F ig u re  7 show s th e  sch em atic  d raw ing  o f th e  th e rm o s ta ta b le  glass a p p a ra 
tu s . F o r th e rm o s ta tin g  a  th e rm o s ta t  M odel H A A K E  K T  33 is u sed  th e  
te m p e ra tu re  is c o n s ta n t  w ith in  ^ 0 .1  °C.

T he ex te rn a l ju n c t io n  o f  th e  p la tin u m  w ire  a u x ilia ry  e lec trode , im m ersed  
in to  th e  so lu tion , is p ro v id e d  b y  a m ercu ry  c o n ta c t. T he re fe rence  e lectrode,

Ф
Fig. 6. Scheme of the speed m easuring circuit. D1 — photodiode (LED), D2 — photosensor, 
R M — loading resistance, E T  — electrode-rotating disc, T  — m irror strip , A — amplifier, 

U — signal conditioner, S — counter (w ith  digital display)

Fig. 7. Therm ostatable glass vessel w ith electrodes. W D  — disc electrode, W R  — ring electrode, 
R  reference electrode connection, A1 — external counter electrode, A2 — in ternal counter 
electrode, L — Luggin capillary , ET  — electrode driving disc, G l, G2 — gas in le t and outlet, 

T t, T 2 — inlet and o u tle t o f therm ostating liquid, В — bronze rings, C — carbon brushes
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130 FARKAS et al.: ROTATING RING DISC ELECTRODE

w h ic h  sim ilarly  can  be  th e rm o s ta te d , is a  1.0 m o l/d m 3 NaCl calom el e lec tro d e . 
(P o te n t ia l  values g iven  in  th e  follow ing are  re fe rred  to  th is  e lectrode.)

T h e  p o ten tia l o f th e  r in g  e lectrode w as se t in  each  case to  -f- 600 mV. 
T h u s , th e  lim iting  c u rre n t o f  th e  fu r th e r  o x id a tio n  o f copper (I) io n  can  he 
m e a su re d  a t  th is  e lec trode  [10]. T h e  p o te n tia l o f th e  disc and  th e  r in g  e lec tro d e , 
re sp e c tiv e ly , is d isp lay ed  o n  th e  d ig ita l in s tru m e n t o f th e  special p u rp o se  
b ip o te n tio s ta t  A F K E L  413/1 d iscussed  above, a n d  on th e  d ig ita l v o ltm e te r  
H I K I  T R  1667-A.

I n  p o ten tio d y n am ic  m easu rem en ts  th e  co n tin u o u s change o f th e  p o te n 
t ia l  is  p erfo rm ed  by  a  fu n c tio n  g en era to r P h ilip s  PM  5168, w hile reco rd in g  by  
a  d o u b le  Y -axis p lo tte r  M odel B R Y A N S A3, fe a tu r in g  also a lo g a rith m ic  u n it .

E lec tro ly tes  needed  fo r  th e  m easu rem en ts  w ere p rep ared  fro m  p .a .  
p e rc h lo ric  acid and  p .a .  h y d ro ch lo ric  acid w ith  b id istilled  w a te r. T h e  to ta l

Fig. 8. Potentiodynam ic m easuring a t the copper disc electrode, potentiostatic m easurem ent 
a t th e  p la tinum  ring electrode. Com position of the solution: 2.9 m ol/dm :! HC104 -j- 0.1 m ol/dm 3 
HC1; tem pera tu re  of the system  60 °C, electrode speed 520 m in -1. eD electrode potential, 
JD ^  curren t strength a t the disc electrode, 1^ current strength  a t the ring electrode
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e lec tro ly te  c o n c e n tra tio n  of th e  so lu tions w as alw ays 3.0 m ol/dm 3, i.e. 3-x  
m ol/dm 3 H C 104 an d  x  m ol/dm 3 HC1. (The v a lu e  o f x  was changed  b e tw een
0.01 an d  1.0). T h e  second d is tilla tio n  o f once d istilled  w a te r fro m  a lk a lin e  
K M n 0 4 so lu tio n  rem oves th e  p re d o m in a n t p a r t  o f organic im p u ritie s . T he 
q u a lity  o f  w a te r  used  is co n tin u o u sly  co n tro lled  b y  a  c o n d u c tiv ity  cell.

O xygen  is rem o v ed  from  th e  e le c tro ly te  b y  bubb ling  th ro u g h  i t  h igh  
p u r i ty  n itro g en , fu r th e r  pu rified  before  th e  electro lysis cell w ith  a  copper- 
am m o n ia  gas sc ru b b e r. T he rem oval of o x y g en  fro m  th e  solu tion  re q u ire s  before  
each  ru n  a b o u t 1 h o u r. (U sing a u x ilia ry  e lec tro d es A l and A2, th e  d esign  of 
th e  e lectro lysis cell m akes possible th e  re d u c tiv e  rem oval of oxigén d isso lved  
in  th e  e lec tro ly te .)  T he passing  of n itro g e n  is co n tin u ed  also d u rin g  th e  te s t ,  
a n d  m u s t be s to p p e d  only  for th e  p e rio d  o f  m easu rem en ts  a t a  sp eed  o f  r o ta 
tio n  o f less th a n  500 m in -1, because in  th is  case b u b b lin g  in terfere  a lre a d y  w ith  
m easu rem en t.

To ensure  an  electrode su rface o f co n s ta n s  q u a lity , d efin ite ly  n e ed ed  for 
rep ro d u c ib le  m easu rem en t, th e  e lec trode  is p re p a re d  before each  m easu rin g

a

0 30 60 90  t Ы

f\  b

3 30 1 90 [ t ]

Fig. 9. Double po ten tia l step a t the copper disc electrode, potentiostatic m easurem ent a t the 
ring electrode. Composition of the solution: 2.97 m ol/dm 3 HC104 -f- 0.03 m ol/dm 3 HC1. Speed 

of ro ta tion  2000 m in -1, tem perature 25 °C. Symbols are the same as in  Fig. 8
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series in  an  id e n tic a l w ay . T he re g e n e ra tio n  o f  th e  surface can  be  rea lized  
b y  th e  d ep o sitio n  o f  a new  copper la y e r  a f te r  w ash ing  w ith  d ilu te  su lfu ric  
ac id . C om position  o f th e  depositing  e le c tro ly te : 0.5 m ol/dm 3 C u S 0 4 a n d  0.05 
m o l/d m 3 H 2S 0 4. E lec tro ly s is  is c a n ie d  o u t  fo r 10 m inu tes a t 20 m A , th e n  for 
fu r th e r  10 m in u te s  a t  2 m A  c u rren t s tre n g th  o n  a  surface of 0.25 cm 2, a t  a 
speed  o f  ro ta t io n  o f 1060 m in -1 . A ccord ing  to  o u r experiences, an  e lec tro d e  
su rface  p re p a re d  in  th is  w ay  is a lready  su ita b le  fo r  reproducib le  m easu rem en ts .

A fte r  th is  d e sc rip tio n  o f eq u ip m en t a n d  m e th o d s  of p re p a ra tio n  n eed ed  
fo r th e  m easu rem en ts , re su lts  o b ta in ed  a t  th re e  d iffe ren t m easuring  te c h n ic a l 
a r ra n g e m e n ts  w ill be p re se n te d  [11].

T h e  series o f cu rves show n in  Figs 8a, b , c rep re sen ts  resu lts  o f  p o te n tio -  
d y n a m ic  m easu rem en ts  a t  th e  disc e lec trode  (a t  a  re la tiv e ly  ra p id  p o la r iz a tio n  
ra te ) , w hile  p o te n tio s ta tic  m easu ring  te c h n iq u e  w as used  a t  th e  r in g  e lec tro d e . 
F o r  th e  in te rp re ta t io n  o f th e  re la tiv e ly  c o m p lic a te d  c u rre n t-p o te n tia l  cu rv e

Fig. 10. Double current step a t th e  copper disc electrode, potentiostatic  m easurem ent a t  th e  
ring electrode. Composition of the solution: 2.97 m ol/dm 3 HC104 +  0.03 mol/dm3 HC1. Speed 

of ro ta tio n  1080 m in -1, tem perature  25 °C. Sym bols are the same as in Fig. 8
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m easu red  a t th e  r in g  e lec tro d e  offers u sefu l help , because w ith  th e  excep tion  
o f  th e  ac tiv e  sec tion  here  on ly  th e  chem ical d isso lu tion  o f th e  d ep o s ited  CuCl 
s a lt lay e r is m easu red  [6, 11].

In  th e  case o f  th e  cu rves show n in  F igs 9a, b , c doub le  p o te n tia l  step  
w as done a t  th e  disc e lec tro d e , w hile p o te n tio s ta tic  m easu rin g  te c h n iq u e  was 
u sed  a t  th e  rin g  e lec tro d e . T he decrease in  cu rren t a t th e  disc e lec tro d e  after 
th e  deposition  o f th e  s a lt lay e r can  be re a d ily  observed, w hile a f te r  th e  a d ju s t
m e n t o f th e  cu rren t-free  p o te n tia l  th e  ca th o d ic  red u c tio n  c u r re n t o f  th e  cover
in g  sa lt lay e r can  be m easu red . S ince in  th is  case th e  C l-  io n  c o n te n t  a t  the  
su rface  o f th e  disc e lec tro d e  increases (an d  th u s  also th e  r a te  o f  th e  chem ical 
d isso lu tio n  of th e  s till ex is tin g  CuCl c ry s ta ls ) — th e  o x id a tio n  l im itin g  cu rren t 
m easu red  a t  th e  rin g  e lec tro d e  is also increasing .

In  th e  reco rd in g  o f th e  m easu rin g  series show n in  F igs 10a, b , c double 
c u rre n t s tep  m easu rin g  te c h n iq u e  w as used  a t  th e  disc e lec tro d e , a n d  p o te n tio 
s ta t ic  on  th e  rin g  e lec tro d e , in  th e  sam e system  as d esc rib ed  above . The 
change in  tim e  o f th e  p o te n tia l  a t  th e  disc electrode can be re a d ily  in te rp re te d  
w ith  th e  change in  tim e  o f th e  o x id a tio n  lim itin g  c u rre n t m e a su re d  a t  the  
r in g  e lectrode, th e  la t te r  cu rv e  show ing  c learly  th e  su p e rsa tu ra tio n  p e a k  before 
th e  deposition  of th e  CuCl lay e r, th e n  th e  c u rre n t decrease due  to  th e  fo rm atio n  
o f  C u ++ com plexes, an d  su b se q u e n tly  in  cu rren ts-free  s ta te  th e  chem ical 
d isso lu tio n  of th e  s a lt la y e r  u n ti l  th e  d isap p earan ce  of th e  la y e r.
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REACTION O F 3-ALKYL- OR -ARYLSULFONYLOXYFLAVANONES 
W ITH  AM INES. SY NTHESIS OF 3-DIALKYLAM INOELAVANONES**

T . P a t o n a y , + G y . L i t k e i  and  R . B o g n á r  

(Institute o f Organic Chemistry, Kossuth Lajos University, Debrecen) 

Received Ju ly  10, 1980

Reactions of 3-alkyl- or -arylsulfonyloxyflavanones ( l a —h) w ith prim ary and 
tertia ry  amines gave m ixtures of the corresponding flavones (2a — d) and aurones 
(3a — d), while w ith secondary amines, in addition to 2 and 3, 3-dialkylaminoflavanones 
(6 — 9) were also obtained. The factors which determ ine the ratio  of products are 
discussed.

T reatm ent of the 3-dialkylaminoflavanones 6a and 7 w ith DDQ gave 3-dialkyl- 
aminoflavones (10, 11); trea tm en t w ith alkali in  m ethanol afforded 2-dialkylamino- 
-2-benzylcoum aran-3-ones (12, 13).

E arlie r in  th is  series we rep o rted  th e  sy n th es is  o f 3-alkyl- an d  3-aryl- 
su lfo n y lo x y flav an o n es, th e ir  reac tions w ith  az id e  ions [1], and  th e ir  usefu lness 
in  th e  p re p a ra tio n  o f  new  3 -su b stitu ted -flav an o n es  o f p o te n tia l bio logical 
a c tiv ity . In  th e  p re sen t com m u n ica tio n  we w ish  to  re p o rt on th e  reac tio n s  of 
3 -a lky l- or -ary lsu lfo n y lo x y flav an o n es w ith  am ines.

R eactions o f 3-alkyl- or -arylsulfonyloxyflavanones 
with primary and tertiary am ines

T he trnns-3 -a lky l- or -a ry lsu lfo n y lo x y flav an o n es ( la  —h) w hen  t re a te d  
w ith  tr ie th y la m in e , isop ropy lam ine  or cy c lo h ex y lam in e  in  d im eth y lsu lfo x id e  
a t  room  te m p e ra tu re , or re flu x ed  in  p y rid in e , affo rd  a m ix tu re  o f flavones 
(2a —d) an d  aurones*** (3a —d). N o fo rm a tio n  o f  iso flavones could be d e tec ted .

* P art X X X V : Gy. L i t k e i , T. M e s t e r , T. P a t o n a y  and R. B o g n ä k : Ann., 1979, 174 
** A part of this work was presented a t the Conference of the H ungarian Chemical 

Society, Sopron, 28 — 31 A ugust, 1979.
+ To whom correspondence should be addressed 

*** An IR  spectroscopic investigation revealed th e  presence of only (Z)-aurones in the 
reaction mixture, bu t after column chrom atography the isolated aurones were found to  consist 
o f a m ixture of the E  and Z  isomers. By control experim ents i t  was verified th a t the E  com
pounds appear as a result o f Z  E  isomerisation during chrom atographic separation in  the 
presence of (visible) light. The UV irradiation-induced Z  — E  isomerization is well known 
[2, 3]. Studies on th is isomerization arc in progress.

3 Acta Chim. Acad. Sei. Hung. 108, 1981
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T he appearence  o f  au ro n es in  th e  reac tio n  m ix tu re  is su rp ris in g , because 
th e  reac tio n  o f 3 -b ro m o -flav an o n es w ith  nucleoph ilic  ag en ts  affo rds e ither 
on ly  flav o n es b y  sim ple /(-e lim ination  [4, 5 ], o r iso flavones b y  a ry l m igration  
(in  th e  presence o f  c e r ta in  silver salts) [5]. N o fo rm a tio n  o f  au ro n es was ob
served  in  th e  reac tio n  o f  l a —h and  azide ions [1].

T o exp la in  th e  e lim in a tio n  accom pained  b y  rin g  c o n tra c tio n  lead ing  to  
au ro n es i t  is supposed  th a t  — para lle l to  /(-e lim ination  lead in g  to  flavones — 
th e  a t ta c k  of th e  nuc leo p h ile  also occurs a t  th e  C-2 ca rb o n  a to m , affording 
4 b y  rin g  opening. R ecy c liza tio n  o f th e  in te rm e d ia te  4 by  in tra m o le c u la r  a tta ck  
a t  C-3 linked  to  a good leav in g  group gives 5, w hich is f in a lly  tran sfo rm ed  to  
(Z )-3 in  a fa s t e lim in a tio n  s tep  [6].

T he au ro n e /flav o n e  ra tio  depends n o t o n ly  up o n  th e  c h a ra c te r  of th e  
am ine , b u t  also on th e  leav in g  group an d  th e  o th e r s u b s ti tu e n ts  o f th e  flava- 
none la —h.

(1) More au ro n e  is fo rm ed  in  th e  reac tio n  w ith  p rim a ry  am ines th a n  w ith  
te r t ia ry  ones. T h is in d ic a te s  th e  im p o rtan ce  o f steric  fa c to rs ; th e  sm aller p ri
m a ry  am ines can  m ore easily  a t ta c k  a t  C-2 ca rry in g  th e  b u lk y  p h en y l group, 
th a n  can  th e  la rg e r te r t ia r y  am ines.

(2) In  th e  series o f  3 -m esy loxyflavanones ( la —d) an  in c rease  in  th e  elec
tro n -a ttra c t in g  c h a ra c te r  o f  th e  R 1 group causes a decrease in  th e  yield  of 3. 
T h is can  be a t t r ib u te d  to  th e  fa c t th a t  e lec tro n  a ttra c t io n  b y  th e  R 1 group 
fac ilita te s  /(-e lim ination  an d  also  h am p ers  th e  cleavage o f  th e  0-(C -2) bond.

(3) /(-E lim ina tion  is fav o u red  b y  th e  presence o f a b e t te r  leav ing  group 
anti th u s  aurone fo rm a tio n  is supressed . T h is ten d en cy  is q u ite  no ticeab le  in 
th e  case of 4 -X -benzanesu lfony loxy  groups (If—lh).

R eactions of 3 -m esyloxyflavanones ( l a ,  b ) w ith  secondary  am ines

The reac tio n s o f íran s-3 -m esy lo x y flav an o n e  ( la )  or írans-3-m esyloxy- 
-4’-m e th o x y flav an o n e  ( lb )  w ith  d ifferen t secondary  am ines (p iperid ine , m or
p h o line , d ie th y lam in e , iV -m ethy l-benzy lam ine) in d im eth y lsu lfo x id e  a t  room 
te m p e ra tu re  give tm res-3 -d ia lky lam inoflavanones (6a, b, 7 —9), in  addition  
to  th e  co rrespond ing  flav o n es (2a, b) and  au rones (3a, b). D isp lacem en t takes 
place w ith  full re te n tio n  o f th e  co n fig u ra tio n , th e  isom eric cis-3-dialkylarnino- 
flav an o n es were n o t d e te c ta b le . In  th e  reac tio n  of 1 an d  azide ions also a dom i
n a n t  re te n tio n  w as observ ed , b u t  i t  w as accom pan ied  b y  a b o u t 15%  in \  er- 
sion [1].

T he yield of 3 -d ia lk y lam in o flav an o n es depends on th e  n a tu re  o f  th e  am ine, 
being  e.g., h igher w ith  alicyclic  am ines th a n  w ith  seco n d ary  a lip h a tic  am ines. 
T his difference m ay  be exp la ined  by  steric  fac to rs  [7], b u t  th e n  th e  lack of

3 * Acta Cliim. Acad. Sei. Hung. 108, 1981
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1 a ,  b
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6 a H —  ( C H 2)5 —
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7 H —  ( C H 2)2 0 (C H 2)2—

8 H E t Et

9 H M e PI1CH2

X

6 a , 1 0 ,1 2 ,1 4 C H .

7, 1 1 ,1 3 ,1 5 0
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su b s titu tio n  w ith  th e  sm aller p rim a ry  am ines requ ires a n o th e r — an d  still 
u nknow n  — ex p la n a tio n .

C o n tra ry  to  th e  l i te ra tu re  [8], we o b serv ed  no co rre la tio n  b e tw een  the  
yield  o f 3 -d ia lky lam inoflavanones an d  th e  b as ic ity  of th e  am ine used .

T he 3 -d ia lk y lam in o flav an o n es 6 a  an d  7 can be tra n sfo rm e d  to  th e  
3 -d ia lky lam inofIavones 10 and  11 w ith  2 ,3-d ich lo ro -5 ,6 -d icyanobenzoqu i- 
none (D D Q ) acco rd ing  to  th e  m eth o d  o f  M a t s u u r a  et al. [9 ] .  T h e t re a tm e n t 
o f 6a and  7 w ith  d ilu te  sodium  h y d ro x id e  in  m eth an o l a t room  te m p e ra tu re  
gave, b y  r in g -c o n tra c tio n , th e  2 -d ia lk y lam in o -2 -b en zy lco u m aran -3 -o n es 12 
a n d  13 as th e  o n ly  p ro d u c ts , in  a lm o st q u a n t i ta t iv e  y ield .

The fo rm a tio n  o f 12 an d  13 is a ssu m ed  to  be a re su lt o f th e  recy c liza tio n  
o f th e  2 '-hyd roxy-(x -d ia lky lam inochalcones 14 an d  15, w hich  are  fo rm ed  from  
6a  an d  7 in  basic  m edium . T he cy c liza tio n  o f  some 2 '-O R -< x-substitu ted- 
-chalcones to  2 -su b stitu ted -2 -b en zy lco u m aran -3 -o n es in  th e  presence  o f  acids 
is w ell know n  [10], b u t  th e  tra n s fo rm a tio n  o f  3 -h y d ro x y flav an o n es  to  2-hy- 
d roxy-2 -benzy lcoum aran -3 -ones b y  a lk a li in  poor y ield  — p re su m a b ly  via  
2 ',<x-dikydroxychalcones — has b een  re p o r te d  only  in  a few  cases [11]. The 
p re se n t r in g -c o n tra c tio n  offers a new  m e th o d  fo r th e  syn thesis  o f 2 -su b s titu te d - 
-2 -benzy lcoum aran -3 -ones.

F u r th e r  re su lts  on th e  reac tio n  o f 1 w ith  o th e r nucleophiles w ill be p u b 
lished  in  th e  n e a r  fu tu re .

Experim ental

All m .p.’s are uncorrected and were determ ined on a Kofler hot-stage. UV spectra  were 
registrated  on a UNICAM SP-800 instrum en t, IR  spectra were recorded w ith  UNICAM 
SP-200 G and Perkin—Elm er 283 instrum ents; NMR spectra were obtained on a JE O L  
MH-100 instrum en t (internal standard TMS 0 =  0 ppm).

All the isolated flavones (2a — d) and (Z)-aurones (3a — d) were identified on th e  basis 
of m .p., mixed m .p., TLC investigations and IR  spectra.

Transform ation of frcms-3-alkyl- or -arylsulfonyloxyflavanones ( l a —h) in hot pyridine

Three mmoles of the trrms-3-alkyl- or -arylsulfonyloxyflavanone ( l a —h) [1] was refluxed 
in  dry pyridine (10 mL). The solid product which precipitated after pouring the  reaction 
m ixture into dilute hydrochloric acid was filtered  off, washed and dried. The p roduct ratio  
was determ ined as follows:

Method A
The p roduct m ixtures were chrom atographed on Kieselgel 40 (Merck) or Kieselgel 

Woelm (A kt. I.) adsorbents w ith an eluant system  of petroleum  ether-ethyl ace tate  (4 : 1), 
unless otherwise sta ted .

Aurones were eluted as a m ixture of the E  and Z-isomers; they were separated by 
repeated crystallization. In  the reaction m ix ture  only the (Z)-aurones were detec ted  by TLC 
and IR . C hrom atography of pure (Z)-3a under sim ilar conditions afforded an  (E ) —(Z) m ixture 
in  a ratio  of about 1 : 1 (TLC and IR  identification). This ratio was similar to the one observed 
in  the chrom atography of the reaction m ixtures.

(E)-Aurones were identified on the basis of the characteristic differences between 
their IR  spectra and those of the Z isomers [2, 13].

Acta Chim. Acad. Sei. H ung. 108t 1981
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Table I
О

Details o f the reaction o f 3-alkyl- and 3-arylsulfonyloxyflavanones with primary and tertiary amines

S tart.
compd.

Reagent Time of 
reaction

Product
determine*

tion

4 '-R 1-flavone (2а—d) 4,-R 1-aurone (i a—d)
Yield,

%
М.р.,
°c

Lit. m .p., 
°C

Yield,
%

M.p.,oCa L i t .  m .p.,
°C

la py/zl 6h A 84.1 95 97 12.0 108-110 108 [12]
py/zl 6h В 88.7 — 10.95 —
EtjN/DMSO 7d A 87.7 9 6 -9 7 8.6 106-108
;-PrN H 2/DMSO 3d A 57.5 9 5 -9 6 32.9 107—108
C6H n N H 2/DMSO 4d В 56.6 — 41.9 —
Bu2NH/DMSO 3d A 91.5 9 6 -9 8 6.2 —

lb py/zl 6h A 62.0 156-158 1 57 -158  [14] 12.5 138-140 1 38 -139  [15]

lc py/zl 6h A b 81.1 177—179 178 [16] 8.4 170-171 168 [17]

Id py/zl 1.5h c 84.4 2 35 -238 24 4 -2 4 6  [18] 1.0 — 20 7 -2 0 8  [18]
E t3N/DMSO 24h A b 91.3 2 36 -239 6.7 207-211

le py/zl 6h В 88.2 — 8.8 —
I f py/zl 6h В 83.8 — 12.6 —

py/zl 6h в 87.9 — 9.6 —
lh py/Zl 6h в 91.6 — 5.3 —

a M.p.’s of (Z)-aurones. The m.p.’s of the isolated (E)-aurones are not characteristic owing to their isomerisation during heating (see Ref
erences [2] and [19])

b Elution w ith petroleum ether-ethyl acetate (7 : 3)
" Recrsytallization from acetone followed by preparative TLC [Kieselgel 60 F254; toluene-ethyl acetate [4 : 1]]
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Method В
The spectra of the crude products (c ~  0.2 mg/10 m L, CHC13) were recorded. The 

am ount of flavone (2a), (Z)-aurone (3a) and 3-hydroxyflavone (which also could be detected 
by TLC) was calculated from the extinction data  m easured a t A =  292.5, 343 and 382 nm 
wavelengths on the basis of E ^ =  l E s j  ^ c,-.

Each individual product composition was determ ined as an average of two indepen
den t measurem ents, th e  m axim al error being ^ 0 .7 3 % . The m axim um  am ount of 3-hydroxy- 
flavone was 3.6%. The details of the experim ents and spectroscopic da ta  are summarized in 
Tables I and II.

Table II
I R  spectroscopic data o f the prepared aurones (crn-1)

C om pound
Z E

v C = 0 1>С=С vAr— C ( = 0 ) D H F v C = 0 vC = C vA r— C ( = 0 ) D H F

3a 1712 1657 1297 883 1694 1640 1286 889

3b 1711 1652 1298 885 1702* 1636* - —

3c 1717 1660 1297 885 1706 1623 1286 —

3d 1720 1661m 1297 885 1687 1640vw - -

DUE: V ibration of the dihydrofuranone skeleton, m: medium, vw: very weak. The 
spectra were recorded in CC14 solution or from TLC plate (denoted by * symbol)

Reaction of írarcs-3-mesyloxyflavanones ( la ,  b, d) 
with amines in dimethyl sulfoxide

The Irans-3-m esyloxyflavanone ( la , b, d) (3 mmoles) was trea ted  w ith 6 mmoles of 
am ine in abs. d im ethyl sulfoxide (10 —15 mL) a t room  tem perature. The reaction m ixture 
was poured into w ater and then extracted w ith chloroform or carbon tetrachloride. After 
drying, the solvent was evaporated and the crude product was separated  by one of the m ethod 
A  — D. (In  the reaction  of l a  with cyclohexylamine and of Id  w ith triethylam ine the reaction 
m ixture was poured in to  w ater, the precipitated crude product was filtered off, washed and 
separated.)

Method C
The crude p roduct was dissolved in carbon tetrachloride and then  extracted w ith 

dilute hydrochloric acid. The acid phase was made alkaline w ith am m onium  hydroxide and 
ex tracted  again w ith  diethyl ether. After drying, the ether was evaporated and the residue 
crystallized from m ethanol or ethanol to obtain pure 3-dialkylaminoflavanone.

The carbon tetrachloride phase remaining from the ex trac tion  w ith hydrochloric acid 
was dried, evaporated and chrom atographed on a Kieselgel 40 or a Kieselgel Woelm (A kt. I.) 
colum n (eluant: petroleum  ether-ethyl acetate (4 : 1)).

Method D
The crude p roduct was dissolved in a small q u an tity  of acetone, poured into dilute 

hydrochloric acid and extracted  with diethyl ether. The rem aining acidic solution was made 
alkaline w ith am m onium  hydroxide, extracted w ith chloroform and evaporated. Crystalliza
tion  of the residue from ethanol gave pure 3-dialkylam inoflavanone.

Results and characteristics of the new products are given in  Tables I I I  and IV.

3-Piperidinoflavone (10)

A solution of 6a (0.49 mmole) and 2,3-dichloro-5,6-dicyanobenzoquinone (0.66 mmole) 
in  abs. dioxane(15 mL) was refluxed for 8hrs. A fter cooling, the precip itated  2,3-dichloro-5,6- 
-dicyanohydroquinone was filtered off, the solvent was evaporated from the filtra te  and the

Acta Chim. Acad. Sei. Hung. 108, 1981
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Table 1П

Details o f the reaction o f 3-mesyloxyflavanones with secondary amines

C om pound T im e of 
rea c tio n , d ay s

P ro d u c t
d e te rm in a tio n

Y ield ,
%

M .p.,
°c

F o rm u la  
(Mol. w eight)

A nalysis Iso la ted

Calcd. F o u n d
F lav o n e ,

%
A urone,

%

6a 3 c 22.0 9 6 -9 7
1 4 9 -151“

^20^21^02
(307.40)

C: 78.15 
H: 6.89 

N: 4.56

C: 78.66 
H :  6.88 

N: 4.53

43.9 6.7

6b 6 D 30.4 108-110.5 C21H 23NO3

(337.42)
C: 74.75 

H :  6.87 
N: 4.15

C: 74.66 

H :  6.42 
N: 3.96

b b

7 9 c 8.0 135-137
162-164 .5“

c 19h 19n o 3
(309.37)

C: 73.76 
H: 6.19 
N: 4.53

C: 73.93 
H :  6.38 
N: 4.32

69.2 8.1

О
О 4 C 2.7 123-127 c ,9h 21n o 2

(295.39)

N: 4.74 N: 4.48 b b

9 3 A 5.1 oil - c c 80.3 11.3

a M.p. of picrate. b N ot isolated. 'Id en tif ied  by sped roscopie data.

142 
P

A
T

O
N

A
Y

 et al.: 
3-D

IA
L

K
.Y

L
A

M
IN

O
F

L
A

V
A

N
O

N
E

S



A
cta

 C
h

im
. A

ca
d

. S
ei. 

H
u

n
g

. 
1

0
8, 

1981

Table IV

Spectroscopic data o f the new trans-3-dialkylaminoflavanones

Compound

IR  (K Br), cm -1 4I-N M R  (CDC1.)

Hzv C = 0 v A z —C (= 0 ) O ther characteristic absorptions
d ppm

H-2 H-3 O ther signals

6a 1692
1679

1290 — 5.48 ! 3.65 2.82, 2.63 (2", 6" - С Я ,)  
1.40 (3 ', V ,  5"—CH2)

9.8

6b 1683 1288 2841 (iOMe)
1253 (i-as C - O - C ;  OMe)
1035, 1023 (i*s, C 0  C ; OMe)

5.42 3.65 3.82 (OMe)
2.78, 2.62 (2", б ' - C f f j )  

1.36 (3", 4", 5" - ( : / / , )

10.1

7 1689 1292 1006

(rC—0  — C; morpholine)
5.53 3.69 3.55 (2", 2 \  6 " -C H 2) 

2.84, 2.70 (3 ', 5 " -C H 2)
9.8

8 ‘ 1685 1295 2962 (i’as CH,) 5.23 3.77 2.80, 2.50 (2 X CtfjCH,) 
1.79 (2 х С Н гСЯ3)

11.4

9b 1688 1291 2811 (i’iVMe) 5.45 3.88 3.84, 4.01 (СЯ2РЬ; J AB =  14.2 Hz) 
2.41 (N Me)

11.6

a The lH-NMR spectrum was recorded in CC1,. b IR  spectrum of neat product
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oily residue was separated by p reparative TLC [Kieselgel 60 1'2515 toluene-ethyl acetate  (4 : 1)] 
to  o b ta in  pu re  10 (54%) as a yellow oil.

IR  (neat): 1636 cm -1 (v C = 0 ).
'H -N M R  (CDC13): 3.28 (m , 4H , 2",6"-CЯ 2), 1.60 ppm  (m, 6H, 3",4", 5"-СЯ2).
P ic ra te  of 10: M.p. 142 —144 °C (ethanol).
C26H 22N40 9 (534.49) Calcd. N  10.48. Found N 9.85% .

3-Morpholinoflavone (11)

A m ix ture  of 7 (0.36 mm ole) and 2,3-dichloro-5,6-dicyanobenzoquinone (0.66 mmole) 
in  abs. dioxane (10 mL) was refluxed for 18 hrs. W ork up  in  th e  same manner as described for 
com pound 10 afforded 11 (47.5% ), m .p. 175 —176.5 °C (m ethanol).

C19H 17N 0 3 (307.35) Calcd. N  4.56. Found N 4.58% .
IR  (CC14): 1650 cm - 1 (rC =  0 ) .
41-N M R  (CDC13): 3.75 (m , 2H,2",6" CH2), 3.20 (m , 4H , 3", 5"-CH2).

2-Benzyl-2-piperidinocoum aran-3-one (12)

Compound 6a (0.325 mmole) was treated w ith 2iV sodium  hydroxide (1 mL) in  m ethanol 
(10 m L ) a t room tem perature. A fter 3 days the p rec ip ita ted  crystals were filtered off and 
iden tified  as 12 (67%), m .p. 139 —140 °C.

T he m other liquor was evaporated  and the residue recrystallized from ethanol-w ater 
(5 : 1) to  yield a second crop of 12 (20%), m.p. 141 —142 °C.

C20H 21NO2 (307.40). Calcd. N  4.56. Found N 4.28% .
41-N M R  (CDC13): 3.60, 3.21 (AB, 2H. CH„Ph), 2.90, 2.74 (m, 4H, 2", 6"-СЯ2), 1.62, 

1.58 (m , 6 H , 3",4",5"-СЯ2); J Aß =  14 Hz.

2-B enzyl-2-m orpholinocoum aran-3-one (13)

A m ixture of 7 (0.323 mm ole) and 2JY sodium hydroxide (1 mL) was allowed to  react 
in  m ethano l (10 mL) a t room  tem perature. After 5 days th e  m ixture was poured in to  w ater 
and ex trac ted  w ith diethyl ether. A fter drying, the e x trac t w as evaporated. R ecrystallization 
of th e  residue yielded 13 (71% ), m .p., 139 — 141 °C (aqueous methanol).

C19H 19N 0 3 (309.37). Calcd. N 4.53. Found N 4.44% .
IR  (K B r): 1714 cm - 1 ( rC = 0 ) .
!H -N M R (CDCI3): 3.80 (m , 4H , 2", 6"-СЯ2), 3.59, 3.24 (AB, 2H, Cff2Ph), 2.90 (m , 4Н, 

3",5"-СЯ2); J ав =  13.3 Hz.
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TR AN SITIO N  METAL COMPLEXES OF O X IM E  
CONTAINING LIGANDS, XI

MAGNETIC AND SPECTRAL P R O P E R T IE S  OF SOME CYCLIC N IT R O G E N  
BASES OF SOME METAL CO M PLEX ES O F PY R ID IN E -2-A LD O X IM E  

AND 6-M ETH Y LPY R ID IN E-2-A LD O X IM E
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Complexes of the type [M (HL)2(B )2] (where M =  M n(II), F e(II), Co(II) or 
N i(II), L =  p o x - , anion of pyridine-2-aldoxim e (Hpox) or m pox- , anion of 6-methyl- 
pyridine-2-aldoxime (Ilinpx) and В =  pyridine-2,3,4-picoline or 2,3,4-ethylpyridine) 
have been synthesized and  characterized by analytical, magnetic (300 78 °K), infrared
and electronic spectral data . A trans-sym m etrical structure w ith JV-coordination of 
p o x -  and m pox-  and pyridines in the Irans- axial positions has been proposed. Miiss- 
bauer spectra also support the proposed s tructu re  for iron(III) complexes.

Introduction

O xim es are well know n [1] fo r th e ir  che la tion  b ehav iou r. T h e  che la tion  
is due to  th e  presence o f tw o e lec tro n  d o n o r a tom s, n itrogen  an d  o x y g en . The 
n a tu re  o f th e  linkage w ith  th e  m e ta l io n  depends upon th e  io n iz a tio n  of the  
p ro to n  o f  th e  oxim e g roup . S everal m e ta l( I I )  and  (II I )  com plexes o f  H pox  
an d  H m p o x  have  been  s tu d ie d  [1, 2] e x te n s iv e ly  b u t th e  cyclic b a se  ad d u c ts  
o f  tra n s it io n  m eta l com plexes o f H p o x  an d  H m pox  have rec iev ed  v e ry  little  
a tte n tio n . In  th is  p aper, we re p o rt th e  sy n th esis  and  sp ec tra l p ro p e rtie s  of 
som e cyclic base ad d u c ts  o f m an g a n e se (II) , iro n (II) , co b a lt(II)  a n d  n ick e l(II)  
com plexes o f H po x  an d  H m pox .

Experim ental

H ydrated  m anganese(II), cobalt(II) and nickel(II) chlorides, ferrous am m onium  sul
pha te  (all reagent grade), pyridine-2-aldoxim e and  6-m ethylpyridine-2-aldoxim e (К  & К  
Laboratories, New York) were used w ithout fu rth er purification.

Synthesis o f Complexes
The following general procedure was used to prepare manganese(II), iron (II), cobalt(II) 

and  nickel(II) cyclic base adducts of H pox and H m pox.
The complexes [2] [M (HL)2(C12)] (where M =  M n(II), Fe(II), Co(II) o r N i(II) and 

H L  =  Hpox or Hmpox) (0.03 mole) were mixed w ith  ca. 100 cm3 of appropriate pyrid ine base

* To whom correspondence should be addressed.
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Table I
Analytical data

F o u n d  (C alcd .) %
C om plex  *

C I H N M

[M n(pox)2(py)2] 58.40 (58.29) 4.10(3.97) 18.62 (18.54) 12.00 (12.12)

[M n(pox)2(a-pic)2] 59.75 (59.88) 4.62 (4.57) 17.56 (17.46) 11.62 (11.41)

[M n(pox)2(/?-pic)2] 59.80 (59.88) 4.65 (4.57) 17.66 (17.46) 11.23 (11.41)

[M n(pox)2(y-pic)2] 59.80 (59.88) 4.50 (4.57) 17.38 (17.46) 11.05 (11.41)

[Mn(pox) 2(a-Epy )2] 61.12 (61.30) 5.15(5.10) 16.60 (16.50) 10.88 (10.78)

[M n(pox)2(/?-Epy)2] 61.38 (61.30) 5.25 (5.10) 16.75 (16.50) 10.62 (10.78)

[M n(pox)2(y-Epy)2] 61.42 (61.30) 5.30 (5.10) 16.42 (16.50) 10.90 (10.78)

[Fe(pox)2(py)2] 58.28 (58.17) 3.85 (3.96) 18.48 (18.51) 12.35 (12.29)

[Fe(pox)2(a-pic)2] 59.92 (59.77) 4.65 (4.56) 17.35 (17.43) 11.65 (11.58)

[Fe(pox)2(/3-pic)2] 59.69 (59.77) 4.72 (4.56) 17.49 (17.43) 11.62 (11.58)

[Fe(pox)2(y-pic)2] 59.85 (59.77) 4.50 (4.56) 17.59 (17.43) 11.48 (11.58)

[Fe(pox)2(a-Epy)2] 59.97 (61.20) 5.15 (5.10) 16.58 (16.47) 10.85 (10.94)

[Fe(pox)2(/?-Epy)2] 60.95 (61.20) 5.18 (5.10) 16.39 (16.47) 10.90 (10.94)

[Fe(pox)2(}'-Epy)2] 61.32 (61.20) 5.02 (5.10) 16.52 (16.47) 10.85 (10.94)

[Co(pox)2(py)2] 57.65 (57.78) 3.90 (3.93) 18.45 (18.38) 12.95 (12.89)

[Co(pox)2(a-pic)2] 59.45 (59.39) 4.50 (4.53) 17.40 (17.32) 12.26(12.14)

[Co(pox)2(/3-pic)2] 59.27 (59.39) 4.48 (4.53) 17.28 (17.32) 12.07 (12.14)

[Co(pox) 2(y-pic)2] 59.45 (59.39) 4.60 (4.53) 17.39 (17.32) 12.26 (12.14)

[Co(pox)2(a-Epy)2] 60.95 (60.83) 5.12 (5.06) 16.48 (16.37) 11.52 (11.48)

[Co(pox)2(/9-Epy)2] 60.75 (60.83) 5.00 (5.06) 16.28 (16.37) 11.32 (11.48)

[Co(pox)2(y-Epy)2] 60.92 (60.83) 5.02 (5.06) 16.48 (16.37) 11.56 (11.48)

[N i(pox)2(py)2] 57.92 (57.80) 3.85 (3.94) 18.45 (18.39) 12.69 (12.85)

[N i(pox)2(a-pic)2] 59.96 (59.41) 4.60 (4.53) 17.46 (17.33) 12.00 (12.11)

[N i(pox)2(/S-pic)2] 59.35 (59.41) 4.48 (4.53) 17.28 (17.33) 12.24(12.11)

[Ni(pox) 2(y-pic) 2] 59.52 (59.41) 4.62 (4.53) 17.42 (17.33) 12.02 (12.11)

[N i(pox)2(a-Epy)2] 60.92 (60.85) 5.12 (5.07) 16.45 (16.38) 11.52 (11.44)

[N i(pox)2(/?-Epy)2] 60.80 (60.85) 5.20 (5.07) 16.30 (16.38) 11.38(11.44)

[N i(pox)2(y-Epy)2] 60.75 (60.85) 5.18 (5.07) 16.48 (16.38) 11.54 (11.44)

[M n(mpox) 2(py) 2] 59.75 (58.63) 4.80 (4.96) 17.50 (17.39) 11.47 (11.36)

[M n(m pox)2(a-pic)2] 61.12 (61.06) 5.60 (5.48) 16.58 (16.44) 10.82 (10.74)

[M n(mpox)2(/?-pic)2] 61.20 (61.06) 5.56 (5.48) 16.50 (16.44) 10.89 (10.74)

[M n(mpox)2(y-pic)2] 61.25 (61.06) 5.38 (5.48) 16.38 (16.44) 10.80 (10.74)

[M n(pmox) 2(a-Epy) 2] 66.42 (62.34) 5.80 (5.93) 15.62 (15.58) 10.32 (10.18)

[M n(mpox)2(/?-Epy)2] 62.40 (62.34) 5.80 (5.93) 15.50 (15.58) 10.40 (10.18)

[M ii(mpox)2(y-Epy)2] 62.28 (62.34) 5.75 (5.93) 15.51 (15.58) 10.35 (10.18)

[F e(m pox)2(py)2] 60.10 (59.52) 5.10(4.96) 17.52 (17.36) 11.65 (11.53)

[Fe(m pox)2(a-pic)2] 61.15 (60.96) 5.40 (5.47) 16.52 (16.41) 10.98 (10.90)
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Table I  (Contd.)

Complex*
Found (Colod.) %

c H N M

[Fe(m pox)2(£-pic)2] 60.90 (60.96) 5.42 (5.47) 16.60(16.41) 10.95 (10.90)
[Fe(mpox)2(y-pic)2] 60.85 (60.96) 5.50 (5.47) 16.58 (16.41) 10.85 (10.90)
[Fe(mpox).>(a-Epy)2] 62.30 (62.24) 6.10(5.92) 15.70 (15.56) 10.40 (10.33)
[Fc(mpox)2(/S-Epy)2] 62.35 (62.24) 6.12 (5.92) 15.65 (15.56) 10.42(10.33)
[ Fe(mpox) 2(y-Epy )2] 62.40 (62.24) 6.10 (5.92) 15.60(15.56) 10.45(10.33)
[Co(mpox)2(py)2] 59.29 (59.14) 4.85 (4.92) 17.38 (17.25) 12.15(12.08)
[Co(mpox)2(a-pic)2] 60.65 (60.59) 5.50 (5.43) 16.50(16.31) 11.60(11.43)
[Co(mpox),(/?-pic)2] 60.49 (60.59) 5.38 (5.43) 16.40(16.31) 11.60(11.43)
[Co(mpox)2(y-pic)2] 60.62 (60.59) 5.49 (5.43) 16.45 (16.31) 11.70 (11.43)
[Co(mpox)2(a-Epy)2] 62.00 (61.88) 5.95 (5.89) 15.56 (15.47) 10.92 (10.84)
[Co(mpox)2(/?-Epy)o] 61.96 (61.88) 5.75 (5.89) 15.60 (15.47) 10.90(10.84)
[Co(mpox)2(y-Epy)2] 61.79 (61.88) 5.76 (5.89) 15.58 (15.47) 10.75 (10.84)
[N i(m pox),(py)2] 59.29 (59.17) 4.85 (4.93) 17.12 (17.25) 12.20 (12.06)
[Ni(mpox)2(a-pic)2] 60.75 (60.61) 5.60 (5.44) 16.40 (16.32) 11.52 (11.40)
[Ni(mpox)2(/?-pic)2] 60.69 (60.61) 5.62 (5.44) 16.45(16.32) 11.60(11.40)
[Ni(mpox)2(y-pic)2] 60.72 (60.61) 5.70 (5.44) 16.47 (16.32) 11.54 (11.40)
[Ni(mpox)2(a-Epy)2] 61.98 (61.91) 5.96 (5.89) 15.35 (15.47) 10.89 (10.81)
[Ni(mpox)2(/S-Epy)2] 61.85 (61.91) 5.92 (5.89) 15.58 (15.58) 10.92 (10.81)
[Ni(mpox)2(y-Epy)2] 61.86 (61.91) 5.75 (5.89) 15.60 (15.58) 10.90 (10.81)

* pox~ =  anion of pyridine-2-aldoxime; inpox-  =  anion of 6-inethylpyridine-2-aldoxime; 
РУ =  pyridine; pic =  a-, ß y-picolines; Epy =  a-, ß y-ethylpyridines

and  heated to boiling under continuous stirring. Excess of anhydrous potassium  carbonate 
and  some am ount of sodium hydroxide pellets were added to the reaction m ix tu re  and was 
again heated under continuous stirring for 2 3 hrs. I t  was soon filtered and th e  filtra te  was
allowed to cool at room tem perature . The crystals so obtained were recrystallized by dissolving 
in  chloroform, filtered to  rem ove insoluble m aterial and the filtra te  was poured  into a volume 
of pyridine base equal to five times the volume of chloroform used. The solution was allowed 
to  stand  overnight and the p roduct was collected by filtration , washed w ith  ap p ro p ria te  pyridine 
base and dried in vacuo over P ,O 10.

Characterization o f Complexes
Molar conductances of 10_ 3 M  solution of m etal(II) complexes were determ ined at 

25 CC using a Toshniwal C onductivity  bridge, model CL01/01. M agnetic susceptibilities from 
room  tem perature to liquid N 2 tem perature were measured on polycrystalline samples by 
using a standard  Gouy’s balance. The balance was calibrated w ith Н^[Со(1ЧС8)4)]. Diffuse 
reflectance spectra were recorded on a Cary 14 spectrophotom eter equipped w ith a diffuse 
reflectance accessory using MgO as a reference m aterial. Solution spectra were recorded on 
the same instrum ent, using 1-cm. silica cells and 10_3 M  solutions. In frared  spectra of free 
ligands and  their complexes were recorded on a Perkin-E lm er 180 spectrophotom eter on crystal
line solids in Csl. The 57Fe Mössbauer spectra were recorded on polycrystalline sam ples by using 
a constan t acceleration Mössbauer spectrom eter. The spectrom eter was equipped w ith a copper 
m atrix  source which was m aintained a t room tem perature and was calib rated  w ith natural 
iron foil.
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Carbon, hydrogen and  n itrogen  analysis results were ob ta ined  through the courtesy 
of th e  M icroanalytical Division C .D .R .I., Lucknow. The m e ta l(II) content in the complexes 
was es tim a ted  [3] by EDTA ti tr im e try  using Eriochrome Black T as an indicator after destroy
ing th e  organic residues firs t w ith  a q u a  regia and then w ith cc. H 2S 0 4. Molecular weights were 
d e te rm in ed  cryoscopically in form am ide. The analytical da ta  of th e  complexes are reported  
in T ab le  I.

R esu lts and Discussion

A ll th e  com plexes a re  q u ite  stab le  a t ro o m  te m p e ra tu re  an d  do no t 
e x h ib i t  a n y  decom position  a f te r  a  long period o f s ta n d in g . A ll th e  com plexes 
a re  in so lu b le  in  w a te r a n d  s lig h tly  soluble in  n o n -p o la r  so lven t b u t  soluble 
in  p o la r  so lvents. T he m o la r  co n d u c tan ce  of all th e  com plexes in  E tO H  a t 
th e  c o n c e n tra tio n  level o f  1 0 _3 M  lie in  th e  ran g e  10 — 20 m hos • cm2 • m o l-1 
su g g e s tin g  [4] th e ir  n o n -io n ic  n a tu re . M olecular w e ig h ts  o f all th e  com plexes 
in  fo rm a m id e  show th a t  th e y  a re  m onom eric com plexes.

A  sum m ary  of th e  m a g n e tic  m om ents of m a n g a n e se (II) , c o b a lt(II)  an d  
n ic k e l( I I )  com plexes a t  ro o m  te m p e ra tu re  and  78 °K  are  p resen ted  in  T ab le  
I I .  T h e  iro n (II)  com plexes a re  d iam ag n etic  in  n a tu re . A p lo t of 1/x 'ia v s - T  f ° r  
e a c h  o f  th e  com plexes w as l in e a r  w ith in  th e  e x p e rim e n ta l u n c e r ta in ty  over 
th e  te m p e ra tu re  range s tu d ie d , so no te m p e ra tu re  in d e p e n d e n t p a ram ag n e tic  
c o r re c tio n  was included  in  th e  ca lcu la tion  of m ag n e tic  m om en ts. T he values 
o f  W eiss  co n stan t, 0  w ere  t a k e n  from  these p lo ts  a n d  fall in  th e  ran g e , —8 
to  — 2 К  for m an g an ese (II)  com plexes, ca. 6K  fo r c o b a lt( I I )  com plexes and  
— 8 K  to  —2K  for n ic k e l(II)  com plexes.

T h e  m anganese(II) co m p lex es exh ib it te m p e ra tu re  in d ep en d en t p a ra 
m a g n e tic  values in  th e  5 .87 — 5.92 p BM range. T hese  v a lu es  are in  th e  range  
e x p e c te d  fo r five u n p a ired  e le c tro n s  w ith  the  eA lg/(f 2g3e“) g ro u n d  te rm . A lthough , 
i t  is p o ssib le  th a t  o th e r g eo m e trie s  o f m an g an ese(II) cou ld  show  such  m agnetic  
b e h a v io u r , th e  p ro p en sity  o f  m an g an ese (II)  to  fo rm  six  co o rd in a te  o c tah ed ra l 
c o m p lex es  w ould ap p ea r to  ru le  o u t th is  po ssib ility .

T h e  co b a lt(II) co m p lex es e x h ib it m agnetic  m o m e n t v a lues in  th e  4.78 — 
4 .6 0  ,uBM range  a t room  te m p e ra tu re .  These values a re  h ig h e r th a n  th e  sp in  only  
v a lu e  o f  3.87 pBM ex p ec ted  fo r  th re e  unpaired  e lec trons b u t  low er th a n  th e  values 
o f  5 .0  P bm w hich is g en e ra lly  o b serv ed  for reg u la r o c ta h e d ra l c o b a lt(II)  com 
p lex es . T h e  m echanism  w h ic h  b e s t account for th e  low er m agnetic  m om en t 
v a lu e s  o f  co b a lt(II)  invo lves p a r t ia l  or w holly q u en ch in g  o f th e  o rb ita l m om en t 
c o n tr ib u t io n  by  low sy m m e try  lig an d  field co m p o n en ts . As fo r o th e r d is to rte d  
o c ta h e d ra l  high-spin c o b a l t ( I I )  com plexes w ith  lo w -sy m m etry  th e  m agnetic  
m o m e n t values decrease to  ca. 9 5 %  of th e ir  room  te m p e ra tu re  value a t  liqu id  
N 2 te m p e ra tu re .

T h e  m agnetic m o m e n t v a lu es  of n ick e l(II) com plexes fall to  ca. 95%  
o f th e i r  room  te m p e ra tu re  v a lu e  o f 3.10 — 2.98 /xBM a t  liq u id  N 2 te m p e ra tu re . 
T h e se  v a lu es  are h igher th a n  th e  sp in-only  value o f  2.83 p BM ex p ec ted  for tw o
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T a b l e  I I

Magnetic susceptibility data

Compound 7\ к xk' ce8U ^effi

[Mn(pox)2(py).,| 298.2 14.475 5.90
78 54.960 5.88

rMn(pox)„(a-pic)„l 299.7 14.450 5.91
78 55.145 5.89

[ [Mn(pox)2(/?-pic)2 ] 297.6 14.455 5.89
78 54.770 5.87

[Mn(pox)2(y-pic)2] 298.7 14.350 5.88
78 54.400 5.85

(Мп(рох)„(а-ЕруУ,1 299.5 14.460 5.91
78 55.330 5.90

|M n(pox)2(/i-Epy)2l 298.7 14.350 5.88
78 54.770 5.87

[Mn(pox)2(y-Epy)2] 296.4 14.460 5.91
78 55.144 5.89

[Mn(mpox)2(py)2] 297.5 14.560 5.91
78 55.340 5.90

[ Mn( mpox).,(a-pic)., 1 297.6 14.460 5.89
78 54.960 5.88

|Mn(mpox).,(/?-pic),] 298.4 14.420 5.89
78 54.770 5.88

|Mn(mpox).,(y-pic).> 1 199.7 14.450 5.91
78 55.144 5.89

|Mn(mpox),(a-Epv)„ I 300.0 14.385 5.90
78 54.960 5.88

|Mn(mpox).,(’/?-Epy),l 298.2 14.475 5.90
78 55.145 5.89

[Mn(mpox).,(y-Epv)„l 200.0 14.490 5.92
78 55.340 5.90

[Co(pox)2(py)2] 297.6 8.625 4.55
78 31.760 4.47

[Co(pox)2(a-pic)2] 299.2 8.470 4.52
78 31.760 4.47

[Co(pox)2(/?-pic)2] 300.0 8.630 4.57
78 31.900 4.48

[Co(pox)2(y-pic)2] 296.2 8.440 4.60
78 31.900 4.48

[Co(pox)2(a-Epy)2] 296.2 8.475 4.50
78 41.055 4.42

[Co(pox),(/3-Epy)2| 297.2 8.600 4.54
78 31.480 4.45

[Co(pox)2(y-Epy)j| 295.7 8.720 4.56
78 32.050 4.49

[Co(mpox)2(py)2] 300.0 8.670 4.58
78 31.760 4.47

ICo(mpox).,(a-picl.,1 297.4 8.590 4.54
78 32.045 4.49

[Co(inpox).,(/i-pic)„] 295.4 8.730 4.56
78 32.180 4.50

[Co(mpox)2(y-pic)2] 295.7 8.720 4.56
78 31.900 4.48

fCo(mpox).,(a-Epv)., | 299.2 8.400 4.50
78 31.060 4.42

[Co(mpox)2(/J-Epy)2] 297.4 8.590 4.54
78 31.760 4.47
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Table II (Contd.)

C om pound T,  к ZMi cg su Mefb

[Co(mpox)2(y-Epy),l 300.0 8.670 4.58
78 32.045 4.49

[Ni(pox)2(PY)2] 298.0 3.990 3.10
78 14.790 3.05

[Ni(pox)2(a-pic)2] 297.0 3.980 3.09
78 14.500 3.02

[Ni(pox)2(/J-pic)2] 299.0 3.960 3.09
78 14.210 2.99

[Ni(pox)2(y-pic)2] 300.0 3.840 3.05
78 14.210 2.99

[Ni(pox)2(a-Epy)2J 299.0 3.960 3.09
78 14.500 3.02

[Ni(pox),(/?-Epy)2] 295.6 3.880 3.04
78 14.110 2.98

[Ni(pox)2(y-Epy)2] 297.6 3.900 3.06
78 14.210 2.99

f Ni( iii|jox)„( py)d 299.2 3.940 3.08
78 14.310 3.00

|Ni(mpoxt/oí-pi<')„ 1 297.6 4.000 3.10
78 14.790 3.05

rNi(mpox).,(/S-pic).,l 298.2 3.900 3.06
78 14.030 2.97

[Ni(mpox)2(y-pic)2] 296.7 3.920 3.06
78 14.310 3.00

[Ni(mpox)2(a-Epy)2] 297.4 3.800 3.02
78 14.030 2.97

[Ni(mpox)2(/3-Epy)2l 297.5 3.960 3.08
78 14.790 3.05

[Ni(mpox)2(y-Epy)21 295.4 3.960 3.07
78 14.310 3.00

u n p a ire d  e lec trons an d  are  ch a rac te rized  to  th o se  rep o rted  for te tra g o n a lly  
d is to r te d  o c ta h e d ra l n ic k e l(II)  com plexes [5].

T h e  57F e M össbauer sp e c tra  of iro n (II)  com plexes have been m easu red  
b o th  a t  room  te m p e ra tu re  an d  liq u id  N2 te m p e ra tu re . The values o f isom er 
sh if t, d, a n d  q u ad ru p o le  m o m en t, A E q , d e riv e d  fro m  these  spec tra l d a ta  are  
r e p o r te d  in  T ab le  I I I .  T he isom er sh ift v a lu e  m easu res th e  to ta l  s-e lec tro n

d e n s ity  a t  th e  nucleus an d  is g iven by Ó =  - jt Ze2[Rex* V ] { l y s ( 0 ) |a . -

— |y/ s (0 ) |s2}. W here th e  q u a n titie s  have  th e ir  u su a l m eaning . In  iro n (I I )  com 
p o u n d  th e  isom er sh ift v a lu e  is in  general la rg e r  fo r ST 2 th a n  for 1A l g ro u n d  
s ta te . T h is  fa c t has been in te rp re te d  [6] in  te rm s  o f increased  covalency  o f th e  
m e ta l- lig a n d  bond  in  th e  1A 1 s ta te , since a  la rg e r  d -e lec tron  d e lo ca liza tio n  
d ec rease  th e  sh ield ing  o f core s e lectrons. T h e  e x p e rim e n ta l isom er sh if t va lu es  
s u p p o r t  [6] th e  p resence o f  1A 1 g round  s ta te  in  low  sp in  iro n (II)  com plexes. 
T he ra n g e  o f isom er sh ift va lu es  can  be a t t r ib u te d  to  th e  d ifference in  th e  
C -donor a n d  я -accep to r p ro p e rtie s  of lig an d s. In c rea sed  dff and я -b o n d in g ,
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Tabic III
Mössbauer spectral parameters for ir o n (II )  complexes

Compound T, к ö*
mm/sec

AE4
mm/sec

Г * *
mm/sec mm/sec

[Fe(pox) (py)2] R T 0.45 0 .74 0.24 0.24
78 0.51 0.70 0.26 0.24

|Fe(pox),(a-pic)2| R T 0.40 0 .56 0.26 0.25
78 0.48 0.52 0.26 0.26

[Fe(pox)2(/?-pic(2] R T 0.50 0.77 0.24 0.24
78 0.57 0.75 0.26 0.24

[Fe(pox)2(y-pic); ] R T 0.46 0.80 0.27 0.25
78 0.52 0.77 0.26 0.26

1 Fe(pox)2(a-Epy)2] R T 0.38 0.50 0.26 0.25
78 0.48 0.48 0.24 0.25

[Fe(pox)2(/5-Epy)2] R T 0.52 0 .79 0.26 0.27
78 0.59 0.76 0.26 0.28

[ Fe(pox)2(y-Epy)21 R T 0.52 0.82 0.28 0.26
78 0.56 0.80 0.28 0.28

[Fe(mpox)2(py)2] R T 0.40 0.75 0.25 0.25
78 0.48 0.71 0.26 0.25

|Fe(mpox) (a-pic),l R T 0.45 0.60 0.26 0.26
78 0.42 0.58 0.26 0.27

[F e(mpoc)2(/?-pic)2] R T 0.50 0.80 0.26 0.25
78 0.57 0.77 0.26 0.25

1 Fe(mpox),(y-pic)„ 1 R T 0.54 0.82 0.26 0.25
78 0.59 0 .80 0.26 0.25

fFe(mpox).,(a-Epy).> | R T 0.33 0 .54 0.28 0.25
78 0.44 0.52 0.28 0.27

[Fe(mpox)2(/S-Epy)2] R T 0.52 0.79 0.25 0.25
78 0.59 0.77 0.26 0.27

I Fe(mpox)2(y-Epy), 1 R T 0.54 0.83 0.26 0.26
78 0.60 0.81 0.27 0.28

* Relative to  natu ral iron foil
** Full-width a t  half-maximum for low-velocity line, Г х and for high-velocity line, 1 \.

b o th  ten d  to  in c rease  th e  e lec tro n  d en sity  a t  th e  nucleus and , co n seq u en tly  
decrease th e  iso m er sh ift. T he isom er sh ift v a lu es  re p o rte d  for th e  p re sen t 
com plexes a re , in  general, h ig h er com pared  to  analogous com pounds derived  
from  d im eth y lg ly o x im e and  1 ,2 -cyclohexane-d ioned iox im e, suggesting  low er 
e-bond ing  an d  jr-b ack  bon d in g  p ro p ertie s  o f th e se  ligands.

The q u a d ru p o le  sp littin g , A E q , arises fro m  th e  in te ra c tio n  o f th e  37F e 
n u c lea r q u ad ru p o le  m om ent Q w ith  an  e lec tric  fie ld  g rad ien t eq in  th e  reg ion  
o f th e  nucleus a n d  is given by

aeq = \<q [ i + }̂ f
w here sym bols h a v e  th e ir  u su a l m eaning . F ro m  a sp herica l g ro u n d  s ta te  like 
1A 1(t2g), a v e ry  sm all electric  fie ld  g rad ien t an d  th u s  a  sm all A E q w ill be ex p e c t
ed. O n th e  o th e r  h a n d , su b s ta n tia l values o f  A E q  are  o b ta in ed  from  T 2 te rm s
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in  th e  ab sen ce  of o c tah ed ra l sy m m e try . T he low  values o f AEq as com pared  
w ith  h ig h  sp in  iro n (II)  com plexes fu r th e r  su p p o rt [6, 7] th e  p resence  of 1A 1 
g ro u n d  s ta te  and a s ig n ifican t d is to r tio n  from  cubic sy m m etry  in  th e  p resen t 
i r o n ( I I )  com plexes. T his d is to r tio n  m ay  be th e  re su lt of a co o p e ra tiv e  effect 
o f s te r ic  fac to rs  and  o f b o n d in g  c h a ra c te ris tic  o f th e  ligands. T he AEq values 
d e c re a se  w ith  increasing  er-bonding an d  increasin g  steric  c o n tr ib u tio n  b u t 
d e c re a se  w ith  increasing  тт-b a c k  b o n d in g  [8]. In  th e  p resen t case, th e  n earest 
n e ig h b o u r  of th e  iro n (II)  a to m  are six  n itro g en  a to m s h u t  th e  s p e c tra  of th e  
c o m p lex es  v a ry  strong ly  w ith  d iffe ren t su b s titu e n ts  on p y rid in e . W hile  th e  
s u b s t i tu t io n  of H -a tom  b y  a lk y l g roup  in  ß- or у -position  o f p y rid in e  has 
l i t t le  e ffe c t on th e  shape o f th e  sp ec tru m , th e  sam e group  in  th e  a -position  
o f  th e  p y r id in e  ligands g re a tly  changes th e  sp ec tru m . T his m ay  be u n d e rs to o d  
as a  s te r ic  effect. H igher ch em ica l isom er sh ift va lues an d  low er q u ad ru p o le  
s p l i t t in g  lead  us to  th e  co n c lu sio n  th a t  th e re  is a large c o n tr ib u tio n  from  
la t t ic e  to  th e  AEq in  th e  p re se n t com plexes. T he AEq values a re  also  less 
c o m p a re d  to  d im eth y lg ly o x im e  an d  cyc lohexaned ione d iox im e analogues.

T h e  diffuse re flec tan ce  s p e c tra  o f m an g an ese (II)  com plexes h a v e  been 
m e a s u re d  a t  room  te m p e ra tu re  an d  ex h ib it th e  w eak  a b so rp tio n  b an d s  in  
th e  1 8 .2 —20.0, 22.5 — 25.5 a n d  23.0 — 26.3 k K  ranges. These tr a n s it io n  bands 
a r is in g  f ro m  th e  sex te t q u a r te t  t 2ge | co n fig u ra tio n  have  been  assigned  [9] to  
6A lg ->■ 4T lg(G); 6A lg -► 4T 2g(G) a n d  eA lg -*  4A lg, 4E g(G), re spec tive ly . T h e  various 
l ig a n d  f ie ld  p a ram ete rs  (D q , В ,  C, ß), ca lcu la ted  [9] from  th ese  b a n d s , are 
p re s e n te d  in  T able IV , w hich  co n firm  [9] th e  o c tah ed ra l lig an d  fie ld  g eo m etry  
in  th e s e  m an g an ese (II)  com plexes. I n  a d d itio n  to  th e  bands m en tio n ed  above, 
th e  a d d it io n a l  bands are o b se rv ed  in  th e  2 7 .0 —40.0 k K  range an d  are  com m on 
in  th e  s p e c tra  of all th e  m e ta l( I I )  com plexes. T hese are assigned  as in tr a 
lig a n d  e lec tro n ic  tran s itio n s .

T h e  diffuse re flec tan ce  s p e c tra  of iro n (II)  com plexes e x h ib it an  in tense  
b a n d  in  th e  region of 16 .6— 17.9 k K  w ith  a  w eak  b an d  a t  its  low er side a t 
ca. 9 .0  k K . These bands h av e  b een  assigned  [9] to  xA lg —*■ 4T lg an d  XA lg —► 3T lg. 
re sp e c tiv e ly . O ther ligand  f ie ld  tra n s it io n  b an d s  are  n o t o bserved  p ro b a b ly  
due  to  o v e rla p  by  in ten se  c h a rg e - tra n s fe r  b an d s . A ssum ing С =  4B th e  various 
l ig a n d  f ie ld  pa ram ete rs  (D q, B , ß) h av e  been ca lcu la ted  [8] using  th e  follow 
in g  e q u a tio n s :

£(‘A,E- - T.«) =  10 D,, -  c  +  (1)

E ( 4 e -  * T „ )  _  10 D ,  3 C + ^ A .  (2)

T h e  v a lu e s  are rep o rted  in  T a b le  V. F ro m  th e  values of ß  co v a len cy  fac to r, 
i t  is c le a r  th a t  th e re  is a re g u la r  g ra d ia tio n  as we m ove dow n fro m  axial
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T a b l e  I V

Electronic spectral data o f manganesef 11) complexes

C om pound •Лщ -  <T,g(G) • 4 ,g -  T ,g(G) *Atg -+ *Ajg, *Eg(G) D q В c V** V** » V

[M n(pox),(py)2] 18 .2 22 .5 2 3 .0 0 .7 0 .6 3 .4 0 .6 2 18 .06 2 2 .2 4 2 3 .0

[Mn(pox)2(a-pic)2] 18 .4 22 .5 23 .2 0 .7 0 .6 3 .45 0 .6 2 18 .36 2 2 .5 4 2 3 .2 5

[Mn(pox)2(/?-pic)2] 18 .2 22 .7 2 3 .5 0 .7 2 0 .6 2 3 .45 0 .6 4 18.31 2 2 .6 3 2 3 .4 5

[Mn(pox),(y-pic)2] 18 .4 22 .7 23 .6 0 .7 2 0 .6 2 3 .47 0 .6 4 18 .43 2 2 .7 5 2 3 .5 5

[Mn(pox)2(a-Epy)2] 19 .0 2 3 .2 24 .6 0 .7 5 0 .6 4 3 .6 0 .6 6 19 .08 2 3 .5 4 2 4 .4

[Mn(pox),(/9-Epy)2] 18 .8 2 3 .4 2 4 .4 0 .7 8 0 .6 4 3 .6 0 .6 6 18 .83 23 .32 2 4 .4

[Mn(pox)2(y-Epy)2] 18 .8 2 3 .3 24 .5 0 .8 0 .65 3 .6 0 .6 7 18 .72 2 3 .2 9 2 4 .5

[Mr,(mpox),(py)2] 18.5 22 .7 23 .8 0 .7 3 0 .6 2 3.5 0 .6 4 18 .53 2 2 .6 6 2 3 .7

[Mn(mpox)2(a-pic)2] 18 .3 22 .6 2 3 .6 0 .7 4 0 .6 3 .5 0 .6 2 1 8 .3 3 22 .55 2 3 .5

[Mn(mpox)2(^-pic)2] 19 .07 23 .4 2 4 .3 0 .7 4 0 .6 2 3 .6 0 .6 4 19 .04 2 3 .3 8 24 .2

[Mr.(mpox),(y-pic)2] 19.1 23 .3 2 4 .3 0 .7 4 0 .62 3.6 0 .6 4 19 .04 2 3 .3 8 24 .2

[Mn(mpox)2(a-Epy)2] 19.2 23 .9 24.5 0 .8 0 .6 2 3.7 0 .6 4 19 .15 2 3 .9 24 .7

[Mn(mpox)2(/?-Epy)2] 19.5 2 4 .0 25 .5 0 .8 2 0 .6 4 3 .8 0 .6 6 19 .7 2 4 .2 2 2 5 .4

[M n(mpox),(y-Epy)2] 20 .0 25 .5 26 .3 0 .8 2 0 .6 5 4 .0 0 .6 7 2 0 .9 6 2 5 .5 4 26 .5

* B 0 =  0.917 kK ; ** Calcd.
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Table У

Electronic spectral data o f iron (II) complexes

C om pound X A З7*^»g 1 lg X̂ lg -*• 1̂ lg D q В /3* r f V2

[Fe(pox)2(py )2] 8 .9 8 16.60 1 .6 5 0 .7 8 0 .8 5 8 .98 1 6 .5 5

[Fe(pox)2(a-pic)2] 8 .9 4 16.8 1 .6 6 0 .8 0 0 .8 7 8 .92 16 .65

[Fe(pox)2(/S-pic)2] 9 .4 17.48 1 .7 2 0 .8 2 0 .8 9 9 .31 17 .3

[Fe(pox),(y-pic)2] 9 .0 1 17.2 1 .6 8 0 .8 2 0 .8 9 8 .96 1 6 .9 6

[Fe(pox)2(a-E py)2] 9 .3 16.96 1 .6 7 0 .8 0 0 .8 7 9 .0 16 .8

[Fe(pox)2(/S-Epy)2] 9 .0 8 17.32 1 .6 9 0 .8 2 0 .8 9 9 .05 1 7 .0 6

[Fe(pox)20 -E p y ) , | 9 .5 17.8 1 .7 4 0 .8 4 0.91 9 .3 4 1 7 .5 2

[Fe(m pox)2(py)2] 9 .0 2 16 .94 1 .6 6 0 .8 0 0 .8 7 8 .92 16 .71

[F e(m pox)2(a-pic)2] 8 .9 8 17 .4 1 .6 8 0 .8 3 0 .9 0 8 .9 1 7 .0 0

[Fe(m pox)2(/?-pic)2] 9 .2 5 17.5 1 .7 2 0 .8 4 0 .91 9 .1 7 1 7 .3 6

[F e(m pox)2(p-pic)2] 9 .3 17.6 1 .7 0 0 .8 4 0 .91 8 .99 1 7 .2 0

[Fe(m pox)2(a-Epy)2] 9 .2 17.8 1 .7 3 0 .8 6 0 .9 3 9.11 1 7 .5 3

[Fe[m pox),(/3-Epy)2] 9 .1 17.7 1 .7 2 0 .8 6 0 .9 3 9 .0 3 1 7 .4 5

[ Fe(m pox) 2(p-Epy) 2] 9 .5 17.9 1 .7 5 0 .8 7 0 .9 4 9.31 17.8

* B 0 =  0.971 kK ; ** Calcd.

l ig a n d s  p y rid in e  to  e th y lp y r id in e s . The com plexes [F e (L )2(p y )2] have  th e  
le a s t  v a lu e  o f ß  (m ost c o v a le n t)  w hile  [Fe(L )2(y -E p y )2] h a v e  m ax im um  value  
o f  ß  ( le a s t  covalent). This le a d s  to  th e  conclusion t h a t  s te r ic  h in d ran ce  in tro 
d u c e d  b y  a lk y l groups in  th e  p y r id in e s  plays a ro le in  th e  cov a len t n a tu re  of 
th e  co m p lex es.

T h e  diffuse re flec tance  s p e c t r a  o f co b a lt(II) co m p lex es are ch a rac te ris tic
[9] o f  d is to r te d , o c tahed ra l, h ig h -sp in  co b a lt(II) co m p lex es an d  ex h ib it th ree  
lig an d  f ie ld  tran sitio n  b an d s  in  th e  8.3 — 9.1, 18.02 —19.5 an d  20.6 — 22.4 k K  
reg io n s  in  ad d itio n  to  in tra - l ig a n d  b an d s. The low est en e rg y  ligand field hand  
is ass ig n ed  [9] to  jq, th e  4T lg( F )  —*■ 4T.,g(F)  tran s itio n . T h e  b a n d  18.02 — 19.5 kK  
is a ss ig n e d  to  v2, the  4T lR(F )  — 4A .,g(F )  tran s itio n  an d  th e  b a n d  20.6 — 22.4 k K  
is a ss ig n e d  to  v3, the  4T lg( F )  —<- 4T lg(P ) tran sitio n . A le a s t  sq u ares  f i t  of these  
e x p e r im e n ta l hand  positions to  th e  e lec tro sta tic  m a tr ix  e lem en ts  of M c C l u r e

[10] g iv es  th e  p aram eters an d  c a lc u la te d  values of iq, v2 a n d  v3 and  are rep o rted  
in  th e  T a b le  V I. A D q v a lu e  o f  1.0 k K  is com m on fo r o c ta h e d ra l c o b a lt(II)  
co m p lex es  as is a n e p h e la u x e tic  p a ra m e te r, ß o f 0.8 — 0.9.

T h e  diffuse re flec tance  s p e c tra  of n icke l(II) com plexes ex h ib it th e  
f e a tu re s  associated  w ith  th e  sp e c tru m  of d is to r te d  h ig h -sp in , o c tah ed ra l 
n ic k e l( I I )  com plexes [11]. T h e  p re se n t n ickel(II) co m p lex es ex h ib it tw o low 
in te n s i ty  ligand  field b an d s  in  th e  11.6 — 12.7 and  18.4 — 20.24 k K  ranges in

A cta  Chim . Acad. Sei. Hung. 108, 1981
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T a b l e  V I

Electronic spectral data o f cobalt(II) complexes

C om pound *>1 v* D 4 В ß’ V** У**

[Co(pox)2(py)2] 8.3 18.02 20.6 0.96 0.89 0.91 8.4 18.025 20.6
[C o ip o x ^ a -p ic y 8.5 18.02 20.5 0.97 0.89 0.91 8.51 18.21 20.68
[Co(pox)2(/?-pic)2] 8.6 18.4 20.7 0.99 0.90 0.92 8.69 18.59 20.99
[Co(pox)2(y-pic)2] 8.6 18.6 21.2 0.99 0.92 0.94 8.68 18.58 21.27
[Co(pox)2(a-Epy)2J 8.82 18.5 21.5 1.01 0.94 0.96 8.85 18.96 21.71
[Co(pox)2(/?-Epy)2] 8.9 19.2 21.6 1.02 0.94 0.96 8.95 19.15 21.8
[Co(pox)2(y-Epy)2] 9.0 19.4 21.9 1.03 0.94 0.96 9.04 19.34 21.9
[Co(mpox).)(py)2] 8.4 17.95 20.8 0.96 0.91 0.93 8.4 18.02 20.85
[Co(mpox)2(a-pic)2] 8.5 18.2 20.9 0.97 0.92 0.94 8.5 18.2 21.09
[Co(mpox)2(/?-pic)2] 8.4 18.0 21.3 0.97 0.94 0.96 8.5 18.18 21.4
[ Co(inpox)2(-/’-pic)2] 8.6 18.2 21.7 0.99 0.95 0.97 8.67 18.6 21.54

[Co(mpox)2(a-Epy)2] 8.87 18.7 21.5 1.01 0.95 0.97 8.87 18.97 21.85
[Co(mpox)2(/?-Epy)2] 9.0 19.2 22.2 1.04 0.96 0.98 9.12 19.53 22.11

[Co(mpox)2(y-Epy)2] 9.1 19.5 22.4 1.05 0.96 0.98 9.21 19.72 22.34

* B 0 -  0.97 kK ; ** Calcd.

T a b l e  V I I

Electronic spectral data (k K ) n icke l(II) complexes

Complex v*
- « r 10 D q иГ V jv ,

[Ni(pox)2(py)2] 18 .4 1 1 .5 0 .8 9 0 .8 2 11.6 18 .4 2 9 .6 6 1.58

[Ni(pox)2(a-pic)2] 18 .57 1 1 .7 0 .9 0 0 .8 3 11 .7 1 8 .6 2 9 .9 1 .58

[Ni(pox)2(/9-pic)2| 18.7 11.8 0 .9 4 0.86 11.8 1 8 .8 3 0 .5 5 1.58

[N i(pox),()’-pic)2| 18.8 1 1 .9 0 .9 2 0 .8 5 11 .9 1 9 .0 3 0 .6 6 1.58

[Ni(pox)2(a-Epy)2] 19.2 12.2 0 .9 4 0.86 12.2 1 9 .4 3 1 .3 3 1.58

[Ni(pox)2(/?-Epy)2] 19 .78 12 .5 0 .9 6 0.88 12.5 1 9 .8 3 1 .9 9 1.58

[Ni(pox)2(y-Epy)2] 19.6 1 2 .3 0 .9 5 0 .8 7 12 .3 1 9 .6 4 3 1 .6 6 1.59

[Ni(mpox)2(py)2] 18 .57 1 1 .7 0 .9 0 0 .8 3 11 .7 1 8 .6 0 2 9 .9 9 1.58

[Ni(mpox)2(a-py)2] 18.7 1 1 .9 6 0 .9 2 0 .8 5 1 1 .9 6 1 8 .6 9 3 0 .6 6 1.56

[Ni(mpox)2(^-py)2] 19 .4 12.2 0 .9 4 0.86 12.2 1 9 .4 31 .33 1.59

[Ni(mpox) 2(y-py ) 2] 19.2 1 2 .0 9 0 .9 3 0 .8 4 1 2 .0 9 12.22 3 0 .9 9 1.59

[Ni(mpox)2(a-Epy)2] 19.8 1 2 .5 0 .9 6 0.88 12 .5 1 9 .8 5 3 1 .9 9 1.58

[Ni(mpox)2(/?-Epy)2] 20 .04 12.6 0 .9 7 0 .8 9 12.6 20.0 32 .33 1.59

[Ni(mpox)2(y-Epy)2] 2 0 .2 4 12 .7 0 .9 8 0 .9 0 12 .7 2 0 .1 9 3 2 .6 6 1.59

* B„ =  1.084 kK ; ** Calcd.
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a d d i t io n  to  in tense in tra - lig a n d  a b so rp tio n  b an d s. T hese  b an d s  are  assigned 
to  3A , g( F )  ->■ sT 2g(F )  ( 1 1 .6 - 1 2 .7  k K ) and 3A 2g(F )  — 3T lg (1 8 .4 -2 0 .2 4  k K ). 
T h e  p re se n c e  of very  in ten se  in tra - lig a n d  tra n s itio n  b a n d s  in to  visib le region 
o b sc u re s  th e  weak tra n s itio n  v3, 3A 2g( F ) —* 3T lg(P ). B y  u s in g  th ese  assignm ents, 
th e  v a lu e s  o f ligand field  p a ra m e te rs  (D q, В  and  ß ) w ere ca lcu la ted  b y  using  
th e  e x p re ss io n s  of K ö n ig  [12] a n d  are  presen ted  in  T ab le  V II .

T h e  in fra red  sp ec tra  o f f re e  lig an d s, H pox  a n d  H m p o x  differ from  th a t  
of c o n v e n tio n a l oxim es, w hich  sh o w  v(OH) b and  of N O H  a ro u n d  a t 3250 c m -1 . 
T h is v (O H ) band  is rep laced  b y  m u ltip le  bands b e tw een  3194 an d  2791 c m -1 
in  H p o x  a n d  H m pox lig an d s , th e  s tro n g est of w h ich  lies a t  2791 c m -1 . This 
im p lies  [13] m uch s tro n g e r in te rm o le c u la r  h y d ro g en -b o n d in g  in  H p o x  and  
H m p o x  th a n  in  o ther ox im es. N o n e  of th e  p re sen t com plexes ex h ib its  an y  
b a n d  in  th e  region 3600 — 2800  c m “ 1 in d ica ting  [14] th e  io n iza tio n  of th e  
p ro to n s  o f  tw o NOH groups a n d  H p o x  and H m p o x .

T h e  free ligands e x h ib it  th e  r (C = N )  acyclic an d  r ( N —0 )  s tre tch in g  
v ib ra t io n s  a t  ca. 1520 an d  ca. 985 c m -1 , re sp ec tiv e ly . In  th e  p re sen t com 
p lex es th e  v (C = N ) acyclic a n d  t»(N— O) s tre tc h in g  fre q u e n c y  are  observed  
a t  ca. 1500 and  ca. 1200 c m “ 1, respective ly . T h e  g re a te r  sh iftin g  of th e  
r ( C = N )  acyclic  s tre tch in g  to w a rd s  th e  low freq u en cy  side as com pared  [2] 
w ith  o th e r  com plexes of H p o x  a n d  H m pox , su ggesting  th a t  th e  p o la rity  of 
th e  n i t ro g e n  ate m has been  in c re a se d  by  th e  io n iza tio n  of tw o p ro to n s o f  
N O H  g ro u p s . The co o rd in a tio n  o f  p y rid ine  n itrogen  a to m  to  th e  m e ta l(II)  
a to m  is in d ic a te d  [15] by  s h if t in g  a n d  sp littin g  o f  th e  r in g  v ib ra tio n s  as is 
u su a lly  o b se rv ed  for o th e r m e ta l ( I I )  com plexes.

I n  th e  far in frared  re g io n  H p o x  and  H m p o x  e x h ib it th e  a b so rp tio n  
b a n d s  a t  ca. 400 s, 380 m , 298 m  a n d  217 m b c m “ 1. T he m e ta l( I I )  com plexes 
show  b a n d s  of vary ing  in te n s i ty  a t  400, 390, 360, 310 an d  220 c m “ 1 assigned 
to  l ig a n d  ab so rp tio n  bands. In  a d d it io n  to  these b an d s , th e  com plexes ex h ib it 
th e  b a n d s  a t  260 vs, 250 s an d  230 m  c m “ 1 w hich are a ssigned  [61] to  m e ta l(II)-  
N (lig a n d ) a n d  M-N(py) v ib ra t io n s , respective ly , su g g estin g  th e  presence o f 
trans- sy m m e try  of these  co m p lex es .

*

T he au tho rs  are thankful to  th e  U.G.C., New Delhi for financial support to one of us 
(P .K .V .) a n d  to  the authorities of T .I .F .R ., Bombay, and Delhi U niversity , Delhi for carry 
ou t low  tem p era tu re  and room tem p e ra tu re  magnetic m easurem ents. T hanks are also due to 
the au th o r itie s  of R.S.I.C., I.I .T ., M adras and  Guru N anak D ev U niversity , A m ritsar for 
recording M össbauer reflectance and  in fra red  spectra.
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T H E  U S E  OF T H E  H A L F  N E U T R A L IZ A T IO N  
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The half neutralization p o in t w as used for the evaluation of potentiom etric 
titra tion  curves which do not show rea listic  inflection points a t th e  end-point. Weak 
bases, m easurable otherwise only in non-aqueous media, were determ ined  by this 
method in w ater using an acid s tan d ard  solution.

M any a tte m p ts  h av e  been m ad e  to  a p p ly  equilibria  of w e a k  e lec tro ly tes  
in  p o ten tio m e tric  ana lysis . Most o f  th e s e  [1 — 5] are based on  lin e a r iz a tio n  of 
t i t r a t io n  curves. In  o u r previous p a p e r  [6] a  procedure was su g g e s te d  u tiliz ing  
th e  fa c t th a t  th e  eq u ilib riu m  re a c tio n s  can  be m ade to proceed  q u a n ti ta t iv e ly  
b y  an  excess o f th e  reag en t s ta n d a rd  so lu tio n . In  th is  w ay  b y  p lo tt in g  the 
c o n c e n tra tio n  o f th e  reag en t co n su m ed  (e.g., the  bound p ro to n  in  t i t ra t io n  
o f  bases) as a fu n c tio n  of th e  vo lum e o f  t i t r a n t  sa tu ra tio n  cu rv es  a re  o b ta in ed  
th e  lim itin g  va lu e  o f w hich being  e q u iv a le n t to  the  c o n c e n tra tio n  (o f e.g., 
a  base) to  be d e te rm in ed .

Since th e  excess of any  re a c ta n t  m a y  sh ift the  e q u ilib riu m  re a c tio n  to  
p ro ceed  q u a n tita tiv e ly , choosing th e  h a l f  t i t r a t io n  poin t (e.g., th e  h a lf  n e u tra l
iz a tio n  p o in t in  t i t r a t io n s  of w eak  b ase s) as th e  end-poin t, th e  excess o f the 
w eak  base  itse lf  assu res th e  q u a n ti ta t iv e  p ro to n a tio n  of 50 .0%  o f  i ts  c o n c e n tra 
tio n . T hus th e  vo lum e o f th e  s ta n d a rd  so lu tio n  consum ed till th e  h a lf  n e u tra l
iz a tio n  po in t in  th e  t i t r a t io n  can b e  u se d  fo r th e  calcu la tion  o f  th e  b ase  con
c e n tra tio n .

T he mV vs cm 3 t i t r a n t  curves o f  th e  ac id im etric  t i t r a t io n  o f  b ases co rre
sp o n d  to  th e  lg [ I I  + ] vs. CH curves (w h e re  CH denotes the  to ta l  ac id  c o n c e n tra 
tio n s  ad d ed  in  th e  course of t i t r a t io n ) .  P erfo rm ing  ti t ra t io n s  b a se d  on one 
s te p  reac tions in  c o n s ta n t ionic m e d iu m  th e  t i tra tio n  curves a re  sy m m etrica l 
a ro u n d  th e  h a lf  n e u tra liz a tio n  p o in t  acco rd in g  to  eq u ilib riu m  ca lcu la tio n s. 
T h is  w as found tru e  also by  our m e a su re m e n ts . This m akes th e  g ra p h ic  d e te r
m in a tio n  of th e  h a lf  n e u tra liz a tio n  p o in t  possible.

T he leng th  o f  th e  sym m etric  p a r t  o f  th e  ti tra tio n  curve  d e p e n d s  on the 
eq u ilib r iu m  c o n s ta n t (К ) of the re a c tio n  se rv in g  as the basis o f  th e  d e te rm in a-

* To whom correspondence should be addressed.
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Table I

The length o f  the symmetric part o f the titration curve 
around the half neutralization point

К
T o ta l concentrations (M) Sym m etric part 

±  %  around 50.0% 
titrationof th e  unknow n of the t i tra n t

1 0 3 0 .1 l ±  9
0 .1 0 .1 ±  7
0 .0 1 0 .1 ±  5
0 .0 1 0 .0 1 ±  4

1 0 4 0 .1 0 .1 ± 2 2

0 .0 1 0 .1 ± 1 1

0 .0 1 0 .0 1 ±  9
0 .0 0 1 0 .0 1 i  5

1 0 5 0 .1 0 .1 ± 3 4
0 .0 1 0 .1 ± 2 2

0 .0 1 0 .0 1 ± 1 6
0 .0 0 1 0 .0 1 ±  9

1 0 6 0 .1 0 .1 Í 4 5
0 .0 1 0 .1 ± 3 7
0 .0 1 0 .0 1 ± 3 4
0 .0 0 1 0 .0 1 ± 2 2

Fig. 1. The potentiom etric ti tr a tio n  curve of 10.00 cm 3 0.05 M  nicotinamide in aqueous 
solu tion  w ith  a 0.5 M  HC1 stan d ard  solution

A c ta  C h im . A c a d . S e i . H u n g .  1 0 8 , 198 1
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t io n  and  on th e  to ta l  co n cen tra tio n s  (T able I) . F it t in g  a s tra ig h t line  to  the  
sy m m etric  p a r t  o f th e  t i t r a t io n  cu rve  (F ig . 1) th e  m iddle p o in t o f  th e  f i t t in g  
sec tion  gives th e  h a lf  n e u tra liz a tio n  p o in t (E v a lu a tio n  A). A n o th e r  m eth o d  
(B) for th e  d e te rm in a tio n  o f th is  p o in t is b ased  on th e  f irs t d e r iv a tiv e  o f the 
e x p e rim en ta l t i t r a t io n  cu rve  (F ig . 2). F o r th ese  tw o eva lu a tio n s th e  know ledge 
o f К  e q u ilib riu m  c o n s ta n t is n o t necessary . In  th e  know ledge o f  К  th e  half 
t i t r a t io n  p o in t can  be d e te rm in ed  by  p lo tt in g  lg  К  -f- lg [H  + ] vs. cm 3 t i t r a n t  
(E v a lu a tio n  C). T he in te rsec tio n  of th e  x  ax is in  th e  coo rd ina te  sy s te m  b y  th is 
line gives th e  h a lf  n e u tra liz a tio n  p o in t (F ig . 3). (The lg [H  + ] v a lu e s  a re  cal
cu la te d  fro m  th e  ex p e rim en ta l e lec tro m o tiv e  force (mV) values.)

cm3
Fig. 2. The first derivative curve of the titra tio n  curve of 10.00 cm3 0.001 M  am idopyrine in 

aqueous solution w ith 0.01 JVT HC1 standard  solution

Fig. 3. The lg К  +  lg [H + ] vs cm3 of titra n t curve for the titra tion  of 20.00 cm 3 0.001 M  
sulfacetam ide sodium in aqueous solution w ith  0.01 M  HC1 standard  solution

A d a  Chim. Acad. Sei. H ung. 108, 1981
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Table II

The results o f the acidimetric titrations o f weak bases in aqueous solution

Compound
Calculated 

concentration 
(mg cm-3)

Evaluation A Evaluation В Evaluation C

Measured
concentra

tion
(mg cm -3)

Observed 
total error

(4%)

Standard 
deviation 
of error

(%>

Measured
concentra

tion
(mg cm -3)

Observed 
total error

+% )

Standard 
deviation 
of error

(%)

Measured
concentra

tion
(mg cm -3)

Observed 
total error

(4%)

Standard 
deviation 
of error

(%)

Calcium lactate
*15.42 16.04 + 4 .0 1 ± 0 .5 7 16.18 +  4.95 ± 0 .2 5 15.23 - 1 . 2 2 ± 0 .2 2

*7.710 7.874 +  2 .13 ± 0 .2 2 7.830 +  1.56 ± 1 .6 3 7.496 - 2 . 7 8 ± 0 .2 3

Nicotinamide

*23.66 24.04 +  1.60 ± 0 .8 6 23.74 +  0.33 ± 0 .9 6 23.71 + 0 .1 8 ± 0 .8 7

*11.83 11.96 +  1.14 ± 1 .2 0 11.97 +  1.15 ± 1 .0 3 11.80 - 0 .7 7 ± 0 .1 7

*5.915 6.043 +  2.17 ± 0 .4 1 5.973 +  0.98 ± 0 .9 2 6.030 +  1.94 ± 0 .8 4

Amidopyrine

*22.82 23.11 +  1.27 ± 1 .0 5 22.65 - 0 . 7 6 ± 1 .6 0 23.01 +  0.85 ± 0 .6 9

**2.282 2.241 - 1 . 8 0 ± 2 .0 1 2.288 + 0 .2 6 ± 0 .9 0 2.305 +  1.00 ± 0 .9 8

***0.2282 0.2277 - 0 . 2 4 ± 2 .3 0 0.2272 - 0 . 4 3 ± 1 .2 9 0.2202 - 3 . 5 3 ± 0 .9 7

Sulfacetamide
sodium

*25.45 25.10 — 1.37 ± 1 .1 5 25.33 +  0.33 ± 0 .6 9 25.27 — 0.72 ± 1 .0 8

**2.545 2.532 - 0 . 5 1 ± 1 .3 8 2.533 -  0.46 ± 1 .8 5 2.576 +  1.21 ± 0 .9 4

***0.2545 0.2555 +  0.41 ± 1 .3 7 0.2569 + 0 .9 5 ± 1 .1 9 0.2537 - 0 . 3 3 ± 0 .0 6

* S tandard solution: 0.5 M  HC1 
** S tandard solution: 0.1 M  HC1 

*** Standard solution: 0.01 M  HC1
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T his la t te r  m e th o d  has th e  d is a d v a n ta g e  of being sen s itiv e  to  th e  even
tu a l  e rro r  o f th e  ionic s tre n g th  an d  te m p e ra tu re  dependen t К  v a lu e s . In  the 
know ledge o f e x a c t К  va lues, h o w ev er, i t  has the  ad v an tag e  to  g ive  reliable 
re su lts  in  m ore d ilu ted  so lu tions, s ince  fo r th e  evaluation  no b ro a d  sym m etric  
sec tio n  ro u n d  th e  h a lf  n e u tra liz a tio n  p o in t o f the  t i tra t io n  c u rv e  is needed.

T o show  th e  p rac tica l a p p lic a tio n , accu racy  and re p ro d u c ib ili ty  o f these 
e v a lu a tio n  m eth o d s th e  resid ts  of th e  p o ten tio m e tric  t i t r a t io n  o f  w eak  bases 
in  w a te r  (m easu rab le  o therw ise o n ly  in  non-aqueous m edia) a re  p resen ted  
in  T ab le  I I .

E x p e rim en ta l

The am ount given in Table II of the com pound to be measured have been dissolved in 
a sodium chloride solution to get a solution of 1.0 M  ionic strength. The acid s ta n d a rd  solution 
was also set to 1.0 M  ionic strength  w ith sodium  chloride. The titrations have been performed 
by  a R adiom eter ABU 12 autom atic bu re tte  (precision J^O.OOl cm3) using an  O rion Research 
digital ionalyzer model 701 A and Orion pH  glass electrode (91-01-00) and  a Radiom eter 
calomel electrode (K  100) in a Wilhelm bridge [7] as reference. The accuracy an d  reproducibil
ity  of the results is shown by the data  in T able II .
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A new method has been developed for the separation and  purifica tion  of the 
isomeric monochloro compounds (2, 3) resulting from the hydrolysis of 5,8-dichloro- 
pyrido[2,3-d]pyridazine (1). The m obility  of the chlorine atoms in com pound 1 depends 
on the conditions of the hydrolysis. In  alkaline solutions compounds 2 and  3 are formed 
in nearly identical am ounts, whereas in acid hydrolysis the ratio  of isom ers is shifted 
tow ards the form ation of 3. The stru c tu ra l position of the chlorine a tom  in the isomers 
has been verified by synthesis; the results (2: 8-C1, and 3: 5-C1) are in  accordance with 
the literature  data. The form ation of com pounds such as 24, 23 in th e  aminolysis of 
2 and 3 substan tia tes the structures of the aminopyridopyridazinones m ade from the 
quinoline acid imide derivatives (e.g., 21 — 24, 25).

B io ac tiv ity  o f  some o f  th e  a m in o p h th a laz in o n e  d e riv a tiv e s  p rep a red  in 
th e  course o f o u r earlier w ork  p ro m p te d  us to  ex ten d  our s tu d ies  on th e  relations 
b e tw een  physio logical a c tio n  an d  chem ical s tru c tu re  to  p y rid a z in e  analogues 
con d en sed  w ith  h e te ro  rings. P y rid o -p y rid a z in e  system s o f p h arm aco log ica l 
in te re s t  w ere exam ined  b y  severa l re sea rch  groups in th e  s ix tie s  [1 —7]. F rom  
th e  asp ec t of o u r fu r th e r  researches, th e  re su lts  o f N it t a  a n d  co-w orkers [1] 
are  p a r tic u la r ly  im p o r ta n t, w ho p re p a re d  th e  m onochloro iso m ers  2, 3 by 
h y d ro ly sis  o f 5 ,8 -d ich lo ro p y rid o [2 ,3 'd jp y rid az in e  (1). G reat in te re s t  is a tta c h e d  
to  th e se  com pounds n o t o n ly  because  th e y  afford  the  possib ility  o f  sy n th es iz 
in g  v a rio u s  am ino  d e riv a tiv e s  b y  am ino lysis , b u t  also because th e y  allow  rap id  
id e n tif ic a tio n  (F ig . 4) o f am ino  d e iiv a tiv e s  w ith  u ncerta in  s t ru c tu re ,  o b ta in ed  
in  o th e r  sy n th e tic  ro u tes  [8]; ow ing to  non-se lec tive  ring  c leavage  o f  quinoline 
ac id  im ides, a m ix tu re  o f isom ers is a lw ay s expected . I t  is th u s  e v id e n t th a t  
th e  d e fin ite  know ledge of th e  s tru c tu re s  o f th e  reference su b stan ces  is in d ispens
ab le  fo r co rrec t d e te rm in a tio n  o f  th e  c o n s titu tio n , and th is  c o n d itio n  is fu l
filled  only  w hen th e  s tru c tu re s  o f 2 a n d  3 iso la ted  are u n d o u b te d ly  know n.

* To whom correspondence should be addressed.
** P arts  of the diploma theses (B udapest, 1977 and 1979) of these au tho rs  are included 

in  th is paper.
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Cl

( S o lu b i l i t y

in  d i l u t e  N a O H  s o lu tio n )

N aO H

(a) basic (2% NaOH)
Hydrolysis I

|(^b) acidic (1% HCl)

Ас20

А с .. О

( S o lu b i l i t y  

i n  a c e t i c  a n h y d r i d e )

Fig. 1

N it t a  et al. [1] in fe r re d  on the  basis o f th e o re tic a l  considerations and  
q u a n tu m  chemical c a lc u la tio n s  th a t  in  th e  h y d ro ly s is  o f  1 there  is a g re a te r  
p o s s ib il i ty  for the  fo rm a tio n  o f  th e  C-8 ch lo rine  d e r iv a tiv e  (2) (я -e lec tron  
d e n s ity :  N -l 1.214, C-5 0 .9 4 3 , C-8 0.955). In  a lk a lin e  m ed ia , th e  ex p erim en ta l 
r e s u l ts  seem ed to  su p p o rt th i s  conclusion ( 8 - 0  6 6 % , 5-C1 30% ). For th e  s e p a ra 
t io n  o f  th e  isomers, N i t t a  et al. u tilized  th e  d iffe rence  in  th e  solubility  o f  th e  
so d iu m  salts of th e  m o n o ch lo ro p y rid o [2 ,3 -d ]p y rid az in o n es . W hen re p ro d u c 
in g  th e i r  experim ents, o u r  re su lts  dev iated  from  th e i r  d a ta  in  respect o f  b o th  
th e  r a t io  of the isom ers a n d  th e ir  m elting p o in ts . I t  h a s  been found th a t  th e  
o rig in a l m ethod affords o n ly  p a r tia l  sep ara tio n  (e n ric h m e n t) , since th e  sod ium  
s a l t  p rec ip ita ted  from  th e  a lka line  solu tion  is n o t  hom ogeneous an d  b o th  
iso m ers  are also c o n ta in e d  in  th e  m o ther liq u o r.

O ur m odified p ro c e d u re  w as developed on  th e  b as is  o f th e  lite ra tu re  m e th 
od . T h e  sodium  sa lt o f  lo w e r so lub ility  (5) can  ea s ily  be purified  by  re p e a te d  
c ry s ta lliz a tio n  from  d ilu te  sod ium  hydrox ide so lu tio n , and  the  m onoch lo ro

A cta  Chim. Acad. Sei. Hung. 108, 1981
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com pound  lib e ra te d  from  th e  p ro d u c t o b ta in ed  in  th is  w ay  w as found  to  be 
ch ro m ato g rap h ica lly  hom ogeneous (3). F o r th e  sep a ra tio n  an d  p u rifica tion  
o f  th e  o th e r isom er (2) en riched  in  th e  a lkaline m o th er liq u o r , th e  significant 
difference in  th e  so lub ilities o f th e  a c e ty la te d  deriva tives (6 a n d  7)* has been 
u tilized .

U nder th e  cond itions given in  E x p e rim e n ta l, only th e  a c e ty l derivative  
6 sep ara tes  from  th e  acetic  a n h y d rid e  so lu tion , w hile 7 re m a in s  dissolved. 
A  single rec ry s ta lliz a tio n  from  ace tic  a n h y d rid e  gave a c h ro m a to g rap h ica lly  
hom ogeneous p ro d u c t. D eace ty la tio n  (6 —► 2) tak es  place q u a n ti ta t iv e ly  on 
boiling  th e  com pound  in  e th an o l so lu tion .

T he sep a ra tio n  m eth o d , describ ed  in  d e ta il in  E x p e r im e n ta l (Fig. 5), 
m ade possible th e  iso la tio n  of th e  tw o  isom ers as pure  su b stan ces  an d  in  excel
le n t yields. R ep ea ted  iso la tion  ex p e rim en ts  h av e  show n th a t  in  alkaline hydro
lysis  th e  tw o  isom eric m onochloro  com pounds are fo rm ed  in  n e a r ly  identical 
am o u n ts  (2: 4 9 % ; 3: 4 8 % ), a t  v a rian ce  w ith  th e  lite ra tu re  s ta te m e n t;  in acid 
hydrolysis  th e  reac tio n  is sh ifted  to w ard s  th e  fo rm atio n  of 3 (2: 4 0 % ; 3: 58% ). 
O ur re su lts  m ade d ub ious th e  co rrec tn ess  o f th e  earlier s tru c tu re  assignm ents 
o f  th e  isom ers (i.e., t h a t  com pound  2 o b ta in ed  in  h igher a m o u n ts  in  th e  a lk a
line hyd ro lysis  w as considered  to  be th e  8-C1 deriv a tiv e), hence  a sy n th e tic  
p ro o f o f th e  s tru c tu re s  becam e necessary .

N o vacek  et al. [9] o b ta in ed  4 -im in o p y rid o [3 ,4 -d ]p y rid az in e -l(2 H ,3 D )- 
one from  e th y l 3 -cyano iso n ico tin a te  b y  tre a tm e n t w ith  h y d ra z in e . In  analo 
gous reac tio n s, th e  isom eric am ino  d e riv a tiv es  (10 an d  14) w ere p repared  
from  m eth y l 2 -cy an o n ico tin a te  (8) an d  m e th y l 3 -cyanop ico lina te  (12).

F a llab  an d  E r l e n m e y e r  [10] verified  th e  s tru c tu re s  o f  th e  esters 8 
a n d  12 b y  sy n th esis ; o u r N M R spectroscop ic  w ork  con firm ed  th e  correctness 
o f  th ese  assig n m en ts , since acco rd ing  to  l ite ra tu re  d a ta  [11] on  m ono- and 
m u ltisu b s ti tu te d  p y rid in e  d e riv a tiv e s , th e  expected  chem ical sh ifts  of the  
p ro to n  resonances in  12 is s ig n ifican tly  h igher for all th e  th re e  p ro to n s  th a n  in 
8; there fo re  th e  am ino  com pounds 10 an d  14 derived  from  th e se  com pounds 
are  su itab le  for th e  unam b ig u o u s d e te rm in a tio n  of th e  site  o f  a tta c h m e n t of 
th e  chlorine a to m  in  th e  m onochloro  isom ers 2 and  3.

T he h y d raz in o  d e riv a tiv es  (11, 15) w ere p rep ared  from  th e  tw o  m ono
chloro  isom ers b y  re flu x in g  th em  w ith  h y d raz in e . T hese co m p o u n d s  are , sim i
la r ly  to  h y d raz in o p h th a laz in o n e , th e rm a lly  u n stab le  [12]. In  m e lt th ey  
decom pose w ith  th e  lib e ra tio n  o f  am m o n ia  (11 —► 10 an d  15 —► 14). The 
p ro d u c t o f th e  reac tio n  ro u te  2 —► 11 —► 10 w as found  to  be id e n tic a l w ith  the

* In  the acetylation of the chloro com pounds 2 and 3 and chlorophthalazinone, the 
acetyl group is a ttached  to the amide nitrogen atom , as confirmed unam biguously by the 
appearance of the two carbonyl bands of the diacylam ide in the IR  spectrum . The absence of 
enol ester form ation accom panying arom atization indicates th a t the amide is the more stable 
tautom eric form.

5 * Acta Chim. Acad. Sei. Hung. 108, 1981
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p ro d u c t o f  th e  reac tio n s 8 —>- 9 —>- 10, w hich c le a rly  in d ic a te s  th a t  in co m p o u n d  
2 th e  ch lo rine  a tom  is a t ta c h e d  to  C-8, and  in  c o m p o u n d  3 to  the  C-5 a to m . 
T he c o u n te r-p ro o f (12 —>- 13 —> 14 and  3 —>- 15 —► 14) is necessary to  ex c lu d e  
th e  p o ss ib ility  o f iso m e risa tio n  tak in g  place d u r in g  th e  reactions. T he tw o  
sy n th e se s  d id  n o t give th e  sam e p roduct. In  th e  th e rm a l decom position  o f  
15 an  a m in o  d e riv a tiv e  w ith  an  endocyclic C = N  b o n d  is expected  (14), h o w ev er, 
th e  p ro d u c t o f th e  sy n th es is  s ta r tin g  from m e th y l 3-cyanopico linate  (12) c a n  
also  be  a d esm otrop ic  im in o  com pound  (14’), as p o in te d  o u t by  N ovaceic [9 ]. 
T he im in o  com pound  c a n  be derived from  su ch  a p recu rso r (13), in  w h ich  
th e  p o s itio n  o f th e  C = N  b o n d  is given. The c o n v e rs io n  14’ —*■ 14 to o k  p lace  
on t r e a tm e n t  w ith  a lk a li or h e a t ,  and  the  IR  sp e c tru m  o f th e  product o b ta in e d  
in  th is  w ay  becam e p e rfe c tly  iden tical w ith  t h a t  o f  the  am ino d e r iv a tiv e  
p re p a re d  from  th e  ch lo ro  com pound  3.

N o change w as o b se rv ed  in  th e  8-am ino d e r iv a tiv e  (10) on the  e ffec t o f  
b ases or m inera l ac ids; th e  5-am ino  com pound  (14) can  be converted  in to  
th e  im in o  d e riv a tiv e  14’ in  hydroch lo ric  acid  m e d iu m .

In  th e  case o f c o m p o u n d  14 and  14’, c ry s ta l  d im orph ism  is excluded  b y  
th e  o b se rv a tio n  th a t  o n  c ry s ta lliz a tio n  from  w a te r , n e ith e r  of the  co m p o u n d s 
tra n s fo rm e d  in to  th e  o th e r . T h e  s tru c tu re  o f  th e  im in o  com pound 14’ co u ld  
n o t be re lia b ly  con firm ed  b y  spectroscopy. A lth o u g h  th e  IR  spectra o f 14 a n d  
14’ reco rd ed  in  K R r p e lle ts  ex h ib ited  s ig n ifican t d ifferences in the  ra n g e  o f  
th e  N H , C = 0  an d  C = N  valence  v ib ra tio n s, th e s e  d a ta  did no t a ffo rd  u n 
a m b ig u o u s  evidence fo r  one o r  o th e r s tru c tu re . T h e  N M R  spectra o f  14 a n d

A cta  Chim. Acad. Sei. Hung. 108, 1981
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14’ in  d eu te ro d im e th y l su lfo x id e  w ere id e n tic a l co n firm in g  th e  s tru c tu re  
c o n ta in in g  th e  am ino g roup . I t  w as also verified  u n d e r  p re p a ra tiv e  co n d itions 
t h a t  in  th e  DMSO —H 20  so lu tio n , th e  p a r tia l con v ersio n  14’ —>■ 14 to o k  p lace . 
I n  e th a n o l so lu tion  th e  U V  sp e c tra  of 14’ an d  14 w ere p rac tica lly  th e  sam e, 
h u t  i t  is possible th a t  th e  s t ru c tu ra l  change in  th e  p o sitio n  of th e  C = N  b o n d  
causes no  s ign ifican t ch an g e  in  th e  spectra .

T h e  am ino  co m pounds 10 an d  14 b eh av e  d iffe re n tly  w ith  h y d raz in e . 
T h e  con v ersio n  10 —*- 11 ta k e s  p lace read ily  as e x p e c te d  [12], b u t  re flu x in g  
o f  iso m e r 14 w ith  h y d raz in e  does n o t y ield  th e  h y d ra z in o  d e riv a tiv e  15; th e  
fo rm a tio n  o f  a m ix tu re  o f  u n k n o w n  decom position  p ro d u c ts  o f b row nish  red  
co lo u r w as observed.

T h e  m onochloro isom ers (2, 3) read ily  re a c t w ith  m e th y lh y d raz in e , to o . 
In  th e  p ro d u c ts  16 an d  18 th e  m e th y l group is a tta c h e d  to  th e  n itrogen  a to m  
b esid e  th e  ring , since th e  N M R  signal shows no  sp littin g . T h erm al decom posi
t io n  g ives th e  m e th y lam in o  d e riv a tiv e s  17 an d  19 co n ta in in g  th e  endocyclic 
C = N  b o n d . In  th e  N M R  s p e c tra  recorded  in  D M SO  th e  m eth y l g roup  gives 
rise to  a  d o u b le t signal w hile a  q u a r te t  is assigned to  th e  N H  group. The signals 
o f  th e  isom er con ta in in g  th e  exocyclic C = N  doub le  b o n d  can n o t be fo u n d  
in  th e  sp ec tru m . On c ry s ta lliz a tio n  from  th e  DM SO —H 20  m ix tu re , com pounds 
17 a n d  19 show  no ch an g e , w h ich  ind ica tes th a t  th e y  ex is t in  th e  endocyclic  
ta u to m e r ic  form  also in  th e  c ry sta llin e  s ta te .

O ne o f  th e  possib ilities to  p rep are  th e  h y d ro x y e th y la m in o  d e riv a tiv es  
o f  p y rid o [2 ,3 -d ]p y rid az in e  (24 an d  25) is th e  sy n th es is  s ta r tin g  from  th e  
re a d ily  av a ilab le  to sy lo x y e th y l im ide 21 [8]; h o w ev er ow ing to  th e  a sy m m etric  
s t ru c tu re  o f th e  im ide, a m ix tu re  o f isom ers is n ecessa rily  form ed. The m ix tu re  
o b ta in e d  in  93%  yield can  ea s ily  be sep ara ted  b y  c ry s ta lliz a tio n  from  w a te r , 
since th e  solubilities o f  th e  co m p o n en ts  are g re a tly  d iffe ren t. D e te rm in a tio n  
o f  th e  p o sitio n  of th e  h y d ro x y e th y la m in o  group in  th e  p u re , sep a ra ted  isom ere 
w as ach iev ed  b y  com p ariso n  w ith  reference su b s ta n c e s  o b ta in ed  from  th e  
ch lo ro  com pounds of k n o w n  s tru c tu re  (2 —► 25 a n d  3 —► 24). Since th e  m ain  
p ro d u c t  w as th e  5 -(2 -h y d ro x y e th y lam in o ) d e r iv a tiv e  (24) (th e  com position  
o f  th e  m ix tu re  being 8 7 .1%  o f 24, and  12.9%  o f 25), th e  alkaline cleavage 
o f  th e  qu inolin ic  acid im ide  (20 an d  21) is due p r im a rily  to  th e  ru p tu re  o f th e  
im ide  bo n d  in  а -position  r e la te d  to  th e  py rid ine  n itro g e n  (20 —*■ 22); th e re fo re  
in  th e  non-iso la ted  in te rm e d ia te *  th e  oxazoline rin g  m u s t develop a t  th e  
/З-C -a to m  of th e  p y rid in e  rin g . In  th e  course o f th e  sy n th es is  described  ab o v e , 
th e  isom eric  com pound 25 c a n  be o b ta ined  in low  y ie ld  only , therefo re  it  is 
p re p a re d  p referab ly  b y  th e  am ino lysis  p rocedure  2 — 25.

* Concerning the necessarily postulated form ation of the interm ediates 22 and 23, 
we refer to  the mechanism of analogous processes [13].
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Experim ental

M.p.’s were measured on a Boetius m icro melting point appara tus. The IR  spectra 
were recorded in K B r pellets w ith a UR-10 and an IR-75 (Zeiss, .Jena) spectrophotom eter. 
NMR spectra were obtained in DMSO-Df> solutions with a Varian A-60D in s tru m en t, and the 
UV spectra w ith a Specord UV-VIS (Zeiss, Jen a ) apparatus. In the TLC tes ts  M achery — Nagel 
P0L1G R A M R Sil G/UV254 layers (8.5 X 2.8 cm) were used. The composition of the developing 
m ixture was CHC13 — MeOII — NH„OH 50 : 20 : 3 v/v.

5,8-Dichloropyrido[2,3-rf]pyridazine (1)

This compound was prepared from  quinolinic acid hydrazide [14] according to the 
procedure described by N itta  et al. [1]. Yellow plates were obtained from a m ix tu re  of dichloro- 
m ethane and petroleum  ether (b.p. 40 — 70 °C); m.p. 168 —169 °C (lit. [15] m .p . 163 —164 °C, 
and [1] 169 °C). M.w. 200.0

IR  (K Br): pyridine ring, rC= Npyrjdazine 1589, 1556, 1528; yCHpy 793, 675 (1,2,3- 
trisubst.) cm -1.

Separation of the hydrolysis products (2 and 3) of the dichloro compound 1 (Fig. 5) 

Alkaline hydrolysis (A)

The dichloro compound 1 (20.0 g; 0.1 mole) was refluxed w ith 2%  N aO H  solution 
(500 m L) in a flask equipped w ith a reflux condenser for 30 min. The crude sodium  salt (4 <  5) 
separated  on cooling from the orange-red solution; for purification it was recrystallized  from 
dilute alkali solution (4 g of Na salt/100 m L  of 2%  NaOH). Isomer 3 was libera ted  from the 
pure salt 5 w ith acetic acid.

The alkaline m other liquor of the sodium  salt was acidified with acetic acid, and the 
suspension was evaporated to dryness on a ro ta ry  evaporator. The air-dry m ix tu re  (2 >  3) 
was refluxed with acetic anhydride (2 hrs) to effect acetylation (10 mL of acetic anhydride per 
1 g of m ixture). The solution was cooled and allowed to stand. The acetyl com pound 6 separated 
after 3 — 4 hrs, and it was recrystallized from  acetic anhydride in order to  rem ove any con
tam ination  by the isomer 7. D eacetylation in  e thanol (6 -*• 2) occurred q u an tita tiv e ly  to yield 
the chemically homogeneous isomer. The separation  procedure was repeated tw ice w ith the 
m ixture obtained from the m other liquors.

A cid  hydrolysis (B)

The dichloro compound 1 (20.0 g; 0.1 mole) was refluxed with 1% hydrochloric acid 
(500 m L) in a flask equipped w ith a reflux condenser under mechanical stirring  for 1 h. The 
resulting suspension was cooled, the crude m ix ture  of the isomers was filtered  off, and the 
acid m other liquor was evaporated to dryness in  vacuum . The combined p roduct was dissolved 
in 2% NaOH (100 mL of solution per 4 g of m ix ture) w ith heating. For the rest, th e  separation 
procedure was the same as th a t given for the alkaline hydrolysis. In  the m ix tu re  obtained 
by acid hydrolysis, the isomer 3 is predom inating , hence the acetylation of the  hydrolysate 
(2 <  3) gives the acetyl derivative strongly con tam inated  with 7. Since this m akes the separa
tion of isomers more difficult (several recrystallizations from acetic anhydride w ould be neces
sary to a tta in  the melting point and chrom atographic purity  of the compound 6), i t  is advisable 
to  s ta rt in each case w ith preparation of the sodium  salt.

For the determ ination of the isomer ra tio , recrystallized dichloro com pound was used; 
in o ther experim ents the starting  m aterial was the crude product.

5-Chloropyrido[2,3-r/]pyridazine-8(7//)-one (3)

The yields of experim ents on the 0.1 mole scale were: 8.79 g (48.4%) (alkaline hydrolysis) 
and 10.57 g (58.2% ) (acid hydrolysis). Colourless, long needles were obtained  from  w ater, 
which sublim ed w ithout decomposition a t 260 —280 °C (lit. [1| m.p. 289 °C (d.)). In  a sealed 
Fischer cell, the pow'dered substance transform ed in to  long needles a t abou t 250 °C, then 
m elted a t 3 1 0 -3 1 1  °C. R j  0.71.
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Schematic diagram of the separation of the monochloro isomers 2 and 3

( 1% )

( 7 )  h y d ro ly s is ';

( a )  N a O H  (2 % )

2 +  3

d is s o lu t io n  ( 4 g /1 0 0  m l 2 %  N aO H )®

4 + 5

c r y s t a l l i z a t i o n ®

p r e c i p i t a t i o n

d is s o lu t io n ®

4 <  5
p r e c i p i t a t i o n m o th e r  l iq u o r  +  A c O H

2 >  3
e v a p o r a t io n  t o  d r v n e s s

m o th e r  l i q u o r  +  A c O H

e v a p o r a t io n  t o  d r y n e s s
mixture

m o t h e r  l i q u o r  +  H 20

e v a p o r a t i o n  t o  d ry n e s s

® ^ ~ ©

a c e t y l a t i o n  a n d
c r y s t a l l i z a t i o n
( A c 2 0 )

p r e c i p i t a t i o n

© ~ ^ - ®
(chromatographically homogeneous isomers)

Fig. 5

C,H4C1N30  (181.6). Calcd. Cl 19.5. Found Cl 19.4%.
№  (K Br): rNHamidg 3250 — 2200; i>COamide 1679; py rid ine  ring, i’C =  Npyridazine 1580, 

1542; <5NH 1650 (?); yCHPy 802, 681 (1,2,3-trisubst.) cm -1 .

8-C hloropyrido[2,3-d]pyridazine-5(6fi)-one (2)

The acetyl compound 6 ob ta ined  during the separation  procedure (see there) was dissolved 
in  ten  parts  of ethanol and refluxed  with stirring for 1 h. T he deacetylated product separated  
during  refluxing in the form  of colourless plates (q u an tita tiv e  conversion). In alkaline hydro ly 
sis, 0.1 mole of the dichloro com pound yielded 8.93 g (49.2% ) of 2, while in acid hydrolysis, 
th e  p roduc t was 7.25 g (39.9% ). Colourless plates separated  from  w ater, ethanol and glacial 
ace tic  acid, prisms were ob ta ined  from  tetrahydrofuran; m .p .: a t  250 — 270 °C partial m elting 
and  sublim ation w ithout decom position (lit. m.p. 275 °C [1]). In  a sealed Fischer cell, the  
substance  transformed a t ab o u t 230 °C into thick colum ns w ith  stripes along the longer axis, 
an d  m elted at 304 — 305 °C. R t  0.80.

C7H4C1N30  (181.6). Calcd. Cl 19.5. Found Cl 19.5%.
IR  (KBr): rN H amide 3300 — 2200; i’COamjde 1691; <5NH 1622 (?); pyridine ring, 

vC =  Npyrjdazine 1583, 1565 sh, 1555 sh; yCHPy 786, 707 (1 ,2 ,3-trisubst.) cm -1.

5-C hloro-7-acetylpyrido[2,3-d]pyridazine-8(7H )-one (7)

A m ixture of 3 (1.82 g; 0.01 mole) and acetic anhydride  (18 mL) was refluxed for 2 hrs. 
T he acety lated  product sep a ra ted  from the cold solution in  th e  form of long needles, w hich 
transform ed into large prism s on standing. The m other liquor was evaporated in vacuum
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w ithout filtering off the crystals. The dry  residue was dissolved in hot acetic anhydride (5 mL) 
and  the filtered solution was mixed w ith anhydrous ether (15 mL). Colourless prism s (2.02 g; 
90.2% ) were obtained, m.p. 158 —159 °C. W hen refluxed in alcohol solution, th e  substance 
deacetylated  rapidly  (7 -» 3).

C9II6C1N30 2 (223.6). Calcd. Cl 15.9. Found  Cl 15.8%.
IR  (K B r): i’COami,ie 1751, 1712; pyrid ine ring , vC = N pyrj<|azine 1595, 1575, 1549; yCHPv 

831, 712 (1,2,3-trisubst.) c m "1.

6-Acetyl-8-chloropyrido[2,3-d]pyridazine-5(6H )-one (6 )

The isomeric compound 2 (1.82 g; 0.01 mole) was acetylated w ith  acetic anhydride 
(18 mL) in the m anner given for 7. The p roduc t (2.17 g; 97%) crystallized in  th e  form of 
colourless small needles from a m ixture of chloroform  and petroleum e th e r (b .p . 40 — 70 °C), 
or from  acetic anhydride; m.p. 158 —160 °C. W hen refluxed with alcohol, deacety la tion  took 
place rapidly  (6 — 2).

C9H6C1N30 2 (223.6). Calcd. Cl 15.9. Found  Cl 15.7%.
IR  (K B r): rCOamide 1752, 1700; pyrid ine ring , v C = N pvri(iazine 1586, 1570, 1557; yCHPv 

789, 713 (1,2,3-trisubst.) cm “ 1.

2-Acetyl-4-chloropht h a la z in e-1 (2 / /  )-one

Chlorophthalazinone (0.36 g; 2 mmoles) was refluxed with acetic anhyd ride  (5 mL) 
for 2 hrs. The m ixture which solidified on cooling was decomposed with w ater. T he crude acetyl 
derivative (0.412 g; 92.5%), m.p. 152 —153 °C, crystallized in the form of colourless needles 
w ith  the same melting point from a m ixture of chloroform and petroleum  e th e r (b .p . 40 — 
70 °C). D eacctylation occurred rapidly  in alcohol solution.

C10H,ClN2O2 (222.7). Calcd. Cl 15.9. Found  Cl 15.9%.
IR  (K B r): vCOami(je 1750, 1690; benzene ring  1600, 1589; vC = N pyrj(jazjne 1561; yCH 

768 cm -1.

Methyl 2-cyanonicotinate (8 )  [10]

Colourless prisms were obtained from  a m ix tu re  of methanol and petro leum  ether 
(b .p . 4 0 - 7 0  °C); m.p. 8 9 -9 0  °C (lit. [10] m .p. 89 —90 °C).

C8HeN20 ,  (162.2). Calcd. C 59.2; H  3.7; N  17.3. Found C 59.0; H 3.8; N  17.5% .
IR  (K B r): rCN 2236; rCOester 1726; pyrid ine ring  1578, 1560; yCH Py 782, 722 (1,2,3- 

trisubst.) cm -1.
•H-NM R (DMSO): 6 8.80 (H„), 7.72 (H^), 8.23 (H y), J x ß  =  5.0, J a y  =  1.5, J ß y  =  8.0 Hz

Methyl 3-cyanopicolinate (1 2 ) [10]

Colourless needles from w ater m.p. 149.5 —150 °C (lit. [10] m.p. 150 — 151 °C).
CgH6N20 2 (162.2). Calcd. C 59.2; H  3.7; N  17.3. Found C 59.1; H  3.6; N  17.4% .
IR  (K B r): vCN 2229; vCOester 1721; pyrid ine ring 1579, 1556; yCHPy 811, 698 (1,2,3- 

tr isubst.) cm -1.
'H -N M R  (DMSO): <5 8.92 (H a), 7.84 (H^), 8.47 (H y), J x ß  =  4.7, J x y  =  1.9, J ßty  =  8.0 Hz.

8-Am inopyrido[2,3-d] pyridazine-5(6H )-one (10)

(a) M ethyl 2-cyanonicotinate (0.162 g; 1 mmole) was dissolved in  98%  hydrazine 
hyd ra te  (1.5 mL) and refluxed for 15 min. The reaction  m ixture was diluted w ith  w ater (10 
mL), allowed to  stand a few hours, then the crystals which separated were filte red  off. Yellow 
needles a ttached  to each other in a characteristic w ay (resembling feather) were ob ta ined  from 
w ater (0.095 g; 58.6%), m.p. 280 — 290 °C (subl.). In  a sealed Fischer cell, the  pow dered sub
stance transform ed into prisms above 240 °C and m elted a t 301 — 302 °C.

(b) The 8-hydrazino compound (11) (3.54 g; 0.02 mole) was melted carefu lly  over an 
open flame. After the evolution of gas had ceased, the m elt was cooled and  recrystallized 
from  w ater (about 150 mL). The crystalline m ix ture  was dried and the by -p roducts of the 
pyrolysis were rem oved by fractional sublim ation in  the vacuum  produced by  a  w ate r suction
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pum p, on a bath of 180 —190 °C tem perature. The residue, whose sublimation tem pera tu re  
is above 200 °C, crystallized from  w ater in the characteristic fo rm  described under (a) a fter 
c larification  with carbon. The y ie ld  was 1.30 g (40%), m .p. iden tica l w ith th a t of the p roduct 
p repared  according to (a).

C7H eN40  (162.2). Calcd. N  34.5. Found N 34.7%.
IR  (K Br): »NH, 3380, 3280; vNHamide 3250—2200; J>COamide 1668; *C=N , <5NH2 1626; 

py rid ine  ring 1586, 1560; yC H Py 800, 710 (1,2,3-trisubst.) cm -1 .
‘H-NM R (DMSO): у  11.83 (s, - C O - N H - ) ,  6.22 (s, - N H ,) ,  9.24 (Ha), 8.03 (Hg), 

8.72 (H 7), J ^ ß  =  4.9, J a>y =  1.9, J ß<y =  8.2 Hz.
UV (EtO H ): Amax nm  (log e): 210 (4.29), 217 (4.13), 265 (3.68), 333 (3.58).
The IR  spectra of the  p roduc ts  obtained according to  procedures (a) and (6) were 

iden tica l; the substances suffered  no change during sub lim ation , or when treated w ith 2%  
K O H  solution or hydrochloric acid.

Schiff base: Compound 10 (0.162 g: 1 mmole) was refluxed  w ith benzaldehyde (5 m L) 
for 2 h rs , whereupon a red so lu tion  formed. The excess aldehyde was removed by distillation 
in  vacuum , the residual m ass w as extracted  wi th  hot pe tro leum  ether (b.p. 80 — 120 °C), the 
undissolved residue dissolved in  chloroform and washed w ith  sodium hydrogen carbonate  
solu tion . The evaporation residue of the solution after w ashing (0.38 g, theoretical yield 0.35 g) 
w as a honey-like m aterial of red  colour, which could no t be crystallized. I t was well soluble 
in  e th y l acetate and insoluble in  gasoline fractions. On tre a tm e n t w ith dilute hydrochloric 
acid i t  decomposed to give benzaldehyde and the 8-amino com pound (10) with unchanged 
IR  spectrum .

5-Im inopyrido[2,3-d]pyridazine-8(6JT,7H )-one (14’)

(a) Methyl 3-cyanopicolinate (12) (0.81 g; 5 mmoles) w as refluxed with 98% hydrazine 
h y d ra te  (5 mL) for 15 m in., an d  diluted with w ater (10 m L ) to  obtain the crude p ro d u c t 
(0.65 g; 80.2%). I t  crystallized as yellow needles from w ater, m .p. 330 — 331 °C.

(b) A dilute hydrochloric acid  solution of the 5-am ino com pound (14) was refluxed for 
30 m in, cooled and carefully neu tralized  with am m onium  hydroxide. The substance m elted 
a t  330 — 331 °C after recrysta lliza tion  from water.

According to the IR  spec trum , the substance recrystallized  from DMSO was a m ixture 
of 14’ and 14.

C7H 6N40  (162.2). Calcd. N  34.5. Found N 34.7%.
IR  (KBr): vNH, vN H amide 3550 — 2200; vCOamjde 1674; vC =  N (exo) 1630; pyrid ine 

ring  1590, 1553; yCHPy 792, 708 (1,2,3-trisubst.) c m " 1.
•H-NMR (DMSO): <511.82 (s, - C O - N H - ) ,  6.14 (s, — N H 2), 9.12 (Ha), 7.97 ( H A  

8.60 (H 7), J a>ß =  4.5, J a>7 =  1.5, J ß>y =  8.0 Hz.
UY (EtOH): Amax nm  (log e): 210 (4.34), 217 (4.15), 265 (3.72), 333 (3.57).

5-A m inopyrido[2,3-d]pyridazine-8(71T)-one (14)

(a) The imino com pound 14’ underwent tautom eric change when refluxed in 2%  p o tas
sium  hydroxide for 1 h ; the p ro d u c t which precipitated on neutralization was recrystallized 
from  wrater to give yellow needles, m.p. 320 — 330 °C (subl.). In  a sealed Fischer cell it  m elted 
a t  340 °C.

(b) The 5-hydrazino com pound (15) (0.531 g; 3 m m oles) was melted in a test tube  over 
an  open flame till the cessation  of gas evolution, then recrystallized  from water (30 mL). For 
fu r th e r purification, the m a te ria l was subjected to sub lim ation  in the vacuum produced by  
a w a te r suction pump (b a th  tem pera tu re  300 °C). The sub lim ate  crystallized from w ater in 
th e  form  of yellow needles (0.221 g; 45.5%), the m .p. was the  same as tha t of the p roduc t 
p repared  by method (a).

(c) The imino com pound 14’ tautomerized to give th e  am ino compound 14 on repeated  
sublim ations.

The products ob tained  by  tautoinerism  (procedures (a) and (c)) and by pyrolysis (6) 
h ad  th e  same IR  spectrum .

C7HfiN ,0 (162.2). Calcd. N  34.5. Found N 34.8%.
IR  (KBr): rN H 2 3392, 3298; vNHamide 3 2 5 0 -2 4 0 0 ; vCOamide 1675; <5NH2, pC =  N 1625; 

py rid ine  ring 1587, 1552; yCHpy 818, 708 (1,2,3-trisubst.) c m -1 .
•H-NMR (DMSO): id en tica l w ith tha t of com pound 14’.
UY (EtOH): Amax nm  (log e): 210 (4.30), 217 (4.14), 263 (3.71), 333 (3.55).
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8 - Hydrazi impvrido [ 2.3-</ ] pyridazine-5(6H  ) -one (1 1 )

(а) The 8-Cl compound (2) (3.62 g; 0.02 mole) was dissolved in 98%  hydrazine hydrate 
(20 mL) w ith heating, and the solution was gently refluxed for 1 h. A fter a few m inutes the 
separation of the reaction product began. W ater (200 mL) was added, then  the sulfur-yellow 
needles were filtered off (3.44 g; 97.2% ), m .p. 291 — 293 °C (d). The p roduct can  be recrystal
lized from much w ater, bu t the decom position point rem ains unchanged.

(б) 6-Acetyl-8-chloropyrido[2,3-d]pyridazine-5(6H)-one (6) (2.23 g; 0.01 mole) was added 
in  small portions to 98%  hydrazine h y d ra te  (10 m L) stirred mechanically. A yellow suspension 
was obtained while a strong increase of tem peratu re  could be observed; the  suspension was 
then  gently refluxed for 1 h. On dilution w ith w ater (100 mL) the hydrazino com pound (1.74 g; 
98.2% ) separated, m.p. 290 — 292 °C (d.).

(c) 8-A m inopyrido[2,3-d]pyridazine-5(6ii)-one (10) (0.162 g; 1 mmole) or m ethyl 
2-cyanonicotinate (8) (0.162 g; 1 mmole) was refluxed for 6 hrs w ith 98%  hydrazine hydrate 
(1.5 mL). On dilution w ith w ater (15 m L) the product separated (0.124 g; 70%). I t  was filtered 
off and recrystallized from w ater; yellow needles, m.p. 290 —292 °C (d.). This product was 
identical w ith the substances obtained in  procedures (a) and (6).

C7H 7N50  (177.2). Calcd. N 39.5. Found  N 39.7%.
IR  (K Br): »NH, 3346, 3318 (in in tram olecular H-bridge w ith the N py); vNH, vNHamide 

3280 — 2200; i’COamide 1658; pyridine ring , vC =  Npyrjdazine 1602, 1572; áN H  1505; yCHpy 800, 
718 (1,2,3-trisubst.) c m "1.

UV (H 20 ): Amax nm  (log e): 209 (4.35), 266 (3.73), 325 (3.55).

5-H ydraziiiopyrido[2,3-d]pyridazine-8(7/I)-one (15)

A m ixture of 3 (1.81 g; 0.01 mole) and hydrazine hydrate (10 m L; 98% ) was refluxed 
for 1 h. The precipitation of 15 started  from  the orange yellow solution in  abou t 5 min. After 
d ilution w ith w ater (100 mL) the p roduct was filtered off (1.60 g; 90.4%). C rystallization from 
w ater (about 160 m L) gave pale yellow needles which suffered discolouration in  air; m.p. 
2 8 5 -2 8 7  °C (d.).

C,H,N60  (177.2). Calcd. N 39.5. Found  N 39.6%.
IR  (K Br): vN H 2, rN H , rN H amide 3250 — 2200; t>COamjde 1662; pyridine ring, rC =  Npyridazine 

1609, 1583, 1553; <5NH 1515; yCHPy 782, 718 (1,2,3-trisubst.) c m "1.
UV (H 20 ): Amax nm  (log e): 210 (4.37), 264 (3.74), 322 (3.52).

Compound 15 could not be prepared  by the hydrazinolysis of 14; the  reaction  yielded 
a dark  red reaction product which was n o t studied further.

8-(l-M ethylhydrazino)pyrido[2,3-d]pyridazine-5(6H )-one (1 6 )

A m ixture of the 8-chloro com pound (2) (3.62 g; 0.02 mole) and m ethylhydrazine (15 mL) 
was refluxed for 2 hrs. The product crystallized about the end of refluxing. The excess m ethyl
hydrazine was rem oved by distillation u nder reduced pressure. The evaporation  residue was 
m ixed w ith some w ater and filtered off. The halogen-free crude product (3.53 g; 92.4% ) was 
crystallized from w ater (100 mL) to o b ta in  yellow needles, m.p. 215 — 217 °C (d.).

CsH 9NsO (191.2). Calcd. N 36.6. Found  N 36.8%.
IR  (K B r): j>NH2 3322, 3205; rN H amide 3 2 0 0 -2 5 0 0 ; vCOamide 1674; <5NH2 1597; pyridine 

ring, i’C =  Npyrjdazjne 1578, 1552; yCHpv 801, 748 (1,2,3-trisubst.) cm -1.
•H-NMR (DMSO): <512.14 (s, - C O - N H - ) ,  5.02 (s, — NH2), 3.05 (s, N - C H 3), 9.09 

(H x), 7.83 (Hp), 8.57 (I Iy), J„iP =  4.5, J a y =  2.0, J ß>y =  8.0 Hz.

5-(l-M ethylhydrazino)pyrido[2,3-d]pyridazine-8(7H )-one (1 8 )

A m ixture of m ethylhydrazine (15 m L) and the 5-chloro com pound (3) (3.62 g; 0.02 
mole) was refluxed for 2 hrs. After rem oval o f the excess m ethylhydrazine by d istillation  in the 
vacuum  of a w ater suction pum p, a crude p roduct (3.22 g; 84.3% ; halogen-free) was obtained, 
w hich crystallized in the form of yellow needles from w ater, which transform ed a t  240 — 250 °C 
w ith  m elting and evolution of gas into needles; these m elted then a t 345 — 348 °C w ith  decom
position.

C8H9N50  (191.2). Calcd. N 36.6. Found  N 36.9%.
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IR (KBr): t>NH2 3307, 3243, 3189; vNHamide 3350 — 2500; rCOamide 1660; <5NH2 1629; 
pyridine ring, rC=Npyrjdüzjne 1589, 1548; yCHPy 807, 776, 748 (1,2,3-trisubst.) cm-1.

‘H-NMR (DMSO): ö 12.01 (s, — C O -N H -), 4.62 (s, —NH2), 2.98 (s, N -C H 3), 9 -8 .75  
(m, Ha, II7), 7.85 (Hg), Ja,g =  4.2, J ß y =  8.2 Hz.

8-M ethylam inopyrido[2,3-d] pyridazin e-5 (6 íí) -one (1 7 )

T he 8-m ethylhydrazino d eriv a tiv e  (16) (0.573 g; 3 mm oles) was fused on a b a th  heated 
to  240 °C un til no more gas evolved (10 —15 min). The p roduc t crystallized as yellow needles 
from  w a te r (0.447 g; 84.5% ), m .p. 240 — 241 °C.

C8H 8N40  (176.2). Calcd. N 31.8. Found N 31.9%.
IR  (K B r): vNH 3428; vNHarnide 3330 — 2400; vCOamide 1683; pyridine ring, i>C=Npyridazin,. 

1608, 1581; <5NH 1530; yCHPy 793, 775 (1,2,3-trisubst.) c m - 1.
>H-NMR (DMSO): <5 11.79 (s, —C O - N H - ) ,  6.81 (q, J  =  5.0 Hz, - N H - C H 3), 2.88 

(d, J  =  5.0 Hz, —N H  —CH3), 9.14 ( H a ) ,  7.87 ( H o ) ,  8.59 ( H J ,  J a ß =  4.5, X, g  =  1-8, J ß,y  =  
=  8.2 H z.

O n recrystallization from  a m ix ture  of DMSO and H 20 ,  th e  IR  spectrum  rem ained 
unchanged .

5-M ethylam inopyrido[2,3-f/]pyridazine-8(7if)-one (1 9 )

T he 5-m ethylhydrazino d eriv a tiv e  (18) (0.573 g; 3 mmoles) was fused on a b a th  of 
250 — 260 °C tem perature for 20 m in . A fter rapid melting, th e  substance solidified w ith strong 
evo lu tion  of gas. The brow n crude p roduct was crystallized from  w ater (40 mL) after clarifi
ca tion  w ith  carbon, to give yellow needles (0.392 g; 74.1% ), m .p. 344 — 346 °C (d.).

CsH 8N40  (176.2). Calcd. N 31.8. Found N 32.0%.
IR  (K Br): rNH 3353; vN H amide 3270 — 2100; vCOamide 1658; pyridine ring, vC=Npyridazine 

1586, 1550; ŐNH 1540; yCH Py 806, 772 (1,2,3-trisubst.) cm “ 1.
'H -N M R  (DMSO): у  11.78 (s, - C O - N H - ) ,  6.82 (q, J  =  4.6 Hz, - N H - C H 3), 

2.83 (d , J  =  4.6 Hz, - N H  —CH3), 9.00 (H a), 7.86 (Н Д  8.49 (H  ), g =  4.2, J a =  1.5, 
J p ,y  =  8.2 Hz.

O n crystallization from  a m ix tu re  of DMSO and w ater the IR  spectrum  rem ained 
unchanged .

2-H ydroxyethylquinolinic acid im ide (2 0 )

Quinolinic anhydride [16] (14.9 g; 0.1 mole) was suspended in  chloroform (30 m L) in 
an  ap p a ra tu s  equipped w ith a re f lu x  condenser and a dropping funnel, and a solution of ethanol- 
am ine (6.1 g; 0.1 mole) in  chloroform  (20 mL) was added to  the suspension under shaking. 
A fter com pletion of the exo therm al reaction, the m ixture was refluxed for 30 min, then  the 
so lven t was evaporated from  th e  sticky  m aterial, and heating  was continued in  the vacuum  
p roduced  by a water suction p u m p ; the tem perature of th e  b a th  was increased gradually to 
150 — 160 °C. The m elt was m ain ta ined  a t this tem pera tu re  un til the  completion of w ater 
release (about 90 min). A yellow ish brow n viscous honey was obtained, which crystallized in 
colourless prisms from ethy l a ce ta te ; m.p. 106 — 108 °C. The crude im ide was used for p repara
tiv e  purposes.

C9H 8N20 3 (192.2). Calcd. C 56.2; H 4.2; N 14.6. Found  C 56.3; H 4.1; N 14.7%.
IR  (KBr): rOH 3342; t>COjmidc 1780, 1722; pyridine ring  1602, 1590, 1533; vC—Oa|c0|10i 

1022; pCH 811, 730 (1,2-disubst.) c m - 1.

2-Tosyloxyethylquinolinic imide (21)

The crude imide (20) (0.1 mole) while still warm was shaken with a mixture of anhydrous 
pyridine (100 mL) and tosyl chloride (28.5 g; 0.15 mole) until the formation of a homogeneous 
solution (20 — 30 min). Next day it was diluted to 1 litre with water. The product which sepa
rated was allowed to stand for a few hours, filtered off and washed with anhydrous ethanol 
until it became colourless. The product (20 — 24 g; 57.7 — 69.3%) melted at 164—165 °C. 
Colourless crystals were obtainable from much ethanol, the melting point remained unchanged.

C16H14N205S (346.4). Calcd. S 9.3. Found S 9.1%.
IR (KBr): rCOimide 1788, 1728; pyridine ring 1598; rS02 1362, 1180; <5S02 579, 554; 

vCH 814 (1,4-disubst.), 773, 736 (1,2-disubst.) cm-1.
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Preparation of the isomeric mixture of (2-hydroxyethylam ino)pyrido[2,3-d]pyridazinones
(21 — 24, 25)

2-Tosyloxyethylquinolinic imide (21) (34.64 g; 0.1 mole) was suspended in  m ethanol 
(300 mL) and potassium  hydroxide (13.4 g; 0.24 mole) was dissolved in m ethanol (300 mL) 
was added. The m ix ture  was then heated to  the boiling point on a w ater ba th . A fter a short 
boiling (15 min) the resulting solution was cooled in  ice-water and slightly acidified w ith  cone, 
hydrochloric acid in  the presence of a few drops of M ethyl Orange indicator. A fter the  addi
tion of hydrazine hydra te  (20 m L; 72%) the solution which became rapidly yellow was refluxed 
for 30 min. The yellow crystals which separated  on cooling were filtered off. More product 
was recovered from  the m other liquor by  evaporation . The combined yield w as 19.13 g 
(92.8% ).

Separation of the isomers was effected by  fractional crystallization from  w ater. Com
pound 24 is significantly less soluble in  w ater th a n  25, hence it  could be separa ted  from  the 
la t te r  by two recrystallization. Compound 25 enriched in  the m other liquor m ay  be isolated 
as a pure substance after several recrystallizations.

5 - ( 2 - Hydroxyethylaniino)pvrido12 ,3-J  | pvri<iuzine-i!(7 / / )-on<- (2 4 )

(a) The substance obtained by fractional crystallization  of the above isom eric m ixture 
was 16.6 g (87.1% ; when calculated for the tosyl ester, 80.7%), yellow needles from  much 
w ater, m.p. 317 — 318 °C.

(b) A m ixture of 3 (1.81 g; 0.01 mole) and ethanolam ine (5 mL) was refluxed for 15 min 
(prolonged heating greatly  reduced the yield). The solution was diluted w ith w ate r (50 mL) 
and neutralized w ith glacial acetic acid. The isolated crude product was dissolved in 2% 
N aO H  solution th en  precipitated again w ith acetic acid. Yellow needles were ob ta ined  from 
w ater (0.62 g; 30.1% ), m.p. 316 — 318 °C. According to  the IR  spectrum, the substance was 
identical w ith th a t prepared according to (a).

C9H 10N4O2 (206.2). Calcd. C 52.4; H 4.9; N 27.2. Found C 52.2; H  4.7; N  27.5% .
IR  (K B r): i’N H , rOH 3326; vNIIamide 3 2 5 0 -2 2 0 0 ; vCOamide 1644; pyridine ring  1595 sh, 

1587; <5NH 1548; i’C - 0  1036; yCHPy 762, 711 (1,2,3-trisubst.) cm “ 1.

8-(2-Hydroxyethylainino)pyrido[2,3-d]pyridazine-5(6H )-one (25)

(а) F ractional crystallization of the isomeric m ixture yielded 2.47 g (12 .9% ; when 
calculated for the s ta rting  m aterial, 12.0%) of th e  p roduct. I t  is significantly m ore soluble 
in  w ater th an  isomer 24. Yellow needles from  w ater, m .p. 243 —244 °C.

(б) A m ixture of 2 (1.81 g; 0.01 mole) and ethanolam ine (5 mL) was refluxed fo r 30 min. 
The excess aminoalcohol was evaporated in  vacuum . The solidifying evaporation residue was 
suspended in a little  w ater, the solid product filtered  off (1.68 g; 81.5%; halogen-free). Yellow 
needles from w ater, m .p. 244 —244.5 °C. According to  th e  IR  spectrum, it  was iden tical with 
the product obtained in  procedure (a).

C9H 10N4O2 (206.2). Calcd. C 52.4; H 4.9; N 27.2. Found C 52.4; H 5.0; N 27.4% .
IR  (K B r): i’NH(8) 3427; i'OH 3352; vNHamjde 3250 — 2400; t>COamjde 1661; pyrid ine ring, 

i'C —Npyrjdazjne 1608,1583,1550; áN H  1540; rC — О 1068; уСНру 789, 712 (1 ,2 ,3-trisubst.) cm -1

The authors’ thanks are due to the M icroanalytical Laboratory of the D epartm en t 
(head: Dr. H. M e d z i h r a d s z k y )  for the elem ental analyses; the starting m aterials were supplied 
by the BRISTOL L aboratories, Syracuse, N. Y., USA.; th is contribution is gratefully  acknow l
edged.
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The capabilities and  lim itations of the m ulti-elem ental technique d.c. plasma 
atom ic emission spectrom etry  DCP-MAES were evaluated for a complex environ
m ental sample. For the  sam ple investigated, a coal fly ash leachate, the DCP-MAES 
un it provided selective, sensitive, and rapid analyses. I t  was found th a t  certain  elements 
are subject to s tray  ligh t interferences due to the presence of strong Ca signals. However, 
it  is shown th a t  a simple linear correction procedure can often be used to  compensate 
for this problem.

Introduction

W ith  coal b ecom ing  an  increasing ly  im p o r ta n t w orld  en e rg y  source, th e  
m a jo r, m inor an d  tra c e  e lem en ts p resen t in  coal fly  ash  re p re se n t a p o ten tia lly  
la rg e , an d  ex p an d in g , c o n tr ib u tio n  to  th e  en v iro n m en ta l b u rd e n . O f p a rticu la r  
im p o rtan ce  are th o se  e lem en ts  w hich becom e ava ilab le  b y  leach ing  since 
ra in fa ll w a te r ru n o ff  fro m  la n d  fill sites or w a te r  w ith in  h o ld in g  ponds all 
p ro v id e  m eans fo r ap p rec iab le  am o u n ts  o f tra c e  m e ta ls  to  e n te r  th e  env iron
m e n t. Since essen tia lly  ev e ry  e lem ent in  th e  period ic  ta b le  is p re se n t a t  some 
level in  f ly  ash, all w ill a p p e a r in  th e  process s tream . F o r  in i t ia l  c h a rac te riza 
tio n  purposes, th e re fo re , an a rg u m e n t can  be m ade fo r d e te rm in in g  as m any 
e lem en ts  as possible so as to  d e lin ea te  b est th e  b eh av io ra l p a t te rn s  an d  p a r ti
tio n in g  am ong th em .

B ecause o f  th e  co n siderab le  co m p lex ity  of e n v iro n m e n ta l sam ples, a 
te c h n iq u e  capab le  o f an a ly z in g  th ese  ty p e s  o f  sam ples m u s t m ee t a n u m b er of 
c r ite r ia : (i) i t  m u st id ea lly  p ro v id e  a  sim u ltan eo u s m u ltie le m e n t cap ab ility  
th u s  m in im izing  o p e ra to r  tim e  an d  e ffo rt, (ii) i t  m u s t p ro v id e  low  de tec tion  
lim its  for th e  e lem en ts w ith  a  h igh  degree o f accu racy  a n d  p recision , (iii) 
f in a lly , i t  m ust be free  from  in te rfe rences an d  avoid  m a tr ix  effec ts as m uch as 
possib le.

One tech n iq u e  w h ich  m eets th e  above c r ite r ia  is P la sm a  E m issio n  S pectro 
scopy  [1, 2]. D. C. P lasm a-M ulti-A tom ic-E che lle  S p e c tro m e try  (D CP-M A ES) 
is a  m u ltie lem en t te c h n iq u e  for d e te rm in in g  b o th  tra n s i t io n  a n d  m ain  group 
e lem en ts  w hich p ro v id es  se lec tiv ity , sen s itiv ity , speed  a n d  econom y. The 
cap ab ilitie s  are especia lly  im p o r ta n t for th e  analysis o f  a  sam p le  like coal fly
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ash  le a c h a te s  since th e  sam p le  c o n ta in s  a large n u m b e r o f  e lem en ts  w hich  can 
c re a te  in te rfe ren ce  prob lem s w ith  conven tional te c h n iq u e s  such  as a tom ic  
a b s o rp tio n .

T h e  purpose of th is  p a p e r  is to  describe th e  successfu l ap p lica tio n  of 
D C P -M A E S  to  th e  analysis o f  w a te r  soluble m e ta ls  in  coal f ly  ash  leach a tes .

E xperim en ta l

R ea g en ts , solutions and apparatus

All chemicals were of ana ly tica l g rade  quality or b e tte r (J .T . B aker Co. L td ., U.S.A.). 
H ig h -p u rity  w ater from a Mili-Q w a te r purification system  Milipore Corporation was used 
th ro u g h o u t.

Table I
E xperim ental fa c ilitie s  and operating conditions

Aerosol generation Pneum atic nebulizer; sample feed ra te  controlled a t 2.1 m L/min by 
an infusion pum p using argon flows of 5.9 L /m in for the 3-electrode 
plasm a

N ebuliza tion  chamber Linear polyethylene construction; “ inverted  flow” configuration 
used to  rem ove the largest droplets by  im pingem ent and gravita
tional settling. Aerosol delivered to th e  plasm a through a quartz 
tapered  chim ney with an exit diam eter of 5 mm

D. C. P lasm a assembly Three-electrode un it utilizing graphite electrodes arranged in  the 
“vee”  configuration as anodes and a thoriated  tungsten electrode 
approxim ately  3 cm above the intersection of the “ vee” as the 
cathode. Argon flow rates through ceramic sleeves are m aintained 
a t 1.2 L /m in  for each anode and the cathode

P lasm a pow er supply Three-electrode system operated a t 75 У , 14 A

P lasm a observation 
he igh t

Set a t ~  1 m m  below the intersection of the plasma “vee” by posi
tioning to  maximize emission of nickel solution when nebulized. 
A pproxim ately  1 mm vertical aperature used

Spectrom eter Spectram etrics, Spectraspan I I I , d irect reading polychroinator. 
E ehelle-grating with 78 grooves/mm; order wave-length combina
tion selected to maximize blaze efficiency. Entrance slit a t 100 /tin 
horizontal and 200 /tm vertical. E x it slits a t 400 /tm vertical; 
horizontal slit widths and spectral bandpasses given in Table II

D a ta  acquisition system 
signal amplifiers

As supplied by  manufacturers

Photom ultipliers H am am atsu : R-290 for wave-lengths less th an  270 run; R-268 for 
w ave-lengths in the 270 — 600 nm  range; and R-374 for wave-lengths 
above 600 nm

M icroprocessor As supplied by  manufacturer

D a ta  o u tp u t Texas In strum en ts Silent W riter Model 700
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Standard  solutions of metals were prepared from  Titrisol (Merck), or B D H  (England) 
standards. Acids, bases, and salts were “ pro analysi”  reagents from Merck, and J.T . Baker.

All glassware was cleaned by leaching w ith 3 M  H N 0 3 for 48 hrs, then  in deionized w ater 
for 24 h and finally rinsed w ith deionized w ater prior to  use.

Spectrom eter: Spectraspan I I I ,  SMI Spectram etrics, Inc., U.S.A.
Sonicator: Sonicator Cell D isruptor, Model W  200 R, H eat System s-Ultrasonics Inc.,

U.S.A.

Sampling
The coal fly ash studied was obtained from  th e  cyclone precip itator in  the stack of the 

Corrette P lan t of the M ontana Power Corporation (Billings, U.S.A.).

Coal f l y  ash leaching procedure
22.5 g of fly  ash was immersed in 90 m L deionized w ater and sonically ag itated  for 

three hours using a sonic cleaning bath . The solution was then  filtered th rough  a 0.45 /im 
m em brane filter. B lank solutions were prepared by  these procedure w ithout fly  ash. This 
procedure was chosen as representative of the type  of conditions which m ight occur when fly  
ash is discharged in to  a tu rbu len t drain and thence in to  a river or im poundm ent pond.

D.C. Plasma-Echelle Spectrometric determination o f  elements
To assess th e  ex ten t of elemental leachability  from  fly ash, leachates were analyzed 

w ith  a Spectraspan I I I . The experim ental facilities and  operating conditions arc sum marized 
in Table I.

Table II
Analytical wavelengths and associated data

E lem en t* A nalysis  
Л (nm )

O rd er
N o.

E x i t  s lit 
w id th  (/Am)

S p e c tra l b a n d p a ss  
(nm )

A1 369.153 57 25 0.0029
В 249.678 90 25 0.0018
B a ll 455.403 49 25 0.0033
Background 300.61 75 50 0.0044
Be 234.861 96 50 0.0034
C all 396.847 57 50 0.0058
C dll 214.438 105 50 0.0031
Cr 425.435 53 25 0.0031
Cu 324.754 69 25 0.0024
In 303.936 74 25 0.0022
к 769.898 28 50 0.0117
M gll 279.553 80 25 0.0021
Mil 11 257.610 8 8 25 0.0019
Mo 379.825 59 50 0.0056
Na 589.592 38 50 0.0086
Ni 341.476 66 25 0.0025
P 214.911 105 50 0.0031
P b 405.783 56 25 0.0029
Si 251.611 90 25 0.0018
Sr 460.733 49 25 0.0034

* I I  indicates ion lines of single charged species
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T he wave-lengths used were selected on th e  basis of m axim um  sensitivity w ith  m inim um  
o p p o rtu n ity  fo r spectral interferences Table II . Indium  was selected as the in ternal stan d ard  
and  a background  correction w ave-length included. A t th e  in itia tion  of each analysis period, 
th e  o p tim u m  plasm a position and  w ave-length  alignm ent were checked by using a nickel 
solution an d  peaking the signal of th e  nickel w ave-length. The instrum ent was subsequently  
ca lib ra ted  against a multielem ent s tan d ard  followed by  a b lank solution. The standard  and 
sam ple leacha ted  were run using a com m on m atrix  of 0.1 M  H N 0 3, 1000 p,g Cs/mL and  20 pg 
In /m L . In d iu m  provides an in ternal stan d ard  [2]. U nder norm al operating conditions, following 
in itia l calib ra tion , the instrum ent is au tom atically  calibrated w ith  two calibration points a t 
th e  o p e ra to r’s discretion. Samples m ore concentrated  th a n  the in ternal calibration are n o r
m ally d ilu ted  ra th er than  changing th e  calibration. The in ternal calibration points are periodic
ally  checked using standard solutions. I f  th e  results deviated from  previous values b y  m ore 
th a n  5% , recalibration was carried out. All samples and standards were subjected to three or six 
ten-second integrations during a single nebulization period.

Table III

Concentration o f coal f l y  ash leachates and standard solution,1 
and comparison o f detection limits o f D C P -M A E S and flam e A A S

E le m e n t S ta n d a rd
(fig/m L)

C o n cen tra tio n D e tec tio n  lim it

(flg /m L ) Ô s/g*)
D C P - M A E S

(/xg/mL)
F lam e  A A S8 

(flg /m L )

A l2 1.000 0.660 264.1 0.010 0.030
В 1.000 0.040 160.1 0.005 6.000

B a2 0.375 0.790 318.1 0.0204 0.050
Be 0.500 0 0 0.010 0.002

Ca 15.000 4.9 19.700 0.2004 0.001

Cd 0.500 0 0 0.100 0.001
Cr2 0.500 0.030 0.14 0.005 0.003
Cu 0.500 0.044 0.22 0.005 0.002

K 10.000 0.21 10.4 0.0404
Mg 12.500 0 0 0.130 0.0001

Mn2 1.000 0.022 0.11 0.010 0.002

Mo2 0.500 0.099 4.98 0.010 0.030

N a 12.500 3.5 17.60 0.4004 0.002

Ni 0.500 0.024 0.12 0.010 0.005

P 1.000 0 0 0.020
P b 2 0.800 0.10 4.89 0.010 0.010

Si 1.250 0.021 87.1 0.010 0.100
Sr 7.500 4.5 223.4 0.1004 0.010

1 In  added a t 20 /ig/mL as in ternal standard and Cs added a t 1000 /-ig/'mL as ionization 
suppressan t; solution m aintained acidic w ith  6.5 mL concentrated nitric acid per liter.

2 Ca stray  light correction applied.
3 Concentration expressed as fig  of element extracted per gram of coal fly ash.
4 A ttem pts to achieve m axim um  sensitivity were no t made since these elements are 

norm ally  present a t higher concentration in  coal fly ash leachates.
5 From  Reference [3].
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R esu lts

Sam ples o f  coal f ly  ash leach a tes  w ere  an a ly zed  for 18 e lem ents u sin g  th e  
D C P-M A ES sy s tem . T ab le  I I I  gives th e  re su lts  o f th e  analysis, d e te c tio n  lim its
[3] an d  co n c e n tra tio n s  used  in  th e  m u ltie le m e n t s ta n d a rd . A nalysis tim e  w as 
ap p ro x im a te ly  th re e  m inu tes p er sam ple .

D urin g  th e  course of th e  m easu rem en ts , th e  s ta n d a rd s  w ere o bserved  
to  change less th a n  ^ 1 0 %  of th e ir  o rig in a l va lu e . A b la tio n  deposits do n o t 
a p p ea r to  ac c u m u la te  a ro u n d  th e  g ra p h ite  anodes and  th e ir  w ear ra te  is such  
th a t  re a d ju s tm e n t a t  6 —8 hours in te rv a ls  ap p ears  ad eq u a te .

One p ro b lem  w ith  D CP-M A ES is t h a t  s t r a y  lig h t from  som e e lem en ts , 
p a r tic u la r ly  ca lc ium , can  c rea te  in c o rre c t read in g s as s tro n g  signals affect 
w ave leng ths close to  th e  calcium  line a t  396.8 nm . B y  ad d in g  ca lc ium  to  th e  
s ta n d a rd  so lu tio n , a  ca lib ra tio n  curve  ca n  be g en era ted  w hich is th e n  used  to  
co rrec t th e  a n a ly te  co n cen tra tio n . T h e  fo rm u la  used in  th is  co rrec tio n  is:

ct  =  cm —  « c c o n .  ( 1 )

w here  ct an d  cm re fe r to  th e  tru e  an d  m easu red  co n cen tra tio n  o f th e  a n a ly te  
an d  cC0n refers to  th a t  o f th e  c o n c o m ita n t ad d ed  to  th e  so lu tion . T he fa c to r  
a is o b ta in ed  fro m  th e  ca lib ra tio n  cu rve . T ab le  IV  gives th e  ca lcium  s tra y  lig h t 
co rrec tion  fac to rs  fo r e igh t e lem ents [4].

The an a ly s is  p recision  was b e t te r  th a n  ^ 1 0 %  w ith  few  ex cep tions. 
T he la t te r  w ere g en era lly  observed fo r th o se  elem ents su b jec t to  s tr a y  lig h t 
in te rfe rences an d /o r th o se  p resen t a t c o n c e n tra tio n s  below th e  d e tec tio n  lim its . 
T he precision  o f th e  m a jo rity  of th e  an a ly ses  is ^ 1 0 % ;  th e  sm all fra c tio n  of

Table IV

Data characteristic o f Calcium stray light*

A n a ly te C orrec tion  
fac to r, a

S tra y  ligh t 
c o n cen tra tio n  

e q u iv a len t
(Mg/L)

A1 0.905 450
Ba 0.025 13
Cr 0.054 27
Mil 0.031 16
Mo 0.254 125
Ni 0.043 22
Pb 0.546 275
Sr 0.556 280

* For 500 mg/L Ca, see E quation 1
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th e  a n a ly se s  w hich  exceeded th is  lim it ag reed  w ith in  20% . In  v iew  o f th e  
fa c t t h a t  th e  re la tiv e  s ta n d a rd  d ev ia tio n s  o f th e  m ean  values are ty p ic a lly  
in  th e  1 0 — 2 5 %  range, th e  ag reem en t o b serv ed  m u st be considered v e ry  good.

D iscussion

B e c a u se  th e  use of d.c. p la sm a  coup led  to  an  echelle m o n o ch ro m ato r is 
cap ab le  o f  p ro v id in g  m easu rem en ts  on  20 e lem en ts s im u ltan eo u sly , i t  is an  
ex ce llen t te c h n iq u e  for th e  s tu d y  o f  com plex  system s such  as coal f ly  a sh  
le a c h a te s . T h e  sim p lic ity  o f  th e  m u ltie le m e n ta l o p e ra tin g  cond itions affo rds 
g re a tly  re d u c e d  analysis tim es  co m p ared  to  s e p a ra te  analyses. E v e n  th o u g h  
d.c. p la s m a  is n o t recognized as a p a r t ic u la r ly  pow erfu l e x c ita tio n  source, th e  
use o f  a  la rg e  (f  13) ap e ra tu re  coup led  w ith  th e  3/4 m e te r  echelle m o n o ch ro m a to r 
c o m p e n sa te s  fo r th is  p rob lem  a n d  p ro v id es  th e  h ig h  reso lu tion  n eed ed  fo r 
e n v iro n m e n ta l  analyses [5]. T he D C P-M A E S u n i t  u sed  in  th is  s tu d y  co n sis ted  
o f a  d .c . p o w er supply , a th re e  e lec tro d e  p la sm a  to rc h , a gas h a n d lin g  an d  
n e b u liz a t io n  sy stem , th e  d irec t re a d in g  echelle m o n o ch ro m ato r an d  a m ic ro 
p ro cesso r b a se d  d a ta  system . A side fro m  th e  n eces ity  of th e  s tra y  lig h t co rrec 
tio n s p re v io u s ly  discussed (especia lly  fo r sm all, 15 pg /m L  Ca co n ten t le ach a tes ), 
th e  D C P -M A E S  does have  th e  d isa d v a n ta g e  of be ing  too  com plex  fo r an  
u n sk ille d  o p e ra to r . The considerab le  in s tru m e n t cost (com pared  to  c o n v en tio n a l 
a to m ic  a b so rp tio n ) is easily  c o m p e n sa te d  fo r on a  cost p er sam ple basis w h en  
tim es  fo r  se p a ra te  analyses are considered .

T h e  co m p lex ity  of coal f ly  a sh  le a c h a te s  is b o rn  o u t in  th e  re su lts  p re s e n t
ed in  T a b le s  I I I  and I [6]. N o t u n e x p e c te d ly , m a tr ix  e lem ents such as ca lc iu m , 
a lu m in iu m , b a r iu m  and  s tro n tiu m  show  th e  h ig h est co n cen tra tio n s. T he anio- 
re su lts  [6] su g g est th a t  th ese  a re  m a in ly  c a rb o n a te  an d  su lfu r species, how ever, 
th e  h ig h ly  a lka line  m ed ium  m ak es d is tin g u ish in g  th e  ac tu a l species on th e  
f ly  a sh  d if f ic u lt  and  no a t te m p t  w as m ad e  to  d iffe ren tia te  b e tw een  th e  sev e ra l 
p o ss ib ilitie s .

A sid e  fro m  th e  prob lem s lis te d  ea rlie r, no  p rob lem  was en co u n te red  w ith  
th e  c o m p le x  h igh  sa lt m a tr ix  w h ich  ch a rac te rize s  f ly  ash  leach a tes .

C onclusion

I n  gen era l, th e  D C P-M A ES sy s te m  m a y  be considered  an  econom ically  
d e s ira b le  a lte rn a tiv e  to  an a lysis  b y  co n v e n tio n a l flam e ab so rp tio n . E sp ec ia lly  
for a  s y s te m  such  as a coal f ly  ash  le a c h a te , w here  a  large n u m b er o f e lem en ts 
are  n e e d e d  w ith  accu racy  in  a sh o rt p e rio d  o f tim e , and  w here th e  sy s tem  is 
co m p lex , D C P-M A ES offers a co n sid erab le  a d v a n ta g e . I ts  p rim a ry  d ra w 
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back s, aside from  th e  req u irem en ts  o f h igh  in i t ia l  cost an d  th e  need  fo r a  sk illed  
o p e ra to r , are th e  p ro b lem  o f calcium  s tra y  lig h t. In  som e cases, th e  d e tec tio n  
lim its  are  n o t q u ite  as low  as th o se  o b ta in a b le  b y  flam e AA.
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A new structu ra l influence on polarograpbic activ ity , m anifested in  a linear 
relationship betw een the half-wave potentials of the m ediators and the substituen t 
constant of the benzoic acid derivatives is reported. Theoretical in terp re ta tion  of the 
observed correlations is given.

T he possib ilities o f classical p o la ro g ra p h y  to  d e te rm in e  ra te  co n stan ts  
o f hom ogeneous chem ical reac tions coup led  w ith  e lectrode processes have  been  
used  to  in v e s tig a te  acid -base eq u ilib ria  o f  som e benzoic ac id  d e riv a tiv es . 
T he d irec t m e th o d  [1] is based  on th e  in v e s tig a tio n  o f  th e  k in e tic  w aves o f 
th e  red u c tio n  o f H +-ions form ed in  th e  eq u ilib riu m :

H A  A -  +  H +  —► 1/2 H 2 (1)

ch arac te rized  b y  th e  ac id ity  co n s ta n t:

=  ^ d V r’ (2)

k d and  k r are  th e  d issoc ia tio n  and  th e  re c o m b in a tio n  ra te  c o n s ta n ts  resp ec
tiv e ly . The in d ire c t m e th o d  (drop  tim e , R ü e t sc h i [2]) is based  on th e  p ro p e rty  
of som e o rgan ic  co m pounds (m ed ia to rs) to  y ie ld  double  re d u c tio n  w aves in  
th e  presence o f H + -io n s . U nder w ell-es tab lish ed  cond itions th e  f irs t  w ave is 
of k in e tic  n a tu re , a llow ing  th e  d e te rm in a tio n  o f  th e  above m en tio n ed  ra te  
c o n s ta n ts  (k d an d  k r) of th e  com pounds in v e s tig a te d .

B enzoic ac id  an d  te n  d e riv a tiv es  w ere in v e s tig a te d  in  th e  presence o f  
e ith e r  azobenzene (A), or p -n itra n ilin e  (N) as m ed ia to rs . E x p e rim e n ta l con
d itio n s w ere id e n tic a l w ith  those  p u b lished  ea rlie r [3]. T he observed  lin ear
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r e la t io n s h ip  betw een lg  fcd(A) a n d /o r  k d^  an d  th e  s u b s titu e n t c o n s ta n t a, 
re s p e c tiv e ly  [3], shows a s tro n g  c o rre la tio n  b e tw een  th e  ra te  c o n s ta n t v a lu es  
a n d  th e  s tru c tu re  of th e  co m p o u n d s  in v es tig a ted . I n  th is  p a p e r we re p o r t  on 
a  n ew  s tru c tu ra l  influence on  p o la ro g rap h ic  a c tiv ity , m an ifested  in  a lin e a r  
r e la t io n s h ip  betw een th e  h a lf-w a v e  p o te n tia l  of th e  m e d ia to r  used (A o r N ), 
a n d  th e  su b s titu e n t c o n s ta n t o f  th e  benzoic acid  d e riv a tiv e s  in v e s tig a te d  
(F ig . 1). F ro m  th e  ex p e rim en ta l d a ta  fo r th e  s tra ig h t lines on F ig . 1 th e  fo llow 
in g  e q u a tio n s  can be c a lc u la ted :

JEi(A) =  (0 .236  ±  0.015)<r -  (0.340 ±  0.03) (3)

r =  0.986 S 0 =  ± 0 .0 0 9

jEí(N) =  (0 .234 ±  0.018)ff -  (0.737 ±  0.004) (4)

r 0.980 S 0 =  ± 0 .0 1 1

In  p r in c ip le , such a s tru c tu ra l  e ffec t could  be caused  b y  th e  change o f th e  
p H , th e  ac id s in v estig a ted  b e in g  o f  d iffe ren t s tre n g th . I f  th e  half-w ave p o te n 
t ia l  o f  th e  acids w ould w a ry  d u e  on ly  to  th e  p H -ch an g e  accord ing  to  th e  
e x p re ss io n :

pH  =  - ( 1 .3 0 5  ±  0.038)cr ±  (6.734 ±  0.011) (5)

th a n  th e  ca lcu la ted  E± — a  re la tio n sh ip  w ould  coincide w ith  th e  e x p e rim e n ta l 
d a t a  (e q u a tio n s  (3) an d  (4), re sp ec tiv e ly ).

Fig. 1. E * — a  (substituent constan t) dependence. Mediators used: A — azobenzene; N  —- 
p -n itran iline . The compounds investiga ted  (R  in R  — CcH 4 — COOH): 1 — H ; 2 — 4 Cl; 3 — 

4 B r; 4 — 3 CH3; 5 - 4  CH3; 6 — 3 N H ,; 7 — 4 N H 2; 8 — 30 H ; 9 40 H ; 10 — 40 CH3
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C onsidering th e  E i  — p H  re la tio n sh ip , w hich in  th e  case o f azobenzene 
h as  th e  form :

E i(A) =  - ( 0 .1 3 1  ±  0.008) p H  +  (0.537 ±  0.057) (6)

r =  0.986 S 0 =  ± 0 .0 0 6 9

as w ell as th e  p H  — a  one, th e  ca lcu la ted  re la tio n sh ip  w ill be :

£ i(A) (0.171 ±  0.015)(г — (0.345 ±  0.001) (7)

T h e  sam e re la tio n sh ip s  fo r p -n itra n ilin e  are:

E i(N) =  - ( 0 .1 2 7  ±  0.005) p H  +  (0.122 ±  0 .031) (8)

r =  0.995 S 0 =  0.0038
an d

E i(N) =  (0.166 ±  0.007)cr — (0.733 ±  0 .006), (9)

resp ec tiv e ly . The s lo p te  o f eq u a tio n s  (7) an d  (9) d iffer s ig n if ic a n tly  from  
th o se  o f th e  e x p e rim e n ta l ones.

In  o rder to  in te rp re t  o u r ex p e rim en ta l d a ta  we consid ered  th e  fo rm ation  
o f  io n -p a irs  in  th e  so lu tio n s , be tw een  th e  an ions o f th e  acids in v e s tig a te d  and 
th e  p ro to n a te d  m olecules o f  th e  m ed ia to rs . A ccord ing  to  th e  th e o ry  [4, 5, 6] 
th e  fo rm a tio n  of such  assoc ia tes is th e  m ore p ro n o u n ced  th e  less is th e  dielectric 
c o n s ta n t o f th e  m ed iu m :

d ig  К  _ l y y
d (l/e )  a R T  K

К  is th e  s ta b ility  c o n s ta n t o f th e  ion  associa te , e is th e  d ie lec tr ic  co n stan t 
and  1/a - 1 ja + 4~ l / o _ ; a + an d  a_  be ing  th e  re sp ec tiv e  ionic ra d ii . T he ex ten t
of th e  io n -p a ir fo rm a tio n  can  be affec ted  b y  th e  n o n -u n ifo rm ity  o f  th e  electric 
ch a rg e  d is tr ib u tio n  in  th e  ions, a  p h enom enon  fre q u e n tly  en co u n te red  by 
o rgan ic  ions. This d e te rm in e  an  increased  p o te n tia l g ra d ie n t a ro u n d  th e  ions 
a n d  th e  ap p earan ce  o f  in creased  a t tra c t io n  forces b e tw een  th e  ca tio n s and 
an ions. T he ap p ea ran ce  o f h y d ro g en  bonds increases th e  v a lu es  o f  th e  associa
tio n  c o n s ta n ts  w ith  sev era l o rd e r of m ag n itu d es . A llow ing fo r  th e  presence of 
all th ese  p h enom ena  in  o u r sy stem s, a m odel has been fo rm u la te d  fo r th e  e lec tro 
chem ica l process. A cco rd in g ly , th e  follow ing chem ical steps p receed  th e  charge- 
tra n s fe r  reac tio n :

nM
X - C „ H 4CO O H  X - C eH 4COOH • M„ (11)

X - C eH 4CO O H  • M „ ^ i X - C eH 4C O O - • Mm +  H +  • м 9 (12)
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R N  +  H +  • M ± 5 : R N H  + +  qM ( 13)

R N H +  + Х - С 6Н 4СОО

(R N H + ) • ( - О С О - С 6Н 4- Х )
(co n tac tin g  io n -p a ir

М " \ \  (R N H + ) II(-О С О  —CeH 4—X ) (14) 
(ion-par s e p a ra te d  b y  so lven t)

M b e in g  a  so lvent m olecule. E q u ilib r iu m  (14) describes th e  possib ility  of fo r
m a t io n  o f  e ither c o n ta c tin g  io n -p a irs  or of io n -p a irs  se p a ra te d  b y  so lven t 
sh e ll. T h e  ra te  determ in ing  s te p  is th e  dissociation  o f  th e  so lv a ted  acid  (E q . 12). 
T h is  is  show n  by  th e  lin ea r  re la tio n sh ip  betw een  lg  k d a n d  <7 , as well as b y  th e  
f a c t  t h a t  th e  dissociation  r a t e  c o n s ta n t values (kd, k r) d e te rm in ed  b y  e ith e r  
th e  d ir e c t ,  or the  in d irec t m e th o d , are strong ly  a ffec ted  b y  th e  ionic s tre n g th .

O u r experim en ta l d a ta  a re  con sis ten t w ith  th e  fa c t  th a t  th e  p ro to n a tio n  
o f  th e  m e d ia to r  (Eq. 13) ta k e s  p lace  w ith  a h igher r a te  th a n  th e  d issocia tion  
o f  th e  ac id , so th is  la t te r  c a n n o t  be th e  ra te  d e te rm in in g  s tep  [3]. I f  reac tio n  
(13) w o u ld  be th e  ra te  d e te rm in in g , th e  d isso c ia tio n  ra te  co n stan ts  w ould 
d e p e n d  on  th e  basic ity  o f  th e  m e d ia to r  used. T h e  n e a r ly  independence  from  
su c h  a  p a ra m e te r  (see [3], T a b le  I I I )  favours o u r s ta te m e n t. T he ion-pairs  
(m a in ly  co n tac tin g  io n -p a irs) p a r tic ip a te  in  th e  e lec tro d e  process as in d ep en 
d e n t  ch em ica l entities. In  th e s e  species the  effect o f th e  s u b s ti tu e n t in  th e  an ion  
c a n  m ig ra te  to  th e  re a c tio n  c e n tre  of the  ca tion , in flu en c in g  th u s  th e  values 
o f th e  half-w ave p o ten tia ls . T h is  also co n trib u tes  to  th e  ap p earen ce  of a  lin ea r
E .  — o' re la tionsh ip . T his s t r u c tu r a l  in te rac tio n  can  be u sed  for th e  ev a lu a tio n  
o f  t h e  ortho-effect o f som e s u b s t i tu e n ts .  C om paring th e  E± values of th e  sam e 
s u b s t i tu e n ts  (w ith th e  sam e  in d u c tiv e  and  m esom eric  effect) b u t  in  ortho or 
p a r a  p o s itio n s , re sp ec tiv e ly , w e could  estim ate  th e  so-called  “ special ortho- 
e f fe c t”  o f  th e  respective s u b s t i tu e n t  (Table I).

In d e e d , th is effect is  a  specia l one, and  u n e x p e c te d , because th e  E^ 
v a lu e s  o f  th e  o rth o -su b stitu ted  deriv a tiv es  are less n e g a tiv e  th a n  tho se  o f th e  
p a r a - s u b s t i tu te d  ones. T h e  e a s ie r  reduction  in  th is  case is in  accordance

Table I

A E i  =  E m  -  -Ej(p)

Substituent
(X)

mV

CH3 30 35

Cl 15 10
n h 2 80 80

OH 155 13 0

A c ta  Chim. Acad. Sei. Hung. 108, 1981
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w ith  th e  in c reased  s ta b ili ty  of th e  io n -p a irs  w ith  o rt/io -substitu ted  an ions 
follow ing th e  lo ca liza tio n  o f th e  n eg a tiv e  ch a rg e  on th e  carboxy lic  g ro u p  and  
th e  s im u ltan eo u s h in d ran ce  of c o p la n a rity  o f  th e  carboxylic  g roup  w ith  the  
benzene nucleus

In  th is  w ay  th e  c a rb o x y la te  anion ex erts  a s tro n g e r  influence on th e  lo ca liza 
tio n  o f th e  p o sitiv e  charge  on th e  am in e -n itro g en  w ith  a s im u ltaneous decrease  
of th e  e lec tro n  d e n s ity  on th e  N 0 2-group  en a b lin g  its  easier re d u c tio n . So we 
can  s ta te  th a t  th e  observed  — a c o rre la tio n  essen tia lly  is an  e ffec t o f th e  
su b s ti tu e n t c o n s ta n t of th e  anion on th e  s ta b il i ty  of th e  ion-associa tes.

T he anom alous b eh av io u r of th e  p -a m in o  benzoic acid (F ig . 1) (know n  
in  th e  l i te ra tu re  too ) is due to  th e  m ore p ro n o u n c e d  decrease of a c id ity  (because  
o f in te rn a l sa lt fo rm a tio n ) re su lting  in  a sm alle r cr-value.
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4-Aryl-8-arylidene-3,4,5,6,7,8-hexahydro-2(lH )-quinazolinetliiones (A , M )  react 
w ith a,co-dihalogenoalkanes to yield 5-aryl-9-arylidene-2,3,6,7,8,9-hexahydro-5H- 
thiazolo[2,3-b]quinazolines (la , Ha) and 6-aryl-10-arylidene-3,4,7,8,9,10-hexahydro- 
2 // .О //-1.3-thiazino( 2.3-/; ] quin azolines ( I lia , IVa). Compound A  undergoes cyclization 
directly w ith chloroacetic acid, 2-bromopropionic acid, their ethyl esters, or w ith  chloro- 
acetonitrile, to give Ya, V ia or Xa, while IXa can only be obtained  w ith  3-bromo- 
propionic acid in a tw o-step reaction. The structures of the products were verified by 
chemical and spectroscopical (UV, IR , 1H-NM R, 13C-NMR) m ethods.

In  p rev ious papers [1, 2] we re p o rte d  th e  syn thesis  o f  som e 4-arvl-8- 
a ry lid en e-3 ,4 ,5 ,6 ,7 ,8 -h ex ah y d ro -2 (lR )-q u in azo lin e th io n es (A )  a n d  th e  p iepa- 
ra tio n  of th e ir  TV-acyl- (R ), S -a lk y l- (C) an d  iV -acyl-S-alkyl- (D)  de riv a tiv es .

In  th e  p re sen t p ap er, cyclic  ana logues o f В  and  D  are  d esc rib ed ; these 
com pounds w ere syn th esized  w ith  b ifu n c tio n a l reagen ts. C y c liza tion  reactions 
w ith  such reag en ts  have b e e n  s tu d ie d  b y  several researchers in  th e  case of 
as-triaz in e -, p irim id iue-, perim id in e- an d  quinazo line th iones [ 4 —13].

In  e s tab lish in g  th e  s tru c tu re s  o f la  —V ia, IXa, an d  Xa, th e  ap p earan ce  
o f tw o  isom ers should  a lw ays be  considered . In  all cases on ly  one isom er was 
o b ta in ed ; th e  s tru c tu re  w as d e te rm in e d  b y  spectroscopic an d  ch em ica l m ethods.

The fa c t o f cycliza tion  w as su p p o rte d  b y  th e  IR  sp ec tra  o f  th e  p ro d u c ts , 
b y  th e  absence o f th e  rN H  b a n d . T h e  UV spec trum  of I l ia  (T ab le  I I I )  was 
p ra c tic a lly  id en tica l w ith  th e  sp e c tru m  o f th e  3 -m ethy l d e r iv a tiv e  of C 
(R  =  C H 3) p rep ared  earlie r (Ax: 235 n m , log 4.15; A2: 279 n m , lg e2: 4.45; 
A3: 334 nm , lg  e3: 3.86 [2]), show ing  t h a t  th e  chrom ophore is id e n tic a l in  the  
tw o  m olecules, w hich also confirm s s tru c tu re s  la  —IVa. T he co rrec tn ess  of

* P a rt IV, see Ref. [3]
** P resented in part as a lecture a t the Conference of the H ungarian  Chemical Society, 

Debrecen, 1977
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Pll

A c20

Г
Fig. 1

th e  s tru c tu re s  was also s u p p o r te d  b y  the  1H -N M R  a n d  13C-NM R sp ec tra . I n  
th e  XH -N M R  spectrum  o f l a ,  th e  m u ltip le t a p p e a r in g  a t  ö 2.9 3.6 p p m
(S C H 2, N C H 2) was new  as c o m p a re d  w ith  A ,  a n d  n o  signal liab le  to  exchange 
w as fo u n d . The JH -N M R  s p e c tru m  o f la  was also  reco rd ed  in  th e  presence of 
a s h if t  re a g e n t a t  v a rio u s m o la r  ra tio s  (Table I) . T h e  la rg e s t sh ift w as observed  
in  th e  case of th e  m e th y len e  g roups in  the  th iazo lid in e  ring , since th e  su lfu r 
a to m  h a s  th e  g rea test c o m p le x in g  ab ility . T h e  ch an g e  in  th e  chem ical sh ift 
o f  th e  o lefinic p ro to n  is la rg e r  th a n  th a t  o f th e  a lip h a tic  m eth ine  p ro to n , i.e. 
E u 3+ is closer to  th e  o lefin ic  t h a n  to  the m e th in e  p ro to n , w hich  also su p p o rts  
s t r u c tu r e  la .

T a b le  I I  shows th e  13C -N M R  spectra  o f  co m p o u n d s  l a —Ilia  an d  A  [1], 
to g e th e r  w ith  the  a ss ig n m en ts  o f  th e  signals. T h e  p resen ce  o f  th e  closed th ia -  
zolo- a n d  1,3-thiazino rin g s w a s  ind ica ted  b y  th e  chem ica l sh ift of th e  N o. 2,4

A cta  Chinu Acad. Sei. Hung. 108, 1981
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A (Ar =  С'еНб)

M  (Ar =  4 OH3O—С«Н4)

la  (n =  1, A r=  CeHs)

Па (n =  1, Ar =  4-СНзО—СаЩ) 

I lla  (n =  2, Ar =  CeHs)

IV а (п =  2, Аг =  4-СНзО—С6Н 4)

Ib (n =  1, Аг =  СвНб)

Ilb (n =  1, Аг =  4-СНзО—Cf,Hi) 

ШЬ (п =  2, Аг =  СвН5)

IVb (п =  2, Аг . 4-СНзО—Celli)
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Table I

1H -N M R  data o f la  in the presence o f  the shift reagent 
[Eu(fcd)3-d27]

M o lar r a t io  o f  
th e  co m p lex in g  
a g e n t  a n d  la

C H a in  cyclo
hex an e  ring  

Ad

S C H 2
N C H ,

Ad

C H
Ad

A r
Ad

= C H
Ad

1 : 10 0 0.30 0.10 0.05 0.15
1 : 3 0 0.85 0.25 0.10 0.35
1 : 2 0.15 1.10 0.35 0.15 0.50
1 : 1 0.15 1.40 0.45 0.15 0.70

m eth y len e  groups, a lso  considering  th e  e ffec t o f  th e  h e te ro  atom s [1 4 —15]. 
T h e  ap p earan ce  o f  a  new  rin g  is also show n b y  th e  ß  effect o f th e  N o. 4 CH 
ca rb o n  a to m  in  c o m p o u n d  A  (dow nfield sh ift) . O n th is  basis, i t  can be co n c lu d ed  
t h a t  th e  new  rin g  is  c losed  in  th e  d irec tion  su g g ested  b y  us, i.e. to w ard s  th e  
N o. 4 CH (see F ig . 3).

C om pound A  w as  allow ed to  reac t w ith  h a lo g en a ted  carboxy lic  ac ids 
a n d  th e ir  esters to  o b ta in  quinazolines co n d en sed  w ith  5- or 6 -m em bered  
la c ta m  rings. (W hen  u s in g  chloroacetic ac id , 2 -b rom oprop ion ic  acid  or th e ir

II а 4
Fig. 3
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Table II

Chemical shifts, <5 ppm

No. A Ia ila I l ia

2 __ 24.7 25.7 24.9

3 — — — 27.2
4 — 50.4 51.3 48.0
6 59.0 63.8 64.7 68.9
6a 129.1 135.4" 128.6 134.2*

7 26.0 26.6 26.1* 27.2

8 21.9 21.9 22.0 22.7

9 26.4 26.6 26.9“ 27.2
10 127.7 134.0“ 136.1 135.1“
10a 114.5 113.6 114.7 114.9
10a 123.0 123.2 123.8 123.8
11a 174.5 159.5 159.9 152.7

У 137.3 138.1 131.6 138.8
2' 129.4“ 128.3b 130.7 128.7b
3' 128.3“ 128.7b 113.6 129.3b
r 126.8 125.5 160.5 126.7
5' 128.3b 128.7° 113.6 129.3*
6' 129.4b 128.3° 130.7 128.7°
r 142.8 140.5 133.2 141.7
r 127.0° 127.2d 129.1 127.4d

3 ' 128.9° 127.6d 114.4 127.8d
4" 128.0 127.8 158.1 128.2
5" 128.9d 127.6° 114.4 127.8°
6" 127.0d 127.2° 129.1 127.4°

13 — — 55.4b —
14 — — 55.3b —

*” d’ ■ The assignments of the pair may he interchanged

e th y l  e s te rs , th e  o p en -ch a in  m e rcap to ca rb o x y lic  acid in te rm e d ia te  cou ld  no t 
he iso la ted , a lth o u g h  Va and Via h a v e  been  syn thesized  b y  sev era l m e th o d s, 
see E x p e rim en ta l) .

In  th e  IR  sp e c tra  o f V a—V ia (T ab le  IV ), no rNH h an d  can  be fo u n d ; 
th e  A m ide I h and  a p p e a rs  a t 1725 c m -1 , w hich  corresponds to  th e  v a lu e  given 
fo r 5 -m einbered  la c ta m s  (1750—1700 c m -1  [16]). The UV sp e c tra  a re  very  
s im ila r to  th a t  o f th e  analogous c o m p o u n d  D  (R =  CH3) p re p a re d  earlie r
[2], a n d  th is  fa c t also  supports  s tru c tu re s  V a —Via. The 4 I-N M R  sp ec tra

7* Acta Chim. Acad. Sei. H ung. 108, 1981
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R - C H - C O O R ’
I

X
A  ---------------------

(R ' =  H , C2H 6) 

(R =  H , СНз) 

(X  =  CI.Br)

Va (R =  H) 

Via (R =  СНз)

Fig. 4

Vb (R =  H) 

VIb (R =  СНз)

V ila  (Ar =  СбНз)

b (At =  2-CI—CeH4) 

c (Ar =  2-OH—СвН«) 

d (Ar =  2-SOjNa—C0H 4) 

c (Ar =  4-CH3CONH—C0H 4) 

f  (Ar =  4-NH2—CeH4) 

g (Ai' =  2-thienyl) 

h  (Ar =  2-furyl) 

i (At =  2-pyridyl), 

j  (Ar =  3-pyridyl) 

к  (Ar =  4-pyridyl)

1 (Ar -  C H = C H —Ph) 

m (Ar =  4-СНз—C'6Ht) 

n  (Ar =  4 -CH3O -O 6H4) 

о  [Ar =  4-(CH3)2N —C 0H 4J 

p {Ar =  3,4-(СНзО)2—CeHsJ 

q (Ai- =  З-ОСН3—4-О Н -С 0Нз)

Fig. 5
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Table III

Compound M.p., °c Formula 
M.w.; yield, %

UV (ethanol) IR (cm-1) 
(KBr pellets)

»H-NMR 
(d ppm, CDC13)/’•max (nm) log £

la 184-194 c23h22n2s
358.51
42

277
332

4.36
3.86

vC=N: 1620 (sh) 1.2-2.8 m 6H CH2
2.9 —3.6 m 4H SCH2, NCH2
4.9 s 1H CH 
7.0—7.6 m 10H At 
7.5 s 1H =CH

Ila 158—160 228 4.38 vC=N: 1610 1.1-3.6 m 10H CH2, SCH2, NCHS
418.56 281 4.34 3.8 s 6H OCH3

34 4.8 s 1H CH
6.7—7.6 m 9H Ar, =CH

Ilia 159-165 C21H21N2S 236 4.11 t>C=N: 1622 1.2 —3.4 m 12H CH2. SCH2, NCH2
372.53 280 4.40 4.5 s 1H CH
34 345 3.76 7.1—7.6 m 11H Ar, =CH

IVa 146-151 2̂6̂ 28-̂ 2̂ 2̂ 288 4.71 vC =  N: 1610 1.0 —3.5 m 12H CH2, SCH2. NCH2
432.60 345 4.00 3.8 s 6H OCH3

20 4.4 s 1H CH
6.6—7.0 m 9H Ar, =CH
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Table IV

C om pound M .p., °c
F o rm u la  

M .w ., y ield , %

U V  (ethano l) I R  c m - 1) 
(K B r  pelle ts)

1H -N M R  
(«5 p p m , CDClj)

^max (nm) log e

Va 195 (d.) c23h 20n 2o s 230 4.10 amide I: 1725 0.9—2.5 in 6H CH2
372.49 278 4.49 3.7 s 2H SCH2

54“ 322 4.01 5.3 s 1H CH
55» 6.5 s 1H = C H
37° 6.7—7.2 m 10H Are
77-1

Via 200 (d.) C21H22N2OS 230 4.13 amide I: 1725 1.12 d 3H CH3h J  =  6.6 Hz
386.52 278 4.51 1.0—2.5 m 6H CH2

55* 322 4.04 4.06 q 1H SCH
56* 5.3 S I I I  CH

6.5 S 1 H = C H
6.7—7.2 m 10H Are

Vila 217 (d.) C30H 24N2OS 280 4.40 amide I: 1710 0.9 —2.5 m 6H CH2
460.60 321 4.46 5.4 s 1H CH

49 388 4.13‘ 6.5; 7.7 s 2H = C H
6.8—7.3 m 15H Are

Vllb 197-199 C30H23C1N2OS 277 4.38 amide I: 1713 0.9—2.5 m 6H CH2
495.05 314 4.43 5.4 s 1H CH

34 384 4.00 6.5; 8.1 s 2H = C H
6.6—7.2 m 14H A r'

VII c 248-251 c30i i 21n 2o 2s 281 4.42 Ю Н : 3100-3600 1 .2 -2 .9 m 6H CH2
476.60 313 4.24 amide I: 1710 5.6 s 1H CH

54 370 4.08 9s 1 ON in 15H At, = C H
7.9 s 1H = C H

10.4 s 1H OH1
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VHd 1 263-267 ^30^23^2^ a 0 4S2 276 4.30 amide I: 1705 1.0 —2.5 in 6H CH,
562.65 317 4.33 5.3 s 1H CH
48 384 3.00 6.5; 8.5 s 2H = C H

6.6 —7.9 m 14H At'

V ile 250 (d.) G>,N,,N,0,S 243 4.24 fNH: 3320 1.0—2.6 m 6H CH,
517.66 281 4.08 amide I: 1710 2.0 s 3H CH3

74 376 4.40 1675 5.4 s 1H CH
6.5; 7.7 s 2H = C H
6.7—7.5 m 14H Ar
8.6 s 1H N H '

УШ 2 23-225 ^30^25^3^^ 254 4.26 fNH: 3415 1.5—2.9 m 6H CH,
475.61 291 4.24 3500“ 2.9—3.8 s 2H NH2k

57m 406 4.541 amide I: 1700 5.6 s 1H CH
6.5—7.7 m 16H At, = C H

VDg 216-218 C28H22N2OS2 240 4.05 amide I: 1710 1 .0 -3 .0 m 6H CH,
466.63 281 4.01 5.5 s 1H CH

55 374 4.221 7.0—7.7 m 14H Ar, = C H
7.8 s 1H = C H

V llh 2 15 -216 c28h 22n 2o ,s 241 4.15 amide I: 1715 1.4—2.9 m 6H CH2
450.57

71
281
372

4.11
4.361

5.5
6.3—6 .7 '

s 1H CH
15H Ar, = C H7.0—7.7 [m

V№ 2 53-254 ^29^23^3^^ 240 4.22 amide I: 1715 1 .5 -2 .9 m 6H CH,
461.59 272 4.24 5.5 s 1H CH

68 374 4.281 7 .0 -7 .8 1  
8.6 —8.8 m 16H Ar, = C H

Vllj 221-223 ^29^23^3^^ 241 4.20 amide I: 1715 1.4—2.9 m 6H CH2
461.59 270 4.20 5.6 s 1H CH

83 353 4.06' 7 .2 -7 .9 1  
8.4—8.9 m 16H Ar, = C H
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Table IV (continued)
/

M.p., °C Formula UV (ethanol) IR (c m 1) 
(KBr pellets)

>H-NMR
Compound M.w., yield, % (6 ppm, CDC1S)

^max (nm) logs

VHk 248 (d.) C29H 23N3O S 241 4.23 amide I: 1715 1.5—2.9 m 6H CH2
461.59 266 4.26 5.6 s 1H CH

62 342 4.11* 7 .2 -7 .7  1 
8.6—8.8 m 16H Ar, = C H

VIII 193-196 281 4.33 amide I: 1705 0.9—2.6 m 6H CH2
486.64 362 4.46 rC = C : 1620 5.3 s 1H CH

51 16101 6.1 — 7.6 m 19H Ar, = C H e

Vllm 225-228 274 4.23 amide I: 1715 1.0 —2.6 m 6H CH,
474.63 360 4.511 2.0 s 3H CH3

32 5.4 s 1H CH
6.3—7.4 m 15H Ar, = C H

7.7 s 1H =C H °

VII11 210-215 281 4.43 amide 1: 1710 1.0—2.6 m 6H CH2
490.63 320 4.32 3.5 s 3H OCH3

56 391 4.34 5.1 s 1H CH
6.3 — 7.5 m 15H Ar, = C H
7.7 s 1H = C H e

VIIo 258-260 259 4.58 amide I: 1695 1.3—2.9 m 6H CH2
503.67 299 4.31 3.0 s 6H NCH3

46 416 4.991 5.5 s 1H CH
6.5—7.8 m 16H Ar, = C H

VIIp 200-205 c32h 28n 2o 3s 282 4.34 amide I: 1710 1.0 —2.7 m 6H CH2
520.66 319 4.20 3.5 s 6H OCH3

64 390 4.29 5.4 s 1H CH
6.3—7.3 m 14H Ar, = C H
7.7 s 1H = C H e
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Vllq 2 24 -230 CßiHgßNjOgS 258 4.55 amide I: 1710
506.63 283 4.52

26 366 4.791

1 OJ о in
3.9 s
5.5 s
6.9—7.8 m

6H CH.
3H OCH3 
1H CH

16H Ar, = C H

a W ith ethyl chloracetate. 
b W ith chloroacetic acid, in DMFA. 
c W ith chloroacetic acid, in TH F. 
d W ith chloroacetic acid, w ithout solvent. 
e The JH-NMR spectrum  was recorded in  TFA. 
1 W ith ethyl a-bromopropionate.
B W ith ot-bromopropionic acid, in  DMFA.

h The CH3 signal was superimposed on the signal of CH2 groups. 
1 The UV spectrum was recorded in THF.
' The 'H-NM R spectrum was recorded in DMSO-d6. 
k Broad band, exchangeable w ith D20 .
1 Broad band, w ith two part-maxima. 

m Yield calculated for the starting УПе. 
n The IR  spectrum  was recorded in chloroform.
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2 0 8 L0RÄND et al.: REACTIONS OF ARYLIDENECYCLOALKANONES

a re  a lso  in  agreem ent w ith  th i s  assum ption . E v e n  in  th e  3-acyl deriva tives o f  
A  (co m p o u n d s B), i t  w as o b se rv ed  th a t  th e  s ig n a l o f  th e  C-4 CH p ro to n  
su ffe red  a  param agnetic  sh if t o f  abou t 1 ppm  as co m p a re d  w ith  th e  s ta r tin g  
m a te r ia l  A ,  owing to  th e  m a g n e tic  an iso tropy  o f th e  C = 0  group [2]. A sim ilar 
b u t  sm a lle r  (0.4 ppm ) e ffec t w a s  found  in  V a —V ia  w h ich  confirm s th e  s tru c 
tu r e  assu m ed  h y  us.

F ro m  th e  w ork o f  I n d ia n  au th o rs  it  is kn o w n  t h a t  th e  m ethylene g roup  
in  th iazo lid o n es  condensed  w ith  p irim idine or a s - tr ia z in e  rings have an  acid  
c h a ra c te r , th u s  th ey  can  p a r t ic ip a te  in  P e rk in  c o n d e n sa tio n  under v igorous 
c o n d itio n s  [6, 13]. W hen  V a w as allowed to  re a c t  w ith  a rom atic  a ldehydes, 
co m p o u n d s  V il la —q w ere o b ta in e d  (Table IV).

I n  th e  IR  sp ec tra  o f  th e s e  com pounds, th e  fre q u e n c y  of the  A m ide I  
b a n d  decreased  by  a b o u t 20 c m -1 , owing to  th e  co n ju g a tio n  effect o f th e  
C-2 a ry lid e n e  group. T he 2 -Z  co n figu ra tion  o f  th e  la c ta m s  V ila —q is verified  
b y  th e  T I-N M R  sp ec tra  in  w h ic h  th e  signal o f th e  m e th in e  p ro to n  a t  C-2’ 
a p p e a rs  a t  d 7.7 —8.5 p p m , w h ic h  is in  good a g re e m e n t w ith  th e  value given 
fo r 2 -E -a ry lid en ecy c lo a lk an o n es  [1 7 —18].

T h e  synthesis o f th e  1 ,3 -th iaz in o  analogue o f  Va w as also a tte m p te d  
b y  th e  re a c tio n  of 3 -b ro m o p ro p io n ic  acid or i ts  e th y l  e s te r  w ith  A .

I n  th e  la tte r  case n o  c y c liz a tio n  took p lace; th e  m ercap top rop ion ic  e s te r 
VIII w as o b ta ined , w hich  w as iso la te d  in  the  fo rm  o f  th e  p ic ra te  (V illa , T able V).

A  VIII VIII b

B r ( C H 2)2C O O H

АсгО
V III b -------------

I X b
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Table V

Compound M.p., °C
Formula UV (ethanol) IR  (cm -1) 

(K B r pellets)
»H-NMR 

(d ppm , CDC1,)M.w., yield, %
^max (nm) log £

V il la 1 62 -166 C32H 3iN50 9S 235 4.42 vNH I l . i t 3H CH3 J  =  7.0 Hz
1 2600-3300

661.70 276 4.45 v = N H + J 1.3—4.2 m 12H CH2, SCH2, OCH2

69 354 4.24 i>C=0: 1740 5.2 s 1H CH
6.8 s 1H = C H
7.0—7.5

m 13H Ara b
8.5

V U Ib 2 07 -215 C,,IL>,N,0,S 247 4.22 vNH ) 0.9—3.3 in 10H CH„, SCH,
2400-3350

404.53 273 4.35 rOH j 4.9 s III CH

42 vC = 0:  1730 6.5 8 1H = C H
6.6—7.2 m 10H Ar

8.4; 9.2 s 2H NH, OH°

IX a 1 28 -130 C24H 22N2OS 230 4.09 amide I: 1695 1.4—3.4 Ш 10H CH2, SCH2

386.52 282 4.45 6.0 s 1H CH

10 7.0—8.0 m 11H Ar, = C H

X a 191—195 C23H 21N3S 278 4.54 v = N H  3290 1.2 —2.9 i n 6H CH2

371.51 327 3.94 vC =N : 1655 3.7 s 2H SCH2

54 5.4 s 1H CH

6.5 —8.0 m 10H Ar

7.5 s 1H = C H J

a The NH, = N H +  signals cannot be assigned. 
b The 'H-NM R spectrum was recorded in DMSO-d6.
c The 1H-NMR spectrum was recorded in  TFA. to
d The signal of the = N H  proton cannot be assigned. §
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210 LÓRÁND et al.: REACTIONS OF ARYLIDENECYCLOALKANONES

T he co rrsep o n d in g  acid  (YHIb) w as to  be p re p a re d  fro m  VIII b y  a lkaline  h y d ro 
ly sis , h o w ev er, th is  reac tio n  y ie ld ed  th e  s ta r tin g  m a te r ia l  A ;  th is  can  be e x p la in 
ed  b y  a  re tro -M ichael re a c tio n . T he in te ra c tio n  o f  A  an d  3-brom oprop ion ic  
ac id  y ie ld e d  V lllb  (T able V ), w hich  was cyclized  w ith  acetic an h y d rid e . T he 
p ro d u c t  o f  cyc liza tion  (IXa or b) h ad  n e ith e r  rO H  n o r vNH b an d  in  th e  I R  
sp e c tru m , th e  A m ide I  b a n d  ap p ea red  a t  1695 c m - 1 . In  th e  1H -N M R  sp e c tru m , 
th e  m e th in e  p ro to n  su ffered  a  1.1 ppm  p a ra m a g n e tic  sh ift as com pared  w ith  
A  (A :  ŐCH 4.9 p p m ; IXa: dCH  6.0 ppm ); th is  c a n  correspond only to  s t ru c 
tu re  IX a .

In  th e  reac tio n  o f A  w ith  ch lo ro ace to n itrile , th e  fo rm ation  of th e  ena- 
m ine Xb w as expec ted  on  th e  basis of th e  w o rk  o f  D o l e s c h a l l  et al. [10].

T h e  sp ec tra l d a ta  of th e  p ro d u c t w ere in  c o n tra d ic tio n  w ith  th e  en am in e  
s t ru c tu re :  in  th e  IR  sp ec tru m , o n ly  a  sharp  rN H  b a n d  o f low in ten s ity  a p p e a re d  
a t  3280 c m -1  (in ch loroform  so lu tio n  a t  3320 c m -1 ), th e  rC = N  b an d  w as fo u n d  
a t  1655 c m -1 . In  th e  1H -N M R  spec trum , a b ro a d  m e th y len e  singlet ap p eared  
a t  d 3 .7  p p m  (a sim ilar v a lue  w as observed fo r th e  S C H 2 group in  th e  analogous 
c o m p o u n d  Va). H ence, acco rd ing  to  the  sp e c tra l d a ta ,  th e  p roduc t w as n o t 
th e  e n a m in e  Xb, b u t an  im ine . D ecision betw een  X a a n d  th e  possible s tru c tu re  
X c w as m ad e  b y  chem ical m e th o d s: th e  su b s ta n c e  o b ta in ed  on hyd ro ch lo ric

Acta Chim . Acad. Sei. Hung. 108* 1981



I.Ó IiÁ ND  c t al.: REACTIONS OF A RYLIDENECYCLOALKANONES 211

acid  hyd ro lysis  o f th e  im ine w as id en tica l in  all respects w ith  Va p rep ared  
earlie r, w hich fac t su b s ta n tia te s  s tru c tu re  Xa (Table Y).

T he cyc liza tion  reac tio n s d iscussed  ta k e  place p ro b ab ly  b y  a tw o -step  
m echan ism . T he f irs t  s tep  is a lk y la tio n  a t  th e  su lfu r a tom , th e  second is cycliza
tio n  th ro u g h  iV -alkylation  or ЛГ-acy la tio n . T h is fac t is su p p o rted  b y  th e  earlier 
o b se rv a tio n  th a t  in  th e  a lk y la tio n  o f  A  on ly  th e  S-alky l d e r iv a tiv e  is form ed, 
no  iV -alkylation  tak es  place [2]. T h is is also  verified  b y  th e  re a c tio n  o f  A  and 
3-brom oprop ion ic  acid (see above). S im ilar resu lts  have been  o b ta in e d  by 
Ch a u d h a k y  et a l. [7] in  th e  reac tio n  of 2 -m ercap toperim id ine  and  ch lo roace tic  
acid .

Experim ental

The IR  spectra were recorded w ith a Zeiss UR-10 or Specord F5 spectrophotom eter; 
the 'H -N M R  spectra were obtained w ith a Perk in -E lm er R-12 spectrophotom eter. A VARIA N  
XL-100-15 FT instrum ent was used for recording th e  13C-NMR spectra (in CDC13, room  tem 
pera tu re , the in ternal standard  was TMS). The UV spectra were taken  w ith a Perkin—Elmer 
402 spectrophotom eter. The elem ental analysis da ta  of the new compounds were in  agreem ent 
w ith  the calculated values w ithin the lim its of experim ental error.

The starting  m aterial A  and M  were prepared from the appropriate 2,6-diarylidene- 
cyclohexanones w ith thiourea [1].

Reaction of 4 -ph enyl-8-benzylidcne-3 ,4 ,5 ,6 ,7 ,8-hexahyilro-2(l//)-qu inazolineth ione  
(A )  w ith a, oj-dibrom oalkaiits

5-phenyl-9-benzylidene-2,3,6,7,8,9-hexahydro-5F/-thiazolo-[2,3-6]quinazoline ( la )

Compound A  (6.64 g; 0.020 mole) was dissolved in  anhydrous ethanol (300 mL). 1,2- 
D ibrom oethane (9.40 g; 0.050 mole), anhydrous potassium  carbonate (10.35 g; 0.075 mole, 
in two portions) were added to it, and the reaction m ixture was refluxed w ith  th e  exclusion 
of m oisture for 31 hrs. The solution containing a p recip itate was filtered while hot, and the solid 
was boiled w ith w ater to remove inorganic salts. The residue was filtered off and washed with 
w ater. The alcoholic m other liquor was concentrated  to  give a precipitate, which was filtered 
off and washed w ith w ater until free from  salts. The combined product was crystallized from 
m ethanol.

The syntheses of 6-phenyl-10-benzylidene-3,4,7,8,9,10-hexahydro-2H ,6H -l,3-thiazino 
[2,3-6]quinazoline (I lia )  and of the substitu ted  analogues (H a, IVa) were effected in the 
same way.

Compounds la  — IVa are colourless crystals; their other properties are sum m arized in 
Table I I I .

Reaction of 4-phcnyl-8-beiizylidene-3 ,4 ,5 ,6 ,7 ,8-hexahydro-2(l//)-qu inazolinetliio iir  
(A )  with halogenated carboxylic acids and their esters

5-Phenyl-9-benzylidene-2,3,6,7,8,9-hexahydro-5H -thiazolo-[2,3-f>]quinazolin-3-one (V a)

Method A
Compound A  (6.64 g; 0.020 mole) was dissolved in anhydrous ethanol (250 mL). E thy l 

chloroacetate (2.45 g; 0.020 mole) was added, and the reaction mixture was refluxed for 14.5 hrs 
w ith the exclusion of moisture. The crystals which separated on cooling were filtered  off and 
washed w ith ethanol. The product was recrystallized from methanol.

Method В
Compound A  (6.64 g; 0.020 mole) and sodium  hydroxide (2.40 g; 0.060 mole) were 

dissolved in a m ixture of w ater (15 mL) and dim ethylform am ide (70 mL). Chloroacetic acid 
(5.67 g; 0.060 mole) and a solution of Na2C 03 - 10 H 20  (5.73 g; 0.020 mole) in  a m ixture of
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w ater and  dim ethylform am ide (35 m L each) were added, and  the reaction m ixture was refluxed 
on  a w ater b a th  for 4.5 hrs. W ater and  concentrated hydrochloric acid were then added, the 
crysta ls  which separated on cooling were filtered off and washed w ith w ater until neu tral 
reac tion . The product was recrystallized from glacial acetic acid.

M ethod C
Compound A  (6.64 g; 0.020 mole) was dissolved in  te trahydro fu ran  (60 mL) and  an 

aqueous solution (15 m L ) of chloroacetic acid (2.08 g; 0.022 mole) and sodium hydroxide 
(1.20 g; 0.030 mole) was added to  it . The reaction m ix tu re  was refluxed on a w ater b a th  for 
15 hrs. The brown solution was clarified w ith carbon, filte red  and concentrated. The solution 
was acidified w ith cone. HC1 to  o b ta in  a deposit of crystals; these were filtered off and washed 
w ith  w ater until neutral reaction . The product was crystallized from  methanol.

Method D
Chloroacetic acid (3.00 g; 0.032 mole) was m elted on a w ater ba th  and com pound A  

(1.00 g; 0.003 mole) was added  to  i t  in small portions. The homogeneous m elt was heated  on 
a  w ater b a th  for 30 min. On cooling a mass of crystals was obtained. A fter standing for 24 hrs, 
th e  crystals were rubbed w ith  w ater, filtered off and w ashed w ith w ater until neu tral. The 
p ro d u c t was recrystallized from  acetone.

The preparation  of 2-m ethyl-5-phenyl-9-benzylidene-2,3,6,7,8,9-hexahydro-5ii-thiazolo- 
[2,3-b]quinazolin-3-one (Via) was effected similarly, according to  m ethods A and B. The p rod
u c t w as crystallized from  m ethanol or galcial acetic acid.

Compounds Va, V ia are colourless crystals; for o ther d a ta , see Table IV.

Reaction of 5 - phenyl-9 - hrnz\ I ide ile-2,3.6.7.8.9-he\a hydro-5 //-! hiazoloj 2.3-/>1 quin azolin - 
-3-one (Va) with aromatic aldehydes

2,9-Dibenzylidene-5-phenyl-2,3,6,7,8,9-hexahydro-5.Hr-thiazolo[2,3-b]quinazolin-3-one (Vila)

Compound Va (5.48 g; 0.015 mole) was dissolved in  glacial acetic acid (120 m L) and 
benzaldehyde (1.59 g; 0.015 m ole) and anhydrous sodium  acetate  (1.23 g) were added. The 
reac tio n  m ixture was refluxed for 4 hrs. The crystals w hich separated  on cooling were filtered 
off, w ashed w ith glacial acetic acid then  w ith w ater u n til n eu tra l reaction. The p roduct was 
recrystallized  from benzene.

The synthesis of VUIb — e and  Vllg — q was effected in  a sim ilar m anner by the reaction 
of Va and  the appropriate arom atic  aldehyde. The colour of the products varied from  pale 
yellow to  orange red. Com pounds Vllb, e, h, i—m, o, q were crystallized from benzene, Vlld, 
g, n, p from  acetone, and m ethanol was used for Vile. Com pound Vllf was obtained from  Vile 
by  hydrolysis w ith sulfuric acid and  making the reaction  m ix ture  alkaline. Compound Vllf 
w as a yellow crystalline substance which was recrystallized from  benzene.

O ther data  of Vila—q are shown in Table IV.

Reaction of 4-phenyl-8-benzylidene-3,4,5,6,7,8-hexahydro-2(lH)-quinazolinethione 
(zl) with ethyl 3-bromopropionate

Ethyl (4-plienyl-8-benzylidene-3,4,5,6,7,8-hexahydro-quinazoline-2-mcrcaptopropionate) (VIII)

Compound A  (6.64 g; 0.020 mole) was dissolved in  anhydrous ethanol (250 mL). E th y l 
3-brom opropionate (5.43 g; 0.030 mole) was added, and  th e  reaction m ixture was refluxed 
for 32 h rs w ith the exclusion of m oisture. The solvent was evapora ted  to  leave a yellow oil which 
could n o t be crystallized; th e  substance was therefore isolated as the picrate (V illa). The 
yellow oil was dissolved in  some ethanol and an ethanolic solution of picric acid (4.58 g; 0.020 
mole) was added to  it. The yellow crystals were recrystallized from  ethanol.

Alkaline hydrolysis of V III

The ester (VIII) p repared  as described above was dissolved in  ethanol (50 m L), m ixed 
w ith  I N  N aOH  (10 mL), and  the  solution was refluxed for 8.5 hrs; then  18% hydrochloric acid 
(20 m L) was added. The crystals w hich separated on cooling were filtered off and recrystallized 
from  acetone. The product (6.37 g; 96% ) was identical w ith  A  in  all respects.
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Reaction of 4-phenyl-8-benzylidene-3,4,5,6,7,8-hexahydro-2(lH )-quinazolinethione  
(Л ) with 3-broinopropionic acid

4-Phciiyl-8-benzylidcne-3,4,5,6,7,8-hcxahydroquinazoline-2-m crcaptopropioiiic acid (V ll lb )

3-Brom opropionic acid (6.89 g; 0.045 mole) was m elted on a w ater b a th  and  com pound 
A  (3.32 g; 0.010 mole) was added to  i t  in  small portions. The homogeneous m elt was heated 
on a w ater b a th  for 5 hrs. The oil was then  dissolved in  some methanol and poured in to  w ater. 
The oil which separated  was allowed to stand  for 1 day , whereupon it  crystallized. The crystals 
were filtered off, washed w ith w ater until n eu tra l and  recrystallized from a m ix tu re  of acetone 
and methanol.

Reaction of V lllb  w ith  acetic anhydride

6-PhenyI-10-benzyIidene-3,4,7,8,9,10-hexahydro-2H , 6 / / - 1.3-1 hiazino[2 ,3-6]qu in azo lin -l-on e  
(IX a)

Compound V lllb  (1.09 g; 0.03 mole) was dissolved in acetic anhydride (30 m L) and  the 
reaction m ixture was refluxed for 4 hrs w ith the exclusion of moisture. The solu tion  was then 
poured into w ater; the yellow oil which separated  becam e crystalline on standing  for 1 day. 
The crystals were filtered off and washed w ith w ater u n til neutral; the product was recrystallized 
from  a m ixture of m ethanol and acetone.

V lllb  and IXa are colourless crystals; o th er d a ta  of V illa—b and IXa are given in 
Table V.

Reaction of 4-phenyl-8-benzylidene-3,4,5,6,7,8-licxahydro-2(lH )-quinazolincth ione  
( A )  with chloroacctonitrile

3-Im ino-5-phenyl-9-bcnzylidene-2,3,6,7,8,9-hexahydro-5.fl-thiazolo[2,3-6]quinazoline (X a )

Compound A  (13.28 g; 0.040 mole) was dissolved in  ethanol (350 mL) and  anhydrous 
potassium  carbonate (6.90 g; 0.050 mole) and  chloroacetonitrile (2.53 g; 0.040 mole) were 
added to the solution, which was then refluxed for 6.5 h. A colourless p recip ita te  separated  
on cooling. This was filtered off, rinsed w ith e thano l and washed w ith w ater u n til neutral. 
The product was recrystallized from m ethanol. D a ta  of Xa are given in  Table V.

Hydrolysis o f Xa w ith hydrochloric acid

Compound Xa (0.20 g; 0.0005 mole) was dissolved in a m ixture of m ethanol (50 mL) 
and cone. HC1(30 mL), and the reaction m ixture was refluxed for 12 hrs. The solution was poured 
in to  w ater, and the colourless precipitate which separa ted  was filtered off and  w ashed w ith 
w ater until neutral. The product (0.15 g; 74% ), crystallized from methanol, was identical 
w ith Va in all respects.

*
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T reatm ent of 2-brom o-m ethylcycloheptanone 3 w ith acetoacetic ester in the 
presence of sodium ethoxide furnished e thy l l ’-m ethylcyclohexylcarbonylacetate 6 
in 34.9% yield. A mechanism leading to  the form ation of the ß-keto ester 6 via  Favorskii 
rearrangem ent involving nucleophilic a ttack  of a carbanion (sodioacetoacetic ester) 
on the cyclopropanone interm ediate 4 is suggested.

T h e F av o rsk ii rea rra n g em e n t [1] is a  usefu l sy n th e tic  to o l fo r ring  
c o n tra c tio n  an d  fo r th e  p re p a ra tio n  of ac ids, e s te r  an d  am ides b y  th e  re a c tio n  
o f a -h a lo k e to n es w ith  h y d ro x id es , a lkox ides o r am ines. The c u rre n tly  accep ted  
m echan ism  [1] of th is  reac tio n , invo lv ing  th e  a t ta c k  of a nuc leoph ile  (O H , 
O R  or :N R 3) on th e  cyclopropanone in te rm e d ia te  1, suggested t h a t  i t  m ig h t 
he possib le to  ca rry  o u t th e  reac tio n  u n d e r co n d itio n s th a t  w ould  p e rm it th e  
nucleoph ilic  a t ta c k  of a carban ion  on 1, so as to  form  keton ic  p ro d u c ts  2.
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T he p r esen t p a p e r rep o rts  th e  successfu l ap p lica tion  of th is  m e th o d  
using  sod ioace toacetic  e s te r as th e  c a rb a n io n  an d  2-brom o-2-m ethy lcyclo - 
h e p ta n o n e  3 as th e  a-ha lo k c to n e .

T he a -b ro m o k e to n c  3 was p rep ared  b y  IV -brom osuccinim ide b ro m in a tio n  
o f  2 -m eth y lcy c lo h ep tan o n e . T re a tm e n t o f 3 w ith  acetoacetic  e s te r  in  th e  
p resence  of sodium  eth o x id e  in  boiling e th a n o l fu rn ished  th e  /?-keto e s te r  6

* In  final form accepted March 25, 1981
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2 1 6 QURESHI: FAVORSKII REARRANGEMENT

as th e  c h ie f  p ro d u c t, w hich  w as iso la ted  h y  a co m b in a tio n  of frac tio n a l d is ti l la 
t io n  a n d  p re p a ra tiv e  th in - la y e r  c h ro m a to g rap h y .

5

F o rm a tio n  of th e  ß -k e to  es te r 6 m igh t re a so n a b ly  be explained as fo llow  
th e  cy c lo p ro p an o n e  in te rm e d ia te  4, o b ta in ed  b y  a t ta c k  of a  base (E tO  o r 
C H 3C O C H C O O E t) on th e  a -b ro m o k e to n e  3, re a c ts  w ith  CH3C O C H C O O E t to  
fo rm  th e  /?,/?’-d iketo  e s te r  5. S u b seq u en t c leavage  of 5 by  a t ta c k  o f  E tO  
le a d s  to  th e  ^3-keto es te r 6.

S tru c tu ra l  ass ig n m en t w as m ade on th e  b as is  o f e lem en tary  an a ly sis  an d  
sp e c tra , a n d  b y  th e  conversion  of 6 in to  th e  k n o w n  com pound, 1 -m e th y l- l-  
-ace ty lcy c lo h ex an e  7.

c = o C— 0

CH2—COOEt СНз

6 7

E xperim en ta l

IR  spectra were recorded on a Unicam SP1000 spectrophotom eter and refer to  th in  
film s on NaCl discs unless sta ted  otherwise. UV spectra were obtained on a U nicam  SP  1800 
spectrophotom eter, using 95%  ethanol as solvent. NM R spectra  were measured on a 60 MHz 
in s tru m en t using CDC13 as solvent. Chemical shifts are given in т units using TMS as in te rn a l 
reference.

A cta  Chim. Acad. Sei. Hung. 108, 1981
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Thin- (0.25 mm ) and thick- (1.0 m m ) layer chrom atography plates were p repared  from  
Kieselgel D F (Riedel-De Haen). All organic ex trac ts w ere dried over anhydrous m agnesium  
sulphate.

2 - B r o m o - 2 - m e t h y l c y r l o h e p t a n o n e  ( 3 )

2-M ethylcycloheptanone (1.26 g), benzoyl peroxide (20 mg) and CC14 (20 m L ) were 
heated under reflux un til all th e  solid m aterials came to  the top of the liquid surface (1.5 h). 
W ork-up by washing w ith w ater, drying and concentration gave 2.05 g (q u an tita tiv e  yield) 
of th e  brom oketone as an oil, b .p . 64— 68 °C (a ir b a th  tem perature) a t  0.37 m bar.

I l l :  r niax 1705 cm -1 .
NM R: 8.23 (3H , s, m ethyl group).
C8H 13OBr. Calcd. C 46.84; H 6.39; B r 38.87. Found C 47.06; H  6.20; B r. 39.10% .

E t h y l  l ’ - m e t h y l c y c l o h e x y l c a r b o n y l a c e t a t e  ( 6 )

E thy l acetoacetate (2.60 g) was added to  a sodium ethoxide solution p rep ared  by 
dissolving sodium (0.46 g) in ethanol (20 mL). A fter stirring a t room  tem perature for 5 min, 
2-brom o-2-m ethylcycloheptanone (2.05 g) was added. The m ixture was heated u n d er reflux 
for 3 h rs.The ethanol was then rem oved by  distillation and w ater (30 mL) was added. E x trac tio n  
w ith  ether, drying and concentration gave an oil (2.91 g). Purification by fractional d istillation  
followed by  preparative TLC furnished ethy l l ’-m ethylcyclohexylcarbonylacetate 6 (0.74 g; 
34.9% ) as a colourless oil, b.p. 100 °C (air b a th  tem perature) a t 0.8 mbar.

IR : vmax 1745, 1703, 1642 and 1610 cm “ 1.
UV: Amax 250 nm  (3380).
NMR: 5.85 (2H, q, COOCH2CFI3); 6.51 (2H , s, COCH2COOEt); 8.78 (3H, t , СООСН2С Я 3) 

8.9 (3H , s. quaternary  methyl).
C12H 20O3. Calcd. C 67.89; H  9.50. Found C 67.85; H  9.21%.

1 - M e t h y l - l - a c e t y l c y c l o h e x a n e  ( 7 )

E thy l l ’-m ethyleyclohexylcarbonylacetate 6 (63 mg) was heated under reflux  w ith  
B a(O H )2. 8 H 20  (120 mg), m ethanol (1 mL) and w ater (1.5 mL) for 16 h. W ork-up by  th e  add i
tion  of w ater and extraction  w ith ether, followed by drying and concentration of th e  ethereal 
ex tra c t gave 31 mg of 1-m ethyl-l-acetylcyclohexane as a colourless oil, h.p. 60— 62 °C (air 
b a th  tem perature) a t 1.33 m bar.

IR : i>max 1700 cm -1 .
NMR: 7.9 (3H. s, COCH,); 8.92 (3H , s, quaternary  m ethyl group).
C„HIeO. Calcd. C 77.08; H 11.50. Found C 77.32; H 11.29%.
The 2,4-dinitrophenylhydrazone derivative had m.p. 130— 132 °C (lit. [2] m .p . 134 °C).

R E F E R E N C E S

[1] Ma rch , J .:  Advanced Organic Chem istry’, p. 991, McGraw-Hill Inc., New Y ork , 1977,
and references cited therein

[2] R o uzau d , J ., Ca u q u il , G., G ir a l , L.: Bull. Soc. Chim. France, 1 9 6 5  (7), 2030

M oham m ad Ism ail Q u r e s h i  D e p a r tm e n t o f  C hem istry , F a c u lty  o f  Science,
G aryoun is U n iv e rs ity , P .O . B ox 9480, 
B enghazi, L ib y a

1 + Acta Chim. Acad. Sei. H ung. 108, 1981





Acta Chimica Academiae Scientiarum Hungaricae, Tom us 108 (3 ) , pp . 219—227 (1981)

T R A N S IT IO N  M ETA L C H E M IST R Y  OF O X IM E  
C O N T A IN IN G  L IG A N D S , X I I I

COBALT(II) COM PLEX ES OF S Y N -PH E N Y L-2-PY R ID Y LK E TO X IM E , 
AND S YJV-M ETHYL-2-PYRIDYLKETOXIM E

M. M o h a n  and B. D . P a r a m h a n s  

(Department o f Chemistry, N .R .E .C . College, K hurja, U .P., 203131, India) 

Received March 4, 1980 
In  revised form August 21, 1980 

A ccepted for publication Septem ber 30, 1980*

Cobalt(II) complexes of the types [Co(HL)2(X )2] (where H L =  syn-phenyl-2- 
-pyridylketoxim e (H ppk) or syn-m ethyl-2-pyridylketoxim e (H m pk) and X  =  Cl, Br, 
I, NCS, NCSe, 1/2S04 or OAc) and [Co(HL)2(N 0 3)]N 0 3 (where H L =  H ppk or Hm pk) 
were synthesized and  characterized by elem ental analysis, m olar conductance in 
solution, molecular w eight determ ination, X -ray  pow der diffraction, m agnetic moments 
(300 — 78 K), diffuse reflectance and infrared (4000 200 cm -1) spectral measurem ents.
These studies suggest a dimeric halo-bridged eis-distorted octahedral structure  for 
[Co(HL)2(X)2] (where H L  =  H ppk or H mpk and X  =  Cl, B r or I) and a monomeric 
cis-pscudo-octahedral structure  for the rem aining cobalt(II) complexes.

In troduc tion

sy n -P h en y l-2 -p y rid y lk e to x im e  (H ppk) a n d  sy n -m eth y l-2 -p y rid y lk e t- 
oxim e (H m pk) h av e  fe a tu re s  in  com m on w ith  lig an d s o f b o th  th e  2 ,2’-b ipy ridy l 
an d  d im ethy lg lyox im e ty p e s . In  sp ite  of th e  obv ious in te re s t assoc ia ted  w ith  
th ese  ligands, v e ry  l i t t le  w ork  has been re p o r te d . F o rm a tio n  c o n s ta n ts  o f 
n ick e l(II)  com plexes o f  H m p k  an d  a n u m b er o f com plexes fo rm ed  b y  H p p k  
h av e  been re p o rte d  [1, 2 ]. W a r d , M e e k  an d  C h e n e y  [2] h av e  iso la ted  and  
charac terized  a  series o f  n ick e l(II)  com plexes w ith  H p p k . S e n  an d  M a l o n e  [4] 
h av e  described  m an g a n e se (II) , co b a lt(II) , n ic k e l(II)  an d  p a lla d iu m (II)  com 
plexes w ith  H p p k  o f th e  com positions [M n(H ppk)2(Cl)2]; [C o(H ppk)2(N 0 3)2]: 
[N i(H ppk)2(N 0 3)2]; [P d (H p p k )(p p k )C l] an d  [P d (p p k )2] (w here p p k  =  an ion  
o f H p p k ). A side from  th is  w ork , no o th e r s tu d ie s  dealing  w ith  th e  com plexes 
o f H p p k  and  H m p k  h a v e  ap p ea red  in  th e  l i te ra tu re . In  th is  p a p e r, we re p o rt 
th e  syn thesis a n d  c h a ra c te r iz a tio n  of som e c o b a lt( I I )  com plexes w ith  H p p k  
an d  H m pk . T he com plexes h av e  been  ch a rac te rized  b y  e lem en ta l analysis, m olar 
con d u c tan ce , m o lecu la r w eigh t, X -ra y  p o w d er d iffrac tio n , m ag n etic  suscep
tib ility , diffuse re flec tan ce  an d  in fra red  sp e c tra l m easu rem en ts .

* In  final form accepted  March 11, 1981
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E xperim en ta l

syre-Phenyl-2-pyridylketoxime (H ppk) and syn-m ethyl-2-pyridylketoxim e (H m pk) have 
been  prepared from 2-benzoylpyridine and  2-acetylpyridine (К  & К  L aboratory , New York) 
according to the method of D r a g o  and  B a u c o m  [3] and their au then tic ity  was established 
b y  elem ental analysis and I.R . spectra. M.p. 163 —164 °C (H ppk); 121 —122 °C (Hmpk). 
T he hyd ra ted  cobalt(II) salts, 2 ,2-dim ethoxypropane (К  & К  Laboratories, New York) and 
o th e r  solvents were of reagent grade.

Isolation o f the Complexes
The following general procedure was used for the isolation of the coba lt(I l) complexes. 

C o b a lt(II) salt hexahydrate (0.04 mol) was dissolved in a m ixture of E tO H  (25 cm3) and 
2,2’-dim ethoxypropane (20 cm3) or in  a m inim um  am ount of H 20  (in case of sulphate and ace
ta te  sa lt) and was heated for 2 — 4 h rs under reflux. H ppk or H m pk (0.08 mol) was dissolved 
in  th e  sam e solvent m ixture and  was heated to boil. L igand and m etal salt solutions were 
th e n  m ixed and the pink solution m ix tu re  was heated for 2 — 6 hrs under reflux. On cooling 
th e  solu tion  mixture a t room tem p era tu re  the polycrystalline solid was obtained. The solid 
w as filte red , washed w ith w ater (in case of sulfato and acetato  complexes), E tO H  and E t20  
a n d  d ried  over P4O10 in vacuum .

Physicochemical Studies
Conductance m easurem ents were carried ou t on a type CL01/01 Toshniwal conductivity  

b ridge. Molecular weights were determ ined  cryoscopically. The molecular w eights of the com
plexes are  given inTable I. M agnetic m easurem ents from room tem perature  to  78 К  were made 
on a s tan d a rd  G o u y ’s balance using HgCo(NCS)4 as a calibrant; diam agnetic corrections were 
e s tim a ted  by using P a s c a l ’ s  constan ts. X -ray  powder diffraction patterns were obtained on 
a Siem ens Powder diffractom eter using nickel filtered CuKa radiation.

Diffuse reflectance spectra o f all th e  complexes a t room  tem perature  were measured 
on a Cary-14 spectrophotom eter equipped w ith a reflectance accessory using MgO as a refer
ence. T he  infrared spectra in th e  region 400 — 200 cm-1 of H ppk and H m pk and th e ir complexes 
w ere m easured on a Perkin—E lm er 337 spectrophotom eter in  Csl.

T he cobalt content of th e  complexes was estim ated by EDTA titra tio n  using Eriochroine 
B lack  T  as an indicator, a fter destroying the organic portion firs t w ith  aqua regia and then 
w ith  cone. H2S 04. Halides were estim ated  by  V o l h a r d ’s  m ethod and n itra te  was determ ined 
as its  n itro n e  salt. С, H  and N analyses were obtained th rough  the k ind courtesy of Micro- 
an a ly tic a l Laboratory C .D .R .I., Lucknow. The analytical d a ta  are presented in  Table I.

R esu lts  an d  D iscussion

O n  in te rac tio n  w ith  H p p k  an d  H m p k  th e  c o b a lt(II)  ion  y ields com plexes 
c o rre sp o n d in g  to  th e  gen era l fo rm u la  [Co(H L)2(X )2] (w here H L  = H p p k  or 
H m p k  a n d  X  =  Cl, B r, I ,  N C S, N CSe, OAc or 1 /2S 04) and  [C u(H L )3( N 0 3)] (N 0 3) 
(w h e re  H L  =  H ppk  or H m p k ). A ll th e  com plexes are  q u ite  s ta b le  a t  room  
te m p e r a tu r e  and do n o t e x h ib it  a n y  decom position  even  a f te r  p ro longed  
s ta n d in g . A ll the  com plexes a re  inso lub le  in  w a te r  an d  n o n -p o la r so lven ts 
a n d , e x c e p t for the  c o b a lt( I I )  h a lo  com plexes, p a r tia lly  so luble in  m o d e ra te ly  
p o la r  so lv en ts  and soluble in  p o la r  so lvents. T he m olar co n d u c tan ce  of 
[Co(H L )2(X )2] (where H L  =  H p p k  or H m p k  and  X  = NCS, NCSe, OAc or 
l /2 S O t) a n d  [Co(H L)2(N 0 3) ] ( N 0 3) (w here H L  H p p k  or H m p k ) com plexes 
in  M eO H  a t  the  c o n c e n tra tio n  level of 1 0 M  lie in  th e  ran g e  0 .3 8 — 1.02 
a n d  90 .5  — 98.7 mhos c m -2  m o l-1  suggesting  th e  presence o f non -ion ic  and  
u n i-u n iv a le n t  electro ly tes [4] in  th e  so lven t, resp ec tiv e ly . M olecular w eights 
o f  [Co(H L )2(X )2] (where H L  =  H p p k  or H m p k  an d  X  =  NCS, N CSe, OAc
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T ab le  I

Analytical data o f cobalt(II) complexes

Compound M.W.4
Found (Calc.) %

C I I N X M

[Co(Hppk)2(CI)2]2 — 54.80 (54.76) 3.77 (3.80) 10.70 (10.64) 13.60 (13.50) 11.24(11.19)
[Co(Hppk)2(Br)2]2 - 40.85 (40.88) 3.20 (3.25) 9.14 ( 9.10) 26.14 (26.02) 9.63 (9.57)
[Co(Hppk)2(I)2]2 - 40.60 (40.62) 2.88 (2.82) 7.93 (7.89) 35.90 (35.83) 8.40 (8.30)
[Co(HPpk)2(N 03)](N 03) 585.7 (578.9) 49.78 (49.75) 3.48 (3.45) 9.72 ( 9.67) 21.52 (21.41) 10.26 (10.17)
[ Co(Hppk)2(N CS)2] 576.2 (570.9) 50.40 (50.44) 3.54 (3.50) 9.76 (9.80) 20.40 (20.32) 10.42 (10.31)
[Co(Hppk)2(i\’CSe)2] 670.4 (664.9) 46.97 (46.92) 3.10(3.10) 12.70 (12.63) 23.82 (23.76)b 8.98 (8.85)
[Co(Hppk)2(OAc)2] 575.8 (572.9) 58.70 (58.64) 4.56 (4.53) 9.80 (9.77) - 10.36 (10.28)
[Co(Hppk)2(S04)] 554.6 (550.9) 52.22 (52.27) 3.71 (3.63) 10.20 (10.16) - 10.77 (10.69)
[Co(Hmpk)2(Cl)2]2 - 41.84 (41.80) 3.92 (3.98) 13.90 (13.93) 17.73 (17.66) 14.72 (14.64)
[Co(Hmpk),(Br)2]2 - 34.30 (34.22) 3.20 (3.26) 11.52 (11.40) 32.68 (32.59) 12.10(11.99)
[Co(Hmpk)2(I)2]2 - 28.78 (28.72) 2.70 (2.73) 9.60 ( 9.57) 43.50 (43.42) 10.17 (10.07)
[Co(Hmpk)2(N 03)](N 03) 462.8 (454.9) 36.98 (36.98) 3.60 (3.51) 12.40 (12.31) 27.34 (27.25) 12.99 (12.94)
[Co( Hmpk),(N CS)2] 452.5 (446.9) 37.62 (37.59) 3.50 (3.58) 12.60 (12.53) 25.80 (25.95) 13.26 (13.17)
[Co(Hmpk)2(NCSe)j] 546.2 (540.9) 35.54 (35.49) 2.90 (2.95) 15.60 (15.90) 29.28 (29.21)b 10.97 (10.88)
[Co(Hmpk)2(OAc)2] 456.4 (448.9) 48.16 (48.11) 4.94 (4.90) 12.50 (12.48) - 13.04 (13.12)
[Co(Hmpk)2(SO)4] 438.7 (426.9) 39.42 (39.35) 3.79 (3.74) 13.15 (13.11) — 13.86 (13.79)

a Found (Calc.) b Se
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or 1 /2 S 0 4) and  [C o(H L )2(X )2(N 0 3 )](N 0 3) -where H L  =  H p p k  or H m p k ) in  
fo rm am id e  show t h a t  th e y  are  m onom eric co m p lex es.

T he X -ray  p o w d er d iffrac tio n  p a tte rn s*  fo r  each  o f th e  co b a lt(II)  co m 
p lex es u n d e r s tu d y  h a v e  b e e n  m easured a n d  co m p a re d  for any  in d ica tio n  o f 
isom orph ism . The re su lts  in d ica te  th a t  [C o(H L )2(X )2] (where H L  =  H p p k  
o r H m p k  and  X  =  N C S, N CSe or OAc) a re  X - r a y  isom orphous an d  a re  iso- 
s tru c tu ra l .  The p a tte rn s  o f  [C o(H L)2(S 04)] an d  [C o(H L )2(N 0 3)](N 0 3) com plexes 
h a v e  m a n y  lines in  co m m o n  w ith  the  above co m p lex es an d  th e y  are p ro b a b ly  
iso s tru c tu ra l. The p a t te rn s  o f  cobalt(II) h a lo  com plexes are n o t isom orphous 
w ith  a n y  set of th e  co m p lex es m entioned ab o v e  a n d  hence, are s tru c tu ra lly  
d iffe re n t.

Infrared Spectra

H p p k  and  H m p k  e x h ib it  m ultiple b an d s  o v e r th e  range 3300—2800 c m -1  
w h ich  a re  assigned [2] to  in te rm o lecu la r h y d ro g en -b o n d ed  O H  of th e  N O H  
g ro u p s . T he rC —H  s tre tc h in g  v ib ra tions, w h ich  co u ld  be  p resen t in  th is  reg ion , 
a re  obscu red  by  rO H  a b so rp tio n  bands. The s p e c tra  o f all co b a lt(II)  com plexes 
e x h ib it  s tro n g  b ro ad  b a n d s  in  the  3480—3400 a n d  3060—3050 c m -1  ran g e  
w h ich  are  assigned [2] to  fre e  OH of N O H  g ro u p s  an d  rC —H  s tre tch in g  v i 
b ra t io n s  o f th e  ligand  m o lecu le , respectively . T h e  r C = N  (acyclic) an d  r N —О 
s tre tc h in g  v ib ra tio n s  in  fre e  H p p k  and H m p k  a re  observed  a t  ca. 1612 an d  
980 c m -1  respec tive ly . T h ese  stre tch ing  v ib ra tio n s  are  shifted  to  ca. 1650 
a n d  1070 c m -1 in  th e ir  c o b a lt( I I )  com plexes an  in d ic a tio n  of coo rd ina tion  o f 
n e u tra l  oxim e n itro g en  a to m  to  the  co b a lt( I I )  ion  [5]. The coo rd ination  o f 
th e  p y rid in e  n itro g en  a to m  is ind icated  b y  sh if tin g  an d  sp littin g  of th e  rin g  
v ib ra tio n s  as is u su a lly  o b se rv ed  [6] for o th e r  m e ta l( I I )  pyrid ine com plexes.

In  th e  400 — 200 c m -1  reg ion  H ppk  an d  H m p k  ex h ib it bands a t  400 (s), 
ca. 335 (s), ca. 290 (m ), ca. 275 (w), ca. 250 (vs) a n d  ca. 220 (s) cm -1 , w hereas 
c o b a lt( I I )  com plexes h a v e  ab so rp tio n  b an d s o f  v a ry in g  in ten s ity  a t ca. 390; 
ca. 335; ca. 305, 295; ca. 250 and  ca. 200 c m -1  assig n ed  to  ligand ab so rp tio n  
b a n d s . In  chloro com plexes tw o  bands are o b se rv ed  a t  230 (m) and ca. 216 (w) 
c m ” 1 assigned to  rCo — Cl s tre tch in g  v ib ra tio n s . N o rC o—B r and  rC o — I 
b a n d s  are  observed in  th is  reg ion . The re la tiv e ly  low  frequency  assigned to  
th e se  rC o -h a lo  v ib ra tio n s  [7] a re  consistent w ith  a c is-halogen  bridge s tru c tu re , 
a lth o u g h  vC o-halo  v ib ra tio n s  are expected o v er a  w ide range and som e t e r 
m in a l rC o—halo frequencies a re  also repo rted  in  th is  reg ion . The low sy m m e try  
o f  th e se  com plexes sh o u ld  le a d  to  th e  o b se rv a tio n  o f  u p  to  four rC o—N  (ligand) 
s tre tc h in g  v ib ra tio n s [8]. I n  these  com plexes fo u r  s tre tc h in g  v ib ra tio n s o f 
v a ry in g  in te n s ity  are  o b se rv e d  a t ca. 370; ca. 355, 315 and  ca. 280 c m -1 . 
T h ese  are  assigned to  vCo — N  (ligand) v ib ra tio n s , th o u g h  in  case o f n i t r a to ,

* The details of X -ray  pow der diffraction results can  be obtained from the au thors 
on request.
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a c e ta to  and  su lfa to  com plexes a rC o—О s tre tc h in g  b an d  is also o b se rv ed  in 
th is  region. T he s im ila rity  o f rC o— N (ligand) v ib ra tio n s  suggests t h a t  in  all 
th e se  com plexes th e  tw o  ligand  m olecules h av e  th e  sam e c o n fig u ra tio n  in  
re la tio n  to  each o th e r.

In  n i tra to  com plexes ad d itio n a l b an d s  are observed a t  ca. 990 (s), 
810 (w), ca. 1250 (s), ca. 780 (sh) an d  655 (s) cm  1 assigned to  N 0 2 sy m m e tr ic  
s tre tc h , N 0 2 sy m m etric  b a n d , N 0 2 a sy m m etric  s tre tc h , N 0 2 a sy m m e tr ic  
b a n d  an d  ou t-o f-p lane  v ib ra tio n s  o f b id e n ta te  coo rd ina ted  (C2v) n i t r a te  g roup
[9]. T h is is fu r th e r  con firm ed  b y  th e  p resence  of th e  (r1 -f- v2) co m b in a tio n  
m ode o f v ib ra tio n s  [10] a t  ca. 1810 (m) an d  1760 (m) c m -1 . T he sh a rp  in te n s iv e  
b a n d  a t  830 c m " 1 and  a  v e ry  sh a rp  b ro ad  b a n d  a t 1350 c m -1  in d ic a te  th e  
p resence  o f ionic (D 3h) n i t r a te  group  [9].

I n  iso th io cy an a to  an d  isose lenocyana to  com plexes, v e ry  s tro n g  b an d s  
a re  observed  a t 2070 an d  2020 c m “ 1 assigned  to  ^ [ ( C —N) s tre tc h in g ]  v ib ra 
t io n  o f N -bonded  th io c y a n a to  or se len o cy an a to  groups [11]. T h e  observed  
sp lit t in g  o f Pj v ib ra tio n  is an  in d ica tio n  o f  c is-con figu ra tion  [11]. T h e  v2 
[(N—C—S) or N —C—Se)] and  v3 [C —S or C — Se)] s tre tch in g  v ib ra tio n s  are 
o b scu red  b y  ligand  ab so rp tio n  b an d s.

I n  su lfa to  com plexes th e  presence o f  vx a t  1020 (m ); v2 a t  450 (m , b); 
v3 a t  1075 (w), ca. 1102 (s) an d  ca. 1175 (m ) a n d  vi a t 610 (s) c m -1  su g g est a 
b id e n ta te  su lfa to  group [12], w hereas th e  p resence o f a u n id e n ta te  a c e ta te  
g roup  [13] is con firm ed  b y  th e  ap p ea ran ce  o f  v COO sym m etric  a n d  v COO 
asy m m etric  s tre tc h in g  v ib ra tio n s  a t  1700 (m , b) and  1425 (s) c m -1  in  
[C o( H L ) 2(O A c)2] com plexes.

5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0

Fig. 1. Molar susceptibility (cm3) and effective m agnetic mom ent ( f i eц in /Uq )  v s . tem pera tu re  
curves for [Co(Hppk)2(Cl)2]2. The solid lines are least-squares theoretical fis using an S , — S., =  

=  3/2 isotropic dim er expression where single-ion zero-field interaction are ignored
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M agnetic S u scep tib ility

T he te m p e ra tu re  d e p e n d e n t m agnetic  su sc e p tib ility  d a ta  for 
[C o (H p p k )2(Cl)2] com plex  is illu s tra ted  in  F ig . 1 an d  th e  p tii va lues o f  th e  
o th e r  com plexes a t  ro o m  te m p e ra tu re  and 78 К  a re  p resen ted  in  T ab le  I I .  Som e

Table II

Magnetic susceptibility data o f cobaltr 11) complexes

Compound Ц  K) Zm K ) fe ttlP b ) J ( C m - q g

[Co(HPPk)2(Cl)2]2 300 .0 7 2 2 0 4 .1 8 - 3 . 0 0 2 .1 8
78 .0 24  4 2 5 3 .92

[Co(Hppk)2(Br)2]2 297 .5 7 2 8 0 4 .1 8 - 2 . 5 0 2 .1 7
78 .0 25  18 0 3 .9 8

[Co(Hppk)2(I)„]2 298 .0 7 3 4 0 4 .2 0 - 2 . 0 2 .1 7
78 .0 25 4 3 0 4 .0 0

[Co(HPPk)2(N 03)](N 03) 299 .2 8 4 0 0 4 .5 0
78 .0 31 0 6 0 4 .4 2

[Co(Hppk),(NCS),] 295 .7 8 7 2 0 4 .5 6
78 .0 32 0 5 0 4 .4 9

Г Coí H ppkb iN  CSebl 296 .2 8 4 4 0 4 .6 0
78 .0 31 90 0 4 .4 8

fCo(Hppk)„(OAc),l 297 .2 8 6 0 0 4 .5 4
78.0 31 4 8 0 4 .4 5

[Co(Hppk)2(S04)] 298 .7 8 4 8 0 4 .5 2
78.0 31 6 2 0 4 .4 6

[Co(Hmpk)2(Cl)2]2 300 .0 7 150 4 .1 6 2 .9 8 2 .1 8
78.0 25  180 3 .98

[Co(Hmpk)..(Br)..]2 299 .8 7 190 4 .1 7 2 .50 2 .1 7
78.0 25  3 0 0 3 .99

[ Co(Hmpk).,(I)ol9 300 .0 7 2 2 0 4 .1 8 1 .98 2 .1 6
78.0 25  6 9 0 4 .02

[Co(Hmpk)2(N 03)](N 03) 297 .6 8 6 2 5 4 .5 5
78 .0 31 7 6 0 4 .4 7

[Co(Hmpk)dNCS).,l 300 .0 8 6 3 5 4 .57
78.0 31 9 0 0 4 .4 8

f Co(Hmpkb(N CSebl 296 .4 9 0 0 6 4 .6 4
78.0 32  4 7 5 4 .5 2

[Co(Hmpk)..(OAc)2] 299 .2 8 4 7 0 4 .5 2
78 .0 31 7 6 0 4 .4 7

[Co(Hmpk)2(SOj)] 297 .4 8 5 9 0 4 .5 4
78 .0 32  0 4 5 4 .4 9

5»

s u p p o r t  for th e  presence  o f  a  dim er in  these  c o b a lt( I I )  halo com plexes is v isib le  
in  jUgjf/Co a t  low te m p e ra tu re , in d ica ting  a w e a k  an tife rro m ag n etic  in te ra c tio n . 
T h e  su scep tib ility  d a ta  fo r  these  c o b a lt(II)  ha lo  com plexes were f i t te d  to  th e  
B a l l —B lake [14] e q u a tio n  for iso trop ic  ex ch an g e  in  a co b a lt(II)  d im er

Xm
2 N ß 2g 2 Г e~10X +  5e~6X +  14

кт  [ e_12X + 3 e_10X + 5 e_6X + 7

w h e re  X  =  J /k T .
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T his is an  a d m itte d ly  sim ple m odel w here in  th e  te m p e ra tu re  dependence 
•of th e  m agnetic  su sc e p tib ility  for a c o b a lt( I I )  d im er is assum ed  to  be due to  
e n tire ly  to  exchange in te ra c tio n  w ith  an  assum ed  iso trop ic  g, an d  in te rm o lecu la r  
ex ch an g e  in te rac tio n s  a c c o u n te d  for b y  a W e i s s  c o n s ta n t. F i t t in g  o f  m agnetic  
d a ta  to  th e  above m odel, w h ich  uses th e  sp in -on ly  eq u a tio n s , y ie ld s  J  =  —ca. 
3.00 c m -1 (Cl); —ca. 2 .50 (B r) and  —ca. 2.00 (I) and  g  =  ca. 2 .18 a n d  & =  ca. 
— 1.3°. I t  is d ifficu lt to  o b ta in  an  accu ra te  va lue  of J  for such a n tife rro m ag n e tic  
in te ra c tio n , how ever, i t  is c lear th a t  in  th ese  d im eric  halo  com plexes, the  
exchange coupling is s lig h tly  a n tife rro m ag n etic .

In  c o n tra s t, c o b a lt ( I I )  com plexes o f th e  ty p es  [C o(H L )2(X )2] (where 
H L  H p p k  or H m p k  an d  X  =  NCS, NCSe, OAc o r 1 /2 S 0 4) and 
[C o(H L )2(N 0 3)] (N 0 3) (w here H L  =  H p p k  or H m pk) e x h ib it g,eff va lu es  a t 
room  te m p e ra tu re  in  th e  4 .7 0 —4.85 p B ran g e . T hese are  h ig h er t h a n  th e  spin- 
-o n ly  v alue  of 3.87 p B e x p e c te d  for th ree  u n p a ire d  e lectrons b u t  lo w er th a n  the 
va lu e  o f 5.0 p B w hich  is u su a lly  observed  fo r reg u la r o c ta h e d ra l co b a lt(II)  
com plexes. The m ech an ism  w hich  b es t acco u n ts  for th e  low  v a lu e s  o f peff 
involves a p a r tia l q u en ch in g  o f th e  o rb ita l an g u la r m om ent b y  a lo w -sy m m etry  
ligand  fie ld  com ponen t. A s th e  te m p e ra tu re  is low ered to  78 K , th e  {ieff values 
decrease to  ca. 96%  o f th e ir  room  te m p e ra tu re  va lu e  as o b se rv ed  fo r o ther 
d is to r te d  m onom eric o c ta h e d ra l co b a lt(II)  com plexes.

Reflectance Spectra

T he diffuse re fle c tan c e  sp ec tra  o f free ligands H p p k  an d  H m p k  and 
th e ir  c o b a lt(II)  com plexes h av e  been m easu red  a t  room  te m p e ra tu re  an d  are 
d e ta iled  in  T able I I I .  T h e  u ltra v io le t sp e c tra  of free ligands e x h ib it  th ree  
in ten se  tra n s itio n  b an d s  a t  ca. 34,500, ca. 37,900 an d  ca. 41 ,500 c m -1 w hich 
a re  assigned [15] to  n  —► n*  tra n s itio n s . T he position  of th e  b a n d s  an d  the  
assig n m en t follow th o se  fo r 1 ,10 -p h en an th ro lin e , confirm ing  [15] th e  cis- form  
o f H p p k  and  H m pk in  th e  solid s ta te . T he sp e c tra  o f all c o b a lt( I I )  com plexes 
in  th e  u ltra v io le t reg ion  show  th ree  b an d s  in  th e  30,770—32,800; 35,715— 
—39,840 an d  40,160 — 41, 645 c m -1 region. T hese sp ec tra l b an d s  a lm o s t lie a t 
th e  sam e region as in  th e  cis-form  of th e  ligands, suggesting  t h a t  in  all the  
com plexes th e  ligands h a v e  a c is-con figu ra tion  in  th e  solid s ta te . T h e  sp littin g  
o f th e  f irs t  b an d  o f th e  o rd e r o f ca. 1000 c m -1 suggest th a t  i t  is v ib ra tio n a l 
in  origin.

In  th e  visible reg io n , th e  ab so rp tio n  b an d s  observed  in  th e  7 ,690 — 8,095 
an d  7,930 — 8,900 c m -1 ran g e  can  be assigned to  4A 2 —*- 4A 15 4B 1 a n d  4A 2 —*• 4B„ 
tra n s itio n s , b o th  of w h ich  arise  from  th e  sp littin g  of th e  v1 b an d  (Oh sy m m etry ) 
w hen  th e  sy m m etry  is low ered  to  C2v. T he  m edium  in te n s ity  b a n d  in  the  
15,625 16,537 c m 1 ra n g e  can  be assigned to  a  4A 2 —► 4A 2 t r a n s i t io n  w hich
arises from  th e  v2 b an d  (Oh sy m m etry ) in C2v. T he  b an d  sy stem  a t  ca. 20,000
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Table 1П

Reflectance spectral data and ligand fie ld  parameters for cobalt(II) complexes 
(All value except ß  are in cm -1 units: B„ =  971 cm -1)

A ssignm ent/
P a ra m e te r

[С о (Н р р к ),(Х )г]
[C o(IIppk)3( N 0 3)](N 0 s)

[С о (Н р р к ),(Х ),]

Х =  Cl Х =  B r Х =  I X  =  NCS X  =  NCSe X  =  ОАс X  =  1/2SO,

*A° -  ‘A ,, i B I 7 690 7 745 7 738 8 090

4B2 7 930 7 970 7 978 8 250 8 270 8 200 7 915 7 940

-  4A „  4A2 15 625 15 680 15 665 16 340 16 395 16 400 15 610 15 625

-  4B „ 4B2 18 520 18 580 18 550 18 995 19 050 19 060 18 510 18 535

-  % 20 835 20 900 20 860 21 860 22 124 22 135 20 830 20 850

Spin-forbidden 14 285 14 200 14 150 15 000 15 150 15 140 14 280 14 280

4T ,(F ) —  2T ,(2G)
D q 770 770 770 800 810 820 770 770

В 785 780 775 840 865 865 784 788

ß 0.80 0.80 0.79 0.86 0.88 0.88 0.80 0.81

4A l  -  4В2 8 070 8098 8 095

- *  4Во 8 350 8 400 8 400 8 710 8 725 8 650 8 340 8 360

-  4В 2, 4Л 2 16 500 16 560 16 537 17 240 17 292 17 300 16 440 16 468

— *BV 4в 2 18 660 18 725 18 700 19150 19 200 19 218 18 650 18 660

-  *Аг 22 300 22 368 22 328 22 330 23 610 23 625 22 280 22 300

Spin-forbidden 14 350 14 360 14 350 14 670 14 990 15 010 14 280 14 360

*ТХ — 2T X(2G)
Dq 815 816 814 853 857 865 810 811

В 815 814 810 844 858 877 810 810

ß 0.84 0.84 0.83 0.87 0.88 0.90 0.83 0.83
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c m -1  can  be assigned  to  4A 2 —► 4A 2, 4B 1, 4B 2 tran s itio n s , w hich  a rise  from  th e  
v3 h a n d  (0 h sy m m etry ). The w eak b a n d  a t  ca. 14,000 c m -1 can  b e  assigned  to  
sp in -fo rb id d en  tra n s itio n .

T he rem ain in g  co b a lt(II)  com plexes also ex h ib it sp ec tra  ty p ic a l  o f cis- 
-o c ta h e d ra l com plexes excep t th a t  th e  s p lit t in g  o f th e  b an d  sy s te m  is m uch 
less th a n  th a t  o f halo  com plexes. T h is  m a y  be due to  the  a d ja c e n t p o s itio n  of 
N a n d  О in  th e  spectrochem ical series w h ich  reduces th e  a sy m m e try  o f  th e  
lig an d  field .

T he v a rio u s  c ry s ta l field  p a ra m e te rs  fo r  th e  p resen t c o b a lt( I I )  com plexes 
are  ca lcu la ted  from  these  sp ec tra l t r a n s i t io n  bands w ith  th e  exp ressio n s of 
K ö n ig  [16] a n d  are  g iven in  T ab le  I I I .

*
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Homogeneous solid solutions of calcium, stron tium  and magnesium hydroxyl- 
apatite  have been prepared over the entire compositional range by the  method of 
co-precipitation in  aqueous media. Frequencies (cm “ 1) and assignments for the infrared 
absorption and th e  lattice constants of the solid solutions have been measured and 
found to vary  linearly  w ith composition.

In tro d u c tio n

Calcium  h y d ro x y la p a tite  (C aH A ). Ca10(PO 4)ß(O H )2/ th e  p rin c ip a l in o rg an 
ic c o n stitu en t o f h u m a n  bones an d  te e th  [1, 2] belongs to  an  isom orphous 
series o f com pounds know n as a p a tite s . C alcium  h y d ro x y la p a tite  (CaHA) 
also ex ists  in n a tu re  as th e  m ineral h y d ro x y la p a tite , w hich  is s im ilar if  n o t 
id e n tic a l to  th a t  in  b one  m ateria l, i t  can be p rep a red  from  aqueous m edia 
[3 ,4]. T he ionic rad ii [5] o f calcium  (0.99 Á), s tro n tiu m  (1.13 Á) and m agnesium  
(0.65 Á) are close en o u g h  to  enable  th e  fo rm a tio n  o f solid so lu tions betw een  
isom orphous su b stan ces  con ta in in g  th ese  ions. A p a tite  undergoes a  series of 
ca tio n ic  and an ionic  rep lacem en t reac tio n s [6]. T he Ca2+ —<■ S r2+ and /o r 
M g2+ rep lacem en t reac tio n s  in C aH A  are o f ex tre m e  biological significance 
an d  in  view  of its  a c tio n  on calcified tissue is in te re s tin g . T h ey  fo rm  th e  basis 
o f in co rp o ra tio n  o f  S r2+ and  M g2+ in to  h u m an  ske le ta l sy stem  accord ing  to  
th e  follow ing e q u a tio n :

C a10(PO 4y O l H ,  +  n S r2+ +  m M g2+ — 

C a10_ (n+m)Sr„Mgm(PO 4)e(O H )2 +  (n  +  m )C a2 +

Solid solu tions of ca lc iu m , s tro n tiu m  and  m agnesium  h y d ro x y la p a tite s  w ere 
p re p a re d  separa te ly  e a rlie r  [7] by f i lin g  m ix tu res  c o n ta in in g  various propor-
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tio n s  o f  ca lc ium , s tro n tiu m  a n d  m agnesium  h y d ro x y la p a tite  a t  ab o u t 1300 °C. 
T h ese  sam p le s  p repared  b y  th e  so lid  s ta te  reac tio n  w ere, how ever, found  to  
be d isc o n tin u o u s  and  non-ho m o g en eo u s.

N o w  an  a tte m p t has b e e n  m ad e  a t a new m eth o d  o f p re p a ra tio n  o f th e  
h o m o g en eo u s  solid so lu tions o f  m ix ed  (Ca -f- Sr -4- Mg) h y d ro x y la p a tite  over 
th e  e n t i r e  com positional ra n g e  b y  th e  m ethod  o f c o -p rec ip ita tio n  [8 —10].

E xperim en ta l

M aterials

A ll chemicals used for the p repara tion  of these samples were either A R  (B D H ) or 
E . M E R C K  EXTRA  Pure grade. W ate r used in the preparation and in washing was boiled 
to  rem ove C 02 and then used im m ediately.

Preparation

Stoichiom etric quantities o f am m onium  dihydrogen phosphate (Solution A) and a 
so lu tion  containing Ca2+, S r2+ and  M g2 + ions in the proportion desired for the solid solutions 
(S o lu tion  B) were prepared separa te ly  in carbondioxide free doubly distilled w ater. The pH  
of these  solutions were m aintained above 11 by the addition of excess of liquor ammonia. 

T hen  a p a r t  of the solution В was tran sfe rred  into a flask (2 dm 3) fitted  w ith  two separating 
funnels a n d  a delivery tube. Solution A and Solution В were poured  individually  into the 
sep a ra tin g  funnels and added dropw ise to the flask sim ultaneously. P recip itation  was carried 
o u t in  carbondioxide-free atm osphere and  the precipitation m edium  was well stirred  by bub
bling  C 0 2 free air to prevent the fo rm ation  of carbonato-apatites.

T he  precipitate and m other liquor were aged by boiling under reflux for 30 m in to 
im prove th e  homogeneity and cry s ta llin ity  of the precipitate and m aintenance of th e  desired 
p H  d u rin g  precipitation was ensured by  testing the filtra te  after separation of th e  precip itate, 
since a n y  alteration of pH  of th e  m edium  during precipitation leads to  the form ation of cal
cium  deficien t apatites [11]. The prec ip ita te  was washed thoroughly w ith  doubly distilled 
w a te r to  free it from am m onium  sa lts. Samples dried a t 100 °C for few hours were analyzed 
co lo rim etrica lly  [12] and their m olar volumes were determ ined by  density m ethod using 
^o luene [13] as a solvent.

In fra red  absorption techniques

Sam ples used for infrared studies were washed w ith acetone and air dried. All the 
b an d s w ere recorded on a G rating  In fra red  Spectrophotom eter Model 577 (Perkin—Elm er) in 
K B r m edium . A few milligrams o f the  sam ple was ground w ith two drops of N ujol in an agate 
m o rta r. A bout 50 mg of a fine polyethy lene powder (VESTOLENA 6016 Chem. W eka Huels, 
G erm any) was added. The resulting  paste  was melted rapidly a t about 140° and pressed between 
glass p la tes  to a slightly w edge-shaped film  of an average thickness of 0.1 mm.

X -R a y  diffraction techniques

Samples dried a t 110° for few hours were used for X -ray  diffraction. The X -ray  diffrac
tio n  p a tte rn s  of the samples were ob ta ined  w ith Siemens Powder diffractom eter w ith  NaCl(Tl) 
co u n te r employing CuK^ (Nickel filtered) radiation w ith a scanning speed of 1 degree (2 0 )  
p e r m in  (using tube voltage of 30 kV and 24 mA, respectively).

Lattice p  constant measurements

CaHA, SrHA and MgHA are hexagonal w ith two lattice constants a 0 and c0. These 
w ere determ ined [14, 15] for all th e  samples by measuring the diffraction angle 2 0  of the 
th re e  planes: (312), (213) and (321). E ach sample was thoroughly m ixed w ith  25% NaCl 
(recrystallized  from HC1) which served as a standard. So th a t  the observed values of sin 0  for 
th e  solid  solution lines could he corrected directly for absorption and instrum en tal errors.
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T ab le  Í

Chemical analyses o f calcium, strontium and magnesium hydroxylapatites and their solid solutions

Sam 
ple
No.

W t О//о
Molecular Formula

Mol.
Vol

G. atom 
ratio

C a-f Sr-fM g

Lattice
param eter

(A.)

Unit
cell

volume

Гз ,
2

Frequency (cm -■)

poj- P O J -
Vi

011-
V»Ca Sr Mg P P a e

l 39.88 — — 18.51 Ca10(PO4)6(OH)2 338.32 1.665 9.37 6.86 523.12 570 sh 1075 br 3450 sh
2 31.03 8.06 2.47 17.99 Ca8S r ,95Mg l 05(PO4),;(OH)2 337.72 1.656 9.41 6.90 529.13 565 sh 1065 br 3445 sh
3 28.01 7.76 4.79 18.31 Ca7#1Sr0i90Mg2 0(PO 4)fi(OH)2 337.57 1.655
4 26.18 14.72 2.72 17.36 Ca7.0Srj 8Mg, 2(P 0 4)e(0H )2 334.83 1.655
5 23.40 15.27 4.45 17.51 Ca6 oSrj wMgi 95(P 0 4)6(0H ):, 333.98 1.666 9.46 6.98 540.96 555 sh 1055 br 3415 sh
6 18.45 17.38 6.66 17.56 Ca5Br2 ,Mg2 9(POj)e(OH)2 336.18 1.646
7 18 22.29 4.62 16.84 Ca5.ISr2.8Mg2.1(P 0 1)6(0 H )2 336.84 1.656
8 14.57 22.58 7.27 17.12 Ca3.95Sro.8Mg3 25(P 0 4)6(0 H )2 338.54 1.644 9.58 7.04 559.54 552 sh 1050 br 3400 sh
9 11.22 22.89 9.53 17.36 Ca3.0Sr28Mg4.2(PO1)6(OH)2 339.16 1.656

10 10.73 29.62 6.62 16.33 Ca3.05Sr3 gjMgj j(P 0 4)6(0 H )2 333.14 1.654
11 7.18 29.44 9.26 16.66 Ca2Sr3.-5Mg4.2i(P 0 4)c(0 H )2 336.18 1.666 9.60 7.10 566.67 548 sh 1048 br 3855 sh
12 3.75 31.98 10.5 16.56 Ca1.u6Sr4.1Mg4.25(P 0 4)c(0 H )2 334.32 1.665
13 3.40 37.15 8.25 15.77 Ca4Sr5Mg4(P 0 4)6(0 H )2 331.12 1.666
14 36.26 11.12 16.20 Sr4.T5Mg5,25(P 0 4)„(0H)2 329.88 1.666 9.68 7.24 587.52 540 sh 1035 br 3300 sh
15 59.20 - 12.57 Sr i o(P 0 4)6(OH)2 364.61 1.665 9.74 7.26 596.57 530 sh 1030 br 3325 sh
16 — 28.71 21.95 Mg10(PO4)6(OH)2 350.08 1.665 8.72 6.42 422.77 530 sh 1025 br 3275 sh

b r =  broad, sh =  sharp
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The la ttic e  constant of NaCl a t  26° w as taken to be 5.6403 Á [16]. A least squares calculation 
on th e  corrected values of sin & fo r th e  three reflections th en  gave the two param eters, a0 
and  c0, fo r each sample. The d iffrac tion  lines were quite sharp  and  the diffraction angle read  
by  coun ting  over the top of th e  p eak  w ith the scaling u n it  and  estim ating the position of 
m ax im um  intensity from a p lo t o f in tensity  against 2 Ö. The average probable error in  u n it 
cell param eters is less than  ± 0 .0 0 5  Á.

R e su lts  and D iscussion

T h e  resu lts of ch em ica l analysis of th e  sam p les  w ere given in  T ah ié  I. 
B a se d  on  th e  fact th a t  o n e  m ole of each sam p le  h as  a to ta l  10 g -a to m s o f 
c a lc iu m  and /o r s tro n tiu m  a n d /o r  m agnesium  th e  m olecu lar form ulas o f th e  
sa m p le s  w ere ca lcu la ted  f ro m  th e  results o f th e  co lum ns 2 —4 an d  in c lu d ed  
in  c o lu m n  6 of T able I .  T h e  g-a tom  ra tio  (Ca -f- S r -j~ M g)/P in  one m ole o f  
e a c h  sam ple  was c a lc u la te d  from  the resu lts  o f  co lum ns 2 — 5 and  g iven  in  
c o lu m n  8 of the  ta b le . T h e  fa c t th a t th e  o b se rv ed  value of m olar g -a to m  
r a t io s  o f Ca/P, S r/P , M g/P  fo r  th e  end m em bers a n d  (Ca -f- Sr -f- M g)/P w ere 
fo u n d  to  be equal to  1.65 ( th e o re tic a l 1.67) is c o n s is te n t w ith  th e  fo rm a tio n  o f 
h o m ogeneous solid so lu tio n  [13]. This was fu r th e r  su p p o rted  by  th e  closeness 
o f  th e  values of m olar v o lu m e s  o f th e  end m em bers a n d  those  of the  in te rm e d ia te  
sa m p le s  w hich lie w ith in  th e  ran g e  of end m em b ers .

T h e  fo rm ation  o f  so lid  solu tions can he f u r th e r  confirm ed b y  th e  X -ra y  
d if f ra c tio n  analysis. I t  is w ell established th a t  all th e  m em bers of th e  a p a ti te  
se rie s  belong to  th e  h ex ag o n a l-d ip y ram id a l c lass — 6/m (space g roup  P 6 3̂m) 
[17, 18] la ttice  p a ra m e te rs  show ed un it cell d i la tio n  and co n trac tio n  conse
q u e n t  upon  the  in tro d u c tio n  o f  larger ion Sr2+ (1.13 Á) and  sm aller ion  M g2 + 
(0 .65 Á) respectively , in  p la c e  of Ca2+ (0.99 Á) ion  in  th e  a p a tite  la ttic e . Such 
d ila t io n  and  c o n tra c tio n  w ith  th e  p ropo rtio n  o f  C a—S r—M gHA w as e v id e n t 
t h a t  th e  u n it cell v o lu m e  o f  th e  samples c a lc u la te d  on  the  basis of th e  e x p e ri
m e n ta l ly  determ ined  la t t ic e  co n stan t increased  w ith  th e  p ro p o rtio n  o f s tro n 
t iu m  co n ten t and d e c rea sed  -with the  p ro p o r tio n  o f m agnesium  c o n te n t in  
C a — S r—MgHA.

T he la ttice  c o n s ta n ts  a re  p lo tted  in  F ig . 1 ag a in s t a tom  %  s tro n tiu m  
a n d  m agnesium  are  seen  to  lie on a s tra ig h t lin e  jo in in g  th e  tw o end  m em bers 
to  w ith in  the  p robab le  e r ro rs  o f the  la ttice  c o n s ta n ts . T his, of course is th e  rea l 
ev id en ce  for solid so lu tio n  in  th is  series and c lea rly  show s th a t  these p re p a ra tio n s  
a re  n o t  m ix tures of tw o  co m p o n en ts  or one c o m p o n e n t w ith  absorbed  m a te ria l.

The CaHA an d  i ts  so lid  solutions w ith  s tro n tiu m  and  m agnesium  h av e  
h ex a g o n a l c rysta lline  s t ru c tu re  and are in te re s t in g  exam ples of solid s ta te  of 
f a ir ly  simple m olecules o f  te tra h e d ra l sy m m e try  w here  bands becom e allow ed 
d u e  to  re laxa tion  o f th e  m olecu lar sy m m etry  [19] selection ru les due  to  th e  
in flu en ce  of site s y m m e try . The ideal sy m m e try  o f tr ibasic  p h o sp h a te  ion 
in  th e  free or u n d is to r te d  s ta te  is te tra h e d ra l — a  m em ber of T d p o in t g roup .
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Atom 7o Stront ium and magnes ium

Fig. 1. L attice  constants of solid solutions vs. a tom  % strontium  and m agnesium

I n  th is  ideal sy m m e try  cond ition  o n ly  a few  a b so rp tio n  bands co rresp o n d in g  
to  r4 (570 cm -1 ) an d  v3 (1075 c m -1 ) o f P 0 4~ and  iq (630 c m -1 ) a n d  v3 (3450 
c m -1 ) of O H -  w ere  clearly  o b serv ed . F ro m  th e  sp ec tra  of th e  sam p les  i t  
cou ld  be seen th a t  th e  v3 and  vt frequenc ies co rrespond ing  to  P 0 4_ io n  an d  
v1 a n d  v3 co rrespond ing  to  O H “ io n  are  sh ifted  to  low er frequencies a n d  th e  
sh ap e  of th e  peak s w as affected b y  th e  in tro d u c tio n  of s tro n tiu m  an d  m ag n e 
sium  ion in to  th e  sam ples. The sh ift o f th e  v3 a n d  r4 of P 0 4 v ib ra tio n s  to  low er 
frequencies m ay  be due to  th e  effect o f b in d in g  energy  and  atom ic  m ass. T he 
low ering  of freq u en cy  o f v3 of O H -  in d ic a te s  th e  presence of h y d ro x y l g ro u p  in  
th e  a p a tite  [20]. T his h y d ro x y l g roup  in  h y d ro x y la p a tite  lies in  th e  in te rn u c le a r  
ax is  co inciden t w ith  six  fold screw  ax is. In  B a r n e s  expression [21]

1
v = -------

‘Inc

w hich  gives a re la tio n sh ip  betw een  freq u en cy , a to m ic  m ass and  force c o n s ta n t . 
T h e  v ib ra tio n a l frequenc ies are d e p e n d e n t on th e  reduced  m ass /л o f  th e  
p a r tic ip a tin g  a to m s a n d  resto ring  forces К  b e tw een  a tom s, all o th e r  te rm s  
re m a in in g  c o n s tan t. W h en  th e  eq u ilib riu m  d is tan ce  betw een  th e  p o sitiv e  an d  
th e  n eg a tiv e  atom s o f th e  m olecule is decreased  К  generally  increases in  th e  
above  eq u a tio n . T h is  equ ilib rium  d is ta n c e  dep en d s on th e  ionic ra d ii o f  th e  
p a r tic ip a tin g  a tom s in  th e  m olecule. S u b s titu tio n  of C a2 + w ith  a  nu c leu s 
like S r2 + and /o r M g2+ gives rise to  s tro n g e r  co -o rd in a tio n  of th e  P 0 4 g ro u p  
th ro u g h  oxygen. T h is in  tu rn  w eakens th e  P —0  b o n d , low ering К  ( in c reasin g  
P —О b o n d  leng th ) a n d  th e  frequency  is low ered. T h e  P 0 4— bond ing  is n o rm a lly  
a ro u n d  520 c m -1 an d  b en d in g  m odes do n o t sh if t v e ry  m uch un d er th e se  co n 
d itio n s . B u t here th e  su b s titu tio n  is m ore com plex , p resu m ab ly  b ecau se  o f
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th e  sp li t t in g  of th e  t r ip ly  d egenera te  m ode a t  600 c m -1 an d  th u s  th e re  is an  
in c rease  in  th e  freq u en cy  fro m  520 c m -1  to  570 c m -1 . T h is th e o re tic a l e x p la 
n a tio n  agrees well w ith  th e  ex p erim en ta l d a ta .

*
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H ydrogen atom  abstraction by  e thy l radicals from various positions of propion- 
aldehyde was studied in the tem pera tu re  range of 538 596 K. The ethy l radicals
were produced by  thermal decomposition of azoethane. W ith the ra te  constan t of 
1010 (dm 3 m o l 1 s -1) accepted for e thy l rad ical recombination, the expressions

log A-,,3 =  (7.7 ±  0.1) (26.3 ±  0.8)/2.303 ■ R T ,

log k.,, =  (8.1 ±  0.3) (53.3 ±  3.1)/2.303 • R T  and

log к.,5 - (8.0 i  0.1) = (34.8 i  1.2)/2.303 • R T  for the reactions

(23) C,H5 +  C,H5CHO -  C,H,. +  C..H5CO

(24) C2HS +  C2H5CHO -  C,H0 +  CH2 -C H 2 CHO

(25) C2H5 +  C,H5CHO — C2H 6 +  CH3 CH -  CHO 

were obtained  (dm 3, s, k J , mol units).
Based on the experimental results an d  literature  data, a m echanism  has been 

proposed to  account for the initial stage of reaction. The set of differential equations 
of the m echanism  was numerically in teg ra ted  and  the product-tim e functions obtained 
were com pared w ith the measured data.

Introduction

A ccord ing  to  th e  experim en ta l re su lts  o f our previous s tu d ie s  on th e  
th e rm a l deco m p o sitio n  o f p ro p iona ldehyde  [1] i t  is probable th a t  in  th e  re a c 
tio n  betw een  e th y l rad ica ls  and p ro p io n a ld eh y d e  th e  a b s tra c tio n  o f  fo rm y l 
h y d rogen  a to m  d o m in a tes , hydrogen  a b s tra c t io n  from  th e  m eth y l a n d  m e th y l
ene groups, how ever, also takes p lace. A lth o u g h  i t  is very  im p o r ta n t to  know  
th e  presence, c o n tr ib u tio n  and ra te  coeffic ien ts  o f th e  la tte r  tw o re a c tio n s  for 
th e  fu r th e r  e lu c id a tio n  of the  k inetics o f decom position , th is  ta sk  cou ld  n o t be 
solved u n d e r th e  con d itio n s of th e  p u re  decom p o sitio n  of a ldehyde.

* Also subm itted  to M agyar Kémiai Folyóirat 
** To whom correspondence should be addressed
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T w o, s lig h tly  d iffe ren t r a te  coefficients c h a ra c te r iz in g  th e  a b s tra c tio n  
of th e  fo rm y l h y d ro g en  a to m  of p ro p io n a ld eh y d e  can  b e  found  in  th e  l i te ra tu re  
[2, 3], h u t  th e  p ro b lem  of th e  a b s tra c tio n  o f h y d ro g e n s  in  a  and  ß  positions 
has n o t  b een  s tu d ie d  so fa r. I t  is tru e  in  general t h a t  th e  a b s trac tio n  reac tio n s  
of one ra d ic a l w ith  h y d rogens in  d ifferen t po sitio n s h a v e  been  in v estig a ted  on  
a re la tiv e ly  few  com pounds on ly .

T h is  w o rk  deals w ith  th e  decom position  o f p ro p io n a ld eh y d e  in it ia te d  b y  
th e  th e rm a l d ecom position  o f azo e th an e . O ur p r im a ry  concern  is th e  in v e s tig a 
tio n  o f th e  p ossib ilities  o f th e  th re e  conceivable h y d ro g e n  a b s trac tio n  reac tio n s  
an d  th e  d e te rm in a tio n  of th e  co rrespond ing  ra te  coeffic ien ts . On th e  basis  o f  
th e  d a ta  o b ta in e d  a co m p u te r  s im u la tio n  of th e  possib le  m echanism  o f in i t ia te d  
decom p o sitio n  w as also perfo rm ed .

Experimental

The m easurem ents were carried out in a simple h igh vacuum  system. The reac tion  
vessel, 400 cm3 in volum e and m ade of supremax glass, w as therm ostated  to an accuracy 
of J^O.5 К  in a brass-lined oven. In  th e  apparatus teflon valves were applied in order to avoid 
the dissolution of substances in tap  lubricant.

The reaction was m onitored b y  gas chrom atographic analysis. The various substances 
were determ ined on the following columns and under the following experimental conditions:

N itrogen, carbon monoxide: molecular sieve colum n 5A, 1.2 m  in length and 4 m m  in 
in ternal diam eter; flow ra te  of hydrogen 30 cm3/m in , tem p era tu re  of therm ostat 333 K.

A zoethane: 2 m  column, 4 m m  in internal d iam eter, filled w ith 20% ethyleneglycol- 
bis(propionitrile) dim ethyl ether on Chromosorb W support; flow  ra te  of hydrogen 35 cm 3/m in, 
tem pera tu re  of therm osta t 333 K.

Cj — C4 hydrocarbons: 3.6 m  column, 3 mm in in te rn a l diam eter, filled w ith Spherosil 
XOB 075; flow ra te  of nitrogen 30 cm3/min, tem perature  of therm osta t 323 K.

In  th e  la tte r  case flam e ionization, in the form er tw o cases therm al conductivity detec tor 
was applied.

Propionaldehyde was a p roduct of BDH, distilled on a column with high num ber of 
theoretical p lates and then  purified by  low tem perature  d istillation. Azoethane was prepared  
by  th e  m ethod  of R e n a u d  and L e i t c h  [4] and purified w ith  a Carlo Erba Fractovap 2400 V 
p repara tive  gas chrom atograph. The gas chrom atographically  pure substance was s to red  in  
a dark  vessel.

M easurements and D iscussion

T he m easu rem en ts  w ere carried  o u t in  th e  te m p e ra tu re  range o f  538 — 
—596 K , a t  an  in it ia l  p ressu re  of 13.33 k P a . T h e  p a r t ia l  pressure of a z o e th a n e  
w as e ith e r  0.67 or 1.33 k P a , and  th a t  of p ro p io n a ld eh y d e  12.67 or 12.00 k P a  
re sp ec tiv e ly . In  th e  in itia l s tage  of th e rm a l d ecom position  n itrogen , c a rb o n  
m o n o x id e , e th a n e , e th y len e  an d  b u tan e  an d  in  som e cases very  sm all a m o u n ts  
o f  m e th a n e , p ro p an e  an d  h y d ro g en  w ere d e te rm in e d . The fo rm a tio n  o f  th e  
p ro d u c ts  w as genera lly  follow ed up to  h ig h  conversions; th e  in it ia l  r a te s  
d e te rm in ed  from  th e  p ro d u c t curves are  g iven  in  T ables I  and  I I .

O n th e  basis o f p rev ious experience [1, 5] an d  the  resu lts  o f p re se n t 
m easu rem en ts , th e  m echan ism  show n in  T ab le  I I I  is suggested fo r th e  in it ia l
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T a b l e  I

The initial rates o f product formation 
P 0 =  1.33 kP a azoethane -f- 12.00 kPa propionaldehyde

P ro d u c ts
10« • R 0 (k P a  • s - 1)

538 К 558 К 573 К 576 К 593 К 598 К

n 2 1.03 5.72 18.33 21.33 73.62 105.32
CO 7.23 27.20 64.39 66.66 186.65 229.31
C2Hß 9.55 36.80 89.06 92.12 257.31 321.30
C2H4 0.06 0.31 1.05 1.31 4.81 5.60
C*H10 0.08 0.80 3.67 3.80 20.66 29.33
CH4 0.04 0.20 0.52 — 1.73 —

C3H8 — — 0.15 — 0.69 —

Table П

The initial rates o f product formation 
P 0 — 0.67 kP a azoethane -j- 12.67 kPa propionaldehyde

10< • R 0 (k P a  • a - 1)
P ro d u c ts  -----------------------------

538 К 558 К 573 К 593 К

n 2 0.48 2.85 9.08 36.44
со 3.81 17.73 41.86 118.65
С2Н6 5.11 23.20 55.73 161.32
С2Н4 0.03 0.17 0.53 2.25
С4Н 10 0.02 0.31 1.24 7.56
с н 4 0.02 0.08 0.25 0.92
С3Н8 — — 0.04 0.27

stag e  of th e  th e rm a l d ecom position  of p ro p io n a ld eh y d e  in i t ia te d  b y  azoethane. 
T he f irs t 22 steps o f th e  m ech an ism  describe th e  com plete  d eco m p o sitio n  of 
azo e th an e , w hich was d iscussed  in  a p rev ious p ap e r [5]. A cco rd in g  to  the  
suggested  m echanism , th e  e th y l rad ica l m ay  a b s tra c t th re e  h y d ro g e n  atom s, 
b o nded  in  d iffe ren t places from  th e  a ldehyde  m olecule. O f th e  th re e  hyd rogen  
a to m s, th e  bo n d  of th e  fo rm yl h y d ro g en  is th e  w eakest, ca. 360 k j /m o l  [6], 
an d  th u s  th e  ap p ro p ria ten ess  o f  reac tio n  (23) needs n o t be p a r t ic u la r ly  ju s t i 
fied . Should  only  th e  a b s tra c tio n  reac tio n  (23) ta k e  p lace, th e  e th y l  an d  pro- 
p iony l rad ica ls w ould ca rry  th e  cha in , an d  in  th e  b reak -d o w n  re a c tio n  only 
th e  e th y l rad ica l w ould  d o m in a te . A conseuqence of th is  m ech an ism  w ould 
be th a t  th e  fo rm atio n  ra te s  o f b u ta n e  arising  from  th e  re c o m b in a tio n  of the  
e th y l rad ica l (w ith  co rrection  k 2 : k 3) an d  o f n itro g en  arising  fro m  in itia tio n  
w ould  be th e  sam e. H ow ever, i t  c an  he seen from  T ables I  an d  I I  t h a t  th e
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Table III

M echanism  and Arrhenius parameters

E lem en tary  rea c tio n s
lo g  10-4

s _1, d m 3 • m o l-1 • s _1
E

k J  m o l-1 R eferences

( i ) AE N2 +  2 C2H 6 15.8 205.1 [9]

(2) 2 C2H5 — C2H 0 +  C2H 4 9.1 0.0 (a)

(3) 2 C„H5 — C4H 10 10.0 0.0 [8]
(4) C2H6 +  AE — C2H (i + 8.3 52.3 (b)

(5) C2HS +  AE — C2H c + 8.1 33.5 (b)

(6) CH3 +  AE - CH4 +  f l . 8.4 33.5 (b)

(7) Hi — C2H4 +  N2 +  C2H5 14.0 117.2 (b)

(8) H i — CH3C H = N  -  N =  CH2 +

+  CH3 13.2 136.0 (b)

(9) Hi — C2H4N2 +  C2H 5 13.0 150.6 (b)
(10) c 2H5 +  f t . — 2"C4H 9N2C2H e 9.9 0.0 (b)

(11) C 2H 5 2 4- CH3CH N - N = ( C 2H5)2 9.5 0.0 (b)
(12) 2-C4H9N2C2H5 — 2-C4H 9 +  N2 +  C2Hs 17.5 217.4 (b)
(13) 2-C,H9 - CH3 +  C3H c 14.2 141.8 [12]

(14) CH3 +  C2H5 — CH4 +  C2H , 8.9 0.0 [13]

(15) CH3 + C 2H5 — C3H 8 10.5 0.0 [13]

(16) CH3 +  CH3 — C2H c 10.4 0.0 [14]

(17) C2H 5 +  2-C4H9 — C2H„ +  C4H S 9.3 0.0 (c) [13]
(18) C»H5 +  2-C4H9 — C4H 10 +  C2H 4 9.1 0.0 (c) [13]

(19) C2H5 +  2-C4H9 — i-C6H 14 10.0 0.0 (c) [13]
(20) 2 2-C4H9 — C4H 10 +  C4H 8 9.3 0.0 (c) [13]
(21) 2 2-C4H9 — i-C8H iS 9.5 0.0 (c) [13]
(22) 2 - product 9.0 0.0 (b)
(23) C2H5 +  A — C2H 6 +  C H 3- C H 2-C O 7.7 26.0 see text
(24) C.H5 + A — C2H 6 +  CH2- C H , -C H O 8.1 53.6 see text
(25) C2H6 +  A — 0 , ^  +  CH3-C H -C H O 7.9 35.6 see text
(26) CH3 CH2-C O — C2H 5 +  CO 13.3 61.5 [И ]
(27) CH3- C H 2-C O — CH3 +  CH2CO 15.5 125.6 [7]
(28) CH2 CH2-C H O — C2H 4 +  CO +  H 14.0 117.2 (b)
(29) C2H 5 (or R) +  CH3-C H -C H O  —► product 9.8 0.0 (b)
(30) 2 CH3-C H -C H O — product 9.7 0.0 (b)
(31) CH3 +  A — CH4 +  CH3- C H 2CO 8.3 26.0 (b)
(32) H +  A — H 2 +  C H 3- C H 2-C O 8.4 20.9 (b)

AE =  C2H6N2C2H5; f t ,  =  CH2CH2N2C2H6; p2 =  CHäC H - -N — N -C jH ,; A =  C2H5CHO 
(a) accepted =  0.14; (b) on the basis of analogies and optimized; (c) assumed 

&(2 — C3H7) fc(2 —C2H9).
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fo rm a tio n  ra te  o f b u ta n e  is m uch low er th a n  th a t  of n itro g en . T h is  fa c t sup 
p o rts  th e  presence o f  reac tio n s (24) a n d  (25), because th e y  y ie ld  rad ica ls 
w hich  m ay  ta k e  p a r t  in  fu r th e r  b reak -d o w n  reactions in  a d d itio n  to  th e  ethy l 
rad ica l. Since, how ever, th e  bo n d  s tre n g th  o f hydrogen  a tom  is ca. 360 k j/m o l 
in  th e  re a c tio n  (23) an d  b y  a b o u t 33 — 38 k j/m o l g rea te r in  th e  re a c tio n s  (24),
(25) [6], i t  is clear th a t  th e ir  c o n tr ib u tio n  is m uch sm aller th a n  t h a t  o f  reac
tio n  (23).

F o r th e  d e te rm in a tio n  o f th e  r a te  coeffic ien t o f reac tio n  (23) th e  reac 
tio n s o f th e  p ro p io n y l rad ica l m u st be acco u n ted  for. This ra d ic a l decom poses 
v e ry  ra p id ly  in to  e th y l rad ica l and  c a rb o n  m onoxide. T herefo re , a b s tra c tio n  
re a c tio n  (23) can  be follow ed b y  m easu rin g  th e  am oun t o f c a rb o n  m onoxide. 
T h e  o th e r decom position  possib ility  o f  p ro p io n y l rad ica l, in to  k e te n e  and  
m e th y l rad ica l, is in sig n ifican t; th e  k26/fc27 r a tio  is 4.5 X Ю3 a t  573 К  [7].

H ow ever, ca rb o n  m onoxide arises n o t only from  th e  d eco m p o sitio n  of 
th e  p ro p iony l rad ica l; th e  cleavage o f th e  ra d ic a l form ed in  re a c tio n  (24) also 
p roduces carb o n  m onoxide (m ost c e r ta in ly  in  tw o steps) an d  an  e q u iv a len t 
a m o u n t o f e th y len e . O n th e  basis o f th e  m echanism  shown in  T ab le  I I I ,  the  
r a te  o f ca rb o n  m onoxide fo rm a tio n  can  be  g iven as

^ C O  =  -^20 +  -^ 28 =  -^ 23  +  -^ 24 +  -^ 31  +  -^ЗЗ'

Since R 31 an d  R 32 are neglig ib le in  co m p ariso n  w ith  th e  o th e r tw o  te rm s  (tw o 
o rd e rs  less m e th an e  is fo rm ed  th a n  c a rb o n  m onoxide, and  th e  a m o u n t of 
h y d ro g en  is even  less th a n  th a t  o f m e th a n e ),

* c o  =  fc23[C2H 5] [A] +  R CtHi -  k j k 3 • Я с<Нк -  k4[C2H 5] [ A E ] ,

w here  A is p ro p io n a ld eh y d e  and  A E is az o e th a n e .
In  th e  ra te  o f e th y len e  fo rm a tio n  th e  a m o u n t of e th y len e  o b ta in e d  in  

th e  decom position  o f azo e th an e  is neg lig ib le  owing to  its  sm all c o n tr ib u tio n  
(ex p la in ed  below ). E x p ressin g  th e  c o n c e n tra tio n  of e th y l rad ica ls  fro m  th e  
r a te  o f b u ta n e  fo rm atio n , R CHit =  k3[C2H 5] 2, one ob tains

7. Rco ~ Rc.H, +  ^ 2 / ^ 3  • Rc,H., WКoo   • ------- •
R hjk .  [A]

F o r  th e  r a te  coefficien t o f th e  reco m b in a tio n  o f  e th y l rad icals th e  v a lu es  o f 
logio k 3 =  log10 A 3 (dm 3 • m o l-1  • s -1 ) =  10.0 w as accepted  from  th e  l i te ra tu re  
d a ta  [8], an d  th u s  th e  lo g a rith m  of th e  r a te  coefficient o f th e  a b s tra c t io n  
re a c tio n  is, accord ing  to  o u r m easu rem en ts ,

logio к2з (dm 3 • m o l-1 • s -1 ) =  (7.7 0.1) — (26.3 ^  0.8) k J  т о 1 -1 /2 .3 Л Т
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Fig. 1. Arrhenius plot of ra te  constan t k.,3

(w ith  a co rre la tion  co effic ien t o f 0.9968). T he A rrh en iu s  p lo t o f к2л can  be seen 
in  F ig . 1.

H ydrogen  a b s tra c t io n  from  the  m eth y l g ro u p  o f th e  aldehyde m olecule 
y ie ld s  th e  rad ica l C H 2— C H 2—CHO, w hich p ro d u ces  ethy lene b y  deco m p o 
s itio n . T he presence o f re a c tio n s  (24) and (28) is su p p o rte d  by  th e  ex p e rim en ta l 
fa c t  t h a t  th e  e th y len e  : b u ta n e  ra tio  is h ig h er th a n  k2/k 3 (d isp ro p o rtio n a tio n  
o f e th y l rad ica l vs. i ts  reco m b in a tio n ) for all co m p o sitio n  and te m p e ra tu re s .

F o r th e  ex p ressio n  o f  ra te  coefficient k2i th e  e thy lene  balance shou ld  
be ta k e n  in to  acco u n t:

^ c2h , — ^2 4 ~  - f -  f ? 2 4  1

R C„H.

кол

k 2/k3 • H CiHio +  *4[C.2H 5] [A E ] +  fc24[C2H 5] [A ],

Rc'H , k 9J k 3 • Д с,н,. - W *  • й с!н„ [AE] fc f

R 'ck*  [A] '

T h e  value of к4 лсаэ d e te rm in e d  in our p rev io u s w o rk  [5] dealing w i th  th e  p u re  
decom position  of a z o e th a n e  (Table I I I ) .  U sing  th is  value, the  lo g a rith m  of 
th e  ra te  coefficient o f  a b s tra c tio n  reac tio n  (24) is, according to  our m e a su re 
m en ts ,

logio k2i(d m 3 m o l - 1 s - 1) =  (8.1 ±  0.3) — (53.3 ±  3.1) k.J • mo\ 'j2 .3  R T

(w ith  a co rre la tio n  coeffic ien t of 0.9900). T h e  A rrhen ius p lo t is show n in 
F ig . 2.

H ydrogen  a b s tra c tio n  from  th e  m e th y le n e  g roup  gives, in  a d d itio n  to  
e th a n e , th e  ra d ic a l C H 3 — C H —CHO (25). T h is ra d ic a l is less re a c tiv e , from  
th e  aspect of ch a in  p ro p ag a tio n  it  is a  “ w ro n g  ra d ic a l” , due p ro b a b ly  to  a
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Fig. 2. A rrhenius p lo t of ra te  constant k2i

reso n an ce  s ta b iliz a tio n . U nder o u r e x p e rim e n ta l conditions i t  ta k e s  p a r t  
m a in ly  in  b reak -d o w n  reac tio n s (29) a n d  (30).

T he reco m b in a tio n  p ro d u c ts  o f  C H 3—C H —CHO ra d ic a l w ere  no t 
m easu red ; th e  r a te  coefficient o f  a b s tra c t io n  reac tio n , how ever, m a y  be  d e te r
m ined  in d ire c tly  th ro u g h  m easu rin g  e th a n e  fo rm ation :

- ^ C .H ,  =  - ^ 2 3  ^ 2 4  4 "  ^ 2 5  +  R2 +  Rl 4 "  Щ ■>

R c ,H, =  R co  +  ^25[^2^ 5] [A] +  k2/k3 ■ Я с Hio +  {K  +  &5)[C2H 5] [ A E ] ,

£  _  ^ c, h « ~  Rco — k2/k3 • H c ,Hi, Ц1* (kt +  k5) [ A E ]

25 ' [A] [A]

U sing  th e  va lu e  fo r fc5 given in  T ab le  I I I ,  one o b ta in s th e  lo g a r ith m  o f th e  
ra te  coeffic ien t o f ab s trac tio n  re a c tio n  (25)

logio fc25(dm 3 m o l - 1 s " 1) =  (8.0 ±  0.1) — (34.8 ±  1.2) k J  • • R T

(w ith  a co rre la tio n  coefficient o f 0 .9956). T h e  A rrhenius p lo t o f k 25 is show n 
in  F ig . 3.

I t  is n o te d  th a t  if  in  th e  exp ressions fo r k2i and  fc25 reac tio n s (4) an d  (5) 
are  n o t ta k e n  in to  accoun t (i.e. e th y le n e  a n d  e th a n e  arising from  a z o e th a n e  is 
neg lec ted), th e  re su lts  ob ta in ed  d iffer fro m  th e  above d a ta  w ell w ith in  th e  
ex p e rim en ta l e rro r . T his ind ica tes  th a t  th e  ow n chain  d ecom position  o f  azo
e th a n e  is slow an d  p rac tica lly  neglig ib le .

T he values o f ra te  co n stan ts  k.2i an d  fe25 a re  in  good ag reem en t w ith  th e  
re a c tiv ity  co n d itio n s one can m ee t in  co n n ec tio n  w ith  analogous h y d ro g en  
a b s tra c tio n  reac tio n s  from  the  m e th y l a n d  m e th y len e  groups o f h y d ro c a rb o n s .
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Fig. 3. A rrhenius plot of ra te  co n stan t k2&

W e also a tte m p te d  to  d e te rm in e  th e  ch a in  le n g th  of the  decom position  
o f p ro p io n a ld e h y d e  in it ia te d  b y  azoethane. T h e  r a te  o f  in itia tio n  reac tio n  can  
be m e a su re d  th ro u g h  th e  ra te  o f  n itro g en  fo rm a tio n . T he consum ption  o f a ld e 
h y d e  w as n o t  follow ed, we ap p ro x im a ted  i t  w ith  th e  fo rm atio n  of e th a n e  in  
th e  fo llow ing  m an n e r:

R a  =  ^c,H, — (^2 +  -̂ 4 +  R s )

an d  c h a in  len g th  w as exp ressed  as

x  =  R C2h , -  k 2jk 3 ■ R CiHl0 - (k t +  k a) [AE]

2 - R n ,

T h e c h a in  leng ths ca lcu la ted  in th is  w ay  fro m  th e  in itia l ra te s  are  g iven  in  
T ab le  IV . The resu lts  show  th a t  th e  in itia te d  d eco m p o sitio n  of p ro p io n a ld eh y d e  
is a  s h o r t  chained  process. T he inclusion o f a n d  R 5 is, a t  p resen t, o f  th e o re 
tic a l im p o rta n c e  only .

Table IV

Variation o f chain length with temperature

T , к P 0 =  1.33 k P a  azo eth an e  
- f  12.00 k P a  a ldehyde

P 0 =  0.67 k P a  azoethane 
-j- 12.67 k P a  aldehyde

538 4.4 5.0

558 3.1 4.0

573 2.3 3.0

593 1.8 2.2
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Fig. 4. Arrhenius plot o f ra te  constant lct

In  som e ex p e rim en ts  we d e te rm in ed  th e  ra te  of azoe thane  co n su m p tio n ; 
i t  w as th e  sam e, w ith in  th e  ex p erim en ta l e rro r , as th e  ra te  of n itro g e n  fo rm a
tio n . This re su lt in d u ced  us to  ca lcu la te  a  f ir s t-o rd e r  ra te  coeffic ien t on th e  
hasis  o f n itro g en  fo rm a tio n , accord ing  to  th e  sim ple re la tio n sh ip

^ ae - [A E ]; ^N ,
[A E ] '

P erfo rm in g  th e  ca lcu la tio n s an d  c o n s tru c tin g  th e  A rrhen ius p lo t (see F ig . 4) 
we o b ta in ed  th e  follow ing value for th e  lo g a rith m  o f ra te  coeffic ien t:

lo g ^ & i i s - 1) =  (15.9 ±  0.2) -  (206.0 ±  2.2) k J  • т о Р ^ . З  • R T

(co rre la tio n  coeffic ien t: 0.9996).
T he coeffic ien t is deno ted  b y  к г since th e  num erica l va lu e  is in  very  

good ag reem en t w ith  th e  ra te  coeffic ien t o f  th e  p rim a ry  d eco m position  of 
azo e th an e

(C2H .)2N2 N 2 +  2 C2H 5 (1)

o b ta in ed  in  o u r p rev ious in v estig a tio n s [9]:

log10 k ^ s - 1) =  (15.8 ±  0.1) -  (205.1 ±  1.5) k J  • in o l - 7 2 . 3  . R T

In  th e  in v es tig a tio n s  c ited  th e  d ecom position  of azo e th an e  w as m easu red  
in  th e  presence of la rge  excess o f e th y len e . T o g e th er w ith  th e  re c e n t re su lt 
i t  can  he concluded  th a t  in  th e  suppression  of th e  cha in -decom position  of 
azo e th an e  large excesses o f e ith e r  e thy lene  or p ro p io n a ld eh y d e  give th e  sam e
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f in a l r e s u l t .  W ith  th e  d ev e lo p m en t o f th e  ch a in  re a c tio n  (C2H 5 +  A E  a b s tra c 
tio n ) th e  a d d itio n  onto  e th y le n e  com petes successfu lly  in  th e  fo rm er case, 
an d  in  th e  la t te r  one h y d ro g en  a b s tra c tio n  fro m  th e  fo rm y l group o f th e  a ld e 
h y d e  is  en e rg e tica lly  m ore fa v o u ra b le  th a n  th e  o th e r  a b s tra c tio n  re a c tio n (s ): 
E 23 =  2 6 .3  k j /m o l <  E 5 =  34.8 k j/m o l. T herefo re , in  b o th  cases azo e th an e  
is c o n su m e d  alm ost exclusively  in  th e  p rim a ry  re a c tio n , an d  n itro g en  is fo rm ed  
o n ly  in  th is  reaction .

T h e  a im  of our in v e s tig a tio n s  w as th e  d e te rm in a tio n  o f h y d ro g en  a b s tra c 
t io n  re c a tio n s . In  th is re sp ec t w e m odelled  b y  a co m p u te r  p ro g ram  th e  m ech an 
ism  c o n ce iv ab le  on th e  basis o f  th e  re su lts  o b ta in e d  on th e  in it ia te d  deco m 
p o s itio n  o f  aldehyde. E le m e n ta ry  s tep s  (1) — (22) o f T ab le  I I I  have  a lre a d y  b e e n  
m o d e lle d  [5], th e  A rrhen ius p a ra m e te rs  show n are  th e  re su lt o f th is  a p p ro x i
m a tio n . R eac tio n s (23) — (32) re p re se n t th e  e le m e n ta ry  reac tio n s p roceed ing  
in  th e  in i t ia l  stage of th e  in i t ia te d  decom position  o f  a ldehyde. T he sy s tem  of 
d if fe re n tia l  equations d e riv ab le  fro m  th e  re a c tio n  m echan ism  w as in te g ra te d  
n u m e r ic a lly  by  th e  m eth o d  o f G e a r  [10].

F o r  th e  num erical in te g ra t io n  th e  ra te  coefficien ts w ere selected  as fo l
low s. F o r  reac tio n s (26) an d  (27) th e  values fo u n d  in  th e  li te ra tu re  [11, 7] 
w ere  a c c e p te d  and  no t ch an g ed  la te r . The ra te  coeffic ien ts o f th e  o th e r , n o t 
m e n tio n e d  reactions w ere c h an g ed  du ring  th e  ca lcu la tio n , and  th e  s ta r t in g  
v a lu e s  o f  th ese  coefficients w ere  e s tim a ted  on th e  basis o f analogies or, in

I I_____ 1_______I_______ I---------- l—J «7. ... ,._i—!----------1---------- 1---------- 1-----------
200 A00 600 800 t / s  100 200 300 A00 t / s

F i g .  5. The variation of calculated and measured amounts of nitrogen as a function of reaction
tim e a t four temperatures; P 0 =  1.33 kPa azoethane -f- 12.00 kPa propionaldehyde
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th e  case o f  reactions (23), (24) and  (25) f ro m  th e  resu lts  of ca lcu la tio n s  d is
cussed above. The d irec tio n s o f changes w ere  d e riv ed  from  th e  re su lts  o b ta in ed  
b y  ch an g in g  only  one p a ra m e te r . T able I I I  show s th e  A rrhenius p a ra m e te rs  
g iv ing th e  b es t ag reem en t. T he A rrhenius p a ra m e te rs  o f reactions (23), (24) and
(25) h a d  to  be changed  so l i t t le  th a t  th e  ch an g e  w as w ith in  th e  e x p e rim e n ta l 
e rro r o f  th e ir  d e te rm in a tio n .

T h e  re su lts  of ca lcu la tio n s for four te m p e ra tu re s , for the  1.33 azo e th an e  
— 12.00 k P a  p ro p io n a ld eh y d e  m ix tu re , a re  g iven  in  Figs 5 —10. T h e  o th e r

Fig. 6. The variation  of the calculated  and measured am ounts of carbon monoxide as a function 
of reaction tim e a t four tem peratures; P 0 =  1.33 kP a azoethane -f- 12.00 kPa propionaldehyde

m ix tu re  led  to  sim ilar re su lts . The po in ts in  th e  figures rep resen t m easu red  
d a ta , th e  solid lines show  th e  ca lcu la ted  cu rv es . T he reac tio n  tim e belo n g in g  
to  15%  conversion  is in d ic a te d  by  a v e rtic a l b ro k e n  line.

A lth o u g h  our m ech an ism  p erta in s  to  th e  in it ia l  stage  of in itia te d  decom 
position , i t  c an  be seen t h a t  th e  ag reem ent is sa tis fa c to ry  up to  h igh  co n v e r
sions. D ev ia tio n s  can he o b serv ed  in  tw o cases. F ir s t ,  e thy lene  is co nsum ed  in  
an  o ligom eriza tion  reac tio n  n o t  ta k e n  in to  a c c o u n t in  th e  m echanism . Second, 
in  th e  case o f m ethane a t  h ig h er te m p e ra tu re s  a fu r th e r  source o f m e th y l 
rad ica l m u s t p ro b ab ly  be ta k e n  in to  acco u n t.

I t  is n o te d  th a t  th e  ca lcu la ted  p ro p io n a ld eh y d e  an d  azoethane  co n su m p 
tions gave rise  to  th e  sam e ch a in  leng th  v a lu e s  th a n  th e  ex p erim en ta l d a ta .
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200 400 600 800 t / s  100 200 300 400 t / s

Fig. 7. T he variation of the calculated  and m easured am ounts of ethane as a function  of 
reac tio n  tim e  a t four tem peratures; P 0 =  1.33 kP a azoethane -|- 12.00 kP a propionaldehyde

102« kPa 102«kPa

200 400 600 800 t / s  100 200 300 400 t / s

F i g .  8. The variation of the calculated and measured amounts of ethylene as a function of
reaction time at four temperatures; P 0 =  1.33 kPa azoethane +  12.00 kPa propionaldehyde
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200 400 600 800 t / s  100 200 300 400 t / s

Fig. 9. The variation of the calculated and m easured am ounts of hu tane as a function of 
reaction time a t four tem peratures; P 0 =  1.33 k P a  azoethane +  12.00 kP a propionaldehyde

102-kPa 102'kPa

200 400 600 800 t / s  100 200 300 400 t / s

F i g .  10. The variation of the calculated and measured amounts of methane as a function of
reaction time at four temperatures; P„ =  1.33 kPa azoethane +  12.00 kPa propionaldehyde
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The study  o f th e  distribution of m icroquantities of actinides and lanthanides in 
(LnOCl)s0|ic| phase (LnCl3 LiiCI2 SrCl2)me|t system s showed th a t Am3+, Bk3+ and 
Pm 3+ are reduced w ith  neodymium dichloride. The num ber of electrons participating  
in the reduction reactions was determined and  a conclusion was drawn on the reduction 
of these elem ents to  th e  2-f- oxidation state. The oxidation potential of the Am3+/A m 2+, 
Bk3+/B k2 + , P m 3+/ P m 2+ couples referred to  th e  N d3+/N d2+ potential in the m elts 
at 900 °C was established.

In tro d u c tio n

M elted a lkali an d  a lkali e a rth  m e ta ls  ha logen ide  system s are  ab le to  
s ta n d  low o x id a tio n  p o te n tia ls  and  th u s th e y  can  be used in th e  in v es tig a tio n  
o f th e  red u c tio n  o f a c tin id e s  and  lan th an id es  to  low er ox ida tio n  s ta te s . M u l l i n s  
et al. [1] s tu d ied  th e  d is tr ib u tio n  of am eric iu m  betw een  m etallic  p lu to n iu m  
m elt and th a t  of an  e q u im o la r KCl and N aC l m ix tu re  and found  th a t  am eri
cium  was reduced  b y  m eta llic  p lu to n iu m  to  i ts  - \ - 2  o x ida tion  s ta te . M a i l e n  
and F e r r i s  [2] re p o r te d  on th e  o x id a tio n  s ta te  of p lu to n iu m , am eric ium , 
cu riu m  and  ca lifo rn iu m  b ased  on th e  d is tr ib u tio n  o f m ic ro q u an titie s  of th e se  
e lem ents betw een  th e  m e lt o f lith ium  ch lo ride an d  th a t  of m eta llic  b ism u th  
co n ta in in g  m eta llic  l ith iu m . T hey  estab lished  t h a t  th e  ox ida tio n  s ta te  o f ca li
fo rn ium  in th e  g iven  sy s tem  is -f-2 and  th a t  o f  p lu to n iu m , am eric ium  an d  
cu riu m  is -f-3. F e r r i s , M a i l e n  and S m it h  [3] m ade a conclusion th a t  in a 
system  w here th e  m e lt o f lith iu m  flu o iid e  a n d  berillium  fluo ride  m ix tu re  
is th e  salt phase an d  th e  m elt o f m etallic  b ism u th , con ta in in g  lith iu m , is th e  
m eta llic  phase, am eric iu m  is p resen t in th e  s a lt  phase b o th  in -{-3 and  ~|-2 
o x id a tio n  s ta te s  and  its  m ean  valency  varies from  2.7 to  2.1, d epend ing  on 
th e  lith iu m  c o n c e n tra tio n  in  th e  m elted  b ism u th  phase , while ca lifo rn ium  is 
p resen t in th is  sy stem  in th e  -|-3 ox idation  s ta te .  Such a conclusion is d ifficu lt 
to  accoun t for since th e  s ta n d a rd  o x id a tio n  p o te n tia l o f th e  Anvi+/A m 2 + 
couple  is m uch m ore n e g a tiv e  th a n  th a t  o f Cf3+/C f2 + .

I t  is d o u b tless t h a t  using  “ sa lt m e lt-m e ta l m e lt” system s for the  id e n ti
fic a tio n  of low er va len ce  s ta te s  in te rac tio n s in  th e  m eta l phase in fluence  th e  
b eh av io u r of th e  e lem en ts  s tu d ied , and  th u s , m ak e  th e  in te rp re ta tio n  o f th e ir  
va len cy  m ore d ifficu lt.
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E xperim en ta l

W hen studying lower valence states of some actinides and lanthanides, p resen t in 
m icroquan tities, we used a different approach based on the distribution of m icrocom ponents 
betw een  th e  salt melt and the solid crystal phase, i.e. the  m ethod of cocrystallization in 
m elted  salts. A lanthanide oxychloride was used as the solid phase and the m elt of tr i-  and 
dihalogenides of the same lan than ide elem ent and stron tium  chloride was used as the liquid 
phase. S tron tium  chloride was in troduced  to  m ain tain  constant m olarity ratio LnOCl : LnCl3 : 
: (LnCl2 +  SrCl2) in the melt. In  such a system  actinides and lanthanides isom orphically 
cocrystallize w ith oxychloride presen t in the + 3  oxidation sta te  and are no t cap tured  by  the 
solid phase  in a lower oxidation sta te .

T he equilibrium distribution  of the microcom ponent in the -f-3 oxidation s ta te  in  a 
system  w ithou t a reducing agent, assuming th a t  the activ ity  coefficient M 3+ in th e  solid 
phase is equal to 1, and activ ity  coefficient m3+ in the liquid phase are constant, can be given 
by  th e  following equation:

M ‘3+  /solid phase

w here M 3 + and m3+ are the equilibrium  quantities of the macro- and m icrocom ponents and 
D  is th e  cocrystallization coefficient of the m icrocom ponent (no reducing agent).

In  the case when lan than ide dichloride, w hich is a reducing agent w ith respect to the 
stu d ied  microcomponent, is p resen t in the system  and in the case of partia l reduction  of the 
m icrocom ponent the cocrystallization coefficient of the microcomponent (D ') which is estim ated  
experim en ta lly  is described by th e  following equation:

D ' =
solid phase

X
M 3 + +  M 2+ \

m3+ +  + "Jmelt ( 2 )

w here M 2+ and m(3~ n> are the equilibrium  quantities of the macro- and microcom ponents 
in  th e  reduced state.

The cocrystallization coefficient of the m icrocom ponent in the presence of a reducing 
ag en t is connected w ith the cocrystallization coefficient in a system  w ithout reducer by  the 
follow ing equation:

D ' = D

JVF + 
M 3 +

m<3- '  0 + 
m3 +

(3)

I t  follow s from equation 3 th a t  in case of equal ratios of the reduced and oxidized forms of 
b o th  com ponents in the m elt, D =  D'. If  the microcom ponent reduces easier th an  th e  macro-

m (3—n ) +  M -  +
com ponen t, then ----- —  >  -r-^т—- an(l D ' <  D. In  the opposite case D >  D. T hus when

stu d y in g  the dependence of th e  d istribution coefficient of a lanthanide or actinide micro
q u a n ti ty  upon the ratio of the reduced and oxidized forms of the m acrocom ponent in the 
system s mentioned above it  is possible to establish w hether reduction of the m icroelem ent 
tak es  place and, if it does, to determ ine relative stab ility  of the reduced form in com parison 
w ith  d ivalen t form of the inacrocom ponent of the system. The oxidation sta te  after reduction 
can  be established by the determ ination  of the num ber of electrons (n) p ratic ipating  in the 
red u c tio n  reaction of a triva len t actinide or lanthanide. Obviously, the following equation  is 
tru e  for the equilibrium:

ж* R T  , „„ R T  M 2 +
Em - 'n F  ln -  - j r  MiT-

T hen  deriving from Eqs 2, 3 and  4 it follows th a t

*[*(ч--3 £ М a 4- n li M 2 + 
M 3 +

(4)

( 5 )

w here a = E°m -  E nM 
2.3 R T /nF
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Therefore, if the DID' and M 2+/M 3 + ra tio s are known, then the value o f “n” can be
found.

E xperim ents on the distribution of the microcom ponent in (LnOCl)SO|jd phase (LnCl3 — 
— LnClj—SrCl2)me|t system s were perform ed a t  900 °C in hermetically sealed crucibles made of 
m olybdenum  or tan ta lum  in argon atm osphere. Melting was carried on for a tim e sufficient 
for the therm odynam ical equilibrium to set in th e  system  then the melt was cooled, and  0.1 M  
HC1 added. Then the m elt phase consisting of lan than ide tri- and dihalogenides and stron tium  
chloride, completely dissolved while the oxychloride phase remained unchanged. The phases 
were separated by centrifugation and the d is tribu tion  of micro- and m acrocom ponents of the 
system  between the phases was determined.

The divalent form content of the m acrocom ponent in the melt was determ ined by  the 
volum e of hydrogen evolved when the m elt w as dissolved in acid, while th e  to ta l macro- 
com ponent quan tity  was determ ined by com plexom etric titration . On the basis o f th e  obtained 
da ta  we calculated the cocrystallization coefficients of D  and D ' m icrocom ponents.

R esults

T he s tud ies on th e  d is tr ib u tio n  o f p ro m eth iu m , b e rke lium  a n d  cerium  
be tw een  th e  solid phase and  th e  m elt in  (Sm O Cl)so|id phase—(Sm C l3— SmCl2— 

SrCl2)melt sy s tem  show ed th a t  th e  co c ry s ta lliz a tio n  coeffic ien ts o f  all th e  
th re e  e lem en ts increase w ith  an  increase  in  th e  Sm 2+/Sm 3+ ra tio , a n d  th e re 
fore th ese  e lem ents are n o t reduced  in  m e lts  con ta in in g  SmCl2.

T he use o f (N d 0 C l)S0lid phase — (N dCl.,— N dC l,— SrCl2)me|t sy s te m  enables 
us to  reach  fa r low er o x id a tio n  p o te n tia ls . W e stu d ied  th e  b e h a v io u r o f  am eri
c ium , b e rke lium  and cerium  in th e  sy s tem . T he resu lts are show n in  F ig . 1. 
T he sam ariu m  co cry sta lliza tio n  coeffic ien ts rap id ly  decrease w hen  ev en  sm all

Fig. 1. Dependence of the cocrystallization coefficients of Am, Bk, Pm, Ce on th e  N d2+/N d 3+ 
ratio . Continuous line—experim ental values, D o tted  lines—values calculated using Eq. 3, 

assuming th a t  Am, Bk, Pm , Ce are p resen t in the -|-3 oxidation s ta te
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q u a n ti t ie s  o f d iv a len t n eo d y m iu m  are in tro d u c e d , and  th e y  reach  va lu es  
< A 0  ~ 2 so th a t  th e ir  e x a c t d e te rm in a tio n  b y  e x p e rim e n ta l m ethods becom es 
d iff ic u lt. T he d is tr ib u tio n  coeffic ien ts of am eric iu m , berkelium . p ro m e th iu m  
also  d ec rease  w ith  an  in c rease  in  th e  N d 2+/N d 3+ ra t io  in  th e  m elt, an d  th is  
d ecrease  is m ost expressed  in  th e  case of am eric iu m , less in  th a t  of p ro m e th iu m , 
an d  le a s t  in th a t  o f b e rk e liu m . In  th e  sam e fig u re  th e re  are dependences o f 
th e  c o c ry s ta lliz a tio n  coeffic ien ts  o f am eric ium , b e rk e liu m  and p ro m e th iu m  
u p o n  th e  N d 2+/N d 3+ ra tio . T h e  dependences a re  o b ta in e d  b y  ca lcu la tions w ith  
th e  a ssu m p tio n  th a t  th e se  e lem ents are p re se n t in  th e  m elt in  th e  t r iv a le n t  
s ta te .  A s i t  is seen from  F ig . 1 th e o re tic a lly  c a lc u la ted  and  e x p e rim en ta lly  
o b se rv e d  dependences o f co c ry s ta lliz a tio n  coeffic ien ts  o f m icrocom ponen ts 
u p o n  th e  N d 2+/N d 3 + ra tio  are  g rea tly  d iffe ren t. T h is  fac t allows us to  m ak e  
a  co n c lu sio n  ab o u t th e  re d u c tio n  o f th e  th re e  m icroelem ents.

In  F ig . 1 th e re  are  also d a ta  on cerium  d is tr ib u tio n  in the  sam e sy s tem . 
B ein g  d iffe ren t from  am eric iu m , berkelium  an d  p ro m e th iu m , the cerium  co cry s
ta l l iz a t io n  coefficients in crease  w ith  an increase in  th e  N d 2+/N d 3+ ra tio  in  th e  
m e lt, a n d  th e  ex p e rim e n ta lly  found  dependence o f  th e  co cry sta lliza tio n  co e ffi
c ien ts  u p o n  th e  N d 2+/N d 3+ ra tio  in  the  m e lt co incides, w ith in  e x p e rim e n ta l 
e rro r , w ith  th e  d ependence  ca lcu la ted  using  e q u a tio n  3, if  i t  is assum ed  th a t  
th e  to ta l  cerium  is p re se n t in  th e  o x id a tio n  s ta te  o f  -(-3. T herefore, Ce3+ is 
p ra c tic a l ly  n o t red u ced  b y  neodym ium  d ich lo rid e  w ith in  th e  N d 2+/N d 3 + 
c o n c e n tra tio n  ra tio  ran g e  less th a n  or equal to  1.2.

In  F ig . 2 th e re  is th e  follow ing d ep en d en ce:

!g
M 2+ \

M 3+ )
1 u p o n lg

M 2+ 

M 3+ '

г D i  N d2+ 'l 1 N d2 +
Fig. 2. Dependence lg ( l  +  -  1 | = / l g  - j ^ f o r  Am, Bk, Pm
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D eriv ing  from  th is  dependence  and  using th e  m e th o d  o f least squares th e  va lu e  
o f  “ re”  (see e q u a tio n  5), th e  n u m b e r of e lec tro n s ta k in g  p a r t  in  th e  re d u c tio n  
o f  a la n th a n id e  or ac tin ide  m icrocom ponen t, w as de te rm in ed . T hus all th ese  
e lem ents a re  red u ced  b y  d iv a le n t neod y m iu m  to  th e  -f-2 o x id a tio n  s ta te . 
E q u a tio n  5 enab les us to  d e te rm in e  th e  d ifference in  th e  o x id a tio n  p o te n tia ls  
m 3+/m 2+ couple  o f th e  m icroelem en t and  t h a t  neodym ium  a t  900 °C in  th e  
m elt co n ta in in g  N dC l2, N dC l3, an d  SrCl2. I t  tu rn e d  o u t th a t  Zl.E^m_ Nd is eq u a l 
to  0.3 ±  0 .1; Д  E p m_ Nd =  0.18 ±  0.05 v an d  /1Е “ к Nd =  0.12 ±  0.02 v.

T hus s tu d ie s  on th e  d is tr ib u tio n  of a c tin id e  and  la n th a n id e  m icro 
q u a n titie s  in  (LnO C l)soiid phase— (LnCI3— LnCl2— SrCl)melt system m ake i t  possible 
n o t only to  e s tab lish  th e  fa c t o f red u c tio n  o f  an  ac tin id e  or la n th a n id e  b u t 
also to  d e te rm in e  th e  degree o f  its  red u c tio n  as well as to  fin d  th e  d ifference 
in  th e  o x id a tio n  p o ten tia ls  o f  th e  m icro- an d  m acroe lem en ts, w hich ta k e  p a r t  
in  o x id a tio n -red u c tio n  reac tio n s.
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The m ethod developed for the synthesis of l-aryl-l,4-dihydro-3(2f/)-isoquinoli- 
nones has been extended to the preparation  of derivatives containing an  additional 
fused benzene ring. The b enzo f/] and benzo|/iJ derivatives were p repared  from the 
appropriate naphthylacetonitriles. The benzo[g] isomer was synthesized from  1-chloro- 
-2-naphthylacetonitrile; hydrogenolysis was used to remove the chlorine from  5-chloro- 
isoquinolinone obtained as the prim ary product. For the purpose of biological tests, 
the l-(4’-am inophenyl) and l-[4 ’-(ethylam inoaeetyl)-am inophenyl] derivatives of ben- 
zoisoquinolinones have been prepared; one of them  had significant anticonvulsant 
action.

In  an  earlie r p a p e r  [1], th e  sy n th esis  an d  p h arm aco logy  o f l-a ry l-1 ,4 - 
-d ihydro -3 (2 f/)-isoqu ino linones (I), m em bers of a new group  o f a n tic o n v u lsa n ts  
w ere discussed.

Scheme 1
II

As rep o rted , p a r tic u la r ly  good a c tiv ity  was found  in  th e  deriv a tiv es  
w here R =  a lk y lam in o acy lam in o  (II), th e  b e s t being th e  e th y lam in o ace ty l-  
am ino  g roup  (Schem e 1).

* To whom correspondence should be addressed
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I n  co n tin u a tio n  of th is  w ork , th e  effect o f th e  presence of a benzene 
r in g  fu sed  w ith  th e  h o m o a ro m a tic  ring  of th e  iso q u in o lin o n e  skele ton  on b io logi
ca l a c t iv i ty  was to  be e s ta b lish e d . The sy n th es is  o f l,4 -d ih y d ro -3 (2 fi)-iso - 
q u in o lin o n es  [2] effected  in  1 : 1 po lyphosphoric  acid  from  a ry lace to n itriles  
a n d  a ro m a tic  aldehydes h as  b e e n  therefore  e x te n d e d  to  n ap h th y la c e to n itr ile s .

T h e  reac tio n  of 1 -n a p h th y la c e to n itr ile  a n d  a n  a ro m a tic  a ldehyde  in  
P P A  gave th e  co rresp o n d in g  l-p h en y l-l,4 -d ih y d ro -3 (2 U )-b e n z o f/] iso q u in o - 
l in o n e  d eriv a tiv e  in  s a t is fa c to ry  yields (Schem e 2). I n  th e  case of R  =  N 0 2,

re d u c t io n  in  the  presence o f p a llad iu m  on carbon  c a ta ly s t  y ielded th e  R = N H 2 
d e r iv e t iv e  (3).

I n  th e  reac tion  o f 2 -n a p h th y la c e to n itr ile  an d  b en za ld eh y d e, tw o possi
b il i t ie s  o f ring  closure h a d  to  be  considered; th e  re a c tio n  m ix tu re  could be 
p ro c e sse d  only by  th e  c o lu m n  ch rom atog raph ic  te c h n iq u e , owing to  h eav y  
c o n ta m in a tio n ; benzo [/i]isoqu ino linone (4) w as iso la te d  in  64%  yield , th e  
b e n zo [g ]iso in e r could n o t b e  d e tec ted .

I n  th e  NM R sp e c tru m  o f th e  com pound o b ta in e d , th e  6.30d sh if t of 
H - l  is  v e ry  great, show ing t h a t  th e  C-l pheny l g ro u p  c an n o t be in  equatorial 
p o s i t io n  because of s te ric  h in d ra n c e ; hence th e  p ro b ab le  s tru c tu re  of th e  
c o m p o u n d  is th e  follow ing.

H C'6H5
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T he reac tio n  was also  effected  w ith  p -n itro b e n z a ld eh y d e , an d  th e  R =  
=  N H 2 d e riv a tiv e  (6) w as p rep a red  b y  ca ta ly tic  h y d ro g en a tio n  o f th e  R  =  N0„ 
com pound  (5).

c h 2c n

c h = o

+ o.
R =  H ,N 0 2

benzo [7i]

4 R  =  H

5 R =  NO,

6 R =  N H ,

benzo [jr]

F o r th e  sy n th es is  o f  th e  benzo [g] d e riv a tiv e  i t  seem ed p rom ising  to 
s t a r t  from  a 2 -n a p h th y la c e to n itr ile  ca rry in g  a s u b s ti tu e n t a t  C -l w hich can 
easily  be rem oved a t  a la te r  s tage  of th e  syn thesis . The chloro  d e r iv a tiv e  ap p ea r
ed su itab le  for th is  p u rp o se . T his com pound w as p rep ared  as fo llow s: 2-m ethyl- 
-n ap h th a len e  w as c h lo rin a ted  w ith  su lfu ry l ch loride to  y ield  l-ch lo ro -2 -m eth y l- 
-n ap h th a len e  [5], and  th is  w as co n v erted  in to  2 -b ro m o m eth y l-l-ch lo ro n ap h - 
th a le n e  [6] b y  m eans o f 7V-brom osuccinim ide. T he n itr ile  w as p rep a red  by 
re a c tio n  w ith  a lk a li cy an id e , an d  th is  was th e n  allow ed to  r e a c t  w ith  benzal- 
d eh y d e  in  P P A  to  y ield  com pound  7 (Schem e 3).

T h is chlorine d e r iv a tiv e  w as th e n  h y d ro g en a ted  in  th e  p resence of 
a base to  co n v ert i t  in  a hydrogeno lysis reac tio n  in to  l-p h c n y l- l,4 -d i-  
hydro -3 (2H )-benzo [g ]isoqu ino linone (9). T hus th e  isoqu ino linones conta in ing  
a  fused  benzene ring  in  all th e  th ree  possible w ays h av e  b een  successfully 
p rep ared .
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9  ]{  =  H

10 H =  n h 2

Scheme 3

T h e  fu n d am en ta l d iffe ren ce  betw een th e  N M R  sp e c tra  of th e  com pound 
c o n ta in in g  th e  chlorine s u b s t i tu e n t  and th e  p ro d u c t o f hydrogeno lysis is th e  
sh if t o f  th e  C-6 p ro to n  due  to  th e  v ic in ity  of th e  ch lo rine  a to m .

C a ta ly tic  h y d ro g en a tio n  o f th e  4’-n itro -5 -ch lo ro  d e riv a tiv e  (8) in  th e  
p re sen ce  o f a base y ielded  10; in  th e  course of a t te m p te d  B echam p red u c tio n  
o n ly  decom position  p ro d u c ts  cou ld  be iso lated  from  th e  reac tio n  m ix tu re .

A cta  Chim . Acad. Sei. Hung. 108, 1981
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T he n e x t ta s k  was the  in tro d u c tio n  of th e  a lk y lam in o acy lam in o  side 
ch a in . O n th e  b asis  of earlie r ex p erien ce  [1], th e  e th y lam in o ace ty lam in o  
g roup  was chosen  an d  th e  syn theses w ere ca rried  ou t in  th e  fo llow ing  m an n er: 
th e  4 ’-am ino d e riv a tiv e s  described  a b o v e  w ere allowed to  re a c t w ith  chloro- 
ace ty l ch lo ride  in  th e  presence of tr ie th y la m in e  to  yield th e  Y  : CO— CH.,— Cl 
d e riv a tiv e s . T h is w as followed b y  a  re a c tio n  w ith  e th y lam in e  in  a bom b  tu b e  
to  o b ta in  th e  b e n z o f /] , benzo[/i] an d  b en zo fg ] derivatives w ith  th e  side chain  
Y  : CO— C H 2— N H — C ,H 5 (Schem e 4).

Y =  C0C’H 2C1, 11

Y =  COCH2NHC2H s 12

13
14

15

16

Scheme 4

In  th e  pharm aco log ical e x a m in a tio n  of the  new co m pounds discussed 
above, th e ir  p o te n tia l  an tic o n v u lsa n t a c tio n  was te s ted  in  m ice an d  th e  MES 
(M axim al E lec tro sh o ck  Seizures), th e  P T Z  (A n ty p en ty len e te trazo le )  an d  LD 50 
(acu te  to x ic ity )  v a lu es , as well as th e  n e u ro to x ic ity  of th e  co m p o u n d s were 
d e te rm in ed . I n  o rd e r to  com pare th e  e ffe c tiv ity  of com pounds p ro duc ing  a 
ce rta in  p ro te c tiv e  action  ag a in st e lec tro sh o ck , th e  p ro tec tiv e  in d e x  P I  was 
used , w hich is th e  q u o tien t of th e  v a lu e s  E D 50rotarod re fe rring  to  th e  n eu ro 
to x ic ity  and  E D 5UM ES. The P I  va lu e  o f  5 ,5 -d ip h en y lh y d an to in , u sed  as s ta n d 
a rd , is 15; one o f th e  com pounds p re p a re d  b y  us earlier [1] h as  a  P I  v a lue  of 
a b o u t 59. M ost o f th e  benzo isoqu ino linone de riv a tiv es  were fo u n d  to  be alm ost 
in effec tiv e ; tw o  of th em  produced  a  sm all h in d erin g  ac tion , th e se  w ere com po
unds 10 an d  12 | l - ( 4 ’-am in o p h en y l)-l,4 -d ih y d ro -3 (2 H )-b en zo [g ]-iso q u in o lin o n e  
and  l - [ 4 ,-(e th y lam in o ace ty l)am in o p h en y l]-l,4 -d ih y d ro -3 (2 H )-l)en zo [|'] iso q u i- 
no linone, re sp e c tiv e ly )  (P I <[ 20). H o w ev er, com pound 3 ) l - ( 4 ’-am inopheny l)- 
- 1 ,4 -d ihydro -3(21 /)-b en z o [/] iso q u in o lin o n e ) showed a s ig n if ic a n t a c tiv ity
(P I  >  53).
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E xperim en ta l

P rep ara tio n  o f  benzoisoquiiio linone deriva tives

1 -P h en y l-1 ,4 -d iliy d ro -3 (2  i i) -b e n /.o [ /] iso q u in o lin o n e  (1 )

1-N aphthylacetonitrile  [3] (19.9 g; 0.119 mole) was added to  1 : 1 PPA  (200 g), th e n  
the m ix tu re  w as stirred a t 90 °C for 30 min. Benzaldehyde (12.6 g; 0.119 mole) was added  
dropwise, th e  reaction  m ixture was stirred  a t  120 °C for 3 h rs ,it was allowed to cool to  80 °C, 
poured in to  w ater (1500 cm3), m ade alkaline w ith cone, am m onium  hydroxide, b rought to  
boil, th e  solid p roduct was filtered off while hot, washed w ith  ho t w ater then dried u nder 
an in frared  h e a t lam p. M.p. 223— 224 °C (butanol). Yield: 68.9% .

C19H 15NO. Calcd. C 83.50; H  5.53; N 5.12. Found C 83.43; H  5.74; N 5.08%.
UV (95%  ethanol) Amax(f): 261 (4360), 269 (5000), 278 (5280), 288 nm  (4140).
’H -N M R  (CDC13): Ö (ppm ) 4.10 (2H, d, C4— CH2); 5.80 (1H , q, C l— H ; J NHCH =  2.5 

Hz); 7.05 (1H , overlapping, NH); 7.06 (1H , d; J 0 =  9 H z); 7.28 (5H, s); 7.5—8.0 (5H, m ).
IR  (K B r): vCO 1670 cm “ 1.

l- (4 ’-Nilrophenyl)-l,4-dihydro-3(2if)-benzo[/]isoquinolinone (2)

1-N aphthylacetonitrile  (8.6 g; 0.0514 mole) and 4-nitrobenzaldehyde (7.78 g; 0.0514 
mole) w ere allowed to react in 1 : 1 P P A  (120 g) in accordance w ith  the previous procedure. 
M.p. 231— 232 °C (from chloroform); yield: 55.7%.

C19H 14N 20 3. Calcd. C 71.70; H  4.43; N 8.80. Found C 71.59; H  4.58; N 8.51%.
IR  (K B r): vCO 1680, vN 02 1355, 1530 cm “ 1.

q -(4 ’-A m in o p h e n y l)- l,4 -d ih y d ro -3 (2 H )-b en z o [ /'jisoqui noli none (3 )

l- (4 ’-N itrophenyl)-l,4-dihydro-3(2if)-benzo[/]-isoquinolinone (8.5 g; 0.0267 mole) w as 
subjected to  hydrogenation  in 99.5% acetic acid (600 cm3) in th e  presence of 10% E ngelhard t 
Pd/C c a ta ly s t (2 g), prehydrogenated in 99.5% acetic acid (100 cm 3), a t room tem peratu re  
and atm ospheric  pressure. A fter th e  absorption of hydrogen had  ceased, the cata lyst w as 
filtered off, th e  filtra te  was evaporated and  the rem aining oil rubbed  w ith 1 : 1 diluted N H 4O H . 
The solid p ro d u c t was filtered off, w ashed w ith  w ater and dried under an infrared heat lam p . 
M.p. 262— 264 °C (d.) (from butanol). Y ield: 65.6% .

Ci„H16N20 .  Calcd. C 79.13; H  5.59; N  9.72. Found C 79.15; H  5.82; N 9.88%.
IR  (K B r): vCO 1665, rN H 2 3340, 3460 c m "1.

l-Phenyl-l,4-dihydro-3(2ff)-benzo[/i]isoquinolinone (4)

2-N aphtliy laceton itrile  [4] (5.5 g; 0.0329 mole) was allowed to  react w ith benzaldehyde 
(3.49 g; 0.0329 mole) in  1 : 1 PPA  (100 g) in  the m anner given for the benzo[/] derivative. 
The crude p ro d u c t was subjected to chrom atographic separation  on an A120 3 column (eluting 
agent: chloroform ), the fractions were evaporated to  dryness and rubbed w ith ether. M.p. 
269— 270 °C (bu tanol). Yield 64%.

C19H I5NO. Calcd. C 83.50; H  5.53; N 5.12. Found C 83.59; H  5.74; N 5.13%.
IR  (K B r): rCO 1675 cm “ 1.
UV (95%  ethanol) Amax (e): 269 (4000), 278 (4360), 286 nm  (3480).
'H -N M R  (CDCI3): 6 (ppm ) 3.85 (2H , s, C4— CH„); 6.30 (1H , d, C l—H ; J n h c h  =  3.7 H z); 

7.05— 7.7 (7 +  1H, A rH  +  NH); 7.7— 8.0 (4H , in).

l - ( 4 , -N itro p h en y l)-l,4 -d ih y < lro -3 (2 ff)-b en zo [/!]iso q u in o lin o n e  (5 )

2-N aph thy laceton itrile  (1.67 g; 0.01 mole) was added to  1 : 1 PPA  (30 g) and the reac
tion m ix tu re  was stirred a t 90 °C for 30 min. p-N itrobenzaldehyde (1.51 g; 0.01 mole) was then  
added a t  120 °C during 1 h. A fter stirring for 3 hrs the m ixture was poured into water (300 cm 3), 
the pH  w as ad ju s ted  to 8 w ith cone. N H 4OH, the m ixture was boiled, the substance w hich

Acta Chim . Acad. Sei. Hung. 108, 1981



HAZAI et al.: l,4-DIHYDKO-3(2//)-BENZOISOQUINOLINONES 261

separated was filtered off while hot, washed w ith ho t w ater and dried. M.p. 208 210 °C
(butanol). Yield: 81.8%

Ci9H 14N20 3. Calcd. 71.69; H 4.43; N 8.80. Found C 71.66; H 4.30; N 8.80% .
IR  (K B r): vCO 1670, vN 02 1345, 1520 cm “ 1.

l - ( 4 ’-A m iiiophenyl)-l,4-d ihydro-3(2H )-beiizo[/i]isoquinolinone (6 )

The previous nitro derivative (5) (7.8 g; 0.0242 mole) was dissolved in D M F (50 cm3) 
and hydrogenated in the presence of 10% E ngelhardt ca ta ly st (2 g), which had been prehydro
genated in DMF (100 cm3), a t room tem perature, under atm ospheric pressure until the  absorp
tion of hydrogen ceased. The filtered solution was evaporated  to dryness and the residual oil 
mixed w ith distilled w ater whereupon it solidified. The substance was filtered off, dissolved 
in dim ethylform am ide and passed through a colum n packed w ith A120 3; the p roduct was 
eluted w ith DMF. The DMF fractions were com bined, th e  solvent was evaporated  and the 
rem aining oil was rubbed w ith distilled w ater to  give a solid product, m.p. 257— 259 °C (bu ta 
nol); yield: 57.3%.

Ci9H 16N 20 . Calcd. C 79.14: H 5.59: N 9.71. Found  C 79.37; H 5.77; N 9 .85% .
IR  (K B r): vCO 1650, vNH, 3335, 3445 c m " 1.

l-C hloro-2-naphthylacetonitrilc

2-B rom om ethyl-l-chloronaphthalene [6] (11.7 g; 0.046 mole) was dissolved in ethanol 
(100 cm3), and an aqueous solution (20 cm 3) of KCN (6 g; 0.092 mole) was added, w ith  stirring. 
After refluxing fo r3 h rs ,th e  reation  m ixture was poured in to  w ater (500 cm3), the solid product 
was filtered off, washed w ith w ater and dried. M.p. 104— 105 °C (ethanol). Y ield: 84.7%* 

C12H 8C1N. Calcd. C 71.47; H 4.0; N 6.95; Cl 17.58. Found C 71.57; H 4.15; N 7.02; 
Cl 17.63%.

IR  (K B r): i>CN 2250 cm 1

l-Phen yl-5-ch loro-l,4 -d ihyd ro-3(2J /)-benzo[g]isoqu inolinon e (7 )

l-C hloro-2-naphthylacetonitrile (3.2 g; 0.016 mole) and benzaldehyde (1.7 g; 0.016 mole) 
were allowed to  react in 1 : 1 PPA  (60 g) in the m anner given above. M.p. 222— 224 °C (ben
zene). Yield: 51%.

C„,H14C1N0. Calcd. C 74.15; H 4.58; N 4.55; Cl 11.52. Found C 74.40; H  4.80; N 4.56; 
Cl 11 46°/

IR  (K B r): vCO 1675 cm “ 1.
UV (95% ethanol) Amax (e): 321 (472), 283 (10771), 274 nm (9327).
•H-NMR (CDC13): Ö (ppm ) 4.05 (2H, s, C4— CH2); 5.85 (1H, d, C l—H ; J NHCH =  2 Hz); 

7.25— 7.75 (9H , m, A rH); 8.20 (dd, J  1.9 Hz, 1.5 Hz).

l-Phen yl-l,4 -d ihydro-3(2H )-b en zo[g]isoq uinolinon e (9 )

A m ixture of the above halogen derivative (1 g; 0.00326 mole) and trie thy lam ine 
(1.8 cm 3; 1.32 g; 0.013 mole) in DMF (50 cm3) was added  to 10% Pd/C catalyst (0.3 g) which 
had been prehydrogenated in DMF (30 cm3). H ydrogenation  under atmospheric pressure was 
continued until the absorption of hydrogen had stopped , the catalyst was filtered  off, the 
solvent evaporated, the residue rubbed with w ater, the solid filtered off and dried. M.p. 
245— 246 °C (butanol). Yield: 55% .

C19H 15NO. Calcd. C 83.49: H 5.53; N 5.12. Found C 83.28: II 5.37: N 5.25% .
IR (K B r): 7’CO 1665. 1630 c m 1.
UV (95% ethanol) Anvix (f): 318 (384), 288 (4846), 276 (7940), 267 nm (7762).
1 H-NM R (CDC13): Ó (ppm ) 3.87 (2H, C4— CH2); 5.81 (1H, d, Cl H; J NHch 2.5 Hz): 

6.93 (1H , d): 7.2—7.5 (8H, in, ArH); 7.6—7.8 (3H , m).

5-C hloro-l-(4 ,-iiitrophenyl)-l,4-dihydro-3(2//)-benzo[g]isoquiiioliiioiie (8)

l-C hloro-2-naphthylacetonitrile (4.03 g; 0.02 mole) was added to 1 : 1 PPA  (60 g) 
and the m ixture was stirred a t 90 °C for 30 min. p-N itrobenzaldehyde (3.02 g; 0.02 mole) 
was added during 1 h a t 120 °C, and the reaction m ix ture  was stirred a t th is tem peratu re
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for 3 h rs  A fter cooling, the reaction m ixture was poured in to  w ater (600 cm3) and made alkaline 
w ith  cone. N H jO H . The substance which separated was ex trac ted  w ith chloroform, th e  organic 
phase w as washed w ith w ater, dried over Na2S 04 and  evaporated  to dryness. The p ro d u c t 
w as purified  in  chloroform solution on an A120 3 column. The fractions containing th e  p roduc t 
were com bined, the solvent was rem oved and the residue rubbed  with ether. C rystallization  
from  b u tan o l gave 1.8 g (25.5% ) of 8, m.p. 243—246 °C (d.).

C19H 13C1N20 3. Calcd. C 64.69; H  3.71; N 7.94; Cl 10.05. Found C 64.79; H 3.75; N  8.11; 
Cl 10 .05% .

IR  (K B r): rCO 1680, vN 02 1350, 1520 c m '1.

l - ( 4 ’-A m inophenyl)-l,4-dihydro-3(2H )-hcnzo[g]isoquinolinone (10)

T he above compound (8) (6.4 g; 0.0181 mole) was hydrogenated in DMF (200 cm 3) 
con ta in ing  triethylam ine (10.05 cm 3; 7.33 g; 0.0724 mole) in  the presence of Pd/C ca ta ly s t 
(1.8 g) a t  room  tem perature, under atm ospheric pressure. W hen no more hydrogen was absorb
ed, th e  ca ta ly s t was filtered off, th e  filtra te  evaporated  to  dryness, the residue rubbed  w ith  
w ater and  dried. M. p. 261 °C (d.) (dioxan). Yield: 67.3% .

Ci9H 16N20 . Calcd. C 79.14; H  5.59; N 9.71. F ound  C 78.89; H 5.98; N 9.76% .
IR  (K B r): rCO 1650, rN H 2 3340, 3440 c m "1.
‘H -N M R  (DMSO-de): <5 (ppm ) 5.60 (1H, d, C l— H ; J NHch =  3 Hz); 8.47 (1H , d , N H ); 

6.51 (2H , d , ArH-1); 6.95 (2H, d); 7.4— 7.55 (2H, m, A rH ); 7.7—7.9 (4H, m).

P repara tion  of benzoisoquinolinones carrying an alkylaminoacetylamino side chain

I - (I'-C h loroarety  lam ino) phenyl -1.1 -diliyd ro-3( 2 / / ) -b e n z o J /| ÍM)quiiioiiiioiic (11)

T he amino derivative 3 (5.65 g; 0.02 mole) was dissolved in 99.5% acetic acid (50 cm 3) 
and  trie thy lam ine  (2.22 g; 0.022 mole) and chloroacetyl chloride (2.48 g; 0.022 mole) were 
added  dropw ise, w ith stirring. The reaction m ixture w as then  stirred a t 55 °C for 6 h rs The 
p ro d u c t w hich separated was filtered  off, washed w ith  w ater until neutral and dried. M.p. 
260 °C (d .) (butanol). Yield: 71.2% .

C21H 17N20 2C1. Calcd. C 69.14; H  4.70; N 7.68; Cl 9.72. Found C 69.27; II 4.97; N  7.65; 
Cl 9 .86% .

IR  (K B r): rCO 1670, 1710 cm “ 1.

l - ( 4 , -C hloroacetylaniino)phenyI-l,4-dihydro-3(2if)-benzo[6]isoquinolinone (13)

T he am ino derivative 6 (2.0 g; 0.00694 mole) was allowed to react w ith chloroacetyl 
chloride (0.78 g; 0.006944 mole) in acetic acid (20 cm3) in th e  presence of triethylam ine (0.7 g; 
0.006944 mole), as described above. In  this case, the p ro d u c t did not separate from th e  reac
tion  m ix tu re , thus it was poured in to  w ater (200 cm 3); th e  solid which separated was filtered  
off, w ashed  w ith  w ater and dried. M.p. >  270 °C (butanol). Yield: 69.9%.

C21H 17N20 2C1. Calcd. C 69.14; H  4.70; N 7.68; Cl 9.72. Found C 69.27; H 4.69; N  7.93; 
Cl 9 .72% .

IR  (K B r): rCO 1660, 1730 c m 1.

l - ( 4 ,-Chloroacetylam iiio)phenyl-l,4-dihydro-3(2H )-benzo[g]i joquinolinone (15)

T he 4’-amino derivative 10 (3.5 g; 0.012 mole) was dissolved in 99.5% acetic acid 
(47 cm 3); triethy lam ine (1.22 g; 0.0121 mole) then chloroacetyl chloride (1.36 g; 0.0121 mole) 
were ad d ed  dropwise, w ith stirring, a t 50— 55 °C. The reaction  mixture was stirred  fu rth e r 
a t  50— 55 °C for 6 hrs and poured in to  w ater (500 cm3). The product which separated was fil
te red  off, w ashed thoroughly w ith  w ater and dried. M.p. 243— 246 °C (d.) (m ethanol). Yield: 
59% .

C21H 17C1N20 2. Calcd. C 69.14; H  4.70; N 7.68; Cl 9.72. Found C 69.12; H 4.71; N  7.48; 
Cl 10.03% .

IR  (K B r): i-CO 1640, 1690 cm 3.
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l - [ 4 ’-(E thylan iiiiaaeetyl)aniino|>henyl]-l,4-<liliy(tro-3(2//)-brnzo[/]-isaquiiiolinone (1 2 )

The chloroacetyl derivative 11 (2.4 g; 0.0066 mole) was mixed ethylam ine (60 cm 3) 
and heated a t 70 °C in a bom b tube for 10 h. After cooling, the content of the tube was poured 
into ice-water (600 cm 3), the product was filtered off and  washed with water un til neu tral. 
M.p. 230—232 °C (butanol). Yield: 48.9%.

C23H 23N30.2. Calcd. C 73.97; H 6.21; N 11. 25. Found  C 73.94; H 6.29; N 11.23%.
IR  (K Br): i>CO 1640, 1680 c m - '.

l - [ 4 , -(E thylain inoacetyl)am inophenyl]-l,4-d ihydro-3(2H )-bcnzo[6jisoquinolinone (14)

The chloroacetyl derivative 13 (1.3 g; 0.00353 mole) was allowed to react w ith ethyl- 
amine (50 cm3) according to  the above procedure. The ethylam ine mixture was poured into 
ice-water (500 cm1), the p roduc t was filtered off, washed w ith  w ater and dried. M.p. 209— 211 °C 
(butanol). Yield: 41.6% .

Cr)H 2iN30 2. Calcd. C 73.97; H 6.21; N 11.25. Found  C 73.70: H 6.10; N 11.28%.
IR  (K Br): i>CO 1660, 1700 c m - 1.

1- [4’-(E thy la m inoacetyl) am in о phenyl] -1,4-di hydro-3(2  H )  - be nzo[g] isoquin olin one (1 6 )

The chloroacetyl derivative 15 (2.4 g; 0.066 mole) was allowed to react w ith ethylam ine 
(60 cm3) according to  the above procedure. After cooling the bomb tube, the p roduct was 
filtered off from the ethylam ine solution, washed w ith w ater thoroughly, and dried. The crude 
product was then purified by refluxing with ethanol. M.p. 219 221 °C. Yield: 81.5% .

C23H 23N30 2. Calcd. C 73.97; H 6.21; N 11.25. Found  C 73.78; H 6.23; N 11.31%.
IR  (KBr): vCO 1640, 1675 cm -1.
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A CNDO/2 force m ethod calculation has been carried out on the in-plane force 
field of form am ide, acetam ide, IV-methylformamide, and JV-methylacetamide. After 
a least-squares f ittin g  for the spectra w ith a few empirical scaling param eters, the 
force constant m atrices are reasonably good even to  perm it critical judgem ent of the 
vibrational assignm ents of all the four molecules including JV-deuterated derivatives. 
The ,5N isotope shifts of formamide and acetam ide are also correctly reproduced. The 
scaling factors are proven to be transferable and are shown to perm it calculation of 
fundam ental frequencies of related molecules w ithin a m ean deviation of 30 cm -1.

Introduction

In  th e  p ast tw o  decades a n u m b e r of s tu d ie s  h av e  dea lt w ith  th e  v ib ra tio n 
al sp e c tra  o f p ro te in s  a n d  po lyam ino  acids in  re la tio n  to  th e ir  s tru c tu re  [1]. 
A ccord ing  to  stereo ch em ica l s tu d ies , th e  p e p tid e  u n it  is n ea rly  p la n a r  Irans
[2], due to  th e  p a r t ia l  double  bond  c h a ra c te r  o f th e  cen tra l C — N  b o n d . The 
b io logical significance o f p ro te in s  ex p la in s t h a t  sm aller am ides w h ich  serve 
as m odels for th e  p e p tid e  link in  p o ly p ep tid es  becam e of h igh im p o rtan ce .

Several papers h a v e  been p u b lish ed  on th e  v ib ra tio n a l sp e c tra  a n d  force 
fie ld  o f form am ide [3 — 9], ace tam ide  [10—16], IV -m ethylform am ide [14, 17— 
—27], and  N -m e th y lace tam id e  [14 ,17 , 18, 24, 25, 2 8 —38]. The com m on fea tu re  
o f th e  calcu la tions is t h a t  th e y  use em pirica l p o te n tia l fu n c tio n s based  on 
sim plified  m odels. O n ly  a few q u an tu m -ch em ica l ca lcu la tions h av e  b een  con
cerned  w ith  th e  force f ie ld  o f these  m olecules [39—42]. A m ore ad v a n c e d  th e o re t
ical in v es tig a tio n  o f  th e  com plete  force fie ld  is in  progress in  o u r la b o ra to ry .

In  th is  s tu d y  w e w ill be concerned  w ith  th e  in -p lan e  v ib ra tio n s  o f  fo rm 
am ide (F A ), a ce tam id e  (AA), N -m e th y lfo rm am id e  (NM FA) an d  TV-methyl- 
ace tam id e  (NM AA). B esides th e  p a re n t com p o u n d s, th e  v ib ra tio n a l sp ec tra  
o f  iV -deuterated  d e riv a tiv e s  and som e 15N iso tope  sh ifts  (FA , AA) a re  also d is
cussed. O ur purpose w as th e  fu r th e r  in v e s tig a tio n  o f th e  com p eten ce  o f  .the 
CND O /2 m ethod  (w hich  is m uch ch eap er th a n  an  ab in itio  s tu d y ) in  th e  nor-
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m a l c o o rd in a te  analysis o f  m ed ium -size  m olecules su ch  as am ides, an d  a  c ritica l 
a n a ly s is  o f  th e  assignm en ts.

A lso , th is  s tu d y  w as d o n e  as a firs t s tep  to w a rd s  a sim ilar in v e s tig a tio n  
o f  la rg e r  d iam ides.

D eta ils  of co m pu ta tion

T h e  co m p u ta tio n a l m e th o d  was th e  force m e th o d  [43, 44] in  its  sem i- 
e m p ir ic a l CNDO/2 v e rsion  [45]. I n  th is , th e  f i r s t  d e riv a tiv e s  o f th e  energy  
w ith  re sp e c t to  th e  n u c le a r  co o rd in a tes  are c a lc u la ted  in  an  ex ac t a n a ly tic a l 
w a y . T h e y  are d e te rm in ed  fo r  ap p ro p ria te  n u c le a r  con fig u ra tio n s, co rresp o n d 
in g  to  th e  d is to rtio n  o f th e  v ib ra tio n a l co o rd in a tes  in  neg a tiv e  an d  po sitiv e  
d ire c tio n s  from  a reference  g eo m etry . The second  d e riv a tiv e s  (force co n stan ts)  
a re  th e n  o b ta ined  b y  n u m e ric a l d eriv a tio n  fro m  th e  f irs t  d e riv a tiv es . D is to r
tio n s  o f  ^ 1 .5  pm  and  ^ 0 .0 2  ra d  were used fo r s tre tc h in g  an d  b en d in g  ty p e  
c o o rd in a te s , respective ly . T h e  v ib ra tio n a l co o rd in a te s  w ere chosen  as local 
s y m m e try  coord inates acco rd in g  to  the  reco m m en d a tio n s o f ref. [46]. T hey  
a re  l is te d  in  Table I  (See also  F ig . 1).

I t  w as show n in p re v io u s  stud ies from  th is  la b o ra to ry  [45, 4 7 —49] th a t  
th e  C N D O /2 force m e th o d  y ie ld s  reliable force c o n s ta n ts  a f te r  a p p ro p ria te  
sc a lin g  on  th e  ex p e rim en ta l frequencies w ith  a  few  em pirica l scaling  fac to rs . 
I n  th is  p rocedure, th e  d ia g o n a l F t ,• force c o n s ta n ts  are m u ltip lied  b y  an  
e m p ir ic a l fac to r w hile ]f Q(Qj is used for a co u p lin g  te rm  F j j .  T he  o p tim u m

Fig. 1. In ternal coordinates used  in  the most general case of iV-methylacetamide. A H atom  
s tan d s  for C' in the case of FA  a n d  NMFA, and for C " in FA  and AA. For the construction 

of local sym m etry  coordinates, see Table I
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T ab le  I

Sym metry coordinates

Symbol

S,
s,
53

54

55

a r 2
ARX
,1R4

Ла3

i>CH(FA,NMFA),i>CC'(AA,NMAA)
fCO
vCN
fNHl(FA,AA),i>NC"(NMFA,NMAA)
i’NHt
<5NCO

S, óCH(FA,NMFA),áC'(AA,NMAA)

Sgll ~ ( 2 ^ з  - 4A  -  4 « <5NH,(FA,AA)

S*l 2 4«i <5CNC"(NMFA,NMAA)

S9/l rNH.,(FA,AA)

^9/2 áNH(NMFA.NMAA)

S10 -L(AR,+ AR7 + ARH)
Уз

vsC'H3(AA,NMAA)

s„ —j= (2  IR« - 1R, • !«„) V6
j>aC'H3(AA,NMAA)

SB -£= (Zl01 +  /102 +  J03 -  4h - A<p2 A<p3)
ye

<5SC'H3(AA,NMAA)

S13 - 1 (2.10, - /10., -  ,10.,) 
 ̂6 '

rC'H3(AA,NMAA)

SM у -  (2^ з - V'2 -  J^i) f5aC'H3(AA,NMAA)

S,5 -£=• (ЛЛ, +  Л Я ..+  AR„) 
Кб

i-sC"H.,(NMFA,NMAA)

S.. -L(2/IR 9 -IR10 -  /№„)
ye

i’aC"H3(NMFA,NMAA)

s ,7
у  6 (’ A0' A0'2 ^  AOi A<Pi ^ — А<Р'з)

ásC"H3(NMFA.NMAA)

S» (2,10 ; ZlO' -  .10') rC"H3(NMFA,NMAA)

S19 ■ (2Af> 3 ^ 2  'Vi) 
Кб

<5aC"H3(NMFA,NMAA)
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Table II

Scaling factors

Coordinate type e Molecule

a) stretching

1) i CH. i-NH 0.3500 (fixed) FA , AA,NMFA,NMAA

2) i’CO 0.2713 FA,AA,NMFA,NMAA

3) rCN 0.3075 FA,AA,NMFA,NMAA

4) vCC', rNC" 0.3475 AA,NMFA,NMAA

b) bending

5) (5CH 0.8577 FA ,N M FA
6) <5NH2 0.8526 FA ,AA
7) rN H 2 1.0370 FA ,AA
8) <5SCH3, <5aCH3, rCH3 0.7218 AA,NMFA,NMAA

9) ŐNH 0.9614 NMFA,NMAA

10) <5C' 1.2101 AA,NMAA

11) ŐCNC" 1.6825 NMFA,NMAA

12) <5NC0 0.9646 FA,AA,NMFA,NMAA

v a lu e s  o f  th e  scaling fac to rs  a re  d e te rm ined  b y  f i t t in g  th e m  to  th e  experim en ta l 
fre q u e n c ie s  in  a le a s t-sq u a re s  p rocedure.

T h e  requ irem ents o f  th e  sca lin g  were based  on  n a tu r a l  physical considera
t io n s :  u sing  the  sam e sca lin g  fa c to r  for physica lly  s im ila r  coordinates, th u s  
k e e p in g  th e  num ber o f fa c to rs  low , and scaling se v e ra l m olecules to g e th e r. 
T h e  p ro ced u re  was as fo llow s. T h e  45 in-p lane fo rce  c o n s ta n ts  of FA  w ere 
sc a le d  w ith  7 factors a n d , as  a  f ir s t  a p p ro x im a tio n , 6 corresponding  fac to rs  
w e re  tra n sfe rre d  and  k e p t  f ix e d  in  AA w ith  3 new  v a r ia b le  factors add ed : 
qvC C ', góC ', g((5sC 'H 3, rC 'H g , óaC 'H 3). In  th e  second  a p p ro x im a tio n  th e  sca l
in g  fa c to rs  were fu r th e r  r e f in e d  b y  scaling th e  tw o  m olecules together. T he 
d e u te r a te d  com pounds w ere  u n u sa b le  because o f th e  la c k  o f reliable v ap o u r 
o r m a t r ix  d a ta . S im ilar w as th e  case w ith  the  15N  iso to p e  sh ifts . These ex p e ri
m e n ta l  d a ta  served on ly  fo r re tro sp e c tiv e  checking o f  th e  force fields. T hough  
in  o rd e r  to  ob tain  good “ a v e ra g e ”  “ am ide”  scaling  fa c to rs  i t  would have been  
d e s ira b le  to  include in  th e  p ro c e d u re  NM FA and  N M A A  (a n d  th e ir  TV-deuterated 
d e r iv a tiv e s ) , th is was im p o ss ib le  because of th e  la c k  o f  fu lly  assigned, co nsist
e n t  v a p o u r  or m a trix  sp e c tra . T herefore, in th e  case o f  N M FA  we tran sfe rred  
a n d  k e p t  fixed  the  a n a lo g o u s  F A —AA scaling fa c to rs  a n d  only the  fac to rs

A c ta  Chim . Acad. Sei. Hung. 108, 1981
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correspond ing  to  th e  dC N C ", <5NH c o o rd in a te s  w ere f i t te d . In  th e  case of 
NM AA, w here on ly  condensed  phase d a ta  a re  availab le , all th e  sca ling  fac to rs  
w ere tra n sfe rre d  fro m  th e  o ther m olecules a n d  k e p t fixed  for th e  analogous 
coo rd in a tes . T h u s a g rad u a l tra n s fe r  o f  th e  em pirical fac to rs  w as app lied . 
In  th is  w ay  12 fac to rs  w ere ad ju s ted  to  f i t  149 frequencies (445 force co n stan ts) . 
W e d id  no t p a y  a t te n tio n  to  freq u en c ies  above 2000 c m -1 . N H  an d  CH 
s tre tc h in g  co o rd in a tes  w ere scaled w ith  a  sing le , fixed  fac to r  from  th e  beg in 
n ing . T he resu lts  o f  th is  m ore so p h is tic a te d  p rocedure  are is acco rdance  w ith  
ea rlie r resu lts concern ing  s tre tch in g  ty p e  coo rd in a tes , an d  c o n tr ib u te  to  th e  
experience th a t  h e a v y  a to m  bend ing  co o rd in a te s  are  b est f i t te d  b y  a scaling 
fac to r  of 1.2 or g re a te r , while b en d in g  co o rd in a tes  invo lv ing  H  a tom (s) are 
f i t te d  b y  0.85 or sm alle r [47 — 49]. T h e  sca lin g  fac to rs  are lis ted  in  T ab le  I I .

Selection of ex p erim en ta l da ta

In  order to  o b ta in  reliab le force f ie ld s , we used v ap o u r phase  or m a tr ix  
d a ta  in  th e  ana lysis . T h is is ra th e r  im p o r ta n t  in  th e  case o f am ides because 
of th e  well know n effec ts o f hydrogen  b o n d in g  in  condensed phases. In  severa l 
s tu d ie s , only p a r ts  o f th e  spectrum  w ere  in v e s tig a te d  in  gaseous s ta te , or 
b an d s  occurring  in  condensed  phase w ere  n o t  d e tec ted  in  th e  v ap o u r. F o r  th is  
reason , in  several cases th e  ex p erim en ta l d a ta  used  were ta k e n  from  d iffe ren t 
a u th o rs . W here th is  is also connected  w ith  u n c e rta in tie s  in  th e  a ssignm en ts, 
a  se p a ra te  d iscussion is g iven on th e se  freq u en c ies .

T he v ap o u r p h ase  d a ta  of K in g  [5] w ere  used in  th e  case o f F A , ex cep t 
fo r one frequency  (w here K ing  gives e v id e n tly  w rong assignm ents in  th e  
1050 —1150 c m " 1 reg io n  an d  m easures o n ly  a  co m bina tion  b an d ), w hich  w as 
ta k e n  from  TANAKa an d  Mach ida  [8] in  so lu tio n . F o r th e  iV -deu tera ted  com 
p o u n d  th e  ex p e rim en ta l sp ec tru m  of th e  la t t e r  au th o rs  w as ta k e n  fo r co m p ari
son [8], excep t fo r one frequency , w hich  is fro m  th e  liqu id  s ta te  R a m a n  s tu d y  
o f Smith  and  T h o m ps o n  [7]. 15N iso tope  sh if t values are those  o f P a r e l l a d a  
an d  A r e n a s  [9].

Sim ilar se lection  o f  d a ta  was c a rr ie d  o u t in  th e  case of th e  o th e r  e igh t 
m olecu lar species (See T ab le  IV).

D esp ite  som e d e b a te , p a rticu la rly  co n cern in g  NM FA [17, 20, 21, 22, 24, 
26], it  is now genera lly  accep ted  th a t  th e  m o lecu la r s tru c tu re  of th e se  com 
p ounds is p re d o m in a n tly  p lan a r and trans  (N M FA , NMAA) b o th  in  th e  co n 
densed  and  in th e  v a p o u r  phase . The re fe ren ce  g eo m etry  used in  th is  s tu d y  was 
an  ex p erim en ta l one in  th e  case of F A  [50]. F o r th e  o th e r th ree  m olecules, 
th e o re tic a l ab initio  geom etries [51] w ith  a  su b seq u en t a d ju s tm e n t o f  С—H  
bond  leng ths (4-1 .1  pm ) an d  N —H  b o n d  le n g th s  (4-0 .6  pm ) w ere used.

Acta Chim. Acad. Sei. Hung. 108, 1981
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Table III
Scaled in-plane force constant matrices

a )  Formamide

s , s 3 s 3 s . s . s . s , S ,

4 .42
0 .25 10 .46
0 .1 9 0 .7 5 6 .84
0 .0 0 - 0.01 0 .18 6 .9 0
0 .0 0 0 .0 0 0 .17 0 .07 6.91

- 0 . 2 6 0 .27 0 .27 -0 .0 2 0 .0 4 1.43
0.01 - 0 .1 7 0 .1 5 0 .02 0 .0 0 0.01 0 .68

- 0 . 0 1 0 .0 2 0 .19 0 .0 6 0 .0 6 0 .01 - 0 .0 2 0 .45
0 .03 - 0 . 0 2 - 0 .0 2 0 .1 4 0 .1 2 - 0 . 1 2 0 .0 3 0 .0 0

b)  Acetamide

s . s , s 3 S i 8. 1 S. s , ! S8 s 9 S„ S.i S i. ®13

4 .2 8
0 .3 9 10 .64
0 .2 8 0 .73 6 .58
0.01 0 .0 0 0 .18 6 .9 6
0 .0 0 0 .00 0 .16 0 .08 7 .02

- 0 . 3 4 0 .21 0 .2 4 - 0 . 0 4 0 .05 1.51
0 .0 2 0 .2 6 0 .22 0 .0 4 0 .00 0 .0 3 1.03

- 0 .02 0 .03 0 .1 8 0 .07 0 .0 7 0 .0 0 0 .0 4 0 .47
0 02 0 .02 0 .0 3 0 .1 3 0 .13 0 .1 2 0 .0 4 0 .0 0 0 .61
0 .1 7 0 .0 0 0 .0 0 0 .00 0 .0 0 0 .0 2 0 .0 0 0 .0 0 0 .0 0 4 .7 9
0. о 0 .00 0 .00 0 .0 0 0 .0 0 0 .0 0 0 .0 5 0 .0 0 0 .0 0 0 .0 6 4 .65
0 .2 0 0 .03 0 .03 0 .0 0 0 .0 0 - 0 . 0 5 0 .01 0 .0 0 0 .0 0 - 0 . 1 0 0 .0 0 0 .5 6
0 .0 4 - 0 .0 4 0 .0 2 0 .01 0 .00 0 .01 0 .11 - 0 . 0 1 0 .0 2 0 .0 0 0 .1 3 0 .0 2 0 .5 7
0 .0 0 0 .0 0 0 .01 0 .0 0 0 .0 0 0 .01 0 .0 3 0 .0 0 0 .0 0 0 .0 0 - 0 .1 3 0.01 - 0 . 0 5

c )  iV-methylformamide

S. S3 S3 s . 1 Ss S. s , S. S, S.O $ 1 1  1 ^12 1̂3 S u

4 .47
0 .25 10 .45
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0.20 0.78 6.84
0.00 -0.03 0.22 5.18
0.00 0.00 0.17 0.11 6.96
0.30 0.32 0.31 0.03 0.05 1.82
0.00 -  0.17 0.16 0.02 0.00 0.00 0.69
0.06 0.00 0.08 0.13 I  0.23 -0 .0 8 0.07 1.19
0.00 0.04 0.18 -0 .1 5  0.02 0.07 0.01 0.00 0.54
0.00 0.01 -0 .0 1 0.24 0.00 0.00 0.00 0.03 0.00 4.79
0.00 0.01 0.01 -0 .0 2  0.00 0.00 0.00 0.03 0.01 0.03 4.62
0.00 0.01 -0 .0 1 0.31 0.01 -0 .0 1 0.00 0.03 0.02 0.10 0.00 0.63
0.01 0.00 0.03 -0 .0 2  0.02 - 0.02 0.01 0.05 0.03 0.00 0.13 0.00 0.73
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 -0 .1 4 0.00 -0 .0 6

d) Л'-methylacetamide

S, S. S, s , s„ S. 1 S, S . s. S , . «1. S „ S13 s u 1̂5 S ,. 1̂7 S,. s..

4.28
0.38 10.46
0.29 0.76 6.74
0.01 0.02 0.22 5.21
0.01 0.00 0.17 0.11 6.97

-0 .3 9 0.26 0.27 -0 .0 4 0.05 1.93
-  0.02 -0 .2 6 0.24 0.04 0.01 0.02 1.05

0.05 0.01 0.08 0.13 -0 .2 4 -0 .1 0 0.08 1.28
0.01 0.04 0.19 -0 .16 0.02 0.06 0.02 -0 .0 1 0.55
0.17 0.00 0.01 0.00 0.00 -0 .0 3 0.00 0.00 0.00 4.79
0.01 0.00 0.00 0.00 0.00 0.00 0.05 0.01 0.00 0.06 4.64
0.20 0.02 0.03 0.00 0.00 -0 .0 6 0.01 0.00 0.00 0.11 0.00 0.56
0.04 0.03 0.02 0.00 0.00 -0 .0 1 0.11 0.03 0.00 0.00 0.13 0.02 0.57
0.00 0.00 0.01 0.00 0.00 -0 .0 1 0.03 0.00 0.00 0.00 -0 .1 3 0.01 -0 .0 5 0.54
0.00 0.01 0.01 0.25 0.00 0.00 0.00 0.03 -0 .0 1 0.00 0.00 0.00 0.00 0.00 4.79
0.00 0.01 0.01 -0 .0 2 0.00 0.00 0.00 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.02 4.61
0.00 0.01 0.01 0.31 0.01 -0.01 0.01 0.03 0.02 0.00 0.00 0.00 0.00 0.00 -0 .1 0 0.00 0.63
0.01 0.00 0.02 -  0.02 -0 .0 2 -0 .0 3 0.01 0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.73
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0 .1 4 0.00 -0 .0 6 0.56

* Units are 10~18 Nm, 
respectively

10-й N and 102 N m -1 for bending-bending, bending-stretching, and stretching-stretching type force constants,
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R esults and D iscussion

F o rm a m id e

T h e  ex p erim en ta l a n d  ca lcu la ted  freq u en c ies  o f FA , its  IV -deu tera ted  
d e r iv a tiv e  and  th e  15N iso to p e  sh ifts are p re se n te d  in  T able IV /a, b , c to g e th e r  
w i th  th e  ex p erim en ta l ass ig n m en ts  and  th e  c o m p u ted  T .E .D . va lues.*  As 
c a n  b e  seen from  T ab le  IV /a , th e  ag reem ent b e tw een  observed and  c a lc u la ted  
f re q u e n c ie s  of th e  p a re n t co m p o u n d  below 2000 c m “ 1 is very  good (m ean  d e v ia 
t io n  in c lu d in g  h igher frequenc ies is 16 c m -1 ), w hile for th e  iV -d eu te ra ted  
d e r iv a tiv e  it  is reaso n ab le  (ex p erim en ta l freq u en c ies  m easured  in  so lu tio n ).

T h e  in fra red  an d  R a m a n  sp ec tra  of F A  (a n d  its  d e u te ra te d  d e riv a tiv e s)  
w a s  reco rd ed  and  assigned  b y  E v a n s  (v ap o u r phase) [3], S uz uk i  (also o f  th e  
d e u te r a te d  de riv a tiv es , liq u id  s ta te ; n o rm al co o rd in a te  analysis) [4]. L a te r  
K i n g  [5],  Smith  an d  T h o m p s o n  [7] m odified  th e  assignm ents a t  som e p o in ts .

C oncerning a ss ig n m en ts , th e  m ost im p o r ta n t  p o in t is th e  p o s itio n  of 
th e  rN H 2 m ode. S u z u k i  [4] assigned th e  1090 c m “ 1 b an d  (liqu id  s ta te )  to  
rN H .,. E ssen tia lly  th e  sam e assignm ent w as a c c e p ted  b y  T a n a k a  and  Ma c h i d a  
[8] (1084 c m -1 , ch lo ro fo rm  so lu tion), as w ell as b y  S mith and  T h o m p s o n  [7] 
(1095 c m -1 , R am an , liq u id ) . E v a n s  [3] consid ers  3 bands in  th is  reg ion  an d  
a ss ig n s  th e  1160 c m “ 1 b a n d  to  rN H 2 ( in te rp re tin g  th e  bands a t 1030 an d  1060 
c m “ 1 as th e  ou t-o f-p lane  m odes yCH and  w N H ,) .A  s trik ing ly  d iffe ren t a ss ig n 
m e n t  is given by  K in g  [5]:  he assigns th e  v a p o u r  b an d  a t 600 c m “ 1 to  rN H 2 
(w ith  th e  1160 cm  1 b a n d  n o t observed an d  yC H  p u t to  1050 c m -1 ).

O u r resu lts  e v id e n tly  confirm  th e  S u z u k i  ty p e  assignm ents b o th  for 
th e  p a re n t  and  th e  IV -deu te ra ted  m olecule (See T ab le  IV /a, b).

As to  th e  q u a li ta t iv e  descrip tion  o f  th e  fu n d am en ta l m odes, S m i t h  

a n d  T h o m p s o n  [7] in te rc h a n g e  th e  assig n m en ts  o f th e  liqu id  s ta te  b a n d s  a t 
1390 c m -1 and  1315 cm  1 (1390 c m -1 a n d  1255 c m “ 1 in th e  v a p o u r  [5]) 
m a in ly  on R am an  in te n s i ty  argum en ts. T h e y  assign th e  fo rm er to  vsOCN 
(fC — О -|- rC — N coup led  sym m etric  s tre tc h in g )  an d  th e  la t te r  to  áC H , co n 
t r a r y  to  all p rev ious a ssig n m en ts  (e.g. [3, 4, 5 ]). O ur resu lts  do n o t su p p o rt 
su c h  an  in te rch an g e . N o te  also th a t  in  th e  IV -deuterated  species S m i t h  and  
T h o m p s o n  [7] use in d iv id u a l <5NDcis and  <5ND(rans m otions for th e  c h a ra c te r iz a 
t io n  o f  th e  m odes o b se rv ed  a t  1099 and  897 c m “ 1 (R am an  bands a t  1123 and  
922 c m -1 in  th e  liq u id ). W e did n o t fin d  su ch  a  decoupling  o f th e  cis an d  trans 
<5ND m otions.

In  o th e r cases o u r calcu lations c o n firm  experim en ta l ass ig n m en ts  
[3 , 4 , 5, 7, 8]. H ow ever, th e re  are  a few p o in ts  w o rth  m en tion ing . A ccord ing  
to  o u r  resu lts , th e  tw o  frequencies a t 1084 c m 1 (solution) [8] an d  1255 c m “ 1 
(v a p o u r)  [5] of th e  p a re n t  m olecule arise  fro m  a strong  in te ra c tio n  b e tw een  
th e  rN H 2 and rCN  m odes. C o n tra ry  to  som e p rev ious in te rp re ta tio n s  (e.g. [4]),

* For definition, see T able IV

A c t a  C h im . A c a d . S e i .  H u n g .  1 0 8 , 1 9 8 1
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th e  norm al m ode co rrespond ing  to  th e  1390 c m -1 v a p o u r b a n d  o f  th e  p a ren t 
m olecule (assigned m ain ly  to  dCH) does n o t show  a la rg e r rC N  com ponent.

In  th e  n o rm a l m ode co rresp o n d in g  to  th e  1755 c m -1 v ap o u r h an d  
(1690 c m -1 in  th e  liq u id  s ta te  [4]) we fin d  on ly  a b o u t 14%  j>CN m otion  accord
in g  to  the  energy  d is tr ib u tio n . T he am p litu d e  ra tio  is, how ever, n ear —1, 
th u s  i t  is possib ly  reasonab le  to  assign th is  h a n d  as r asOCN in s te a d  o f vCO 
[4, 7]. I t  seems less ju s tif ied  to  assign  an y  b a n d  as th e  co rrespond ing  i»sOCN 
m ode as was d one  b y  S m it h  an d  T h o m p s o n  [7]. T he coup ling  o f vCN and 
rC O  is in  accordance  w ith  a large p o sitive  in te ra c tio n  force c o n s ta n t (0.75 X 102 
N m _1). There is also  considerab le  m ixing o f th e  rCO an d  ÓCH v ib ra tio n a l 
m odes in  th e  n o rm a l m odes observed  a t 1390 cm  1 (genera lly  assigned  as dCH) 
a n d  th a t  a t 1755 c m -1 . H ow ever, th e  re la tiv e  w eigh ts are  r a th e r  sensitive to  
sm all changes in  th e  force fie ld  (See T ab le  IV /a , b ; T ab le  IH /a ) .

As can be seen  in  T able IV /c , th e  15N iso to p e  sh ifts  [9] are  co rrec tly  
rep ro d u ced  by  th e  ca lcu la tion .

The in -p lane  force c o n s ta n t m a tr ix  o f F A  is p re sen ted  in  T ab le  IH /a .

Acetam ide

The ex p e rim en ta l assignm ents and  co m p u ted  en erg y  d is tr ib u tio n s  are 
g iv en  in  T able IY /d , e, f. The in -p lan e  jF -m atrix  is show n in  T ab le  I l l /b .  
T h e  vapour, so lu tio n , liq u id  s ta te , an d  m a tr ix  sp ec tra  o f  AA w ere s tu d ied  and 
assigned  by  K u t z e l n i g g  and  M e c k e  [10J, K in g  [13], S u z u k i  (also the 
d e u te ra te d  d e riv a tiv es) [11], U no  et al. [12]; ca lcu la tio n s o f  th e  sp ec tra  were 
done by  S u z u k i  [11], G a r r i g o u — L a g r a n g e  [15] an d  W a r s h e l  e t al. [14]. 
As can  be seen in  T a b le  IH /d , our ca lcu la ted  sp ec tru m  o f th e  p a re n t  m olecule 
is in  good ag reem en t again  w ith  th e  ex p e rim en ta l va lues, p a r tic u la r ly  below 
2000 c m -1 (m ean d e v ia tio n  17 c m '1) and  th u s  seem s to  p e rm it c r itic a l ju d g e 
m e n t o f ex p erim en ta l assignm ents a t  som e du b io u s p o in ts .

In  th e  v a p o u r sp ec tru m  K u t z e l n ig g  an d  M e c k e  o bserved  a b and  a t 
1385 c m “ 1 and assigned  i t  to  őaC H 3 [10]. T he co rresp o n d in g  b a n d  (a t 1370 
c m -1 ) in  Ar m a trix  w as assigned to  <5SC H 3 b y  K i n g  [13]. O ur re su lts  su p p o rt 
K i n g ’s assignm ent. O n th e  o th e r h a n d , th e  b a n d  in  m a tr ix  a t  1432 c m -1 
(assigned  to  <5aC H 3 [13]) w as n o t observed  in  th e  v a p o u r b y  th e  e a rly  au th o rs
[10]. O ur ca lcu la tions su p p o rt th e  a ssigm en t o f <5aC H 3 to  a  b an d  o f th e  iso lated  
m olecule a t th is  freq u en cy . The 1160 c m -1 b an d , assigned to  rN H 2 o f th e  self- 
asso c ia ted  m olecules in  solid film  w as n o t fo u n d  b y  K i n g  in  th e  m a tr ix  [13] 
an d  he  assigns rN H 2 o f th e  iso la ted  m olecular species to  a  b a n d  a t  790 c m -1 . 
O u r re su lts , as in  th e  case o f FA , exclude  th e  p o ssib ility  o f rN H 2 occurring  a t 
such  a low frequency  an d  th e  assignm en t of K u tze ln ig g  and  M ecke to  th e  1134 
c m “ 1 frequency  (v ap o u r) [10] is con firm ed .

Acta Chim. Acad. Sei. Hung. 108, 1981
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T h e  v a p o u r band  a t 500 c m “ 1 (assigned to  an  a sy m m etric  ske le ta l b en d in g  
in  re f. 10.) is assigned to  an  o u t-o f-p lan e  v ib ra tio n  y N H 2 a t  508 c m -1 in  th e  
m a tr ix  b y  K in g  [13]. T he 430 c m -1 (in solu tion) b a n d  of K u t z e l n i g g  and  
M e c k e  (assigned  to  y N H 2) [10] is fo u n d  a t 427 c m -1  in  th e  m a tr ix  b y  K in g  
a n d  is assigned  to  <5CCN [13]. F in a lly , K in g  assigns th e  w agg ing  m ode of 
N H j to  a b an d  a t 268 c m “ 1 [13]. S ince th e  low est f req u en cy  in -p lan e  b an d  
a ss ig n ed  m ain ly  to  dCCN is e x p e c te d  in  th e  500—400 c m ” 1 reg ion  [11, 12], 
o n ly  a  s tu d y  including also th e  ou t-o f-p lane  m odes could  d e fin ite ly  decide 
b e tw e e n  th e  assignm ents. T h e  C N D O /2 m ethod  is in a p p ro p r ia te  fo r th is  p u r 
p o se . A  p re lim in ary  ab in it io  s tu d y  suggests [53] t h a t  e ith e r  th e  427 c m -1 
(430 c m -1 ) b and  is th e  lo w est fre q u e n c y  in -p lane b a n d , or th is  lies a t  a  som e
w h a t  lo w e r w avenum ber an d  th e  b a n d  around  430 c m -1 o f th e  iso la ted  m olecule 
c o rre sp o n d s  to  an ou t-o f-p lan e  m ode. D uring  th e  scaling  p ro ced u re  we accep ted  
K i n g ’s assignm ent.

T h e  general s tru c tu re  o f  th e  no rm al m odes is s im ila r to  th o se  o b ta in ed  
b y  o th e r  au th o rs  for th e  p a r e n t  m olecule and  for th e  iV -d eu te ra ted  d e riv a tiv es  
[11, 12, 14, 15] [See T ab le  IY /d , e, f).

I t  is n o tew orthy  t h a t  th e  ca lcu la tions y ield  an  a lm o st p u re  rCO v ib ra tio n 
a l m o d e  fo r the  1728 c m -1  fre q u e n c y  (“ am ide I ” b an d ) o f th e  p a re n t m olecule 
a n d  fo r  th e  corresponding  b a n d s  o f  th e  IV -deuterated  d e riv a tiv e s ; th e  rCN 
c o n tr ib u t io n  is negligible a n d  ev en  th e  am p litu d e  ra tio s  are g rea tly  decreased  
( ~  — 0.5) as com pared w ith  F A . W e refer for fu r th e r  de ta ils  to  T ab le  IV /d , e, f. 
L a rg e  d ifferences occur in  th e  reg io n  above 2000 c m “ 1 be tw een  th e  ex p erim en 
ta l  a n d  calcu la ted  freq u en c ies  o f  th e  IV -deuterated  m olecules, an d  th e  ag ree
m e n t  is generally  less s a t is fa c to ry  th a n  for th e  p a re n t  com pound . H ow ever, 
th e  d ifference, for ex am p le , b e tw e e n  th e  observed  an d  ca lcu la ted  vN H , rN D  
fre q u e n c ie s  corresponds to  w h a t  is expected  for th e  iso la ted  an d  associa ted  
c o m p o u n d s . F u rth e rm o re , w e believe th e  ex p e rim en ta l va lues o f ref. [12] 
to  b e  to o  high, as th e  lo w est freq u en cy  in-p lane (skele ta l) m odes a re  localized 
to  r a th e r  high w av en u m b ers  ev en  for th e  p a re n t com pound , w hereas these  
a re  k n o w n  to  be re la tiv e ly  s ta b le  fo r a change of p h ase . T he 15N iso to p e  sh ifts 
[16] a re  well rep roduced  as c a n  be seen in  T able IY /g.

N -m ethy lform am ide

T h e  experim en ta l a n d  c a lcu la ted  frequencies , ex p e rim en ta l assignm ents 
a n d  co m p u ted  T .E .D . v a lu e s  are  lis ted  in T ab le  IV /h , i, w hile th e  in -p lane 
fo rce  c o n s ta n t m a tr ix  is g iv e n  in  T able  I l l / d .

T h e  vapour, so lu tio n , an d  liqu id  s ta te  in fra red  an d  R am an  sp ec tra  of 
N M F A  and  its  IV -d eu te ra ted  d e riv a tiv e  w ere m easu red  and  assigned b y  
M i y a z a w a  et al. (in th e  v a p o u r , in  a lim ited  reg ion , 1800—800 c m -1) [18],
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D e  G r a a f  and  S u t h e r l a n d  (liquid  s ta te )  [19], J o n e s  [20], H a lla m  and  
J o n e s  (v ap o u r sp ec tra  a t  room  te m p e ra tu re  w ith  a 40 m  p a th le n g th  cell)
[26], S u z u k i  (also th e  C -d eu te ra ted  d e riv a tiv e s , liqu id  s ta te )  [23], I t o h  and 
S h i m a n o u c h i  (far in fra red  reg ion , liqu id  s ta te )  [25]. C alcu lations o f  th e  sp ec tra  
w ere m ade b y  S u z u k i  [23], W a r s h e l  et al. [14], D a l c h is  et al. [27] an d  o thers. 
The m ain  prob lem  co n cern in g  N M FA since th e  early  s tu d ies  w as th e  in te r 
p re ta tio n  of v ib ra tio n a l sp e c tra  in  te rm s o f  th e  cis-trans isom erism  around  
th e  ce n tra l C —N b o n d , p a r tic u la r ly  in  th e  v a p o u r  s ta te  [17, 20, 21, 22, 24, 26]. 
W e h av e  m ade no ca lcu la tio n s  on the  cis isom er because CN D O /2 does not 
seem  to  be re liab le  en o u g h  fo r th is  p u rp o se . (The confusion o f  ex p erim en ta l 
resu lts  p ro h ib its  an y  sca lin g  or checking.) H ow ever, th e re  are som e questions 
o f im p o rtan ce  in  th e  e x p e rim e n ta l ass ig n m en ts  o f th e  sp e c tra  even  in  the 
case o f th e  trans  isom er.

F o r th e  low est freq u en cy  in -p lane b a n d  (<5CNC) th e  fo llow ing experim en
ta l  values were fo u n d : 297 c m -1 (in  liqu id ) in  ref. [23]; 302 c m '1 (R am an , 
liqu id ) in  ref. [19]. (The la t te r  au th o rs  also  re p o rte d  a R a m a n  b a n d  a t  242 
c m -1 an d  assigned i t  to  TCH3; th is  was n o t d e fin ite ly  confirm ed  b y  ref. [25].) 
A p re lim in ary  ab in itio  s tu d y  y ie lded  260 cm  1 [53]. F o r th e  dNCO m ode: 
624 c m -1 (in liqu id ) in  re f. [19] an d  ref. [20] (in  so lu tion); 771 c m '1 (in liqu id , 
762 c m -1 for th e  iV -deu te ra ted  d e riva tive) in  ref. [23]; 772 c m -1  (in  vapour) 
in  ref. [26]. T his la t te r  h igh  v a lu e  is ex p la in ed  b y  th e  in te ra c tio n  o f  th e  ŐCNC, 
óNCO m odes sp littin g  fa r  a p a r t  th e  tw o frequenc ies (ref. [23]). (The ÓNCO 
m ode is a ro u n d  550 c m -1 in  F A  and  AA). A t th e  sam e tim e , th e  785 c m '1 
(in  v ap o u r) b an d  w as assigned  to  yCH in  re f. [20].

To in v es tig a te  th e  above p rob lem , th e  tw o  added  v a ria b le  factors 
(p<5CNC, g<5NH) w ere o p tim ized  f irs t  in  such  a w ay  th a t  these  tw o questio n ab le  
frequencies w ere o m itte d . T he resu lts  show ed th a t  th e  m ode correspond ing  
m ain ly  to  th e  ÓNCO v ib ra tio n  lies above 700 c m -1 . T hen  th e  co rrespond ing  
value ta k e n  from  th e  v a p o u r  sp ec tru m  [26] w as included  in  acco rdance  w ith  
th e  assignm en t o f S u z u k i  [23] and  H a l l a m  an d  J o n e s  [26]. T he resu lts  
in d ica ted  th a t  th e  low est-ly in g  in -p lane fre q u e n c y  should  be in  ran g e  o f 250 
c m -1 to  300 c m '1. T h u s th e  297 c m '1 v a lu e  w as accep ted  an d  th e  scaling  
fac to r for th e  dC N C " co o rd in a te  w as o b ta in e d . T he anom alously  la rg e  value 
(1.6825) corresponds to  a m uch  too  low d iag o n a l force c o n s ta n t w h ich  is p resum 
ab ly  a defic iency  of th e  CN D O /2 p a ra m e tr iz a tio n  in describ ing  th e  h ea v y  a tom  
in -p lane  bend ing  m o tions a ro u n d  th e  n itro g en  a to m . As a w hole, how ever, 
our re su lts  are in  acco rdance  w ith  S u z u k i ’s e a rly  assignm ent concern ing  th e  
b an d  a ro u n d  770 c m -1 , a n d  exclude th e  p o ss ib ility  o f assigning th is  m ode as 
low as 624 c m '1. T he assig n m en t of th e  b a n d  a ro u n d  300 c m -1  is also con
firm ed  (See T ab le  IV /h). I t  shou ld  be n o ted  th a t  our ca lcu la tions, con ta in in g  
on ly  th e  in -p lane  m odes, d o  n o t exclude th e  possib ility  o f assign ing  ÓNCO 
to  th e  715 c m -1 v a p o u r b a n d  [20] (720 c m -1  in  th e  liqu id  s ta te  [23]), w hich
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is a ss ig n ed  as 2yCO [20] or yC H  -)- y N H  [23]. S im ila rly , th e  orig in  o f th e  242 
c m -1 R a m a n  b and  in  liq u id  is n o t y e t clear.

T h e  s tru c tu re  o f th e  m odes co rrespond ing  to  th e  “ am ide 1 ,1 '”  b an d s  
(see T a b le  IY /h , i) is s im ilar to  th e  case of FA . In  one case (1450, 1411 c m -1 
e x p e r im e n ta l frequencies) th e  ca lc u la ted  c h a ra c te riz a tio n  is ev id en tly  rev e rsed ; 
th e se  a re  ca lcu la ted  as on ly  14 c m -1 a p a r t and  a re  v e ry  m ixed v ib ra tio n s .

A t som e po in ts  ou r re su lts  do n o t agree w ith  th e  SuzU K i-type c h a ra c te r 
iz a tio n s . F o r  details see T ab le  IV /h , i and ref. [23]. W e fin d  ju s tif ia b le  to  call 
th e  m o d e  correspond ing  to  th e  “ am ide I I ”  b a n d  a  r aC N C " v ib ra tio n ; th e  
vsC N C " v ib ra tio n  lies a t  948 c m -1 (see Table IY /h). T he analysis o f th e  a m p li
tu d e s  show s also th e  im p o rta n c e  of in te ra c tio n  of th e  vN C ", rC "  H 3 v ib ra tio n s . 
In  th e  n o rm a l m ode a t  981 c m -1 (“ am ide I I I ' ”  b an d ) th e  decoupling  o f  th e  
<5ND a n d  pCN v ib ra tio n s  is sm alle r th a n  is g en era lly  assum ed fo r th e  N -  
d e u te ra te d  deriv a tiv e  [18, 23]. T hese resu lts  are  also confirm ed b y  re f. [53]. 
F o r f u r th e r  details see T ab le  IV /h , i.

N-methylacetamide

T h e  exp erim en ta l an d  ca lc u la ted  frequencies, ex p erim en ta l a ss ignm en ts 
an d  th e o re tic a l T .E .D . va lu es  a re  show n in  T ab le  IV /j, k , w hereas th e  in -p lan e  
force c o n s ta n t m a trix  is g iven  in  T ab le  I I I /d .

In f ra re d  and  R am an  s p e c tra  o f  NMAA an d  i ts  N -d e u te ra te d  d e riv a tiv e  
w ere f i r s t  m easured and  assigned  b y  M iy a z a w a  et al. in  th e  liqu id  s ta te  [18]; 
s im ila r  s tu d ies  w ere m ade b y  J o n e s  [24], and  b y  B r a d b u r r y  and  E l l io t  
(so lid  s ta te )  [28]. The f ir s t  sy s te m a tic  s tu d y  in  th e  liq u id  and  solid s ta te  w as 
c a rr ie d  o u t b y  S c h n e i d e r  et al. g iv ing  d e ta iled  assig n m en t of th e  s p e c tra  of 
th e  p a r e n t  m olecule an d  m a n y  d e u te ra te d  d e riv a tiv e s  [30]. I t o h  an d  S h i m a - 
n o u c h i  in v es tig a ted  th e  fa r  in fra re d  sp ec tra  in th e  liqu id  s ta te  [25]. F u r th e r  
s tu d ie s  w ere m ade b y  H a r a d a  et al.  (solution) [37], F i l l a u x  and  d e  L ozé  
(a rg o n  an d  n itrogen  m a tr ix )  [35]. C alcu lations o f th e  sp ec tra  w ere m ad e  by  
M i y a z a w a  et al. [28], J a k e s  an d  S c h n e i d e r  [31], W a r s h e l  et al. [14], 
J a k e s  a n d  K r im  [32], R e y — L a f o n  et al. [34], P o p o v  et al. [33], Sh i m a n o u c h i  
et al. [36].

I n  th e  case of NM AA w e w orked  w ith  fix ed  scaling  fac to rs o b ta in e d  for 
th e  co rresp o n d in g  sy m m e try  co o rd ina tes in  F A , AA an d  N M FA , th u s  the  
s p e c tra  o f  NMAA and  th e  d e u te ra te d  species serve  as a f irs t rea l te s t  fo r th e  
tra n s fe ra b il i ty  of these  sca lin g  fac to rs.

B elow  2000 c m -1 th e  ag reem en t w ith  th e  ex p e rim en ta l va lues, desp ite  
co n d en sed  phase effects, is sa tis fa c to ry , th e  m ean  d ev ia tio n  b e ing  below  
30 c m - 1 . T he largest d e v ia tio n  occurs for vCO a t  1660 (1647) c m -1 w here  the 
c a lc u la te d  values are 1723 (1717) c m -1 re sp ec tiv e ly ; th e  ca lcu la ted  v a lu es ,
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how ever, agree w ith  a vapour p h ase  v a lu e  o f abou t 1730 c m -1 fo r  th e  p a ren t 
m olecule [26].

C oncerning th e  ch a ra c te riz a tio n  o f  th e  norm al m odes, o u r  re su lts  are 
genera lly  in  ag reem en t w ith  th e  e x p e r im e n ta l w ork of Sc h n e i d e r  et al. [30], 
w h ich  form ed th e  basis  of the  an a ly s is .

T he “ am ide I  an d  I ' ”  b an d s t u r n  o u t to  be qu ite  pu re  vCO, v ib ra tio n s  
ag a in  like in  th e  case o f AA.

In  th e  n o rm al m odes of th e  p a re n t  m olecule, the s tru c tu re  o f th e  v ib ra tio n s  
co rrespond ing  to  th e  “ am ide I I ,  I I I ,  IV ”  b an d s  is in  ag reem en t w ith  w h a t is 
genera lly  supposed  a b o u t these m odes (e .g . [18, 28, 37]): ch ie fly  <5NH -f- rCN 
in  am ide I I  an d  I I I ,  ŐNCO in am ide  IV . I t  is also confirm ed t h a t  th e  skele ta l 
s tre tc h in g  m odes rN C " , rCC ' in te ra c t  w ith  th e  iV-methyl (C -m eth y l) in -p lane  
ro ck in g  m odes (see T ab le  IV /j, k ). H o w ev er, no strong  coup ling  o f  vCN and 
J>NC" is show n, c o n tra ry  to  th e  case o f  N M FA . O ur re su lts  a lso  co n firm  
e a r ly  suggestions [28] th a t  the  s ig n if ic a n t low ering in frequency  o f  th e  “ am ide 
IV ”  b an d  (628 c m -1 ) as com pared  w ith  N M FA  (772 c m -1) is d u e  to  an  in te r 
a c tio n  of <5NCO w ith  th e  vCC' m ode . T h e  energy  d is trib u tio n  a lso  su p p o rts  
th e  assignm ent o f S c h n e i d e r  et al.  a g a in s t those  of J o n e s  a t  se v e ra l po in ts  
(see T ab le  IV /j, and  ref. [30, 24]). T h e  u su a l “ am ide I I I '”  assig n m en t (decoup led

T a b l e  TV
Experimental and calculated frequencies and assignments1

F req u en c ie s  (c m -1 ) A ssignm ent

a) H CO NH .

E x p . [5] Calcd. E xp. [5] T .E .D .

Description 
after ref. [18]

565 566 Amide IV <5NCO 85 ŐNCO +  10 rNH,
1084* 1074 rNH+ 45 rN H , +  38 rCN -f  13 rCO
1255 1254 Amide I I I i’CN 43 rCN +  39 rNH. +  13 dNCO
1390 1389 ЙСН 67 dCH +  28 rCO
1580 1577 Amide I I <5NH„ 91 <5NH2
1755 1751 Amide I .CO 51 rCO -F 27 (5CH +  14 rCN
2855 2824 .CH 100 rCH
3448 3481 rsNH2 52 i'NHc +  48 rNHt(100 t’sN H .)
3570 3564 j’aNH, 48 rN H c +  52 vNH,(100 i>aN H.)

* F rom  ref. [8J
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T ab le  IV  (contd.)

b) HCOND.

E xp. [5] Calcd. E xp . [8]** T .E .D .

531* 507 <5NCO 72 <5NCO +  24 rN D ,

897 901 rN D , 58 rN D . +  17 vCN

1099 1086 ŐND, 58 5ND, +  19 vCN +  12 ŐNCO +  11 yND.

1316 1273 i'CN 45 j>CN +  35 <5ND, +  11 ŐCH

1391 1396 <5CH 61 ЙСН +  34 .-CO

1708 1739 iCO 55 vCO +  27 (5CH +  14 rCN

2481 2514 vs] m 51 rN D t +  48 rN D t(99 rsND„)

2650 2650 » а Щ 51 i-NDt +  49 i'NDc(100 raND2)

2874 2825 iC H 100 i’CH

* From ref. [7]
** In  fact based on a norm al coordinate analysis

c) H C 015NH, isotope shifts

E x p . f re q u e n c y  o f  th e  p a re n t 
m o lecu le  [5] (c m -1 )

E x p . [9] Calcd.

(zb’=i'HCO,5NH2—vCH014NH„)

565 - 3 3.42
1084 — 10.79
1255 - 7 -1 0 .4 4
1390 0 -  0.15
1580 -6 .7 — 5.57
1755 - 3 3.13
2855 — 0.00

3448 - 5 -  3.71
3570 -  10 — 11.31

<5ND) is, how ever, in te rc h a n g e d  w ith  the n ex t h ig h e r  frequency  rC H 3 (C -inethy l) 
a ss ig n m en t a t 965 a n d  1000 c m -1 as co m p ared  w ith  th e  experim en ta l a ss ig n 
m e n t. (N eighbouring  freq u en c ies  w ith  on ly  14 c m -1  calcu lated  d ifference.) 
T h e  large  coupling o f  th e  rN C " mode w ith  th e  <5ND v ib ra tio n  a t  1000 c m “ 1 
(th o u g h  th e  assig n m en t is in terchanged) an d  th e  fa c t th a t  <5ND has a  la rg e  
a m p litu d e  in  th e  n o rm a l m ode correspond ing  to  th e  1123 cm “ 1 fre q u e n c y  
m a in ly  due to  rN C " , ( th o u g h  its c o n tr ib u tio n  to  to ta l  energy is neg lig ib le) 
show s sim ilarities w ith  th e  case of N M FA , w h e re  th is  in te rac tio n  is also 
p re se n t.

Acta Chim. Acad. Sei. H ung .108, 1981



BALÁZS: VIBRATIONAL SPECTRA OF AMIDES 279

T able IV  ( c o n td .)

d) CH3CONH2

E x p . [13] Calcd. E x p . [13] T .E .D .

Description 
after ref. [18]

427 421 ÓCCN 68 SC' +  18 ŐNCO
547 539 Amide IV ÓCO 65 6NCO +  17 <5C'
840 837 j’CC 64 i>CC' +  18 rCN
970 955 rCH3 77 rC 'H 3 +  14 vCN

1134* 1132 rN H t 64 rN H , +  17 vCO
1316 1329 Amide III rCN 33 <5SC 'H 3 +  30 vCN +  13 rN H ,
1370 1402 ,5SCH3 48 <5SC 'H 3 +  15 <5aC 'H 3 +  13 vCC' +  13 rCN
1432 1434 ЛаСН3 82 f5aC 'H 3 +  14 (5SC 'H 3
1586 1612 Amide 11 <5NH, 92 ÓNH.
1728 1736 Amide I 1-CO 69 rCO
2860* 2869 rsC 'H 3 94 rsC 'H 3
2930* 2941 94 raC 'H 3
3436 3505 i ’s N H 2 61 rN H c +  39 rNH,(100 vsN H 2)
3557 3581 paN H 2 61 rN H , - f  39 vNHc(100 iijNH.)

* From ref. [10]

e) CH3CONHD,

E x p . [12] Calcd. E x p . [12] T .E .D .

455 400 (5CCN 62 SC' +  21 ŐNCO
568 534 <5NCO 60 <5NCO +  22 <5C'
871 834 rCC 66 rCC' +  14 rCN
933 900 áND, 33 rN H D , +  32 rC 'H 3 +  21 vCN

1045 1007 rCH3 50 rC 'H 3 +  25 rNHD,
1359 1328 4 CH3 34 SC 'H 3 +  32 rCN
1398 1402 vCN 48 <5SC 'H 3 +  15 йаС 'Н 3 +  13 rC C ' +  12 rCN
1453 1433 <5aCH3 82 <5aC 'H 3 +  13 <5SC 'H 3
1475 1451 <5NHC 77 <5NHD,
1652 1734 vCO 70 rCO
2417 2602 rND, 99 rND,
2926 2869 vsCH3 94 rsC 'H 3
3000 2941 vaCH3 94 raC 'H 3
3270 3536 vNHc 100 vNHc
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T ab le  IV  (c o n td .)

f) CH3COND,

E x p . [12] Calcd. E x p . [12] T .E .D .

442 389 ŐCCN 55 ŐC' +  26 áNCO

548 519 ŐNCO 51 ŐNCO +  29 ŐC

817 796 rCC 62 vCC' +  20 rN D , +  11 rCN

933 898 rN D , 33 rN D , +  27 rC 'H 3 +  25 t>CN

1036 991 rCH3 53 rC 'H 3 +  22 rN D , +  12 rCO

1185 1163 (5ND2 75 ŐND,

1359 1345 <5SCH3 47 ősC 'H 3 +  27 rCN +  12 ŐND2

1411 1407 pCN 37 ősC 'H 3 +  19 pCN +  18 <5aC 'H 3 +  15 vCC'

1453 1434 6aCH3 79 <5aC 'H 3 +  16 ŐSC 'H 3

1644 1724 7’CO 74 vCO

2316 2534 l’SM)o 56 rN D c +  44 rN D t(100 rsND2)

2530 2660 vaND2 56 rN D t +  44 pN D c(100 i>,ND.)

2926 2869 >'SCH3 94 i'sC 'H 3

3000 2941 таСН3 94 raC 'H

g) CH3C 015NH, isotope shifts

F re q u e n c y  o f  th e  p a re n t  1 E x p . 1161 Calcd.
m o le c u le  [13] (cm -1 )

(Av =  rCH3C 015NH, j-CH3C 0 14NH„)

427 — 4.0 — 3.31

547 -  2.4 -2 .7 5
840 -5.1 — 5.44

970 2.8 -3 .1 5
1134 6.2 -7 .1 6

1316 0.0 -  4.44

1370 -4 .8 -2 .4 3
1432 0.0 0.1
1586 -4.0 6.33
1728 - 4 .0 2.34

2860 0.0 0.0
2930 0.0 0.0
3436 - 7 .6 4.02

3557 — 13.5 11.06
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T a b le  IV  ( c o n td .)

h) HCONHCH3

E x p . [20] Calcd. E x p . [20] T .E .D .

Description 
after ref. [18]

297* 275 <5CNC* 64 dCNC" +  32 <5NCO
772** 722 Amide IV ÓNCO** 55 (5NCO +  24 <5CNC"
948** 947 vNC** 53 vN C" +  26 i>CN +  14 rC "H 3

1149*** 1138 rCII., 68 rC "H 3
1200 1208 Amide I I I rCN +  (5NH 35 vCN +  25 vNC" +  22 <5NH
1387*** 1396 <5CH 66 (5CH +  28 vCO
1411 1443 <5SCH3 76 <5aC "H 3 +  16 <5SC "H 3

1450**** 1457 <5aCH3**** 68 dsC "H 3 +  21 (5aC "H 3
1498 1520 Amide II (5NH +  vCN 62 áN II +  12 vCN +  11 <5SC "H 3
1724 1746 Amide I rCO 54 i>CO +  28 (5CH +  14 rCN
2732 2841 vsCH3 100 i-CH
2934 2872 ?'aCH3 99 r sC "H 3
3052 2929 )CH 99 vaC "H 3
3480 3535 vNH 100 j>NH

From ref. [23]
** From ref. [26]

*** Solution
**** From ref. [19]

i) HCONDCH3

E x p . [23] Calcd. E x p . [23] T .E .D .

Description
after ref. [18;

297 273 (5CNC +  dOCN 64 dCNC" +  32 <5NCO
762 716 Amide IV' <50CN 55 dNC.O +  24 dCNC"
943 930 rNC +  (5NI) 55 vN C" +  23 (5ND +  13 rC.H3
981 963 Amide I I I ' <5ND 52 <5ND +  35 pCN

1155 1142 rCH3 70 rC "H 3 +  11 j>NC"
1383 1368 ЛСН 36 i-CN +  20 ЛАО +  16 rNC”
1405 1400 4 CH3 59 <5CH - f  35 rCO
1436 1446 Amide I I ' rCN -f  <5aCH3 95 <5aC "H 3
1467* 1470 <5aCH3* 85 <5SC "H 3
1662 1742 Amide V 1'CO 54 i'CO +  29 i5CH -f  14 t-CN
2474* 2587 vND* 99 i’ND
2743* 2842 >'SCH3* 100 i CH
2879* 2872 rCH* 99 i’sC "H 3
2943* 2929 >'aCH3* 99 vaC "H 3

* From ref. [19]
** In  fact based on a normal coordinate analysis
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Table IV (contd.)

j) CH3CONHCH3

E x p . [30] '
1

Calcd. E x p . [30] T .E .D .

Description
after ref. [18]

279* 254 ÓCNC 53 <5CNC" +  32 ŐNCO +  12 <5C'
431* 434 6CCN 67 <5C'
628 608 Amide IV Amide IV 44 6NCO +  27 A X ' +  15 <5CNC"

883 856 i'CC 24 rCN +  24 rCC' +  17 rC "H 3 +  10 rCO
991 942 rCH 3(C) 63 rC 'H 3 +  13 vCC'

1114 1072 rNC 45 rN C " +  17 rC "H 3 +  14 rC 'H 3

1161 1157 rC H 3(N) 55 rC " H 3 +  18 rN C "

1265* 1277 Amide I I I Amide III* 29 rCN +  27 <5NH +  11 <5SC 'H 3 +  10 rCC
1374 1389 6SCH3(C) 73 ásC 'H 3 +  13 <5aC 'H 3

1414 1434 <5SCH3(N) 86 <5aC 'H 3 +  11 <5SC 'H 3

1458 1446 <5aCH3(C) 81 <5aC "H 3 +  14 <5SC "H 3

1471 1462 6aCH3(N) 77 <5SC "H 3 +  16 áaC "H 3

1511* 1542 Amide II Amide 11* 56 áN H  +  22 rCN

1660 1723 Amide I Amide I 71 vCO

2935) 2868 rsCH3| 94 vsC 'H 3

2935] 2872 rsCH3J 99 rsC” H 3

29941 2926 raCH3 99 vaC ''U 3
2994] 2940 raCH3 95 vaC T I3

3495* 3539 rN H 100 A H

* From ref. [35]

C onclusion

T he ca lcu la tio n s show  th a t  th e  force m e th o d  w ith in  th e  CNDO/2 f ra m e 
w o rk  co rrec tly  rep ro d u ces th e  v ib ra tio n a l s p e c tra  o f m edium -size o rgan ic  
m olecules like am ides an d  helps th e  a ss ig n m en t o f  th e  sp ec tra  if  th e  force fie ld  
is a p p ro p r ia te ly  sca led . T he scaling p ro ced u re  is physica lly  co n sis ten t: a single 
sca lin g  fa c to r  is u sed  fo r a  set of s im ilar v ib ra t io n a l  coord inates.

W e believe t h a t  th e  ca lcu la ted  d iag o n a l fo rce  co n stan ts  are precise  w ith in  
10 %  a n d  a sim ilar o rd e r of p recision  is e x p e c te d  for th e  la rger coup ling  te rm s  
(co rresp o n d in g  to  a t  m o st 5 %  erro r in  th e  freq u en c ies  in  general). T he p rec is io n  
is p re su m a b ly  d ecreased  in  para lle l to  th e  a b so lu te  values.

T h e  scaling fa c to rs  are  tran sfe rab le , w h ich  is in d ica ted  b y  th e  fa c t th a t  
in  th e  case of N M AA an d  its  d e u te ra te d  d e r iv a tiv e  fixed , tra n sfe rre d  fac to rs  
w ere u sed  and  th e  n u m erica l ag reem en t w ith  exp erim en ta l freq u en c ies  is
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T ab le  IV  ( c o n td . )

k) CH3CONDCH3

E x p . [30] Calcd. E x p . [30] T .E .D .

Description 
after ref. [18]

277* 253 (5CNC 53 <5CNC" +  32 <5NC0 +  12 <5C'
429* 431 <5CCN 66 <5C' +  11 <5CNC"
628 605 Amide IV ' Amide IV' 45 <5NCO +  26 j’CC' +  15 ŐCNC"
872 849 rCC 25 vCN +  24 rCC' +  15 rC ''H 3
965 939 Amide I I I ' Amide I I I ' 61 rC 'H 3 +  14 <5ND

1000 953 rCH3(C) 47 <5ND +  31 j>NC"
1123 1126 rNC 34 vN C" +  16 rC 'H 3 +  13 vCC'
1185 1154 rCH3(N) 68 rC " H 3
1372 1370 <5SCH3(C) 74 <5SC 'H 3
1406 1428 <5SCH3(N) 71 áaC 'H 3
1446 1441 <5aCH3(C) 22 <5SC ''H 3 +  20 <5aC'H3 +  16 Й5С 'Н 3 4-

1471 1450 óaCH3(N)
4- 14 vCN 4- 12 i5aC "H 3 

83 <5aC ''H 3
1485 1475 Amide I I ' Amide I I ' 65 <5SC ''H 3 4- 11 rN C " 4- 10 rCN
1647 1717 Amide I ' Amide I ' 73 vCO

— 2598 — 99 vND
2938 2868 rsCH3 94 rsC 'H 3
2938 2872 rsCH3 99 vsC "H 3
2994 2926 I’aCHg 99 vaC 'H 3
2994 2940 raCH3 94 vaC 'H ,

* From  ref. [35]
1 The T .E.D . criterion [52] was used th roughou t this study: Total energy contribution  

of the j'th  in ternal coordinate in the ith  normal m ode is calculated as

Щ =  Lij' Lji,
where L  is the m atrix  of vibrational eigenvectors

The calculated values have been multiplied by  100 and only those above 10 are listed 
in Table IV.

sa tis fa c to ry ; th e  m ean  dev ia tio n  is below  30 c m “ 1. F o r th is  reaso n , th e  force 
m e th o d  in  th is  CN D O /2 version can be e x p e c te d  to  be adequate  fo r th e o re tic a l 
c a lcu la tio n  o f th e  sp ec tra  of la rg e r m o lecu les w here a t p resen t no  re liab le  
e x p e rim e n ta l d a ta  are  availab le  and in  w h ich  cases the  ab initio  a p p ro a c h  
is to o  expensive  .O n th e  basis of th e  p re se n t re su lts  we hope to  c a lc u la te  th e  
force fie lds o f d iam ides w hich can  be re g a rd e d  as segm ents of th e  p o ly p e p tid e  
ch a in  such  as iV-acetyl-JV’-m e th y la lan ilam id e .
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Investigations were carried ou t for the determ ination of the m echanical prop
erties of poly(vinyl acetate) (PYAc) gels, p repared  from chemically cross-linked poly
vinyl alcohol (PYA) gels by topo-analogous transform ation in the gel phase a t un 
changed steric structure.

I t  has been found, in conform ity w ith  theory , th a t for PVAc gels th e  p roduct 
K Iv* qH~l3 is independent of the swelling ra tio  and  th a t presumably perm anent entangle
m ents do no t contribute considerably in these systems to the change in H elmholtz 
energy in conjunction w ith deformation.

A pproxim ating the chain size in th e  reference state w ith relationships valid 
for dilute polym er solutions, a value was ob tained  for the ratio of the K ^ e iq ’ö 2!3 products 
pertinen t to  PVAc acetone and PVA w ater systems, which agreed well w ith 
experim ental results.

Using a scaling law, it has been shown th a t  the concentration dependence of 
the correlation length and of the m odulus is prim arily determ ined by  th e  s tructu re  
of th e  gel.

Introduction

In  th e  f irs t  tw o  p a rts  of th is  series re su lts  o f m echanical in v es tig a tio n s  
on chem ically  cross-linked  po ly v in y l a lcoho l (PVA) hydrogels h av e  been  
rep o rted .

I t  has been  e stab lish ed  th a t  th e  b e h a v io u r  of these system s co n sid e rab ly  
d iffers from  th a t  o f  th e  ideal m odels, se rv in g  as basis for th e  s ta t is t ic a l  th e rm o 
d y n am ica l ca lcu la tio n s. I t  has been fo u n d  am ong  o thers, th a t  th e  v a lu e  o f th e  
p ro d u c t K xv*\qf2̂  w h ich , according to  th e  th e o ry , is in d ep en d en t o f th e  sw elling 
ra tio , su b s ta n tia lly  increases w ith  in c rea s in g  volum e frac tio n  o f th e  po lym er. 
O n s u b s titu tin g  fo r th e  single fac to rs o f th e  p ro d u c t K xv * ^ 213 th e o re tic a l d a ta  
genera lly  accep ted  to d a y , u n realistic  v a lu es  are  ob ta ined .

One p a r t  of th e  anom alies re fle c ted  b y  th e  exp erim en ta l re su lts  h as  been 
q u a lita tiv e ly  in te rp re te d  b y  th e  change in  s tru c tu re  o f th e  PY A  gels w ith  
decreasing  th e  sw elling degree. X —ray  d iffra c tio n  in v estiga tions u n eq u iv o ca lly  
show ed th a t  w ith  d im in ish ing  sw elling ra t io  sup ram olecu la r asso c ia tio n s are 
fo rm ed  in  th e  gel, th e  c rysta lline  c h a ra c te r  o f w hich becom es m ore an d  m ore 
d is tin c t w ith  increasin g  volum e frac tio n  o f th e  polym er.
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T o  estab lish  w heth er ch a ra c te ris tic s  in  th e  m echan ical and sw elling p ro p 
e r tie s  o f  th e  gels are to  be a t t r ib u te d  to  o rd e rin g  o f th e  polym er ch a in s , or 
th e y  a rise  from  th e  s tru c tu re  o f th e  n e tw o rk , th e  topo-analogous tr a n s fo r 
m a tio n  m e th o d  [1] has been  used .

T h e  essence of th is  m e th o d  is th e  conversion  o f a  cross-linked p o ly m er 
n e tw o rk  b y  po lym er-analogous tra n s fo rm a tio n  ca rr ied  o u t in  th e  gel p h ase  
in to  a n o th e r  polym er, w ith o u t chang ing  th e  s te ric  s tru c tu re  of th e  gel, i.e. 
th e  n u m b e r  of the  chem ical ju n c tio n  p o in ts , o r th e  n u m b er of th e  m o n o m er 
u n its  b e tw e e n  these p o in ts . T opo-analogous tra n s fo rm a tio n  offers, am o n g  
o th e rs , a  possib ility  to  p re p a re  from  a gel sw elling in  w a te r  an o th e r sy s te m  of 
id e n tic a l  s te r ic  s tru c tu re , sw elling  in  a n o n -p o la r m ed ium . T hus, by  co m p arin g  
th e  c h a ra c te r is tic s  of th e  tw o  or possib ly  sev era l k in d s  o f such system s, p ro p 
e r tie s  in  co n junc tion  w ith  th e  s tru c tu re  o f th e  gel or w ith  o ther fac to rs  (e.g. 
th e  in te ra c tio n s  betw een  th e  p o ly m er chains an d  th e  m edium  or th e  n e tw o rk  
c h a in s  w ith  one ano ther) c a n  be sep ara ted .

I t  sh o u ld  be m en tio n ed  th a t  th e o re tic a l possib ilities involved in  topo- 
a n a lo g o u s  tran sfo rm a tio n s  a n d  th e  in fo rm a tio n  o b ta in a b le  b y  th e ir  a p p lic a 
t io n  a re  m en tioned  only  b r ie f ly  in  th e  p re se n t com m unication ; th e y  w ill be 
d isc u sse d  in  th e  near fu tu re  in  a sep a ra te  p ap er.

T heoretical survey

A s is w ell know n, th e  re la tio n sh ip  betw een  th e  force induced  by  u n id ire c 
t io n a l  d e fo rm a tio n  in  hom ogeneous an d  iso trop ic  n e tw o rk s  a t  c o n s tan t vo lu m e , 
a n d  th e  m acroscopic d e fo rm a tio n  ra tio s  can  be described  by  th e  fo llow ing  
e q u a tio n  [2]:

/
R T  K . v h q ö ^ q f V ö

( л х -  л - 2) ( 1 )

w h e re  К г is a co n stan t d ep en d in g  on th e  s te ric  s tru c tu re  of th e  g iven gel, v*t 
is th e  q u a n t i ty  in  mol of th e  e la s tica lly  ac tive  n e tw o rk  chains in  u n it  vo lu m e 
o f  th e  unsw o llen  netw ork , q( is th e  sw elling ra tio  o f th e  n e tw ork , q0 th e  so-ca lled  
m e m o ry  p a ra m e te r, an d  V d th e  vo lum e of th e  d ry  gel. A x is th e  d e fo rm a tio n  
ra t io  d e te rm in e d  in  th e  d ire c tio n  o f th e  force (in  u n id irec tio n a l s tre tc h in g

or co m p ress io n  Лх =  , w h ere  L x is th e  le n g th  o f the  deform ed, w hile L Vx
L vx

t h a t  o f  th e  undeforined  sam p le  o f volum e V,  m easu red  in  th e  d irec tion  o f th e  
л -a x is ) , R  th e  gas c o n s ta n t a n d  T  th e  te m p e ra tu re .

I t  c a n  be seen from  E q . (1) th a t  th e  v a lu e  o f th e  p roduc t K-iV*{q^ 2ii, 
c o n ta in in g  th e  m olecular p a ra m e te rs  c h a ra c te ris tic  o f th e  gel, can  be d e te rm in ed

A cta  Chim . Acad. Sei. Hung. 108, 1981



HORKAY ct al.: STUDIES ON POLYMER NETWORKS, III 239

ex p e rim en ta lly . To o b ta in  fu r th e r  in fo rm a tio n  ab o u t th e  in d iv id u a l fac to rs 
o th e r  considera tions are  needed in  connection  w ith  th e  m odel sy stem .

A ccording to  th e  th e o ry , th e  value o f К t is d e te rm ined  p rim arily  b y  th e  
ste ric  s tru c tu re  o f th e  gel; its  m agn itu d e  is c o n s ta n t for a g iven  sy s tem , it  
does no t depend  e ith e r  on th e  ac tu a l sw elling ra tio  of th e  gel, or on th e  in te r 
ac tio n s of th e  p o ly m er — so lven t system .

I f  th e  gel is p re p a re d  b y  cross-link ing  o f  th e  po lym er in  so lu tio n , p*| 
can  be ca lcu la ted  on th e  basis o f th e  re la tio n sh ip

Vpi  =  v * v* ( l  -
( M n

( 2)

w here  v* is th e  c o n c e n tra tio n  o f all th e  n e tw o rk  chains in  th e  sy s tem , d the  
d en sity  of th e  po ly m er, M c is th e  n um ber av e rag e  re la tiv e  m olecu lar m ass of 
th e  n e tw o rk  cha ins, an d  M n th a t  of th e  p o ly m er m olecules in  th e  in itia l so lu 
tio n  [3]. A m ong th e  n e tw o rk  defects E q . (2) ta k e s  in to  consid era tio n  o n ly  the  
so-called p e n d en t ch a in s , w hich  are linked  on ly  b y  one of th e ir  ends to  th e  ju n c 
tio n  p o in ts . T he th e o re tic a l ca lcu la tion  o f o th e r  n e tw o rk  defects (u n reac ted  
fu n c tio n a l g roups, cycles, en tan g lem en ts , etc.), is n o t y e t so lved. T h e  c learing  
o f th e  role of p e rm a n e n t en tan g lem en ts  causes p a r tic u la r  p roblem s. T h e  c o n tr i
b u tio n  of these  to  th e  change in  H e l m h o l t z  energy , accom pan ied  b y  th e  
d efo rm atio n  o f th e  n e tw o rk , m ay  depend  co n sid e rab ly  on th e  sw elling ra tio  
o f  th e  gel (F ig. 1). As show n schem atica lly  in  F ig . 1, on increasing  th e  sw elling 
ra tio  (e.g. b y  ex chang ing  th e  m edium  for a th e rm o d y n a m ic a lly  b e tte r  so lven t), 
en tan g lem en ts  a c t as i f  th e y  w ere p e rm a n e n t cross-links, increasing  th e re b v  
th e  q u a n tity  of th e  e la s tica lly  ac tive  n e tw o rk  ch a in s , or th e  elastic  w ork  needed 
fo r th e  p ro d u c tio n  o f a given defo rm ation .

A fu r th e r  th e o re tic a l d ifficu lty  is ra ised  b y  th e  ca lcu la tio n  o f  th e  value 
o f p a ra m e te r  q0. T h e  ap p ea ran ce  of q0 in  th e  fu n d a m e n ta l eq u a tio n s  is due 
to  th e  fac t th a t  in  th e  ca lcu la tio n  of th e  change in  H e l m h o l t z  energy , accom 
p an ied  by  th e  d e fo rm a tio n  o f th e  n e tw ork , th e  reference  s ta te  is th e  u n p e rtu rp -  
ed, force-free s ta te  o f th e  n e tw o rk  chains. I f  no change in  volum e occurs d u rin g

F ig . 1. Effect o f sw elling on perm anent entanglem ents. (1) junction point, (2) netw ork chain

Acta Chim. Acad. Sei, H ung. 108, 1981



2 9 0 HORKAY et al.: STUDIES ON POLYMER NETWORKS, III

d e f o r m a t i o n ,  t h e n  t h e  c h a n g e  in  H e l m h o l t z  e n e r g y  can  b e  e x p re s se d  i n  t h e  fo l
l o w in g  f o rm :

Zlyfei —
R T  K 1v*iV ú

(Я| +  A2 +  X\ — 3) (3)

w h ere  Ax, Ay and Az are  d e fo rm a tio n  ra tio s  in  th e  vario u s d irec tions o f  space, 
re fe r re d  to  th e  reference s ta te .  I f  th e  m ean  en d -to -en d  d istance  of th e  n e tw o rk  
c h a in s  in  th e  reference s ta te  is deno ted  b y  an d  in  th e  iso tro p ic  sw ollen
gel b y  <(r)q, th en  th e  fo llow ing  re la tio n sh ip  can  be w ritte n  for th e  m acroscopic  
d e fo rm a tio n  ra tio  A x d e fin ed  earlie r and  fo r Ax:

ЛХ = К ^ -  (4)
( r e 

i n t r o d u c i n g  th e  sw ell ing  r a t i o  i n s t e a d  o f  t h e  c h a in  size,

?o =
< r 2> os

<r2)rf

3/2
, and  qi = <r2>i

<r2)d

3/2

w h ere  <V2̂ >d is th e  m ean  sq u a re  en d -to -end  d is tan ce  of th e  n e tw o rk  ch a in s  a t 
a  sw e llin g  ra tio  of g. =  1, th e  follow ing e q u a tio n  is o b ta in ed  from  E q . (4):

A  =  К
. \ -1 /3

( 3 )

E x p re s s in g  Ax and in tro d u c in g  i t  in to  E q . (3), th e  follow ing e q u a tio n  is o b ta in e d  
fo r  th e  force in  th e  case o f u n id ire c tio n a l d e fo rm a tio n  a t  c o n s ta n t v o lu m e :

/ =
дЛ A ej I R T K xv*elV d qi \

d L x j T, v Lvx 4c )

w h ich  is iden tica l to  E q . (1).

2/3

{ A - A 2) ( 6)

I t  is ev iden t fro m  th e  afo resaid  t h a t  q0 ; ч un eq u iv o ca lly  re la te d  to  th e  
c o n fo rm a tio n  belonging to  th e  u n p e rtu rb e d  s ta te  of th e  n e tw o rk  ch a in s  as 
i t  is in d ic a te d  also b y  th e  n a m e  “ m em o ry -p a ra m ete r” .

T h e  ap p ro x im atio n  q0 =  qc. Í ( A c
<r2>d

3/2
w here  ( r 2) c is th e  m ean  square

e n d - to -e n d  distance o f th e  n e tw o rk  chains a t th e  vo lum e o f gel p re p a ra tio n

o f te n  u se d  in  the  in te rp re ta t io n  of ex p erim en ta l re su lts , is based  on th e  a p p ro x i
m a tio n

№ ■ < l*2) o s  _  < r 2>os < t 2) c _  < r 2) o s  2/3

<r2) a <r2)d <r2}c <r2)c
47 (7)
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an d  on th e  assu m p tio n s th a t  b efo re  cross-link ing , th e  p o ly m er m olecu les are 
in  a n ear u n p e r tu rb e d  s ta te  in  th e  so lu tio n , an d  th a t  th e  c ro ss-lin k in g  process 
does n o t change considerab ly  th e  c o n fo rm a tio n  of th e  ch a in s , i.e. <V2>0S =  
=  <r2>c. T he la t te r  assu m p tio n  im p lic ite ly  m eans also t h a t  th e  in te ra c tio n  
p a ra m e te r  o f th e  po lym er — so lv e n t sy s te m  is no t co n sid e rab ly  ch an g ed  by 
cross-link ing , b u t  only  th e  c o o rd in a tio n  n u m b e r of th e  m o n o m er u n its  varies 
in  th e  e n v iro n m en t o f the  c ross-links. T h is  is fulfilled w ith  good a p p ro x im a tio n  
on ly  i f  cross-link ing  is p roduced  w ith o u t th e  in tro d u c tio n  o f ch e m ic a l reagen ts 
(e.g. b y  e lec tro m ag n etic  or n e u tro n  ir ra d ia tio n ) .

In  all th e  o th e r cases i t  sh o u ld  be  ta k e n  in to  considera tion  t h a t  th e  physi
cal an d  chem ical p roperties o f th e  low  m olecu lar bi- or p o ly fu n c tio n a l com 
p o unds, used  fo r th e  cross-link ing  o f d isso lved  polym er m o lecu les, generally  
d iffer from  th o se  o f th e  m acrom olecu les, so th a t  on reac tin g  w ith  th e  fu n c tio n a l 
g roups of th e  m acrom olecules th e y  c a n  change considerab ly  im p o r ta n t  p ro p 
erties  o f th e  p o lym er m olecules, th u s  e.g. th e ir  eq u ilib riu m  co n fo rm atio n  
a n d  th e  in te ra c tio n  p a ra m e te r  o f th e  p o ly m er — solvent sy s te m . M oreover, 
th e  effect o f th e  cross-links a lre a d y  fo rm ed  on the  fu r th e r  co u rse  o f  cross- 
lin k in g  re a c tio n  is n o t y e t k n o w n . P ro b a b ly  th e  q0 value c h a ra c te r is tic  o f the 
sy s tem  also changes co n tin u o u sly  w ith  cross-linking, and th e  e q u ilib r iu m  con
fo rm atio n  o f th e  ne tw o rk  ch a in s  d ep en d s  su b stan tia lly  on th e  se c tio n  o f gel 
fo rm a tio n  in  w hich  th e y  w ere in c o rd o ra te d  in to  th e  n e tw o rk , a n d  o n  th e  n u m 
b er of ju n c tio n  po in ts  and u n re a c te d  fu n c tio n a l groups lo ca ted  o n  th e  ne tw o rk  
chains.

The e x a c t theo re tica l c a lc u la tio n  o f  th e  m em o ry -p a ram ete r w ould  be 
possible only  i f  th e  p revailing  c h a ra c te r is tic  therm odynam ic  a n d  k in e tic  p a ra m 
e te rs  of th e  system s w ere k n o w n . H o w ev er, w ith  th e  p re se n t th e o re tic a l 
app roaches, a n d  w ith o u t th e  know ledge  of th e  physical q u a n t i t ie s  needed 
(e.g. th e  re a c tiv i ty  of m acrom olecu les o f  d ifferen t su b s ti tu tio n  in c o rp o ra te d  
in to  th e  n e tw o rk , th e  re la tio n sh ip  b e tw een  reac tiv ity  an d  th e  co n fo rm atio n  
o f th e  m olecules), th is  p rob lem  c a n n o t be  considered as so lved.

E x p erim en ta l

Our investigations were carried  ou t on poly(vinyl acetate) (PVAc) gels. The PYAc 
gels were prepared from polyvinyl alcohol (РУ А) gels by topo-analogous transfo rm ation , by 
to ta l reacetylation in the gel phase. (The p rep ara tio n  of the PYA gels has been described in 
detail in an earlier communication [4]).

Topo-analogous transform ation was carried  ou t by gradually exchanging in a few 
days, a t room tem perature , the m edium  of the  w ater swollen PVA gels w ith a 50 vol%  pyridine: 
: 40 vol%  acetic anhydride : 10 vol%  glacial acetic acid  mixture. I t  was found  th a t  the pres
ence of about 10 vol%  of glacial acetic acid affects favourably the kinetics o f the  process, 
particularly  in th e  initial section of reacety la tion , and gels swell be tter in th is  m edium  than 
in pyridine — acetic acid mixture, generally used for acetylation. Next, a t a ra tio  o f 100 volume 
of acetylating m ix tu re  and 1 volum e of swollen gel, the systems were boiled u n d er reflux in 
a  spherical flask, for 8 hours at 363 K. The acety la ting  mixture was replaced in  each hour with
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a fresh  m ixture, and in th e  la s t th ree  hours, when reace ty la tion  was already advanced, th e  
glacial acetic acid was om itted  from  th e  fresh mixture, to  sh ift th e  equilibrium  as far as possible 
in th e  direction of acetate form ation.

A fter the term ination of the  process the systems w ere allowed to  cool, and the m edium  
of th e  gels was exchanged w ith  acetone or toluene. This exchange of solvent was continued 
until foreign substances could n o t be detected even by in te rfe rom etry  in the equilibrium liquid.

Chemicals of analytical g rade, produced by R EA N A L, w ere used for reacetylation. Some 
characteristics of PYA gels sub jec ted  to topo-analogous tran sfo rm ation  are summarized in 
Table I. (Mechanical investigations relevant to these gels have  been reported in two earlier 
com m unications [5, 6].)

Table I

M ain characteristics o f P V A  gels before reacetylation

1. Characteristics of gels p repared from  a polymer of relative molecular mass M w =  100 000: 
Polym er concentration a t cross-linking: 3, 6, 9, 12 w t.%
M edium of cross-linking: w ater, 90 w t.%  dimethyl-sulfoxide — 10 w t.%  water m ixture 

(DMSO)
Cross-linking agent: glutaric aldehyde (GDA); succinic dialdehyde (SDA)

* Degree of cross-linking: 50, 100, 200, 400

2. Characteristics of gels prepared from  PVA fractions
a) Average relative molecular m ass of the fractions:

I. 22 300, II. 52 600, I I I .  102 700, IY. 139 600, V. 345 500
b) Symbols of gels prepared from  the polydisperse polym er:

Gels prepared by  mixing d ifferent amount of fractions I and  V : PD I, PD II, PD I I I  
Gels prepared by mixing d ifferent amount of fractions I I  and  V: PD  1, PD 2, PD 3 

Polym er concentration a t  cross-linking: 9 wt.%
M edium of cross-linking: w ater
Cross-linking agent: GDA
Degree of cross-linking: 50, 100, 200, 400

* The degree of cross-linking is the ratio of the moles of th e  monomer of the polym er 
and th a t  of the cross-linking agent.

F o r the determ ination of th e  m echanical properties of PV Ac gels, the apparatus designed 
by  us and  described earlier in  d e ta il has been used, which is su itab le  for the accurate determ ina
tion  of th e  force vs. deform ation function  in the case of un id irec tional compression [4]. In  th e  
investiga tion  of the dependence o f th e  mechanical characteristics on the swelling ratio , th e  
la t te r  has been changed b y  th e  equilibrium  swelling-degree decreasing method developed 
by us [7].

All the investigations w ere carried out at 298 j ;  0.1 K . In  all cases the arithm etic  
m ean  of three parallel m easurem ents was used for evaluation. T he reproducibility of m echanical 
m easurem ents was generally found  to  be within 5%.

R esu lts  and D iscussion

Since th e  com plete  p ro ceed in g  of the  chem ica l conversion  of the  p o ly m er 
fo rm in g  th e  gel sk e le to n  is th e  fu n d am en ta l p re c o n d itio n  of th e  v a lid ity  o f  
th e  conclusions to  be d ra w n  fro m  our in v e s tig a tio n s , increased  a tte n tio n  w as 
p a id  to  its  checking in  th e  e lab o ra tio n  of th e  te c h n ic a l details of th e  to p o - 
an a lo g o u s tra n sfo rm a tio n . T h e  proceeding o f  th e  p rocess has been s tu d ie d  
on a  la rg e  num ber o f gels o f  d ifferen t degrees o f  cross-link ing , p rep ared  in
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v a rio u s  m edia w ith  d iffe ren t c ro ss-lin k in g  agen ts. In fo rm a tio n  on th e  e x te n t 
o f  conversion  w as o b ta in e d  on one h a n d  b y  m ass m easu rem en ts. PV A  gels o f  
kn o w n  m ass w ere re a ce ty la ted , an d  th e  m ass o f th e  PVAc gels p re p a re d  in 
th is  w ay  w as co m p ared  w ith  th e o re tic a l va lu es  ca lcu la ted  on th e  basis  o f  the  
chem ica l reac tion . T he m ass of th e  P V A  an d  PVAc gels and  th e  d e v ia tio n  of 
c a lc u la ted  and  ex p erim en ta lly  d e te rm in e d  values are lis ted  fo r a few  gels 
in  T ab le  I I .  I t  can  be seen th a t  g en era lly  th is  difference does n o t exceed  1 2 % .

Table II

Solids content of P V A  gels and o f P V A c  gels prepared 
from  them by topo-analogous transformation

*Symbol of th e  gel
Solids content 
of th e  PVA gel 

(g)

Solids content of the PVAc gels

Experim ental 
value (g)

Calculated 
value (g)

12/50/GDA/water 0.0943 0.1812 0.1843
6/400/GDA/water 0.0450 0.0863 0.0879
9/50/GDA/DMSO 0.0705 0.1328 0.1378
3/lOO/GDA/DMSO 0.0210 0.0401 0.0410
12/200/SDA/water 0.0928 0.1791 0.1814
6/200/SDA/DMSO 0.0435 0.0832 0.0850

* Symbol of the gels: polymer concentration a t  cross-linking/degree of cross-linking/cross- 
linking agent/medium of cross-linking

T he sap o n ifica tio n  num ber s u p p o r te d  ou r earlier re su lts , acco rd in g  to  
w h ich , th e  ace ta te  c o n te n t of the  gels is a b o u t 98 — 99 m ol% .

Fig. 2. A pplication of the M o o n e y  R i v l i n  equation  for PVAc gels. (Symbol of the system : 
6/50/GDA/DMSO.) v.,-. (1) 0.163: (2) 0.221; (3) 0.286; (4) 0.366
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О 1 □  2

д  3 X 4

Fig. 3. Dependence of К , Peiio 2/3 on the volume fraction of th e  polym er for PVAc gels (cross- 
linking agent: GDA, m edium  of cross-linking: w ater, polym er concentration a t cross-linking: 
a. 12 w t.% , b. 9 w t.% , c. 6 w t.% , d. 3 w t.% ). Degree of cross-linking: (1) 50; (2) 100; (3) 200;

(4) 400; swelling agent: toluene

M echanical m easu rem en ts  w ere e v a lu a te d  on  th e  basis o f th e  re la tio n sh ip

f  2C ,(A X -  Л “ 2) +  2C2(A x -  Л - 2) Л - 1 ( 8 )

deducib le  for force fro m  M o o n e y  R i v l i n ’s e q u a tio n  [8, 9]. F o r ideal n e tw o rk s  
2 C X is equal to  th e  p ro d u c t

a n d  C2 =  0.

И Т К ^ Ч 0 213чГ V <:
JV x
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Sim ilarly  as in  th e  case of PV A  gels, i t  w as found for all th e  PV A c gels 
th a t ,  in d ep en d en tly  o f th e  swelling ra tio , C2 is zero w ith in  the  lim its  o f e x p e ri
m e n ta l e rro r (F ig . 2).

In  know ledge o f  th e  2Ct v a lu es  th e  p ro d u c t K-yV^qg213, c h a ra c te r is tic  of 
th e  gels, has been ca lcu la ted ; it  w as s tro n g ly  d ep en d en t on th e  sw elling  ra tio  
in  РУ А  — w a te r  sy stem s, co n sid e rab ly  in c reas in g  w ith  in creasin g  vo lum e 
f ra c tio n  of th e  p o ly m er [5]. As i t  c a n  be seen  on F ig . 3, the  v alue  o f  K xv*tqg 2/3 
fo r th e  d ifferen t PV A c gels are in d e p e n d e n t o f  th e  swelling ra tio  in  acco rdance  
w ith  th e  th eo ry . T h is supp o rts  our ea rlie r f in d in g  th a t  in PVA — w a te r  system s 
-^iVei 4o increases w ith  d im in ish ing  sw elling  ra tio  because of g ra d u a lly  in c re a s
ing  o rien ta tio n , an d  c ry sta lliza tio n . T h e  in te ra c tio n  betw een th e  PV A c chains 
is considerab ly  w eak er th a n  in th e  case o f  PV A , w hich does no t p ro m o te  th e  
fo rm a tio n  of associa tions.

T ab le  I I I  co n ta in s  K\V*\qg2̂ 3 v a lu es  a n d  equ ilib rium  vo lum e sw elling  
ra tio s  de te rm in ed  fo r a few PVAc gels in  sw elling  equilib rium  w ith  to lu en e

Table 1П

K 1v*\q02l3 values and equilibrium swelling ratios 
o f P V A c gels in various diluents (T  =  298 K)

Symbol of the system

Swelling agent

toluene acetone

K t v * i  5,T*/3
mol m ~3 4 i mol m-3 4 i

9/100/GDA/water 22.2 7.25 21.8 10.31
9/200/GDA/water 8.0 11.24 7.3 18.52
9/400/GDA/water 2.4 21.28 2.2 35.71
9/lOO/GDA/DMSO 24.5 7.14 23.4 10.20
9/200/GDA/DMSO 11.2 10.99 9.5 17.24
9/400/GDA/DMSO 3.3 18.52 2.8 31.25
9/100/SDA/water 23.0 7.25 23.9 10.53
9/200/SDA/water 13.6 9.71 11.2 16.67
9/400/SDA/water 4.8 15.38 4.8 27.03
9/100/SDA/DMSO 26.2 6.29 28.1 9.71
9/200/SDA/DMSO 15.1 8.77 14.2 14.08
9/400/SDA/DMSO 7.7 14.08 6.7 23.81

or ace to n e . I t  will he n o te d  th a t  th e  sw elling  ra tio  o f th e  gels is s u b s ta n tia l ly  
h ig h er in  acetone th a n  in  to luene, b u t  th e  co rrespond ing  K 1v*l q g 2*3 v a lu es  
d iffer on ly  sligh tly  from  one a n o th e r. T hese  ex p e rim en ta l re su lts  show , in  
c o n fo rm ity  w ith  F ig . 3, th a t  p e rm an en t e n ta n g le m e n ts  do no t p lay  c o n s id e r
ab ly  role in  the  gels in v estig a ted . T h e  c o n tr ib u tio n  o f en tan g lem en ts  to  th e
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Fig. 4. D eterm ination of th e  value K 1q02l3 (topological factor). (1) 12 w t.%  GDA/DMSO, 
(2) 12 w t.%  GDA/water, (3) 9 w t.%  GDA/DMSO, (4) 9 w t.%  GDA/water, (5) 6 w t.%  GDA/ 
DMSO, (6) 6 w t.%  GDA/water, (7) 3 w t.%  GDA/DMSO, (8) 3 w t.%  GDA/water, swelling

agent: toluene

w o rk  n eed ed  for th e  p ro d u c tio n  of d e fo rm atio n  shou ld  change w ith  th e  change 
o f th e  sw elling  ra tio  (see F ig . 1), an d  th is  w o u ld  d im in ish  the  p ro d u c t K r vel9o 2/3 
w ith  in c reasin g  volum e fra c tio n  of th e  p o ly m er. I t  becomes a p p a re n t from  
T ab le  I I I  th a t  an  increase  in  th e  value o f K 1v*iq ä Zl' can n o t be d e tec ted  ev en  in 
th e  case  o f  gels w ith  a co m p ara tiv e ly  h igh  sw elling  ra tio .

I n  F ig . 4 th e  K^v*t q ö 2/:i values of PV A c gels are  p lo tted  as a fu n c tio n  of 
V*, c a lc u la te d  on th e  basis o f E q . (2). I t  c a n  be esa tab lished  th a t  s tra ig h t  lines 
a re  o b ta in e d  for all th e  system s, sim ila rly  as in  th e  case of РУ А  gels. T he 
to p o lo g ica l fac to rs  K ±g ^2/3, ca lcu la ted  from  th e  slope of the  s tra ig h t lines an d

Table IV

q0 values o f P V A c  gels 
(swelling agent: toluene, T  =  298 K)

* Symbol of the system к Ли */■ «. (К, =  1) qu (Kx =  0.5)

12/GDA/DMSO 0.150 17.2 6.1

12/GDA/water 0.125 22.6 8.0

9/GDA/DMSO 0.100 31.6 11.2

9/GDA/water 0.088 38.3 13.5

6/GDA/DMSO 0.050 89.4 31.6

6/GDA/water 0.040 125.0 44.2

3/GDA/DMSO 0.022 306.5 108.3

3/GDA/water 0.015 544.3 192.5

* Polym er concentration a t cross-linking/cross-linking agent/medium of cross-linking
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th e  q0 v a lues ca lc u la ted  for К j =  1 a n d  K r =  0.5 are  sum m arized  in  T ab le  IY . 
D a ta  in  th e  tab le  show  th a t  q0 differs s u b s ta n tia l ly  from  qc ad ju s ted  e x p e r im e n t
a lly , or from  th e  v a lu e  expected  on th e  b as is  o f  th e  sam e.

Since q0 c a lc u la ted  under fix ed  c o n d itio n s  is generally v e ry  h ig h  (th e  
re fe rence  s ta te  falls in to  th e  region o f  d ilu te  so lu tions), th e  d ep en d en ce  o f  th e  
p ro d u c t К iV*tq g 2,i on th e  average m o le c u la r  m ass of th e  n e tw o rk  ch a in s  is 
a p p ro x im a te d , s im ila rly  to  th e  c a lc u la tio n s  o f o th e r au th o rs  [10, 11], w ith  
th e  re la tio n sh ip

В Д ? о - 2/3 =  C M ; 116 (9)

o b ta in e d  from  th e  F l o r y — F o x  and  th e  K u h n  — M a r k — H o u w i n k  e q u a tio n s

fo r th e  system  PV A c — toluene. C o n s ta n ts  o f  th e  K u h n —Ma r k  — H o u w i n k

e q u a tio n  a t  298 К :  К
100 c in ̂

1 0 8 x  10“ 5 — --------- , a  =  0.53 [12] . In  th e  d e r iv a tio n

o f E q . (9) it  has b een  assum ed th a t  th e  co n fo rm atio n  of th e  n e tw o rk  chains 
is th e  sam e in  th e  p o ly m er solu tion  o f  in f in i te  d ilu tio n  and  in  th e  re fe rence  
s ta te  o f th e  gel, fu r th e r  th a t  the q u a n t i ty  o f  th e  elastically  ac tiv e  n e tw o rk  
ch a in s  can  be ca lcu la ted  on the  basis o f  E q . (2).

In  F ig . 5 th e  log  K-\V*^q^2̂  va lues d e te rm in e d  for PVAc — to lu e n e  gels 
a re  p lo tte d  as a fu n c tio n  o f log M c. I t  c a n  be seen th a t  th e  po in ts  a re  lo ca ted

Fig. 5. log K ,v e*igö2/3 t>s. lg M c for PVAc -  toluene gels. (1) 12/GDA/DMSO, (2) 9/GDA/DMSO, 
(3) 6/GDA/DMSO, (4) 12/GDA/water, (5) 9/G D A/water, (6) 6/GDA/water
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w ith  good a p p ro x im a tio n  along  s tra ig h t lines, th e  slopes of w hich v a ry  b e tw een  
— 1.0  a n d  — 1.1. T h is agrees fa irly  well w ith  th e  ex p o n e n t ca lcu la ted  th e o re t i 
ca lly , in d ic a tin g  th a t  in  th e  reference s ta te  o f  th e  gel th e  m ean square  e n d -to -  
en d  d is tan ces  of th e  n e tw o rk  chains change w ith  th e  m olecular m ass acco rd in g  
to  a s im ila r fu n c tio n  as in  th e  d ilu te  po lym er so lu tio n s.

T opo-analogous tra n s fo rm a tio n  offers a p o ss ib ility  to  in v e s tig a te  h o w  
fa r  th e  m olecu lar p a ra m e te rs  ch a rac te ris tic  o f th e  gels are affected  b y  a ch an g e  
in  th e  chem ical n a tu re  o f th e  po lym er chains. T h u s , th e  v a lid ity  of th e o re tic a l 
re la tio n sh ip s  can  be  s tu d ie d  b y  an  ap p ro ach  d iffe rin g  in  princip le from  th o se  
u sed  earlie r.

I f  th e  v a lu es  of PYAc gels a re  p lo tte d  as a  fu n c tio n  o f  th e
K i v*i4q 2̂  va lues o f  th e  re sp ec tiv e  PVA gels e x tra p o la te d  to  in fin ite  d ilu tio n  
(F ig . 6), a s tra ig h t line  is o b ta in ed , th e  slope o f  w h ich  is ^ 1 .3 .

Fig. 6. The effect of th e  topo-analogous transform ation on f í^ e i qB 2/3. (1) fraction I, (2) frac tion  V 
(3) PD  I, (4) PD  I I ,  (5) PD II I , (6) 9 /G D A /w ater, (7) 9/SDA/water

L e t us in v e s tig a te  th e  effect o f th e  to p o -an a lo g o u s tra n s fo rm a tio n  on  
th e  in d iv id u a l fa c to rs  o f th e  p ro d u c t K l v*el4o 2/3‘

K v  w hich  is a  m odel c o n s tan t in  c o n ju n c tio n  w ith  th e  s te ric  s t ru c tu re  
o f th e  gel, c an n o t be  su b s ta n tia lly  changed  b y  th e  topo-analogous t r a n s fo rm a 
tio n  ca rried  o u t a t  u n ch an g ed  s teric  s tru c tu re .

T he change o f  v*, c an  be ca lcu la ted  w h en  th e  re la tive  m olecu lar m ass  o f  
th e  m onom er u n its  an d  th e  densities o f th e  p o ly m ers  are know n (M PVA: 44;
M 0PVAc: 86; d PVA: 1.27 g e m - 3; dPVAc: 1.17 g e m “ 3).

T he effect o f th e  topo -analogous tra n s fo rm a tio n  on q0 can  be e s t im a te d  
on  th e  basis o f th e  c o n s ta n ts  of th e  K u h n  — M a r k — H o u w i n k  e q u a tio n , 
b ecau se  q0 values o f  b o th  PV A  and  PV A c gels fa ll in to  th e  region of th e  d ilu te  
so lu tio n .
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U n d er consid era tio n  of th e  afo resa id

PV A c) =  <1ГАс M cC pVA) 
K ir? ,g 0- 2/3(PVA) d PVA M C(PVAC)

< r2ydPVAc
<r 2>PVA

Q 2/ PVA

<r2>oPsVAc
( 10)

In  E q . (10) th e  ra tio  M C(pVAj/M c(pVAcj can  be s u b s titu te d  by  th e  re la tiv e  m olec
u la r  m ass o f th e  m onom ers. T he ra tio  o f th e  <r2')d values can  be ca lc u la ted  
on th e  basis o f geom etrical co n sid e ra tio n s w ith  th e  re la tionsh ip

< r 2) a
P V A c

<r2> dPVA

2 MgpvAc) N  A dg VA
2 M c(PVA)N A d$VAc

2/3

(И)

F ro m  th e  F l o r y — F o x  and  th e  K u h n  — M a r k  H o u w i n k  eq u a tio n s  we get

Ф Х р у А с  K PVA Л 1" (р у д )  j 2/'’( r 2)

< r2>o

P V A

ФоСруА
К РУЛсМ ^ с) ( 12)

w h e re  K PVA a n d  a PVA, a n d  K PVAc a n d  o PVAc a r e  t h e  c o n s ta n t s  o f  t h e  K u h n  — 
M a r k — H o u w i n k  e q u a t io n s  o f  t h e  r e s p e c t i v e  p o ly m e r -s o lv e n t  s y s t e m s ,  oc is 
t h e  e x p a n s io n  f a c to r  a n d  Ф t h e  so -ca l le d  F l o r y  c o n s ta n t .

I f  w e  d is r e g a r d  in  f i r s t  a p p r o x i m a t i o n  t h a t  Ф a n d  a  are  d i f f e r e n t  i n  PV A  
a n d  PV A c s o lu t io n s ,  p e r fo rm in g  t h e  n u m e r i c a l  s u b s t i t u t i o n s ,  t h e  fo l lo w in g  r e l a 
t io n s h ip  is o b ta in e d :

A > cV jü 2,3(PVAc)

а д ,  9 « 2/3 (P V A )

,  K P V A

=  0 .778  — ------
I K PVAc

M g  P V A )  

A/"(‘p VAc)

2/3
(13)

T ak in g  in to  acco u n t E q . (13) we can  w rite  e.g. for PVA 
and  PV A c — acetone  [14] sy stem s:

w a te r  [13]

K i r e*|(fc 2/3 (PV A c) 

К ^ ]Ч0213( PV A )
0.778

4.28 X l O “ 4 

0.86  X 10-4

/l/fO .6 4  
m c( P V A )

Л/10.П 
m c( P V A c )

2/3
=  2.27

M i .64
c ( P V A )

\ 2/3

MO.72
c ( P V A c )  /

(14)

Since fo r th e  gels s tu d ied  1000 <  M C(PVA) <  20 000
M i

i.e.
64

c ( P V A )
2/3

Mc(PVAc))
0 .4 - 0 .6

th e  ra tio  acco rd ing  to  E q . (14) scarce ly  d iffers fro m  th a t  found  e x p e rim en ta lly .
T his fin d in g  su p p o rts  our re su lts  d iscussed  earlie r, th a t  chain  size in  th e  

reference s ta te  can  be well ap p ro x im a te d  w ith  re la tio n sh ip s  valid  fo r d ilu te  
so lu tions, a t  least in  th e  case of gels w ith  h ig h  q0 values.

T h eo re tica l an d  ex p erim en ta l in v e s tig a tio n s  aim ed a t th e  e lu c id a tio n  
of th e  u n iv e rsa l fea tu re s  of second o rd e r p h ase  tra n s itio n s  and  o th e r  c ritic a l 
p henom ena  re su lted  in  th e  reco g n a tio n  o f sev e ra l analogies betw een  th e  ph ase  
tra n s itio n  o f fe rrom agnetic  system s an d  th e  co n fo rm atio n -d ep en d en t p ro p e rtie s
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o f p o ly m e r  chains. B y  th e  ap p lica tio n  o f sca lin g  law s th e  e la b o ra tio n  o f a 
n o v e l th e o ry  o f p o lym ers, d iffering  also in  p rin c ip le  from  earlie r th e o rie s , 
b ec a m e  possib le [15, 16].

I t  c an  be show n th a t  in  a  th e rm o d y n a m ic a lly  good so lven t th e re  is a 
re la t io n s h ip  betw een  th e  p o ly m er co n c e n tra tio n  (c*) falling in to  th e  t r a n s i to n  
re g io n  o f  th e  d ilu te  an d  m o d e ra te ly  c o n c e n tra te d  so lu tions and  th e  n u m b e r  o f 
m o n o m e r u n its  (IV), b u ild in g  up  th e  m olecule [17]:

c * o c N - * b .  (15)

In  a  p o ly m er so lu tion  of co n c e n tra tio n , c*, th e  av a ilab le  vo lum e is filled  up  
b y  th e  m acrom olecu les, so t h a t  th e ir  segm en t c louds ju s t  do n o t in te rp e n e tra te , 
a n d  th u s

* Nc* o c -----
R 3

w h ere  R  is th e  rad iu s  o f g y ra tio n , d epend ing  on  N  [18] accord ing  to

R  oc 1V3/5. (17)

T h e  p ro p o r tio n a lity  (15) can  be o b ta in ed  fro m  E q s (16) and  (17) b y  s u b s ti
tu t io n .

A ccord ing  to  th e  th e o ry , in  a p o lym er so lu tio n  of co n cen tra tio n  c =  c* 
a  c h a n g e  p roduced  in  a n y  p a r t  o f th e  m acrom olecu le  ex tends over th e  w hole 
c h a in  ( th e  co rre la tio n  le n g th  |  is th e  sam e as th e  rad iu s  of th e  m olecu le). I n  
th e  sem i-d ilu te  regim e (c* <  c 1), w here th e  ch a in s  a lready  overlap  co n s id e r
a b ly , th e  co rre la tio n  len g th  is equal to  th e  d is tan ce  betw een  th e  a d ja c e n t 
c o n ta c t  po in ts  (£ <] R ). As th e  n u m b er o f  c o n ta c t  po in ts in  u n it  vo lu m e is 
in d e p e n d e n t of N  an d  d ep en d s a t  a given te m p e ra tu re  only on th e  c o n c e n tra tio n  
o f  th e  po ly m er, th e  fo llow ing  re la tio n sh ip  c a n  be given for th e  c o rre la tio n  
le n g th :

£(c) =  R p^r}*' (18)

w h ere  th e  value of th e  e x p o n e n t, x , is s till  u n k n o w n . U nder c o n s id e ra tio n  of 
E q s  (15) an d  (17), from  E q . (18) we get

1(c) ос o ' 3/4 . (19)

I n  accordance w ith  th e  aforesaid , in  th e  case of ne tw orks th e  c o rre la tio n  
le n g th  can  be id en tified  w ith  th e  leng th  o f th e  c h a in  sections b e tw een  th e  ju n c 
t io n  p o in ts . As th e  v a lu e  o f  th e  m odulus (E  =  R T К г Klio 2,i4i 1/3) is d ire c tly  
p ro p o r tio n a l to  th e  d e n s ity  o f cross-links (n ), i.e.
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using th e  re la tio n sh ip

th e  p ro p o rtio n a lity

E  oc n  

n  oc | -3(ce) 

E  oc c’/4

( 20)

( 21)

( 22)

is o b ta in ed , w here  ce is th e  co n cen tra tio n  o f  th e  po lym er in  th e  gel in  sw elling 
equ ilib rium  [17, 19].

c. [g * cm'3]

Fig. 7. log E  vs. log ce for PVAc toluene gels. (1) G DA/water, (2) GDA/DMSO, (3) system s 
m arked  w ith PD, (4) system s m arked  w ith  I, I I , I I I ,  IV, V

In  Figs 7 an d  8, E  and  ce values b e lo n g in g  to g e th e r are p lo tte d  doub le  
log arith m ica lly  fo r th e  gels PVAc — to lu e n e  an d  PVAc — acetone . As can  
be seen th e  p o in ts  lie along s tra ig h t lin e s  w ith in  th e  ex p e rim en ta l e rro r 
for b o th  ty p es o f sy stem s, and  th e  slopes o f  th e se  lines are also v ir tu a lly  id e n ti
cal. T he ex p o n en t is a b o u t 2.1 — 2 .3 , w h ich  is close to  b o th  th e  th e o re tic a l 
value an d  th e  va lu e  found  earlier fo r th e  s y s te m  PVA — w a te r [6]. T h e  fac t 
th a t  th e  e x p o n en t is n o t considerab ly  in flu en ced  e ith e r by  th e  po lym er- 
analogous tra n s fo rm a tio n  of the  gels a t  u n c h a n g e d  steric  s tru c tu re , o r b y  th e  
chem ical n a tu re  o f  th e  swelling ag en ts , in d ic a te s  th a t  th e  co rre la tio n  le n g th  
an d  th e  co n c e n tra tio n  dependence o f  th e  m o d u lu s derivable  from  i t  a re  p r i
m arily  d e te rm in ed  by  th e  steric  s tru c tu re  o f  th e  gels.
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cc l g «  cm“3]

Fig. 8. log E  vs. log ce for PVAc — acetone gels. (1) G DA/water, (2) GDA/DMSO, (3] system s 
m arked w ith PD , (4) systems m arked w ith  I, II , I I I ,  IY, V

I t  can  be estab lished  in  su m m ary  th a t  topo-analogous tra n s fo rm a tio n  
is a  n ew  ex p e rim en ta l p o ssib ility , w hich  m a y  c o n trib u te  to  th e  b e t te r  u n d e r 
s ta n d in g  o f th e  m echan ical a n d  sw elling b e h a v io u r  of gels. As becam e e v id e n t 
a lso  f ro m  th e  p resen t in v e s tig a tio n s , th e  ro le  o f th e  p a ram e te r q0 is th e  le a s t 
k n o w n . A s th e  to p o -an a lo g o u s tra n s fo rm a tio n  does n o t affect th e  v a lu e  of 
К г, a n d  i f  th e  chem ical re a c tio n  proceeds co m p le te ly , th e  change of v*t c a n  be 
c a lc u la te d  in  know ledge o f th e  re la tiv e  m o lecu la r m ass of th e  m o n o m er u n its  
a n d  o f  th e  d en sity  of th e  p o lym ers, i t  is to  be hoped th a t  to p o -an a lo g o u s  
tra n s fo rm a tio n  will be u tiliz ed  f irs t  of all fo r th e  e lucidation  of p ro b lem s in  
c o n ju c tio n  w ith  q0.

*
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The thermal decomposition of 6.7 kPa diethyl ether was examined at 824 K, 
and that of 26.7 kPa diethyl ether at 783, 803 and 824 К in the presence of 1.3 kPa 
NO, product analysis being performed with a gas chromatograph. Under the assump
tion that the radical-induced decomposition of the ethanol intermediate is minimal 
under such conditions, the rate constant of the molecular component of diethyl ether 
decomposition has been determined:

fcm =  10(12-7±»-8) exp [ (256±12) kJ mol-VKTJs-1

Introduction

In  earlie r p u b lica tio n s  [1 — 3] we have d e m o n s tra te d  th a t  th e  decom posi
t io n  o f  d ie th y l e th e r  inv o lv es  th e  p a r tic ip a tio n  o f m olecu lar an d  rad ica l 
processes. I n  th e  presence o f  ace ta ld eh y d e  an  increase  w as observed  in  th e  role 
o f  th e  rad ica l co m ponen t o f  th e  decom position , w ith  an  acco m p an y in g  decrease 
in  th e  re la tiv e  im p o rtan ce  o f  th e  m olecular p a th w a y . I t  w as found  th a t  e th an o l 
fo rm ed  in  th e  m olecu lar re a c tio n  undergoes ra d ica l-in d u ced  decom position . 
Since th is  induced  d eco m position  is a lread y  re la tiv e ly  m ore im p o r ta n t  a t  th e  
b eg inn ing  o f th e  process, th e  d a ta  o b ta ined  for th e  ra te  c o n s ta n t o f th e  m olecular 
co m p o n en t o f d ie th y l e th e r  decom position , c a lc u la ted  on th e  basis o f  th e  in itia l 
r a te  o f th e  accu m u la tio n  o f  e th an o l, are sm aller th a n  th e  ac tu a l values.

In  th e  presence o f  n itro g en  m onoxide th e  decom position  o f d ie th y l 
e th e r  is slowed dow n co n sid e rab ly  [4] as a  consequence  o f th e  in h ib itio n  of 
th e  rad ica l processes; n itro g e n  m onoxide has no  effect on th e  m o lecu lar p roc
esses. The aim  of th e  p re se n t w ork is to  o b ta in  m ore accu ra te  d a ta  on th e  
ra te  o f th e  m olecular d ecom position , by  using  n itro g en  m onoxide to  decrease 
th e  role o f the  rad ica l p rocesses to  a m in im um  in  th e  th e rm a l decom position  
o f d ie th y l e th e r, th e  e rro r  caused  by  th e  in d u ced  decom position  o f e th an o l 
th e re b y  being  d im in ished .

Experimental

The experiments were performed in a vacuum apparatus described earlier [1]. Gas- 
chromatographic product analysis was carried out similarly as for non-inhibited decompo
sitions [5].
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Materials used:
(i) Nitrogen monoxide w as prepared by the m ethod of W in k l e r  [6]. I t  was washed 

w ith  90%  sulfuric acid and w ith  50%  potassium  hydroxide in  intensive strubbers, and frozen 
o u t w ith  liquid air after drying w ith  anhydrous calcium chloride and phosphorus pentoxide. 
I t  w as n ex t sublimed four tim es in  high vacuum  from a tem perature  of 153 K , the receiver 
be ing  cooled with liquid air. In  every  case, only the middle fraction was collected. The storage 
fla sk  w as flushed out several tim es w ith nitrogen monoxide, and was evacuated before the 
sto rage  of nitrogen monoxide.

(ii) Diethyl ether was a Chinoin product of the highest analytical pu rity . A fter drying 
over calcium  chloride and m etallic sodium, it was distilled repeatedly in high vacuum . I t  did 
n o t con ta in  impurities detec tab le  gas-chrom atographically.

R esu lts  an d  D iscussion

T h e  lite ra tu re  d a ta  [7] in d ic a te  th a t  th e  decom position  o f d ie th y l e th e r 
is in h ib ite d  m ax im ally  b y  less th a n  1 k P a  n itro g en  m onoxide. A ccord ing ly , 
th e  ex p erim en ts  w ere c a rr ie d  o u t in  th e  presence o f 1.3 k P a  n itro g en  m onoxide. 
T h e  decom position  o f 26.7 k P a  d ie th y l e th e r  w as in v es tig a ted  a t  783, 804 
a n d  824 K , and th a t  o f 6.7 k P a  d ie th y l e th e r  a t  824 K , in  th e  p resence o f 1.3 k P a  
n it ro g e n  m onoxide. As a n  i l lu s tra t io n  of th e  re su lts  o b ta in ed  in  th e  case of the  
d eco m p o sitio n  of 26.7 k P a  d ie th y l e th e r  in  th e  presence o f 1.3 k P a  n itrogen  
m o n o x id e , Fig. 1 p re se n ts  th e  p ro d u c t vs. tim e  curves o b ta in ed  a t  824 K . 
C u rv es  sim ilar in  n a tu re  w ere  o b ta in ed  a t o th e r te m p e ra tu re s . In  o rd e r th a t  
a s u ita b le  com parison m a y  b e  ach ieved  w ith  th e  reac tio n  in  th e  absence of 
n i tro g e n  m onoxide, F ig . 2 p re se n ts  th e  p a r tia l  p ressu re  o f th e  p ro d u c ts  of 
26 .7  k P a  d ie thy l e th e r  decom p o sin g  a t  823 K , as a fu n c tio n  o f th e  reac tio n  
tim e .

Fig. 1. Decomposition products of 26.7 kPa diethyl ether a t 824 К  in the presence of 1.3 kPa 
NO as a function of the reaction  tim e. N otation: (1) ethane; (2) acetaldehyde; (3) carbon 

m onoxide and m ethane; (4) ethy lene; (5) ethanol; (6) m easured pressure increase
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Fig. 2. Decomposition products of 26.7 k P a  diethyl ether a t 823 К  as a function  of th e  reaction
tim e. N otation  as in Fig. 1

F ro m  a com parison  o f  F igs 1 an d  2 i t  m ay  be seen t h a t  th e  overall 
r a te  o f decom position  decreases s tro n g ly  in  th e  presence of n itro g e n  m onoxide, 
2 an d  7.5 m in, re spec tive ly , b e ing  n ecessary  for th e  a tta in m e n t o f  2 5 %  con
version . I t  is also v e ry  s tr ik in g  th a t  in  th e  in h ib ited  reac tio n  th e  a m o u n ts  of 
e th y len e  an d  e th an o l are in c reased  co n sid e rab ly  com pared  to  th o se  o f  e thane  
an d  ace ta ld eh y d e . T he in d u ced  decom position  of ace ta ld eh y d e  is  s tro n g ly  
sup p ressed  in  th e  presence o f n itro g e n  m onoxide, as in d ica ted  b y  th e  accu m u 
la tio n  o f ca rbon  m onoxide. T he s itu a tio n  is p ro b ab ly  th e  sam e w ith  th e  induced  
decom position  of e th an o l, fo r i t  can  be seen from  Fig. 1 th a t  in  th e  presence

t (m in)

Fig. 3. Decomposition products of 6.7 kP a diethyl ether a t 824 К  in the presence of 1.3 kPa 
NO as a function of the reaction time. Notation as in Fig. 1
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Fig. 4. Decomposition products of 6.7 k P a  diethyl ether a t  824 К  as a function of the reaction
tim e. Notation as in Fig. 1

Ü И / И о

Fig. 5. P artia l pressures of e thy lene  and ethane as functions of the  conversion. N otation: 
823 K , 26.7 kPa ether: (1) e thy lene , (2) ethane; 824 K , 26.7 k P a  ether -f- 1.3 kPa NO: (3) 
e thy lene, (4) ethane; 824 K , 6.7 k P a  ether: (5) ethylene, (6) e thane ; 824 K , 6.7 kP a ether -j-

1.3 k P a  NO: (7) ethylene, (8) e th an e

o f n itro g e n  m onoxide th e  q u a n t i ty  of carbon  m o n o x id e  does no t a tta in  th e  
q u a n t i ty  o f e thano l, even  a t  2 5 %  conversion.

T h e  share of th e  d ecom position  ro u te  in to  e th a n o l and  e thy lene  is 
s tr ik in g ly  increased w hen  6.7 k P a  diethy l e th e r  is decom posed  in  th e  presence 
o f  1.3 k P a  nitrogen  m o n o x id e , as can be assessed  fro m  a com parison of F igs
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Fig. 6. Partial pressure of ethanol and sum of partia l pressures of carbon monoxide and acet
aldehyde as functions of th e  conversion. N otations: 823 K , 26.7 kPa ether: (1) ethanol, (2) 
(CO - f  CH3CHO); 824 K , 26.7 k P a  ether +  1.3 k P a  NO: (3) ethanol, (4) (CO +  CH3CHO); 
824 K, 6.7 kP a ether: (5) ethanol, (6) (CO +  CH3CHO); 824 K, 6.7 kPa ether +  1.3 k P a  NO:

(7) ethanol, (8) (CO +  CH3CHO)

1 — 2 and  3 —4. In  F igs 3 an d  4 th e  d ecom position  p ro d u c ts  o f 6.7 k P a  d ie th y l 
e th e r  in  th e  presence a n d  absence, re sp ec tiv e ly , o f 1.3 k P a  n itro g en  m onoxide 
are  p resen ted  as a fu n c tio n  of th e  reac tio n  tim e .

A d d itio n a l in fo rm a tio n  is o b ta ined  on  th e  processes occu rring  in  th e  
th e rm al decom position  o f  d ie th y l e th er if  th e  a m o u n ts  of th e  in d iv id u a l p ro d u c ts  
are in v es tig a ted  as a fu n c tio n  of th e  conversion . F igu re  5 p resen ts  th e  p a r tia l  
pressures of e th y len e  a n d  e th an e , and F ig . 6 th o se  o f e th an o l an d  ace ta ld eh y d e  
(increased b y  th e  p a r t ia l  p ressu re  of ca rb o n  m onoxide), as fu n c tio n s o f  th e  
conversion . F o r b e t te r  com parison , th e  v a lu es  o b ta in ed  in  th e  ex p erim en ts  
perform ed a t an  in itia l p ressu re  of 6.7 k P a  h a v e  been  m u ltip lied  b y  4. I t  m ay  
be s ta te d  q u ite  d e fin ite ly  th a t  th e  p a r tia l p ressu res o f th e  p ro d u c ts  o f th e  
chain  process c h a ra c te riz e d  by  th e  s to ich io m e try

(C2H5)20  -  C2Hc +  CHjCHO (I)

show an u p w ard  c u rv a tu re  in  all cases w ith  th e  conversion . In  c o n tra s t, th e  
p a r tia l p ressu res o f  th e  p ro d u c ts  of th e  m o lecu la r process

(C2H5)20  -  C2H4 +  C2H5OH (II)

ex h ib it an  opposite  tr e n d .
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T h u s  reaction  (I) becom es m ore fav o u red  th a n  reac tio n  ( I I )  w ith  th e  
in c re a se  o f  th e  conversion. T h is  ap p ears  c o n tra d ic to ry  if  i t  is co n sid e red  th a t  
r e a c tio n  (I) is of o rder 3/2 a n d  re a c tio n  (II)  is o f o rd er 1, and  th a t  th e  im p o r
ta n c e  o f  th e  la t te r  re a c tio n  c o m p ared  to  th a t  o f th e  fo rm er one in c reases  to  
a  s lig h t e x te n t as th e  co n v ersio n  rises. T he c o n tra d ic tio n  can  be re so lv ed  if 
i t  is a ssu m ed  th a t  th e  tra n s fo rm a tio n  of th e  p ro d u c ts  o f process ( I I )  in to  th e  
p ro d u c ts  o f  process (I) b y  m ean s  o f seco n d ary  reac tio n s  is s ig n ifican t, o v e rco m 
p e n s a tin g  th e  effect a rising  as a  consequence o f th e  decrease in  e th e r  co n cen 
t r a t io n .

T h e  above conclusion is su p p o rte d  b y  F ig . 7, w here th e  ra tio s  o f  th e  
e th y le n e  a n d  e thane  c o n c e n tra tio n s  an d  th e  e th a n o l an d  ace ta ld eh y d e  -f- ca rb o n  
m o n o x id e  co ncen tra tions h a v e  b e m  p lo tte d  as func tions of th e  conversion . 
T h e  r a t io  of th e  co rrespond ing  p io d u c ts  c f  th e  m olecular an d  of th e  ra d ic a l 
d e c o m p o s itio n  of d ie th y l e th e r  decreases w ith  increasing  conversion ; th e  
d ec rea se  is p a rticu la rly  m a rk e d  in  th e  presence o f n itro g en  m onoxide. I t  is also 
c lea r  t h a t  th e  ra tio  of th e  co n cen ti a tions o f th e  hy d ro carb o n s is su b s ta n tia lly  
la rg e r  th a n  th a t  of th e  o x y g en -co n ta in in g  com pounds, w hereas th e se  ra tio s  
sh o u ld  ag ree  if  th e re  w ere no  secondary  processes.

Д [ Е ] / [ Е ] 0

Fig. 7. R atio s ethylene: ethane and  ethanol: (carbon monoxide +  acetaldehyde) as functions 
of th e  conversion at 824 K. N o tation : [C.,H5OH]/([CO] -j- [CH.,CHO]): (X) 26.7 k P a  ether, 

(2) 6.7 k P a  ether, (3) 26.7 k P a  e th e r -f- 1.3 kP a NO, (4) 50 Torr e th e r +  10 T orr NO; 
[C.,H4]/[C.,H6]: (5) 26.7 kPa ether, (6) 6.7 kP a ether, (7) 26.7 kP a ether +  1.3 k P a  NO, (8)

6.7 k P a  e ther +  1.3 k P a  NO
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On th e  basis o f ou r ex p e rim en ta l re su lts , th e  follow ing s ta te m e n ts  can 
be m ade.

1. I n  th e  presence o f n itro g en  m onox ide  th e  chain  c o m p o n e n t o f the  
decom p o sitio n  o f d ie th y l e th e r  is su p p ressed  and  th e  m olecu lar p a th w a y  be
com es m ore im p o rta n t.

2. T he effects o f 1.3 k P a  n itro g e n  m onoxide  on th e  d is tr ib u tio n s  o f  the  
decom position  p ro d u c ts  o f 26.7 an d  6.7 k P a  d ie th y l e th er are o f  s im ila r  e x ten ts  
q u a lita tiv e ly .

3. T here  is a sign ifican t d ifference b e tw een  th e  ra tio s  o f  th e  oxygen- 
co n ta in in g  and  th e  h y d ro ca rb o n  p ro d u c ts , w hich  is in d ica tiv e  o f  secondary  
processes.

4. Since th e  sam e rad ica ls  are  resp o n sib le  for th e  chain  d eco m positions 
o f  d ie th y l e th e r , ace ta ld eh y d e  an d  e th a n o l, an d  also for th e  fo rm a tio n  of 
ace ta ld eh y d e  from  d ie th y l e th e r  an d  e th a n o l in  th e  p resence o f  n itro g en  
m onoxide  too , an d  since th e ir  c o n c e n tra tio n  is su b s ta n tia lly  lo w er th e n  in  
th e  n o n -in h ib ited  decom position , as show n b y  th e  ra te  of c a rb o n  m onoxide 
fo rm a tio n , our ex p erim en ta l re su lts  can  be exp lained  on th e  a s su m p tio n  of 
th e  m olecu lar decom position  o f th e  p ro d u c t e th an o l, in  acco rd an ce  w ith  the  
ea rlie r  o b serv a tio n s by  F r e e m a n  [ 8 ] .

5. O n th e  appreciab le  suppression  o f th e  chain  d ecom position  o f  d ie th y l 
e th e r  w ith  n itro g en  m onoxide i t  w as n o t possible to  fin d  a  c h a ra c te r is tic  
p ro d u c t, th e  q u a n ti ty  of w hich  is a  c le a r-cu t m easure of th e  m o lecu la r reac tio n  
p a th w a y  a t  an y  conversion . H ow ever, o u r exp erim en ta l d a ta  do  p e rm it th e  
ra te  o f th e  m olecular reac tio n  to  be d e te rm in e d  considerab ly  m ore  a c cu ra te ly  
th a n  p rev iously .

In  o rd e r to  e s tim a te  th e  q u a n t i ty  o f  d ie th y l e th e r d ecom posed  b y  th e  
m o lecu lar p a th w a y , we set o u t from  th e  p o in t th a t  th e  deco m p o sitio n  m ech an 
ism  in  th e  presence of n itro g en  m onox ide  is q u ite  sim ilar to  t h a t  o f  th e  u n 
in h ib ite d  p rocess [1], b u t  th e  c o n c e n tra tio n  o f th e  ß rad ica ls d ec reases  in  th e  
p resence  o f n itro g en  m onoxide, an d  hence  th e  role of th e  m o lecu la r decom po
s itio n  is increased .

O ur ex p erim en ta l d a ta  in d ica te  t h a t  a rad ica l p a th w a y  is fo llow ed in  
th e  fo rm a tio n  o f a sm aller p ro p o rtio n  o f  e th y len e , w hich is a  consequence  
o f  p rim a ry  hydrogen  a b s tra c tio n  fro m  d ie th y l e ther. The sam e ap p lie s  th e  
fo rm a tio n  of e th an e . W e assum ed ea rlie r t h a t  th e  ra tio  of th e  r a te  c o n s ta n ts  
o f a b s tra c tio n  o f m ethy lene  an d  m e th y l hyd rogens is 10. T h is a ssu m p tio n  
is su p p o rte d  b y  th e  m ore recen t m easu rem en ts  o f P r y o r  et al. [9] a n d  F o u c a u l t  

an d  M a r t i n  [10].
O n th e  above basis, v e ry  l i t t le  e th y le n e  is to  be ex p ec ted  to  fro m  via 

a ra d ic a l p a th w a y  in  th e  decom position  o f  d ie th y l e th e r as co m p a re d  to  the  
fo rm a tio n  o f e th an e , an d  even to  th e  fo rm a tio n  of e thy lene  b y  a  m o lecu lar 
ro u te . H ow ever, its  q u a n ti ty  is s till neg lig ib le  com pared  to  th a t  o f  th e  e th y len e
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fo rm e d  m olecu larly  in  th e  p resence of n itro g en  m o n o x id e . T hus, th e  p ressu re  
o f  d ie th y l e th e r d eco m p o sed  v ia  th e  rad ica l a n d  m o lecu la r p a th w ay s , re sp e c 
t iv e ly , are

“ Ф ( Е ) а  =  P ( C2H g)> a n d  (a )

- ф ( Е ) м =  - p ( E )  - p ( C 2H 6) (b)

I n  th e  presence o f  n itro g e n  m onoxide, e th a n o l undergoes m ain ly  d e h y d ra 
tio n , its  d e h y d ro g en a tio n  b e in g  of lesser im p o rta n c e  [8]. H ence th e  q u a n t i ty  
o f d ie th y l  e th e r d eco m p o sed  via  th e  m o lecu lar ro u te  m ay be given also b y  
th e  expression

~ Ф ( Е )м =  P (C2H 5O H )
/>(СЛ14) p (C 2H 5O H)

2 ( c )

Table I

Calculated values o f  , \p (E )^  and A p ( E t h e  ether consumed 
in  the molecular and radical decomposition

Measured Calculated

t
(min)

- М Щ(kPa)
Р(С.Н.)
(kPa)

—-Ф(Е)м (kPa) 
from (b) I from (с)

-4>(E)r (kPa) 

from (d)

783 К , 26.7 kPa etlier + 1 .3  k P a  NO

10 2.07 1.07 1.00 0.80 1.07

20 3.60 2.13 1.47 1.27 2.20

30 5.06 3.07 2.00 1.87 3.27

40 6.27 4.00 2.27 2.13 4.13

50 7.13 4.87 2.53 2.73 5.13

60 8.46 5.60 2.87 2.87 5.67

70 9.60 6.40 3.20 3.13 6.40

80 10.7 7.06 3.60 3.40 6.93

803 K , 26.7 kPa etlier +  1.3 k P a  NO

5 1.60 0.80 0.80 0.67 0.93

10 3.13 1.60 1.53 1.20 1.87

15 4.67 2.53 2.13 1.73 3.13
20 6.13 3.53 2.53 2.13 4.27

25 7.53 4.60 2.93 2.73 5.33

30 8.73 5.47 3.27 2.93 6.40

35 10.00 6.40 3.60 3.33 7.33

40 11.20 7.20 4.00 3.47 8.13
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T h u s , th e  q u a n tity  o f e th e r  decom posed  via  rad ica l p a th w a y  can  also 
be ex p ressed  as

-  ф ( Е ) к  =  p(C H gC H O ) +  p(C O ). (d)

T he correc tness of o u r reaso n in g  is co n firm ed  b y  the  d a ta  in  T ab le  I , 
w hich gives d a ta  ca lcu la ted  fro m  th e  ex p ressio n s (b), (c) and  (d).

T he d a ta  ca lcu la ted  from  re la tio n s (b) a n d  (c) agree sa tis fa c to r ily , as 
do p(C 2H 6) an d  Zlp(E)R ca lcu la ted  from  (d ), th o u g h  th e  values o b ta in e d  from  
(c) are  sm alle r and  those  o b ta in e d  from  (d) a  l i t t le  larger th a n  th e  ex p ec ted  
values. T h e  cause o f th is  m a y  be th e  s lig h t deh y d ro g en a tio n  o f  th e  alcohol 
and  th e  co n su m p tio n  of e th y len e  in  se c o n d a ry  reac tio n s.

O n th e  above basis, a p o ssib ility  arises  fo r ca lcu lation  o f th e  r a te  of 
th e  m o lecu la r com ponen t in  th e  deco m p o sitio n  o f d ie thy l e th e r. T h e  resu lts  
o b ta in ed  a re  to  be found  in  T ab le  I I .

T h e  d a ta  ca lcu la ted  fro m  ex p e rim en ts  p e rfo rm ed  in  th e  absence  o f  n i t ro 
gen m onox ide  are  given in  T ab le  I I I ,  to g e th e r  w ith  th e  d a ta  o f L a id l e r  and  
McK e n n e y  [11] and  F o u c a u lt  and  Ma r t in  [10].

T ab les  I I  an d  I I I  reveal th a t  th e  h ig h e s t r a te  is o b ta ined  for th e  m o lecu la r 
decom p o sitio n  w hen th e  in itia l ra te  for th e  a lcoho l accum ulated  in  th e  p resence  
of n itro g en  m onoxide is co rrec ted  in  acco rd an ce  w ith  expression (c) (T ab le  I I ,

Table II

Rate constant at 800 К  and Arrhenius parameters o f the molecular 
decomposition, calculated from  the inhibited reactions

Basis of calculation

„ (с л о н , + o(C,H,OH) Expre ssions
е,(С гН5ОН)

“ (b) («)

Lg (fcsoo/s_1) 3.90 -4 .0 5 -4 .1 0 - 4 .0
E(kJ m o l-1) 239 260 268 251
log (A la -1) 11.70 12.8 13.35 12.38

Table III

Rate constant at 800 К and Arrhenius parameters o f the molecular 
decomposition„ calculated from  reactions in the absence of NO, 

together with the data o f L a i d l e r  and M c K e n n e y  [11] and F o u c a u l t  and M a r t i n  [lo j

Basis of calculation

*0( E ) - « . ( C SH .) »„(C .H .oH ) r,f. [11] ref. [10]

log (*soo/s-‘) 3.94 -3 .9 8 -3 .9 6 -4 .2 2 4.26 4.23 4.96 3.95
E(k.J m o l"1) 263 285 268 277 272 280 352 261
log (A /a -1) 13.2 14.6 13.5 13.8 13.5 14.0 18.4 13
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c o lu m n  1). N early  th e  sam e r a te  is o b ta in ed  if  th e  r a te  d a ta  re su ltin g  fro m  th e  
Zlp(E)M v a lu es  ca lcu la ted  v ia  (b) and  (c) w ith in  each  reaction  are  ta k e n  as 
b a s is  (T ab le  I I ,  co lum n 2). T h e  ag reem en t w ith  th e  p reced ing  d a ta  is su rp r is in g ly  
good  i f  th e  ra te  c o n s ta n t o f th e  m olecular d eco m p o sitio n  is ca lcu la ted  fro m  th e  
in i t ia l  r a te  o f /dp(E )M on th e  basis of ex p ress io n  (b) in  the  re a c tio n s  in  th e  
a b sen ce  o f  n itrogen  m o n o x id e . T he ra te  c o n s ta n t  o f  th e  m olecular c o m p o n e n t 
in  th e  decom p o sitio n  o f d ie th y l e th e r  can  be g iv en  in  th e  form

k lm =  10<12-7±0'8) exp  [ - ( 2 5 6  ±  12) k J  m o l-V Ä T J s -1 .

O n  th e  above basis , i t  m ay  be s ta te d  t h a t  th e  m olecular d e c o m p o s itio n  
o f d ie th y l  e th e r  proceeds a t  a  su b s ta n tia lly  h ig h e r  r a te  th a n  w ould be e x p e c te d  
fro m  th e  p ressu re  m easu rem en ts  of La i d l e r  a n d  M cK e n n e y  [11] (T ab le  I I I ,  
c o lu m n  7); th e  d a ta  are  o n ly  s ligh tly  d iffe re n t fro m  those d e riv ed  b y  F o u 
c a u l t  a n d  Ma r t in  [10] fro m  in itia l ra tes  m e a su re d  a t  a low conversion  (T ab le  
I I I ,  la s t  co lum n).

Table IV

Data relating to molecular decomposition o f  certain ethers

(C H 3)3CO CH3

[12] [13]

(C H 3)sC 0 C 2H s

[14]

(C H 3)2C H O C H (C H 3)2

[15J

l o g  ( f c s o o / s - 1) -2 .3 - 2 .3 2.1 - 2 . 6

E (k J  m o l-1) 257 ±  2 247 250 ±  2 266

log ( A / s - 1) 14.4 ±  0.2 13.9 14.1 ±  0.1 14.6

T h e  occurrence  o f m o lecu la r deco m p o sitio n  has also been assu m ed  fo r 
o th e r  e th e rs . D a ta  re la tin g  to  the  m olecular co m p o n e n t of the d eco m p o sitio n  
in  th e  case o f some sh o rt-c h a in  a lip h a tic  e th e rs  a re  given in  T ab le  IV .

*

T he authors are indeb ted  to Professor Z. G. S zabó for in itia tion  of the investigation  and 
to  P rofessor P. H u h n  for helpful discussions.
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C a m m a n , К .: W orking  w ith  Ion-Selective E lectrodes Chemical Laboratory Practice  

Springer-Verlag Berlin, Heidelberg, New York. 1979. X II. p. 226.

This up to date m onograph w ritten in English is an  enlarged and revised version of the 
second German edition of the author’s book “ D as A rbeiten  m it ionenselectiven E lec troden” 
(Springer-Verlag 1977).

The m onograph provides a good survey of th e  theoretical and practical aspects of 
ion-selective electrodes, giving a good proportion betw een theory and practice. The theoretical 
as well practical problem s are treated from a m odern  electrochemical aspect, w hich was no t 
common in books appeared earlier on this subject. The m ain topics dealt w ith are as follows: 
fundam entals of potentiom etry , electrode po ten tia l m easurem ents, ion-selective electrodes, 
m easuring techniques w ith ion-selective electrodes, analysis techniques w ith ion-selective 
electrodes, applications of ion-selective electrodes. A  special m erit of the book is a  critical 
trea tm en t of the specific analytical techniques, w ith  regard  to the accuracy of th e  m ethods. 
The potentialities of the various techniques are dem onstrated  by practical exam ples, which 
gives a valuable aid to  practising analysts for the selection of a method best suited to  a certain  
analytical task.

Based on the lite ra tu re , a survey is given on th e  application of ion-selective electrodes 
in different fields of analytical chemistry in a tab u la ted  form. Problems and techn iques con
nected w ith applications in physiology, biology, medicine and environmental p ro tec tion  are 
trea ted  separately in greater detail.

The term inology used in the hook is in line w ith  IUPAC recommendations.
The book will be of in terest to researchers, p ractising  analytical chemists and  un iver

sity  students who w ant to get high level and  a t th e  sam e tim e practical knowledge of the basic 
characteristics and applications of ion-selective electrodes.

This new, English edition covers p rac tica lly  com pletely the relevant lite ra tu re  and 
gives a list of m anufacturers of ion-selective electrodes. The appendix contains tab les useful in 
the evaluation of analy tical methods using ion-selective electrodes.

K. T óth

Electric Phenom ena in  P olym er Science 

Advances in  P o lym er Science , Vol. 33 

Springer-Verlag, Berlin, H eidelberg, New York, 1979, p. 174.

The book contains four surveys about electric phenomena in the field  of polym er 
science.

Giuliano M e n g o l i ’s  paper. “ Feasibility o f  Polymer film  Coatings Throughs Electro- 
initiated Polymerization in Aqueous M edium ” deals w ith  the feasibility of preparing  polymeric 
coatings on the surface of conductive substrates (m etals). Eor the electrophoretic coating  tech
nique used so far a high potential difference (100 150 V) was necessary and the  adhesion of
the deposited polym er particles was ra th e r poor. Coating by “ in situ” electropolym erization 
is very promising bo th  for technology and p ractice , particularly  of the procedure can be 
carried ou t in non-polluting aqueous medium. A survey  is given about the experim ental reali
zation, and how the active species formed on th e  electrodes in water medium are able to  initiate
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polym erization  chains, i.e. the different ways of radical generation. The methods and m onom ers 
for th is  purpose known up to th e  present are described, such as the param eters influencing 
the e lec tro in itia ted  polym erization of diacetone acrylam ide, experiences obtained in  th e  case 
of m ethy l vinyl ketone and acrylam ide. A view is given abou t the limiting factors of “in  situ”  
electropolym erization, together w ith  a survey of possible routes for the m ethodical develop
m en t and  the most promising fu rth e r investigations.

R . Y. S u b r a m a i s i a n : “Electroinitiated Polymerization on Electrodes” . The firs t p a r t  of 
th is s tu d y  discmses the electroinitiated copolym erization of acrylonitrile, benzonitrile, phenols, 
acrolein, th a t  cf m cncm er pairs containing double bonds of opposite polarities, and th e  condi
tions of polyim ide form ation by  electroinitiation. In  the second p art the electroinitiated po lym er 
coating of, ar d polymer grafting to , graphite fibers are dealt with, together w ith th e  stereo
reg u la rity  of the polym er formed in this manner. Such polym er-coated graphite fibers m ake 
possible th e  production of composite materials w ith  un ique properties where in teractions 
on th e  surface are essentially more effective. This aspect is also of great interest for p rac tica l 
application .

G raham  W il l ia m s : “M ol ecular Aspects o f M ultip le Dielectric Relaxation Processes in  
Solid Polym ers” . This survey o u tlin e s  first the a,- /^-relaxations of amorphous polym ers, the 
m olecular theo ry  of dipole re laxati on, and the various general and specific models for m olecular 
m otion. F u rth e r, the dielectric re lax  ation processes th a t  can be observed in crystalline polym ers 
are discussed in subdivisions of po lym ers of medium and high degree of crystallinity. F inally , 
an eva lua tion  is presented a b o u t the methods of investigation  dielectric and m echanical 
re laxation , *H-NMR and 13C-NMR techniques w hich со m plete each other, and abou t the 
still unsolved problems th a t are expected to be solved in  th e  near future making possib le  an 
even m ore successful physical explanation of motions in solid polymers.

H. B l o c k : “The Nature and Application o f Electrical Phenomena in Polym ers” . W hile 
some years ago alm ost merely the electric insulating ab ility  of synthetic polym ers w as u tilized  
for technical applications, now adays considerable valuab le  inform ation may be ob ta ined  by 
dielectric m easurem ents about the structures of polym ers an d  their changes in the liqu id  and  
solid s ta te s . B eyond these, novel, significant fields of application  have been opened for piezo- 
and py ro -e lec trie  polymers, conductive polymers and photoconductive polymers. These la t te r  
have found  rap id ly  developing practical applications in th e  field  of electroimaging. I t is enough 
to refer here to  the X erox-process, or to the possibilities of silver-free photography and  p h o to 
copying, an d  to reprography. The aforementioned po lym er behaviours are covered in the 
last su rvey  of the book w ith clear-cut explanations.

I t  has to be observed th a t  it is regrettable th a t  in sp ite of its significance in technics 
and particu la rly  in safety regulations, a survey regarding e lec trosta tic  phenomena on polym ers, 
including th e  essence of electrostatic charging, the n a tu re  of th e  charged species, and  the 
possibilities o f eliminating electrostatic  charging, cannot be found  in this volume.

O therw ise, the book m ay be used to advantage by  te c h n ic a l specialists and scientists 
in terested  in the electrical behaviour of polym ers.

Gy. H a r d y

S . B a j u s z : Peptide S yn th es is  

Recent R esu lts in C hem istry, Vol. 48 

A kadém iai Kiadó, B udapest, 1980. p. 231, 53 figures, 11 tables (In H ungarian)

The years of rapid developm ent in research on pep tide chemistry are covered by  th is  
volum e, i.e. th e  tim e between 1970 and  1977; the book is a d irect continuation of the com pre
hensive survey  published on peptide chemistry in Vol. 3 of the present series (K. M e d z iii- 
r a d s z k y : Synthesis o f natural peptides).

The conten ts of the book can be divided into two p arts . In  the first, the author discusses 
the problem s of peptide synthesis in 156 pages; the second p a r t (“ Synthetic peptides in the 
research o f struc tu re-ac tiv ity  relationships” , 44 pages) p resen ts examples for the biological 
role and  m echanism  of action of peptides. The book provides thus much more inform ation 
than  expected  on the basis of the short title “ Peptide syn thesis” .

The au th o r makes an original approach to the problem s of peptide synthesis. In  the  
first p a r t of th e  work, synthetic problems following from  th e  nature of certain amino acids 
are discussed in such a way th a t even readers not quite fam iliar w ith peptide chem istry can
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realize th a t alm ost each amino acid is an “ individual”  en tity , hence the design and accom plish
m ent of synthesis of a polypeptide is far from being a simple routine task. The au tho r treats, 
according to  his own words “ w ithout claim to com pleteness” , the m ethods of protecting the 
amino and carboxyl groups and the establishm ent of the peptide bond, discussing however, 
all im portan t new m ethods and protective groups and also including the new ways of in tro 
ducing the old, well-proved protective groups. He deals w ith racem ization, an extrem ely im por
ta n t process in peptide synthesis, over alm ost 20 pages; here, after presenting the newest 
results, the  au thor summarizes in some fundam ental statem ents the recent knowledge how 
racem ization can be reduced to minimum. In  the chap te r entitled “ Construction of the peptide 
chain” , the m ethod of m inim um  side-chain protection  and the methods of “ rap id” peptide 
synthesis are described in detail, w ith special a tten tion  to solid-phase synthesis. (The la tte r 
topic takes 47 of a to ta l of 56 pages constituting th is chapter, indicating the w ide-spread applica
tion and im portance of solid-state synthetic m ethods.) In the second p art of the book, the role 
of peptides in the regulation of life-processes are dem onstrated  on excellently selected examples 
(ribonuclease, angiotensins, releasing and release-inhibiting hormones, o th e r biologically active 
peptides, such as enkephalins and endorphins), and  the im portance of syn thetic  peptide chem
istry  is shown in prom oting biochemical, biological, and pharm acological research. The 
au thor gives a very concise trea tm en t of the extraordinarily  rich m aterial, compressing it into 
about 200 pages. The difficulties, troubles in peptide research are presented, even undecided 
issues are m entioned. The very enjoyable, readable book w ith its vivid style presents several 
new statem ents; in this w ay it will be of in terest no t only to beginners b u t also to experts 
of the field. The book can also be recom mended to  researchers working in fields o ther than  
peptide chem istry, if  they  learn and accept the special language.

The 438 literatu re  references present a good selection from among the m ost im portan t 
peptide chemical papers and other publications which appeared between 1970 and 1977. 
A continuation of this long-needed book within a few years would be desirable describing the 
recent rapid  developm ent since 1977.

B. P e n k e

D u f f y , J .  I .:  Chemicals by E n zym a tic  and M icrobial Processes 
(R ecen t A dvances)

Chemical Technology Review No. 161. Noyes D ata Corporation,

Park  Ridge, New Jersey, USA, 1980, p. 385.

The book offers detailed technological inform ation based on pa ten ts filed in the USA 
since 1975, and a t the same tim e serves as a guide to the p a ten t literature in th is field. The 
volume gives a detailed description of microbiological and enzymatic processes (strains, culture 
media, conditions of production, etc.) and also deals w ith technological aspects of the problem 
(reactors, product isolation, etc.). Thus the volum e m ay be of in terest no t only to  micro
biologists and organic chemists, b u t also to experts (researchers and technologists) of the in
dustry, governing the research and developm ent of industrial enterprises.

Owing to the economic efficiency of these biochemical methods, a growing trend  in 
the chemical industry  to apply microorganisms and enzymes for the production of chemicals 
and considerable progress in this field (developm ent of genetic methods, determ ination of 
regulatory and metabolic pathw ays) have been observed over the past decade. This develop
m ent has been utilized mainly by the food industry : considerable research capacity  has been 
concentrated on the production of amino acids and proteins (SCP). O ther topics receiving 
increasing in terest are the production of m icrobial polysaccharides, or the isom erization of 
saccharides and enzym atic decomposition of polysaccharides. The volume covers a wide range 
of microbiological procedures, giving inform ation and detailed description on organic acids, 
amino acids, peptides, proteins, nucleic acids and  derivatives, as well as alcohols, carbohydrates, 
vitam ins and o ther organic compounds (m ethane, ergot alkaloids, etc.).

Microbes and their enzymes have now become an integral part of the chemical industry  
and the technology is fu rther improving a t a rap id  rate.

A pplicability of the volume is greatly facilitated  by the US P a ten t N um ber Index 
(244 patents), Inventor Index and Company Index.

L. N y e s t e
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N o w a c k i , P .: Health H azards and  Pollu tion  Control in  Synthetic  L iq u id  F u e l
Conversion

Noyes D ata  Corp., P a rk  Ridge. New Jersey, USA, 1980, p. 511

T his new book of the Noyes D ata  Corp. describes and discusses the environm ental 
aspects of coal liquefaction, oil shale processing and ta r  sands conversion. The in ten tion  of 
th e  au th o r  is to provide fas t access to  the m ost advanced pollution research da ta  now available 
and  to  sketch the lim itations of such data.

The book consists of 15 chapters. In  the first chapter, a prelim inary discussion of com 
position  and structural features peculiar to  coal, oil shale and  ta r  sands is given. The second 
ch ap te r reviews the liquid fuel production  processes, the th ird  and fourth  chapters deal w ith  
po llu tion  sources and health  effects associated w ith coal liquefaction. The toxicity, carcino- 
gecity , synergetics, interactions and  residual effects of each element, trace element, particu late  
or com pound are trea ted  a t length.

T he nex t — and longest — chap te r of the book reviews the pollution control m ethods 
and  possibilities for coal liquefaction in general. In  th is chapter, a very good tabu la tion  of 
p o ten tia l pollu tants and processes of their trea tm en t helps easy orientation. The flow diagram s 
of th e  m ore im portant pollution control processes are also given.

In  the following two chapters environm ental aspects of three US coal liquefaction 
processes (Solvent Refined Coal, H-Coal and Exxon Donor Solvent) are reviewed in detail. 
These th ree  processes are in the m ost advanced stage of developm ent and seem to be qu ite  
prom ising.

The Solvent Refined Coal (SRC) system  utilizes a noncataly tic direct hydrogenation 
process. There are two basic system  variations, this study  has been aimed prim arily a t the 
S R C -II system , which produces low sulphur fuel-oil and n ap h ta . A pilot p lan t, processing 30 
to n s /d a y  of coal has been working on the basis of the SR C -II process in F o rt Lewis, W ashing
to n  since 1977. The study contained in the book is based on the design of a 8000 in3 products/day 
com m ercial facility, which is p lanned to be built in M organtown for start-up  in 1984.

The H-Coal and Exxon D onor Solvent (EDS) process have similar products and wastes 
w ith in  th e  estimation accuracy allowed by available inform ation. Since 1980, a pilot p lan t 
is w orking on the basis of each of the two processes enabling the study  of the processes on 
a qu ite  large scale. The descriptions in the book are based on hypothetical plants designed 
to  produce 8000 — 8000 m3/day of products according to each of the two processes (in case 
of th e  H-Coal process the description is based on the fuel-oil mode of operation).

The 8 th  chapter gives a short description of the environm ental aspects of the Fischer — 
T ropsch synthesis. In this chapter, experiences w ith the commercial Fischer -T ropsch  facility 
in S ou th  Africa (SASOL) are utilized, b u t the concept serving the basis of the estim ation of 
po llu tan ts  is no t identical w ith  the SASOL technology. I t  is a hypothetical p lan t somewhere 
in  th e  E aste rn  Coal Region of the US, processing 27 000 tons/day of cleaned bitum inous coal. 
The design of this p lant incorporates advanced technology solutions, such as a high tem perature- 
high pressure gasifier based on Bi-Gas principles and a flam e-sprayed catalytic reactor for 
F isch e r—Tropsch conversion.

The nex t two chapters are devoted to the pollu tants and health  effects associated w ith  
oil shale processing, followed by a very  im portan t chapter, which discusses the possibilities 
and  differen t methods of environm ental control in oil shale processing in  general. The general 
possibilities and discussions are followed by th e  assessment of emissions and effluent character
istics involved in several particu lar oil shale conversion processes; namely the TOSCO-II, 
P araho , U nion Oil and the in-situ  conversion processes are considered.

C hapter 13 describes the environm ental im pacts of surface ta r  sand mining, in situ  
p roduction  of ta r  sand, and ta r  sand processing. Tar sands, are a potential source of synthetic 
fuel, b u t  th e ir utilization in the fu tu re  is greatly  dependent upon the environm ental effects of 
th e ir p roduction  and processing.

A separate chapter deals w ith  the well-known carbon-dioxide problem  (greenhouse- 
effect). As a result of burning and processing fossil fuels, the C 02 concentration in the atm os
phere has increased from about 295 ppm  by  volume in 1860 to the cu rren t level of 331 ppm . 
As th e  au th o r notes: “A t present, w ith  no C 02 emission controls, about 5 x l 0 9 m etric tons of 
carbon  per year as CO, are em itted  to the atm osphere . . . About 50% of this carbon can be 
accoun ted  for by the increase in th e  CO, concentration of the atm osphere.” A fter the short 
descrip tion  of the problem, possibilities for the solution are given, options of the rem oval, 
reuse and  disposal of carbon dioxide are listed.
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The final chapter of the book lists and explains those US laws and regulations which 
have im pacts on synthetic fuel technology and on the siting of such plants. A sho rt hypothetical 
case-study is also given, in this chapter.

The book edited by Perry  N o w a c k i  gives a very thorough, well p roportioned  overview 
and often detailed discussion of the environm ental and health hazards in synfuel conversion 
and  of the possibilities to control them . I t  is no t easy to give exact characteristics and  am ounts 
of wastes from synfuel p lants, because very few commercial facilities and  even pilot plants 
exist. In  spite of this difficulty th e  book gives m any valuable informations on a b road  field. 
I t  is hoped th a t this book will greatly  contribu te  to  the easy recognition of m any environm ental 
and  health problems connected w ith syntetic liquid fuel conversion and will give practical 
help in solving them.

The editor of the book utilized 29 reports m ade by different laboratories an d  companies 
for the Environm ental Protection Agency, for the US Dept, of Energy and  th e  U.S. au thor
ities. These are listed a t the end of the book. In addition, reference lists can be found a t the 
end of each chapter.

G. S z é c h y

Electroless a n d  Other Nonelectrolytic P lating Technique 

Recent D evelopm ents

Chemical Technology Review No. 171 
E dited  by  J . I. D u f f y

Noyes D ata  Corp., P ark  Ridge, New Jersey, USA, 1980

The them e of this recent publication of NDC is a very im portant, rap id ly  developing 
kind of plating, the so called electroless or nonelectrolytic plating.

The title  is not com pletely correct, because the platings discussed are produced partly 
as a result of electrochemical reactions, and thus, cannot be called either electroless of non- 
electrolytic. These coatings are produced from  th e  solution of metal ions, w ith o u t external 
current source, mostly w ith the aid of some reducing agent. These coatings, o r ra th e r this 
plating technique steadily gains ground, mainly in electronics. The book also tre a ts  some therm al 
coatings.

The book covers a very large m aterial, 225 paten ts, which have been published in the 
U nited S tates since 1978, i.e. in the last two years.

The first chapter deals w ith noble m etals, w ith gold, silver and p la tinum  plating. In 
the field of gilding, the cyanide-free process is of im portance. Even such an anc ien t process as 
silver m irror preparation is capable of revival, as shown by the process described in  this chapter. 
The process suitable for the p latina plating of titan ium  is also of im portance.

The second chapter discusses some base or interm ediate coatings. In  add ition  to a few 
m odifications of the chemical copper b a th  already known, some thermic copper p lating  pro
cesses are also described. Chemical iron- and tin  p lating  are also included in  th is chapter.

In  the chapter on protective coatings the deposition of aluminium, zinc, chrom ium  and 
superalloys are described. This too involves therm al processes besides chem ical methods. 
In  eddition to  problems of the deposition of the coating, the chapter discusses also the effect 
of the base metals on the deposition process itself. I t  is very interesting th a t  even technical 
problems of application are taken into consideration, as e.g. the coatings suitable for the prev en
tion of stress corrosion cracking.

NBC covered the problem  of the p lating  of plastics in two previous volum es. The fact 
th a t  a chapter is devoted also in this book to the discussion of these problem s shows th a t the 
subject is evergreen.

Essentially, this chapter covers alm ost all the aspects of plastics p la ting , from the 
basic substances through sensibilization to the applicable coatings.

A relatively brief chapter deals w ith the p lating  methods of glass and  ceramics.
In accordance w ith its im portance, the m ethods and possibilities of th e  application of 

m etal coatings in electronics are discussed on more than  100 pages. M ethods in  conjunction 
w ith prin ted  circuits, in tegrated  circuits, superconductors and thick-layer circu its are discussed. 
Separate chapters deal w ith the individual types of components, as e.g. electrodes, resistors,
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capacito rs. A separate p a r t is devoted  to solar collectors, proving their steadily growing 
im portance. The growing im portance  of environmental p ro tec tion  and energy m anagem ent 
is reflected  in the discussion of oxygen sensors, indispensable in  the operation of furnaces.

A separate chapter deals w ith  the im portant them e of m agnetic coatings. The chemical 
m ethod  is particularly suitable fo r the preparation of m agnetic  memory discs, because it 
provides for an extraordinary  un iform  layer thickness. B ubble circuits are an interesting p a rt 
of th is  chapter.

Phototechniques p lay  an im portan t role in the p repara tion  of printed and in tegrated  
circu its, because the very high-precision of m icrom iniaturized circuits can only be prepared 
w ith  his technique. According to  th e ir  importance, m asks, photom aterials, printing technique 
and  optical mirror layers are separa te ly  discussed.

In  the last chapter, th e rm a l coatings, screening m asks needed for selective m etal 
p la ting , and some methods, w hich cannot be classed into th e  aforegoing chapters, are discussed.

In  the book, the descrip tion  of the single paten ts begins w ith the title of the p a ten t, 
th e  nam es of the inventors, th e  nam e of the company, th e  num ber of the p a ten t and the 
da te  o f filing. This is followed b y  a clear, easily understandab le  description of the content.

The indexes of the com panies, inventors and p a ten t num bers are at the end of the book. 
Since NBC publications sum m arize the most recent results o f p a ten t literature, they are of 
g rea t value to R  and D.

F. H askó

M eta l Ions in B iological System s  edited b y  H e lm u t  S ie g e l , Vol. 10: 

C arcinogenicity  and M etal Io n s

Marcel Dekker, Inc ., N ew  York and Basel, 1980. X X II  and 381 pages

The book consists of 10 chap te rs  and is the work of 18 authors. The aim of the first 
ch ap te r is to  show on the basis of p resen t knowledge the role of m etal ions in genetic regulation, 
how th ey  damage regulation by  in terfering  with the synthesis processes of DNA, RNA and 
p ro te in . The reader obtains a su rvey  on the connection betw een the influence of various 
m etal com pounds on the fide lity  o f DNA synthesis and th e ir  mutagenic/carcinogenic effect. 
C hap ter 2 discusses the carcinogenic metals and com pares them . For detecting m utagenic 
and  carcinogenic effects different in  vivo and in vitro models are available. According to experi
ences up  to  the present, Cr, Ni, Cd, As and Be com pounds are m ost likely to be responsible 
for hum an  cancer: in several test-system s they show genetic tox ic ity  as well. This suggests 
th a t  th e  m utagenic effect m ay  p lay  a role in the carcinogenicity of m etal ions.

In  Chapter 3 data are p resen ted  concerning the am oun ts of m etal ions in blood and 
o th er tissues of healthy people and  cancer patients. I t  has been  shown th a t a connection can 
be found  between the m etal ion level of the blood serum  and  the growth or regression of 
carcinom as. Metal ion traces are necessary for the function  of numerous enzymes, bu t. a t 
th e  sam e tim e, they may ac t as enzym e inhibitors. Certain trace  m etals promote or inh ib it 
th e  a c tiv ity  of such enzymes w hich  transform  carcinogenic com pounds into effective sub
stances, e.g. Cu, Mg, Fe, Zn, Ni, Co, etc.

C hapter 4 makes the read e r acquainted w ith the im portance  of param agnetic m etal 
ions in  th e  growth of m alignant tum ours. In  tissues of anim als suffering in leukaemia or solid 
tum ours no proof has been ob ta in ed  w ith  ESR method for dev iation  characteristic for m alig
nancy, though  the concentration of several param agnetic ions shows unambiguous variation. 
Some of these variations m ay  re flec t a disturbance in norm al metabolism, which, in tu rn , 
is frequen tly  caused by in filtra tions of malignant cells.

C hapter 5 treats the Coeruloplasmin and Cu level in  blood, as well as its transferrin  
and  Fe level, and their varia tions in  a malignant state. The au tho rs discuss separately data  
ob ta ined  by  the study of solid tu m o u rs , malignant lym phom as and  various types of leukaemia.

C hapter 6 deals w ith re lationsh ips between trace elem ents and hum an leukaemia. In  
the m a jo rity  of malignant processes significant changes can be observed in the trace am ounts 
of heavy  m etals; in different organs or tissues of the same organism  antiparallel changes can 
also occur. These studies are m ade as deep as the m olecular level. They have significance in 
b o th  th e  diagnosis and the evalua tion  of therapeutic effect.

A separate chapter (C hapter 7) is devoted to the role of Zn in the formation and growth 
of m alignan t tumours. Epidem iologic studies have no t proven  th e  carcinogenic effect of Zn
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deficiency or Zn excess on humans. The variations of the Zn content in the blood serum  of 
cancer pa tien ts are ra ther difficult to explain. No conclusions can be drawn from th e  variations 
of the Zn level observed in carcinomas concerning its special role in tum our grow th. The 
authors discuss in details the im portance of Zn in therapy .

C hapter 8 discusses the connection betw een m alignant growth and cyanocobalam in. 
The authors p resent mostly their own results: the special properties of CN- B12 an d  cobamide 
coenzymes during the process of tum our grow th. T hey have established th a t  th e  properties 
of CN —B 12 and ADO B12 are different, bu t it  is no t yet clear how generally th is is valid.

C hapter 9 is devoted to the occurrence, absorption , distribution, excretion  and  place 
in the food chain of selenium (Se). No carcinogenic effect of it has been found, on th e  contrary, 
it  excels w ith its anti-carcinogenic effect, which is due to its antioxidant properties.

The last chap ter (Chapter 10) of the book tre a ts  the application of rad ioactive metal 
ions and their complexes in the diagnosis of tum ours. Radionuclides m ost frequen tly  used 
are 67Ga, 99mTc, m In, 113mIn, 123I, 169Yb, 197H g and  201T1. The anticancer d rug  bleomycin 
form s chelates w ith  numerous metals, bu t the "T e-bleom ycin  complex can be applied  in the 
diagnosis of carcinomas.

The book gives a very good and valuable survey on the im portance of m eta l ions in 
the process of malignization for researchers dealing w ith  carcinogenesis, bu t pharm acologists, 
toxicologists, biochem ists, enzymatologists and o th er experts of similar fields can also benefit 
from  th is book.

I .  PÁLYI

M etal Io n s  in  Biological System s  e d ite d  b y  H elm ut S i g e l , Y ol. 11: 

M etal Complexes as A n ticancer Agents

Marcell Dekker, Inc., New York and  Basel, 1980. X X  and 427 pages

This book consists of 8 chapters and is th e  w ork of 13 authors.
C hapter 1 discusses the anticancer p roperties of various metal complexes. Pt-com plexes 

are especially efficient. The authors present earlier studies on metals, and th e  h is to ry  of the 
discovery and application of the anticancer Pt-com plexes. Such a Pt-com plex was m arketed 
in 1978 1979 under the name Platinol in USA and  Neoplatin in U.K., respectively. Among
the o ther m etals (Rh, Pd, Ru, Ir, Cu, Co, Fe, Zn, Ni) several derivatives of R h  show some 
activ ity ; the derivatives of the o ther elem ents though  they have some biological effect — 
cannot be considered as anticancer agents.

C hapter 2 introduces the chemical p roperties and  binding of P t(II) to  biological macro
molecules.

C hapter 3 surveys the clinical aspects o f P t-contain ing anticancer agen ts by  reviewing 
results in anim al tests, its toxic side-effects in th e  te s t animals, its distribution in  the organism 
and studies on drug combinations. A good survey  is given on the m echanism  of action of 
Pt-com plexes, and on experim ents concerning th e ir  m utagenic and carcinogenic effect. Finally, 
clinical experim ents are described, which began in 1971, and results achieved in combination 
therapy.

Chapters 4 and 5 include experim ents w ith  Cu- and Ru-complexes as an ticancer agents. 
The bleoinycin-Cu complex was found to be efficient against certain anim al tum ours. The 
isotope of Ru can be considered ra ther as a tum our-specific radiodiagnostic agent.

The first p a rt of Chapter 6 provides a useful survey on alkylating agents, while in the 
second part their metal complexes are described. The application of some M g-and Ca-complexes 
of aziridinyl derivatives resulted in a significant survival of L1210 and P388 leukaem ic mice. 
On the contrary , the Rh-complex of cyclophospham ide was not efficient. N evertheless, the 
au thors see some prospect in the synthesis and  testing  of new metal complexes of alkylating 
agents, which m ay possess more favourable properties.

N um erous anticancer antibiotics could be isolated, e.g. bleomycin, tallisom ycin, plileo- 
mycin, streptonigrin , daunom ycin, adriainycin. T heir mechanism of action an d  the ir m etal
binding properties are described com prehensively in Chapter 7. Mostly Fe, Co, Ni, Cu, and 
Zn are involved in the bonds. Enzymes are frequen tly  prim ary points of a tta c k  for chemo- 
therapeutics.

In  C hapter 8 the interactions betw een enzymes, metals and an ticancer agents are 
described. One field treated  is the interaction betw een enzymes and m etal-contain ing compo
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nents, th e  enzym e-inhibiting effect of Pt-complexes, th o u g h  other metals are also shortly  
m entioned.

The o ther represented field  is the m etallo-enzym es and enzymes activated  by  m eta l 
ions w hich are either inhibited b y  the anticancer agents, o r the enzymes take p a r t in th e  
m etabolism  of the agents.

The book provides an excellent survey m ainly fo r those experts dealing w ith  b o th  
theo ry  and  practice, who are interested  in the chem otherapy of cancer, bu t researchers in th e  
field o f toxicology, pharm acology, biochemistry, biophysics, enzymology can also benefit 
from  it.

I. PÁLYI

V. N . K o n d r a t i e v , E . E . N i k i t i n : G as-Phase Reactions K inetics and
M echanism s

Springer-Verlag Berlin, Heidelberg, New Y ork 1981 XIV -f- 241 pp

T he kinetic investigations of the gas reactions, in itia ted  by the doctoral thesis o f 
B o d e n s t e i n  nearly hundred  years ago, are now in the ir th ird  period. While during th e  firs t 
period th e  aim  was to  determ ine th e  kinetic param eters macroscopically, in the second one, 
by th e  discovery of the reaction chains, it  became a task  to  establish elementary steps consti
tu ting  th e  com plex processes, and together w ith it to determ ine the kinetic param eters of these 
steps. The present, th ird  period actually  started  w ith  th e  paper of E y r i n g  and P o l á n y i  
50 years ago, w hich placed the transition  state concept in  th e  centre of the investigations. 
H ere n o t only the  spatial location of the atom s of the reacting  molecules related to one ano ther 
and th e ir m igration were considered, b u t also the energy relations of the reacting particles. 
This aim , how ever, dem anded no t only to develop a new theore tica l conception on the chemical 
events, b u t also to  explore new m icrophysical processes. T he m ost interesting form am ong 
these, being th e  m ost im portan t, is the transfer of energy betw een molecules. A t p resen t, 
however, th e  concept of reacting molecules encompasses also the excited, and electrically 
charged particles, i.e. ions. While a quarte r of a cen tury  ago i t  was the flash photolysis th a t  
widened th e  boundaries of the photochem ical investigations, to-day, beside the effect induced 
by the laser, reaction system s b rough t about by other electrom agnetic and particle radiations, 
are the sub jects of investigations. Considering th a t in com plex processes it is the first step, 
the p rim ary  ac t, th a t  in itiates the events, from the po in t o f view  of the conversion also th e  
secondary reactions, the chain propagation  and the destruction  of the carriers are of decisive 
significance, thus also th e  preconditions of these are to  be know n and examined. The chapters 
of the book deal w ith these problem s and topics in a m arvellously logical and concise m anner. 
The reader does no t find  detailed discussions on individual reactions, bu t illustrations of the 
ju s t discussed laws, and theories.

F rom  practical point of view from  among all gas reactions the combustion processes 
are of g rea te s t im portance, b u t they  are also the m ost in trica te  a t the same time. The in tro 
ductory theoretical chapters of the m onography and those on th e  relatively simpler processes 
as well, quasi as a m atte r of course, are closed by the tre a tm e n t of the combustion and the 
flame, explosions and detonations.

The English-speaking readers find  references m ostly to  previous monographs and reviews- 
of the W estern  literatu re  whereas th ey  can enjoy a lo t of c ita tions to Russian papers.

The firs t authors of the m onography Professor V. N. K o n d r a t i e v ,  beside N. N. 
S e m e n o v , has been the greatest personality  of the Soviet reaction  kinetics, who not only 
con tribu ted  to  the developm ent by his fundam ental discoveries, b u t also undertook the devoted 
work to  select the correct values from among the data  published in the literature w ith insuffi
cient criticism . He no t only specified the problems, m ethods and  results again and again, b u t 
together w ith  his young colleagues, grown up by his side, as for instance the second au th o r  
of the m onography E. E. N i k i t i n  and the coauthor of one of the chapters Y. L. T a l ’ r o s e , 
always showed a newer and clearer p icture on the s ta te  of gas reaction  kinetics. His decease, 
ju s t two years ago (22. 2. 1979), is deeply sorrowful, b u t i t  can  be hoped th a t his life-work 
will no t only live on a t his colleagues, b u t will even be fu rth e r developed.

On th e  get-up of the work it  is only enough to rem ark th a t  i t  was published by Springer- 
Verlag, and  w hat is more, in the highest execution.

Z. G. Szab6

Acta Chim. Acad. Sei. Hung. 108, 1981



IN D E X

PHY SICAL AND INORGANIC CHEMISTRY

Transition Metal Chemistry of Oxime Containing Ligands, X III . C obalt(II) Complexes of 
syn-Phenyl-2-pyridylketoxim e and syn-M ethyl-2-pyridvlketoxim e, M. M o h a n ,
B. D. P aram hans .................................................................................................................................  219

Preparation , Infrared A bsorption Spectra and X -R ay Powder D iffraction P a tte rn s  of
Mixed (Ca +  Sr - f  Mg) H ydroxylapatites, H. Ch. P a n d e y , S. P a n d e y , P. N. P a tel  229 

Decomposition of Propionaldehyde In itia ted  by the Therm al Decomposition of A zoethane,
A P é t e r , G. Ács, I. H o rvá th , P. H u h n .............................................................................. 235

Studies on Reduction of some Actinides and L anthanides in Chloride Melts, N. B. M ik h e e v ,
R. A. D yachkova , L. N . A u e r m a n ................................................................................................  249

Mechanical-Rheological Studies on Polym er Networks. I I I .  Effect of the Polym er-A nalo
gous Transform ation on the Molecular Param eters, F. H o r k a y , M. N a g y ,
M. Zr ín y i ..................................................................................................................................................... 287

Study of the Molecular Com ponent of D iethyl E th e r Decomposition, I. Se r e s , G. Szabó 305

ORGANIC CHEM ISTRY

A Favorskii R earrangem ent Involving a Carbanion as a Nucleophile, M. I. Qu r e s h i 215 
Synthesis and Testing of l-Aryl-l,4-dihydro-3(2H )-benzoisoquinolinones of Potential

A nticonvulsant Action, L. H a za i, Gy. D e á k , M. D ód a .......................................................  255
Semiempirical Force Method T reatm ent of the V ibrational Spectra of Amides, I. In-plane

V ibrations of some Simple Amides, A. B a l á z s .........................................................................  265

RECEN SIO N ES ................................................................................................................................................  317



Printed in Hungary

A  k ia d á s é r t  fele l az A kadém iai K iad ó  ig a z g a tó ja
A  k éz ira t n y o m d á b a  é rk e z e t t :  1981. IV.

M űszak i szerkesz tő : R ó zsa  K a ta l in  
16. —  T e rje d e le m : 9,75 (A /5) ív , 40 áb ra

81.9556 Akadémiai Nyomda, Budapest — Felelős vezető: Bernát György



Lee A cta Chirnica paraissent eu franqais, allem and, anglais et russe et publien t des 
mémoires du dom ainc des sciences chimiques.

Les Acta Chirnica sont publics sous forme de fascicules. Q uatre fascicules seron t rcunis 
cn un volume (3 volumes par an).

On est prié d’envoyer les m anuscrits destines ä la redaction ä l’adresse su ivan te :

A na  Chi mir a
Budapest, P.O.B. 67, 11-1450, Ilongrie

T oute correspondance doit étre envoyée ä cette meine adresse.
I.a redaction ne rend pas de m anuscript.
Aboimenn i.t ей Hongrie а Г A kadém iai K iadó (1363 B udapest, P.O.B. 24, С. С. B. 

215 11488) á Pétranger a PE ntreprise du Commerce E x terieu r << K ultúra » (11-1389 B uda
pest 62, P .O .B. 149 Com ptc-courant No. 218 1099G) ou cbez représentants a Pétranger.

Die Acta Chirnica veröffentlichen A bhandlungen aus dem Bereich der chem ischen 
W issenschaften in deutscher, englischer französischer und russischer Sprache.

Die Acta Chirnica erscheinen in Heften wechselnden Umfanges. Vier H efte b ilden einen 
Baud. Jäh rlich  erscheinen 3 Bände.

Die zur Veröffentlichung bestim m ten M anuskripte sind an folgende Adresse zu senden

Acta Chi mica
Budapest, Postfach 67, H -1450 , Ungarn

An die gleiche Anschrift ist jede für die R edaktion bestim m te Korrespondenz zu richten .
M anuskripte werden nicht zu rückerstatte t.
B estellbar für das Inlaud bei Akadémiai Kiadó (1363 Budapest, Postfach 24, B ank 

konto Nr. 215 11488), für das Ausland bei »Kultura* A ußenhandelsunternehm en (11-1389 
B udapest 62, P.O .B. 149. B ankkonto Nr. 218 10990) oder seinen A uslandsvertretungen.

«Acta Chimica» издают статы по химии на русском, английском, французском и 
немецком языках.

♦Acta Chirnica» выходит отдельными выпусками разного объема, 4 выпуска 
составляют один том и за год выходят 3 тома.

Предназначенные для публикации рукописи следует направлять по адресу:

Acta Chirnica
Budapest, P.O.B. 67, 11-1450, В Н Р

Всякую корреспонденцию в редакцию направляйте по этому же адресу.
Редакция рукописей не возвращает.
Отечественные подписчики направляйте свои заявки по адресу Издательства 

Академии Наук (1363 B udapest, P.O.B. 24. Текущий счет 215 11488), а иностранные 
подписчики через организацию по внешней торговле «Kultura» (11-1389 B udapest 62, 
P O.В. 149. Текущий счет 218 10990) или через ее заграничные представительства и 
уполномоченных.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

A U S T R A L I A
C . B . D  L I B R A R Y  A N D  S U B S C R I P T I O N  S E R V I C E ,  
B o x  4 8 8 6 .  G . P . O . ,  Sydney N .S .W . 2001 
C O S M O S  B O O K S H O P .  145 A c k l a n d  S t r e e t ,  St. 
K ilda  ( M elbou rn e) ,  Victoria 3182  
A U S T R I A
G L O B U S  H ö c h s t ä d t p l a t z  4.  1200 W ien  X X  
B E L G I U M
O F F I C E  I N T E R N A T I O N A L  D E  L I B R A I R I E  30 
A v e n u e  M a r n i x ,  1050 Bruxelles
L I B R A I R I E  D U  M O N D E  E N T I E R ,  16 2  R u e  d u
M i d i  1000 B ruxelles
B U L G A R I A
H E M  U S  B u l v á r  R u s z k i  6, Sofia 
C A N A D A
P A N N Ó N I A  B O O K S .  P .O .  B o x  1 0 1 7 ,  P o s t a l  S t a 
t i o n  “ B ” , T oron to , Ontario M 5T  2T8 
C H I N A
C N P I C O R ,  P e r i o d i c a l  D e p a r t m e n t ,  P . O .  B o x  50, 
Peking
C Z E C H O S L O V A K I A
M A D ’A R S K Á  K U L T Ú R A .  N á r o d n l  t f i d a  22,  
115 66  P rah a
P N S  D O V O Z  T I S K U ,  V i n o h r a d s k á  4 6 ,  Praha 2 
P N S  D O V O Z  T L A C E ,  Bratislava 2 
D E N M A R K
E J N A R  M U N K S G A A R D  N o r r e g a d e  6,  1165
Copenhagen
F I N L A N D
A K A T E E M I N E N  K I R J A K A U P P A ,  P . O .  B o x  128,
SF-00101 H els in k i 10
F R A N C E
E U R O P E R I O D I Q U E S  S. A . ,  31 A v e n u e  d e  V e r 
sa i l l e s ,  78170  La Celle S t.-C loud
L I B R A I R I E  L A V O I S I E R ,  11 r u e  L a v o i s i e r ,  75008 
Paris
O F F I C E  I N T E R N A T I O N A L  D E  D O C U M E N T A 
T I O N  E T  L I B R A I R I E ,  48 r u e  G a y - L u s s a c ,  75240 
P aris C ed ex  05

G E R M A N  D E M O C R A T I C  R E P U B L I C  
H A U S  D E R  U N G A R I S C H E N  K U L T U R ,  K a r l -  
L i e b k n e c h t - S t r a s s e  9,  D D R -102 Berlin  
D E U T S C H E  P O S T  Z E I T U N G S V E R T R I E B S A M T ,  
S t r a s s e  d e r  P a r i s e r  K o m m ü n e  3— 4, D D R -104 Berlin

G E R M A N  F E D E R A L  R E P U B L I C
K U N S T  U N D  W I S S E N  E R I C H  B I E B E R ,  P o s t f a c h
4 6 ,  7000 S tu ttg a r t 1

G R E A T  B R I T A I N
B L A C K W E L L ’S  P E R I O D I C A L S  D I V I S I O N ,  H y t h e  
B r i d g e  S t r e e t ,  O xford  O X l 2ET
B U M P U S .  H A L D A N E  A N D  M A X W E L L  L T D . ,  
C o w p e r  W o r k s ,  O lney , Bucks M K 46 4B N  
C O L L E T ’S H O L D I N G S  L T D . ,  D e n i n g t o n  E s t a t e ,  
W ellingborough , N  őrt hant s NN8 2Q T  
W . M .  D A W S O N  A N D  S O N S  L T D . ,  C a n n o n  H o u s e ,  
F olkestone , K ent C T I9 5EE
H .  К  L E W I S  A N D  C O . ,  136 G o w e r  S t r e e t ,  London 
W C1E 6 B S

G R E E C E
K O S T A R A K I S  B R O T H E R S ,  I n t e r n a t i o n a l  B o o k 
se ll e r s ,  2  H i p p o k r a t o u s  S t re e t ,  Athens-143

H O L L A N D
M E U L E N H O F F - B R U N A  B .V . ,  B e u l i n g s t r a a t  2,
A m sterdam
M A R T I N U S  N I J 1 I O F F  B.V. ,  L a n g e  V o o r h o u t  
9 — 11, D en H aag

S W E T S  S U B S C R I P T I O N  S E R V I C E ,  3 4 7 b  H e e r e -
w e g ,  L isse

I N D I A
A L L I E D  P U B L I S H I N G  P R I V A T E  L T D . ,  13/14  
A s a t  A l i  R o a d ,  N ew Delhi 110001 
150 B - 6  M o u n t  R o a d ,  M adras 600002  
I N T E R N A T I O N A L  B O O K  H O U S E  P V T .  L T D . ,  
M a d a m e  C a m a  R o a d ,  Bombay 400039  
T H E  S T A T E  T R A D I N G  C O R P O R A T I O N  O F  
I N D I A  L T D . ,  B o o k s  I m p o r t  D i v i s i o n ,  C h a n d r a l o k ,  
36  J a n p a t h ,  N ew Delhi 110001 
I T A L Y
E U G E N I O  C A R L U C C I ,  P . O .  B o x  2 5 2 ,  70100 B an  
I N T E R S C I E N T I A ,  V ia  M a z z é  28 , 10149 Torino 
L I B R E R I A  C O M M I S S I O N  A R I A  S A N S O N I ,  V ia  
L a m a r m o r a  4 5 ,  50121 Firenze
S A N T O  V A N A S I A ,  V ia  M .  M a c c h i  58 ,  20124  
M ilano
D .  E .  A . ,  V i a  L i m a  28, 00198 R om a  
J A P A N
K I N O K U N I Y A  B O O K - S T O R E  C O .  L T D . ,  17-7,
S h i n j u k u - k u  3 c h o m e ,  S h i n j u k u - k u ,  T okyo  160-91 
M A R U Z E N  C O M P A N Y  L T D . ,  B o o k  D e p a r t m e n t  
P . O .  B o x  5 0 5 6  T o k y o  I n t e r n a t i o n a l ,  T okyo 100-31 
N A U K A  L T D . ,  I M P O R T  D E P A R T M E N T ,  2 -3 0 -1 9  
M i n a m i  I k e b u k u r o ,  T o s h i m a - k u ,  T okyo 171 
K O R E A
C H U L P A N M U L ,  Phenjan 
N O R W A Y
T A N U M - C A M M E R M E Y E R ,  K a r l  J o h a n s g a t a n
4 1 — 4 3 ,  1000 Oslo
P O L A N D
W ^ G I E R S K I  I N S T Y T U T  K U L T U R Y ,  M a r s z a l -
k o w s k a  8 0 ,  W arszawa
C K P  I W  ul.  T o w a r o w a  28  00-958 W arsawa
R O M A N I A
D .  E .  P . ,  Bucurefti
R O M L I B R I ,  S t r .  B ise ri ca  A m z e i  7,  Bucure$tt 

S O V I E T  U N I O N
S O J U Z P E T C H A T J  —  I M P O R T ,  M oscow  
a n d  t h e  p o s t  offices in  e a c h  t o w n  
M E Z H D U N A R O D N A Y A  K N I G A ,  M oscow  G -200  

S P A I N
D I A Z  D E  S A N T O S ,  L a g a s c a  9 5 ,  M a d rid  6 

S W E D E N
A L M Q V I S T  A N D  W I K S E L L ,  G a m l a  B r o g a t a n  2 6 ,
101 20 S tockholm
G U M P E R T S  U N I V E R S I T E T S B O K H A N D E L  A B ,
B o x  3 4 6 ,  401 25 Göteborg 1
S W I T Z E R L A N D
K A R G E R  L I B R I  A G ,  P e t e r s g r a b e n  3 1 ,  4011 Base 

U S A
E B S C O  S U B S C R I P T I O N  S E R V I C E S ,  P . O .  B o x
1943 , Birm ingham , Alabama 35201
F .  W .  F A X O N  C O M P A N Y ,  I N C . ,  15 S o u t h w e s t
P a r k ,  W estw ood, M ass, 02090
T H E  M O O R E - C O T T R E L L  S U B S C R I P T I O N  
A G E N C I E S ,  N orth Cohocton, N. Y. 14868  
R E A D - M O R E  P U B L I C A T I O N S ,  I N C . ,  140  C e d a r  
S t r e e t ,  N ew  York, N. Y. 10006
S T E C H E R T - M A C M I L L A N  I N C . ,  7 2 5 0  W e st f ie ld
A v e n u e ,  Pennsauken N . J. 08110
V I E T N A M
X U N H A S A B A ,  32, H a i  B a  T r u n g ,  H anoi 
Y U G O S L A V I A
J U G O S L A V E N S K A  K N J I G A ,  T e r a z i j e  2 7 ,  Beograd  
F O R U M ,  V o j v o d e  MiSiéa 1, 21000 N ovi S ad

20. XI. 1981 HU ISSN 0001—5407 Index: 26.007



ACTA
CHIMICA

ACADEMIAE SCIENTIARUM  
H U N G A R I C A E

ADIUVANTIBUS

M. T . B E C K , R . B O G N Á R , G Y . H A R D Y , 
K . T E M P E R T , F . M Á RTA , К . P O L IN S Z K Y , 

E . P U N G O R , G. SC H A Y ,
Z. G. SZABÓ , P . T É T É N Y I

REDIGUNT

B. L E N G Y E L  e t  GY. D E Á K

TO M U S 108 F A S C IC U L U S  4

A K A D É M IA I K IA D Ó , B U D A P E S T  

1 9 8 1

ACTA CHIM. ACAD. SCI. HUNG. ACASA2 108 (4 ) 325 — 420 (1981)



ACTA CHIMICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K É M I A I  T U D O M Á N Y O K  O S Z T Á L Y Á N A K  

I D E G E N  N Y E L V Ű  K Ö Z L E M É N Y E I

F Ő S Z E R K E S Z T Ő

L E N G Y E L  B É L A

S Z E R K E S Z T Ő

DEÁK GYULA

T E C H N I K A I  S Z E R K E S Z T Ő

HAZAI LÁSZLÓ

S Z E R K E S Z T Ő  B I Z O T T S Á G

BECK T. M IH Á L Y , BOGNÁR R EZ SŐ , H ARDY  GYULA, 
LEM PERT K Á R O L Y , MÁRTA FE R E N C , PO LIN SZK Y  KÁROLY, 

PU NG OR E R N Ő , SCHAY GÉZA, SZABÓ ZOLTÁN, 
TÉTÉNYI PÁ L

A cta Chimica is a jo u rn a l for the publication of papers on all aspects of chem istry in 
E nglish , German, French and  R ussian .

A cta  Chimica is published  in  3 volumes per year. E ach  volum e consists of 4 issues of 
vary ing  size

M anuscripts should be sen t to

A da Chimica
B udapest, P .0 . Box 67, H -1450, H ungary

Correspondence w ith  th e  ed ito rs should be sen t to  th e  same address. M anuscripts are 
no t re tu rn ed  to the authors.

H ungarian subscribers should  order from A kadém iai K iadó, 1363 B udapest, P.O.B. 
24. A ccount No. 215 11438.

O rders from other coun tries  are to be sent to  “ K u ltu ra”  Foreign Trading Company 
(H -1389 Budapest 62, P .O .B . 149. Account No. 218 10990) or its representatives abroad.



Acta Chimica Academiae Scientiarum Hungaricae, Tom us 108 (4 ), pp . 325— 332 (1981)

M Ö SSBAUER STU D Y  OF IR O N (II)  A N D  IR O N (III)  
COM PLEXES OF SOME N IT R O G E N -, O X Y G EN -  

A N D  S U L P H U R  DONOR L IG A N D S. REDUCTIO N  
OF IR O N (III) BY TH E M ER C A PTID E GROUP

G. L. S a w h n e y , 1  J .  S. B a i j a l , 1  S. C h a n d r a 2 *  and К . B. P a n d e y a 3

( L Department o f Physics and Astrophysics, U niversity o f Delhi, Delhi,
2 Department o f Chemistry, Zakir H ussain College, A jm eri Gale, Delhi,

3 Department o f  Chemistry University o f  Delhi, Delhi, India)

Received Ju ly  21, 1980

A ccepted for publication D ecem ber 12, 1980**

Complex form ation reactions of iron (II) and  iro n (III) w ith sem icarbazones and 
thiosem icarbazones of pyruvic acid and phenyl pyruvic acid have been studied  by 
magnetic m easurem ents and Mössbauer spectroscopy. W ith iron(II) all th e  ligands 
form hexa-coordinated octahedral complexes of th e  type  Fe(ligand-H 2). W ith  iro n (III) 
semicarbazones th e  complexes of the com position [Fe(ligand-H)2](OH) are form ed. 
Thiosem icarbazones on th e  o ther hand, firs t reduce iro n (III) to iron(II) and then  form 
iron(II) complexes of th e  type Fe(ligand-H )2.

In tro d u c tio n

T he M össbauer sp e c tra  o f iron  com plexes p ro v id e  in fo rm a tio n  a b o u t th e  
iro n  co n fig u ra tio n  an d  h av e  been p ro g ressiv e ly  u tilized  in  e lu c id a tin g  th e  
s tru c tu re  an d  b o n d in g  [1, 2] in  a large n u m b e r  o f  com plexes. In  p a r t ic u la r , 
th e  isom er sh if t (d) m easu res th e  elec tron  d e n s ity  a t  th e  iron  nucleus an d  th e  
q u ad ru p o le  sp lit t in g  re flec ts  th e  a sy m m e try  o f  th e  iron  e lec tron ic  w ave fu n c 
tio n . T hese tw o  p ieces o f  in fo rm atio n  can  n o t  be  used  to  define  th e  sev era l 
m o lecu lar o rb ita ls  im p o r ta n t  in  chem ical b o n d in g , b u t  th e y  m ay  p ro v e  usefu l 
in  decid ing  b e tw een  v a r io u s  m odels o f g iven  m olecule . T he M össbauer h y p e rf in e  
p a ra m e te rs  can  be  v e ry  usefu l w hen one s tu d ie s  a series of co m p o u n d s in  
w hich  a single g roup  is v a ried  sy s te m a tic a lly . T he e lec tron ic  s tru c tu re  of 
iro n  is in flu en ced  b y  s te ric  ra th e r  th a n  e lec tro n ic  effects in d u ced  b y  th e  su b 
s ti tu e n ts  has b een  ev idenced  in  recen t s tu d ie s  on a series o f iro n (I I )  com 
plexes [3].

S tu d y  on iro n  com plexes o f n itro g en , o x y g en  an d  su lp h u r d o n o r lig a n d s  
are  im p o r ta n t in  v iew  o f th ese  donor a to m s b e in g  m ain ly  e n c o u n te re d  in  th e  
iro n  p ro te in s ; iro n -su lp h u r p ro te in s , in p a r t ic u la r , being  su b jec t o f im m ense  
in te re s t. T ra n s itio n  m e ta l com plexes o f sem icarb azo n es an d  th io se m ic a rb a -
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** In  final form  accepted  April 17, 1981
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R—CH2—0 -

N
[

H N -

(I )

о
/ / (a) R =  H, X =  0

■G
OH (fa) К =  H, X = s

X (c) R =  Ph, X =  0
-C—NH2 (d) R =  Ph, X =  S

zo n es  h a v e  d raw n m uch a t te n t io n  re c e n tly  [4]. T h is  p a p e r  describes co m p lex a- 
t io n  re a c tio n s  of iro n (II)  a n d  iro n ( I I I )  w ith  p y ru v ic  acid  sem ica rb azo n e  l a ,  
p y ru v ic  ac id  th io sem ica rb azo n e  lb ,  p h e n y l p y ru v ic  ac id  sem icarbazone Ic  an d  
p h e n y l  p y ru v ic  acid th io se m ic a rb a z o n e  Id .

I n  th e  course of re a c tio n  o f iro n ( I I I )  s a lts  w ith  p y ru v ic  acid  a n d  p h e n y l 
p y ru v ic  ac id  th io sem ica rb azo n e  i t  h as  been  o bserved  th a t  th e  lig a n d  f ir s t  
re d u c e s  iro n ( I I I )  to  iro n (II)  fo rm in g  fin a lly  iro n (I I )  com plex , sam e as o b ta in e d  
f ro m  th e  reac tio n  of iro n (I I )  a n d  p y ru v ic  an d  p h e n y l p y ru v ic  acid  th io sem i- 
c a rb a z o n e s .

T o  ascerta in  th a t  th e  re d u c tio n  is caused  b y  th e  th io sem ica rb azo n e  
m o ie ty  a n d  n o t b y  th e  p y ru v ic  acid  p a r t  o f th e  lig an d  m olecules, re a c tio n s  of 
th e  sem icarbazones o f p y ru v ic  acid  an d  p h e n y l p y ru v ic  acid  on iro n ( I I )  an d  
i r o n ( I I I )  w ere also s tu d ie d . In  th ese  cases no  red u c tio n  of iro n (I I I )  o c c u rre d .

E x p erim en ta l

Preparation o f the ligands

Semicarbazones: Aqueous solution of sem icarbazide hydrochloride and ethanolic solu
tion  o f th e  ketone were m ixed toge ther in  equim olar ra tio . E quim olar am ount of sodium  acetate  
(aqueous) was also added and  m ix tu re  was refluxed on a w ater b a th  and  then  concentrated . 
On cooling in  ice bath  white coloured sem icarbazones p recip ita ted  out. The same was filtered , 
w ashed  w ith  w ater and recrystallized  from ho t ethanol.

A nalysis for pyruvic acid sem icarbazone (C4H 7N30 3):

%c %H %N

Found: 32.90 4.96 29.10
Calculated: 33.1 4.8 28.9

or p  hen y l pyruvic acid sem icarbazone (C10H n N3O3):

%C %H %N

Found: 54.45 5.54 19.20
Calculated: 54.3 5.43 19.00

A c t a  C h im .  A c a d . S e i . H u n g  . 1 0 8 , 198 1
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Thiosemicarbazones: Aqueous solution of thiosem icarbazide and  ethanolic solution of 
th e  ketone were m ixed together in equim olar ratio. A small am oun t of glacial acetic acid was 
also mixed and the contents were refluxed on w ater b a th  for abou t 6 hrs and  concentrated. 
On cooling in ice b a th  w hite coloured thiosem icarbazones separated  ou t, w hich was worked 
o u t as above.

Analysis for pyruvic acid thiosem icarbazone (C4H7N30 2S):

% c %H % N %S

Found: 29 .70 4.25 26.22 19.70
Calculated: 29.8 4.4 26.1 19.9

and for phenyl pyruvic acid thiosem icarbazone (C1(,Hn N30 2S):

% C % H % N % s

Found: 50.8 4.20 17.45 13.20
Calculated: 50.6 4.6 17.7 13.5

Reactions with iro n (II)  salts

H ot ethanolic solutions of FeCL, • 4 H 20  and the respective ligand were m ixed together. 
D ark brown coloured complexes separa ted  out instantaneously in  the case of thiosem icarba
zones. In case of semicarbazones the contents were refluxed for abou t 3 hrs and cooled when 
green coloured complexes separated  ou t. These were filtered, washed w ith  50% ethanol and 
dried in electric oven a t ~ 6 0  °C.

Reactions with ir o n (II I )  salts

With semicarbazones: A m ethod  sim ilar to th a t in the case of iron (II) complexes was 
followed using anhydrous FeCl3 in place of FeCl2 • 4 H 20 . D ark  brow n coloured complexes 
were obtained.

With thiosemicarbazones: R eaction  was carried ou t in the same w ay as in the case of 
iron (II) thiosem icarbazones using anhydrous FeCl3 in place of FeCl2 • 4 H 20 . D ark brown 
coloured complexes separated  ou t instantaneously . W hen worked ou t these were found to 
be the same complexes as those obtained  w ith iron(II) salt.

Physical measurements

Magnetic susceptibility m easurem ents on powder form of th e  complexes were carried 
ou t by Gouy  m ethod using m ercury te tra th iocyanatocobalta te(II) ( / » =  20.71 x l O - 6  SI) 
as calibrant. The M össbauer studies w ere carried out by using a 55 .5  X 107 Bq (15 Cm) 57Co 
(in Pd m etrix) source held a t room tem peratu re  on the powdered form  of the complexes. The 
spectra were recorded on a 512 m ultichannel analyser in MSC mode. The da ta  were analysed 
using a least square fittin g  program m e on an IBM 360 com puter. In fra red  spectra of the 
complexes were recorded on Perkin—E lm er 621 autom atic recording spectrophotom eter in 
K B r medium.

R esults and Discussion

R esu lts  of e lem en ta l an a ly s is  o f the  com plexes o b ta in e d  are  given in 
T ab le  I . T ab le  IV  p re sen ts  th e  m ag n e tic  m om ents a n d  M össbauer d a ta .

1* Acta Chim. Acad. Sei. Hung. 108, 1981



328 SAWHNEY et al.: IRON(II) AND IRON(III) COMPLEXES

Table I

Elemental analysis

R e a c ta n ts*
C om plex E le m e n ta l an a ly s is  fo u n d / (calcd .)%

o b ta in e d
Fe c H N

FeCl2 • 4 H 20  +  pysc Fe(pysc-H 2) 15.90
(16.27)

27.80
(27.90)

3.62
(3.49)

24.34
(24.42)

FeCl2 • 4 H 20  +  ppysc Fe(ppysc-H )2 11.51
(11.30)

48.30
(48.39)

4.13
(4.03)

16.64
(16.85)

FeCl2 ■ 4 H 20  +  pytsc Fe(pytsc-H )2 14.90
(14.81)

25.73
(25.53)

3.29
(3.19)

22.56
(22.34)

FeCl2 • 4 H 20  +  ppytsc Fe(ppytsc-H )2 10.61
(10.36)

45.65
(45.45)

3.99
(3.79)

15.60
(15.91)

FeCl3(anhydrous) +  pysc Fe(pysc-H )2(OH) 15.50
(15.42)

26.68
(26.59)

3.75
(3.60)

23.47
(23.27)

FeCI3(anhydrous) -|- ppysc Fe(ppysc-H )2(OH) 10.92
(10.82)

46.53
(46.78)

4.03
(4.09)

16.52
(16.37)

FeCl3(anhydrous) +  pytsc Fe(pytsc-H )2 14.71
(14.81)

25.60
(25.53)

3.04
(3.19)

22.48
(22.34)

FeCl3(anhydrous) -) - ppytsc Fe(ppytsc-H )2 10.40
(10.36)

45.36
(45.45)

3.72
(3.79)

15.78
(15.91)

* pysc =  pyruvic acid sem icarbazone, 
ppysc =  phenyl pyruvic acid semicarbazone, 
pytsc  =  pyruvic acid thiosem icarbazone, 
ppytsc  =  phenyl pyruvic acid thiosemicarbazone

T h e  in fra red  sp ec tra  o f  a ll th e  com plexes is p ro v id e d  d ire c t in fo rm atio n  
a b o u t  th e  coord ination  o f  lig a n d s . P y ru v ic  acid sem ica rb azo n e  an d  th io sem i
c a rb a z o n e  coord inate  to  th e  m e ta l  a tom  as a te rd e n ta te  lig an d  [5, 6]. The 
in f ra re d  spec trum  of p h e n y l p y ru v ic  acid sem icarbazone  m olecule shows 
b a n d s  d u e  to  th e  CO s tre tc h in g  v ib ra tio n s  o f th e  sem ica rb azid e  m o ie ty  and  
th e  c a rb o x y l groups an d  th e  r(C  =  N) s tre tch in g  v ib ra tio n s  a t  1680 —1750 c m -1 
a n d  1620 c m -1, re sp ec tiv e ly  (T ab le  I I ) . On com plex  fo rm a tio n  th ese  bands 
a re  s h if te d  tow ards low er s id e  b y  20 —60 c m -1 . I t  in d ic a te s  t h a t  pheny l 
p y ru v ic  acid  sem icarbazone a lso  behaves as a t r id e n ta te  lig an d , coord inates 
to  th e  m e ta l th ro u g h  o x y g en  o f  sem icarbazide a n d  c a rb o x y l g roup  and  th e  
r(C =  N ). In fra red  sp ec tru m  o f  p h e n y l p y ru v ic  acid  th io sem ica rb azo n e  shows 
b a n d s  a t  1620 and  1700 c m “ 1 assignab le  to  th e  v(C =  N) an d  CO O H  stre tch in g  
fre q u e n c ie s , respectively . O n co m p lex  fo rm ation  th e se  b a n d s  sh ifted  tow ards 
lo w er s id e  (Table I I ) . A lth o u g h  de fin ite  ass ig n m en t fo r r C = S  v ib ra tio n  is 
d if f ic u l t ,  i t  appears th a t  th e  b a n d s  a t  1090 c m “ 1 a n d  1025 c m -1  are  due to  
r(C = S )  v ib ra tio n  as su g g ested  ea rlie r  w orkers [7, 8]. T he p o s itio n  o f th is  b and  
is a lso  sh ifted  tow ards lo w er side.

W ith  iron (II) all th e  lig a n d s  form  com plexes o f  co m p o sitio n  1 : 2, m etal- 
l ig a n d . H exaco o rd in a te  p se u d o -o c ta h e d ra l s tru c tu re  o f  th e  ty p e  (I) is read ily  
a c h ie v e d  w ith  tw o tr id e n ta te  lig a n d  m olecules p e r m e ta l ion .
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Table II

Important I R  bands (cm -1)

C om pound
4 J - 0

sem icarb az id e
m o ie ty

*45-0
c a rb o x y l

group
*45-N *45-8

pysc 1680 (s) 1750 (s) 1620 (s) —

ppysc 1680 (s) 1755 (s) 161<i(s) —
Fe(pysc-H)2 1650 (s) 1730 (s) 1605 (s) —
Fe(ppysc-H)2 1675 (s) 1755 (s) 1630 (s) —
pytsc — 1700 (s) 1620 (s) 1090 (m) 

1025 (w)
Fe(pytsc-H )2 — 1680 (s) 1600 (9) 1080 (m) 

1020 (w)
ppytsc — 1710 (s) 1625 (s) 1095 (m) 

1020 (w)
Fe(ppytsc-H )2 — 1695 (s) 1605 (s) 1085 (m) 

1020 (w)

CH2R
I

0 = C — C4 H N —C— N H 2
I \  /  II

O. N X

H 2N
II /  \  I

— C— NH C— C = (
I

c h 2r

( I )

R H or C«H.,

X О or S

A ll such  com plexes show  m agnetic  m o m en ts  co rrespond ing  to  liexa- 
co o rd in a te  h ig h -sp in  i ro n ( I I ) .  M össbauer p a ra m e te rs  are also  in  co n fo rm ity  
w ith  su c h  a s tru c tu re . A ll th e  com plexes e x h ib it isom er sh ift v a lu e s  in  th e  
range  o f h ig h -sp in  iro n (II)  [9]. T he isom er sh if t va lu es  fo r th e  sem ica rb azo n e  
com plexes a re  la rger th a n  fo r  th e  th io sem ica rb azo n e  com plexes in d ic a tin g  
th a t  th e  S e lec tron  d e n s ity  on  th e  iron  a to m  is less in  th e  sem ica rb azo n e  com 
plexes (F e 0 2N 20 2 core) th a n  in  th io sem ica rb azo n e  com plexes ( F e 0 2N 2S2 core). 
T he rep lacem en t of su lp h u r b y  oxygen  (a m ore e lec tro n eg ativ e  a to m ) as a 
donor a p p a re n tly  leads to  decrease  in  th e  S e lec tro n  d en sity  o f  th e  c e n tra
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m e ta l  a to m . S im ilar o b se rv a tio n s  have b een  re p o r te d  b y  G e r b e l e u  et al.
[10] fo r  some iro n (I I )  com plexes of sem ica rb az id e  an d  th io sem icarb azid e .

A ll th e  iro n (II)  co m p lex es show q u ad ru p o le  sp lit t in g  values in  th e  range 
fo r  h ig h -sp in  iro n (II)  [11 —13]. Also all th e  co m p lex es show  s tro n g  te m p e ra tu re  
d ep en d en ce  of th e  q u a d ru p o le  sp littin g  v a lu e , w ith  excep tion  o f th e  p h en y l 
p y ru v ic  acid th io sem ica rb azo n e  com plex. Q u a d ru p o le  sp littin g  is d ep en d en t 
on  th e  p a ram e te rs  A 1 a n d  A 2, tem p e ra tu re  a n d  covalency  coeffic ien t a 2, as 
g iv en  b y  [14].

A E q =  2/7e2Q (l -  К ) < г - 3>сс2 F (A V zl2, Г , а 2 А0) =  5.4 a 2 F  =  5 .4 F m m s - ‘

I t  m ay  be n o te d  t h a t  th e  p a ram e te r F  ta k e s  in to  acco u n t th e  c o n tr ib u 
tio n  b y  th e  la ttice . F o r  th e  com plexes show ing  te m p e ra tu re  d ep e n d e n t Q.S. 
v a lu e s  th e  ligand f ie ld  sp lit t in g s  A x and  A 2 a re  o f  th e  sam e o rder as k T .  T he 
te m p e ra tu re  in d e p e n d e n t v a lu e  of th e  p h en y l p y ru v ic  acid  com plex is, how ever, 
in tr ig u in g .

T h e  com plexes o b ta in e d  from  the  re a c tio n  o f  iro n ( I I I )  sa lt an d  th e  th io 
sem icarb azo n e  ligands a lso  show  com position  F e(lig an d -H )2. T h ey  also  show  
m a g n e tic  m om ents a n d  M össbauer p a ra m e te rs  a lm o s t id en tica l to  th o se  o f he 
c o rrep o n d in g  iro n (II)  com plexes. I t  is obv ious th e re fo re  th a t  th e  th io se m i
ca rb a z o n e  ligands f i r s t  re d u c e  i ro n ( l l l )  to  iro n ( I I )  an d  th e n  form  th e  iro n (II)  
com plexes. The m e rc a p tid e  g roup  in  th e  th io lo  fo rm  (b) o f th e  th io sem ica rb a - 
zones is well know n as a m ild  reducing a g e n t [15].

= N —Л—C— NH2
I II

H  s

==N—N = C —NH
I
SH

2

(a) (6)

as
T h e  suggested re d u c tio n  of iro n (III)  to  iro n (I I )  m ay  be rep re sen ted

[6 ].

F e 3+ +  - S H  ^  F e2+ - f - ( - S - S - )  +  H A
2

T h e nu jo l m ull e lec tro n ic  spectra  o f th e  com plexes e x h ib it a b ro ad  
’d  — d ’ b an d  in th e  reg io n  10,200 —11,700 c m -1  (T able  I I I ) .  T his b a n d  show s 
n o n e  o f th e  sp littin g  w h ich  is expected  for h ig h -sp in  iro n (II)  in  th e  lig an d  field  
o f  less th a n  Oh sy m m e try . I t  is assum ed th a t  th is  is due to  a 5T 2g —► ЪЕ„ t r a n 
s itio n  an d  th a t  th e  b ro a d n e ss  of th e  b an d  is d u e  to  som e sp littin g  o f th e  5E g 
e x c ite d  s ta te . I t  is re a so n a b le  to  suggests t h a t  a ll th e  com plexes a re  hexa- 
c o o rd in a te  o c tahed ra l.
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Table Ш

Electronic spectral bands (cm -1)

Compound -  *e ,
cm-1

Fe(pysc-H)2 10,200
Fe(ppysc-H)2 10,400
Fe(pytsc-H)2 10,600
Fe(ppytsc-FI)2 10,800

Table IV

Mössbauer and magnetic parameters

Complex**
Temp.

(K)
Q .S .

(m m s-1)
I .S .*

(mms-1)
П еЧ

(BM)

Fe(pysc-H)2 300 2.67 1.50 4.9
78 3.16 1.63

Fe(ppysc-H)2 300 2.80 1.48 4.9
78 3.34 1.56

Fe(pytsc-H )2 300 2.48 1.26 4.8
78 3.14 1.36

Fe(ppvtsc-H ), 300 3.28 1.17 5.1
78 3.38 1.36

Fe(pysc-H)j(OH) 300 0.56 0.61 5.9
78 0.60 0.68

Fe(ppysc-II)2(OH) 300 0.80 0.63 5.8
78 0.83 0.66

**Fe(pytsc-Il)2 300 2.49 1.17 4.8
78 3.21 1.33

**Fe(ppvtsc-II)., 300 3.33 1.17 5.3
78 3.34 1.33

* All values w ith respect to sodium nitroprusside 
** These complexes were obtained b y  th e  reaction  of FeCl3 with the ligands

W ith  th e  sem icarbazone lig an d s, i r o n ( I I I )  form s com plexes o f  com posi
tio n  [F e(ligand-H )2]O H . The follow ing s t ru c tu re  m ay be considered  fo r these  
com plexes. B o th  th e  com plexes a re  o f  h ig h -sp in  ty p e  showing m a g n e tic  m o
m e n ts  in  th e  ran g e  o f  5.8 —5.9 BM. In f ra re d  sp ec tra  of these co m p lex es show 
a b so rp tio n  a t  3625 c m -1  ind ica ting  p re se n c e  o f free OH group in  th e se  com 
p lexes [16].
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CH2K

0 = 0 — c
I V /  H

H N —C—N H 2

() X

OH

X
/ V  I

о
h 2n —c —n h  C— 0 = 0

c h 2r

T he tw o  com plexes show  M össbauer p a ra m e te rs  corresponding  to  liig h -sp in

O ur grateful thanks are due to  CSIR, New D elhi fo r awarding a SHF to one of us 
(S. C h a n d r a ) .
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B oth isomers (2 and 3) of benzyl 3,4-0-benzyIidene-|S-L-arabinopyranoside, 
their 2-O-benzyl- (4 and 5), 2-O-alIyI- (6 and  7) and  2-O-p-toluenesulfonyl (8 and  9) 
derivatives were prepared and hydrogenolyzed w ith  LiAlH4-AlCl3 reagent. The exo- 
isomers (2, 4, 6) transform ed into the 3-O-benzyl derivatives (10, 14, 16), w hereas the 
endo-isomers (3, 5, 7, 9) gave predom inantly  the 4-O-benzyl ethers (11, 15, 17, 19). 
As the only exception, compound 8 gave a 1 : 1 m ixture of the corresponding 3-0- 
and 4-0-benzyl ethers.

Introduction

In  co n tin u a tio n  o f ou r s tu d ies  on  th e  ch em is try  of d io x o lan e -ty p e  
b enzy lidene  ace ta ls , we w ere in te re s te d  in  th e  syn th esis  o f b en zy l e th e rs  of 
b en zy l /З-L -arab inopyranoside . R ecen tly , we h a v e  show n th a t  th e  h y d ro g en o ly - 
sis o f  th e  isom ers o f ben zy l 3 ,4 -0 -benzylidene-/5-D -arab inopyranoside d e r iv a 
tiv e s  is a co n v en ien t ro u te  for th e  p re p a ra tio n  o f th e  benzy l e th e rs  o f  benzy l 
/S -D -arabinopyranoside [1]. O ur effo rts  in  ex te n d in g  th is  m ethod  to  L -arab inose 
w ere m o tiv a te d  b y  (i) th e  d ifficu lties in  th e  syn th esis  o f o ligosaccharides 
co n ta in in g  L-arabinose due to  th e  lack  o f  s u ita b ly  p ro te c te d  a rab in o se  d e r iv 
a tiv e s , an d  (ii) th e  fa c t th a t  th e  p re p a ra tio n  o f th e  m e th y l e thers o f L -arab inose 
is v e ry  labo rious. B o th  d ifficu lties could  b e  e lim in a ted  b y  e lab o ra tin g  a sim ple 
m e th o d  fo r th e  p re p a ra tio n  o f th e  b en zy l e th e rs  o f benzy l /3-L-arabino- 
p y ran o sid e .

Results and D iscussion

T he benzy lidene  aceta ls  o f d iffe ren t a rab in o p y ran o sid es  w ere am ong 
th e  f irs t  re p re se n ta tiv e s  w hen b o th  isom ers o f  th e  d ioxo lane-type  b en zy lid en e  
d e riv a tiv e s  w ere p rep a red  and  iso la ted  [2 — 5]. F o r our pu rp o ses  th e  e x o -  

an d  erado-isomers (2 an d  3) o f ben zy l 3 ,4 -0 -b en zy lid en e-^ -L -arab in o p y ran o sid e  
se rved  as th e  s ta r t in g  m ateria ls  w hich w ere p re p a re d  from  benzy l /3-L-arabino- 
p y ran o sid e  [6] (1) using  a ,a -d im e th o x y to lu e n e  in  th e  presence o f p - to lu e n e  
su lfon ic ac id  c a ta ly s t. C om pounds 2 an d  3 w ere o b ta in ed  in  a lm o s t equal
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q u a n t i t ie s  show ing a th e rm o d y n a m ic  c o n tro l to  o p era te  u n d e r th e  re a c tio n  
c o n d itio n s  used. T he exo- a n d  endo-isom ers (2 a n d  3) could be s e p a ra te d  b y  
c ry s ta l l iz a t io n . C onv en tio n a l b en zy la tio n , a lly la tio n  an d  to sy la tio n  o f  2 an d  
3 r e s u lte d  in  th e  2 -0 -b en zy l- (4 an d  5), 2 -0 -a lly l-  (6 an d  7) an d  2 -0 -p -to lu en e - 
su lfo n y l (8 and  9) d e r iv a tiv e s , re sp ec tiv e ly . I t  is to  be n o te d  th a t  th e  exo- 
iso m ers  h a v e  h igher m e ltin g  p o in ts  th a n  th e  endo-isom ers, an d  th e  exo-isom ers 
fo rm  re a d ily  cry sta ls .

C om parison  of th e  chem ica l sh ifts  o f th e  a c e ta l p ro to n s o f co m pounds 
2 — 9 show ed  th a t  — w ith  th e  excep tion  o f  co m p o u n d s  8 and  9 — th e  ru le  
p ro p o se d  b y  B ag g ett  et al. [3] is v a lid , i.e. th e  sig n a l of th e  p ro to n s  o f  th e

2 R  =  H  

4 R  =  Bn 

6 R  =  ЛИ 

8 R  =  Ts

3 R  =  H  

5 R  =  Bn 

7 R  =  All

9 R  =  Ts

1» It' II. R "=  Bn, R " '= H

11 R '= H ,  R" =  H, Г  f=Bn

12 R ' =  Ac, R" =  Bn, R'" =  Ac

13 R ' =  Ac, R "=  Ac, R'" =  Bn

14 R ' =  Bn, R ” =  Bn, R = = H

15 R ' =  Bn, R" =  H , R'" - Bn

16 R ' =  All, R "=  Bn, R =  H

17 R ' =  All, R "=  H, R ’" =  Bn

18 R ' =  Ts, R "=  Bn, R'" =  H

19 I t  Ts, R "=  H, R'" =  Bn

20 R ' =  B n ,R " = H , R " =  H

21 R ' =  All, R "=  H, R ’" =  H

22 R ' =  All, R "=  Bn, R'" =  Bn

23 R ' =  H, R " =  Bn, R'" =  Bn

Ac =  Acetyl, All =  Allyl, Bn =  Benzyl, Ts =  Tosyl

exo-isom ers ap p ear a t  low er fie ld  com pared  w ith  th o se  o f th e  em /o-isom ers. 
To o u r  know ledge, th is  is th e  f irs t ex cep tio n  to  th e  ru le m en tioned  ab o v e . 
P e rh a p s , th is  anom aly  m ay  be  ex p la ined  b y  th e  an iso tro p ic  sh ield ing  o f  th e  
a ro m a tic  rin g  o f th e  p - to lu en esu lfo n y l g roup .

T h e  ^^H-NMR sp e c tra  o f  com pounds 2 — 9 in  chloroform -d a t  100 M H z 
w ere e n tire ly  firs t-o rd e r, a n d  th e  m ag n itu d es  o f  th e  v ic inal p ro to n -p ro to n
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couplings observed , w ere, as ex p ec ted , in c o n s is te n t w ith  a ch a ir co n fo rm atio n .
T hese sk e le to n  p ro to n  resonances w ere an a ly sed  as follow s. T h e  signals 

n e a r  to  5 p p m  w ere read ily  assigned  to  th e  an o m eric  p ro to n s , b e in g  th e  only 
signals w ith  co rrec t chem ical sh if t w hich shou ld  be do u b le ts . A d d itio n a lly , 
th e  v a lu es  of th e  J 12 coupling c o n s ta n ts  (3.0 — 3.8 Hz) w ere a c c e p tab le  for 
equa toria l-axia l p ro to n s  a t  C -l a n d  C-2 on a p y ran o sid e  ring . T h e  m u tu a l 
sp li t t in g  p a tte rn s  o f  th e  rem ain in g  p ro to n s  p e rm itte d  th e  ass ig n m en ts  show n 
in  T ab le  I.

T he observed  va lu es  of J 2 3 in  th e  sp e c tra  o f th e  in v e s tig a te d  ace ta l 
com pounds were fa r  to o  sm all for a x ia l-a x ia l  o r ie n ta tio n . T hese w ere ex trem ely  
sm all in  th e  case o f  th e  endo-isom er. T he v a lu es  o f 4 w ere fo u n d  to  be v e ry  
la rg e  fo r axial—equatorial a rra n g e m en t an d  th e se  w ere la rger in  th e  case o f the  
endo-isom ers th a n  fo r  th e  exo-com pounds. E v id e n tly , th e  3 ,4-O -benzylidene 
g roup  causes g ross d is to rtio n  of th e  4С4 (l) co n fo rm atio n  an d  th is  d is to rtio n  
is ex trem ely  s tro n g  a t  th e  b rid g eh ead  carb o n s. T h e  values o f  th e  3J h , h cou
p lin g  c o n s ta n ts  show  th a t  th e  p y ran o sid e  rin g  h as  a s tro n g ly  f la t te n e d  confor
m atio n . This a s su m p tio n  has been  also  su p p o rte d  b y  X -ra y  m easu rem en ts  [7].

T he re d u c tiv e  rin g  cleavage o f com pound  2 w ith  ch lo ro a lan e  a t  45 °C 
re su lte d  in tw o  co m pounds th e  ra t io  of w h ich  w as found  to  be 72 : 28 by  
GLC. T he m ain  p ro d u c t was s ta b le  to w ard s  N a I 0 4, so i t  m u s t be benzy l 
3 -0 -benzy l-/?-L -arab inopyranoside  (10). T he m in o r p ro d u c t, benzy l 4 -0 -benyz l- 
-/3 -L -arabinopyranoside (11) was rem o v ed  from  th e  reac tio n  m ix tu re  b y  perio 
d a te  o x id a tio n . T h e  oxidized re a c tio n  m ix tu re  w as a c e ty la te d  a n d  pu rified  
b y  co lum n c h ro m a to g ra p h y  to  give th e  d ia c e ta te  (12) of co m p o u n d  10. C ata
ly tic  d e a c e ty la tio n  re su lted  in sy ru p y  10. T h e  hydrogeno lysis  o f  2 a t  room  
te m p e ra tu re  show ed  som ew hat low er se le c tiv ity ;  th e  ra tio  o f 10 a n d  11 was 
2 : 1. H ydrogen o ly sis  o f th e  endo-isom er (3) a t  45 °C gave a m ix tu re  o f 10 
a n d  11 in  a ra t io  o f  1 : 9. The d i-O -acety l d e r iv a tiv e  (13) o f 11 cry sta llized  
from  th e  reac tio n  m ix tu re  a fte r a c e ty la tio n . D e a c e ty la tio n  o f 13 re s u lte d  in  11.

A  sim ilar re s u lt  w as o b ta in ed  in  th e  hydrogeno lysis  of th e  2 -0 -b en zy l 
d e r iv a tiv e  (4) o f th e  exo-isom er (2), b u t  in  th is  case th e  ra tio  o f th e  resu ltin g  
3 -0 -b en zy l- (14) a n d  4 -0 -b en zy l (15) d e riv a tiv e s  d id  n o t d ep en d  on th e  reac 
tio n  te m p e ra tu re ; a 9 : 1 ra tio  o f 14 an d  15 w as observed  b o th  a t  ro o m  te m p e r
a tu re  an d  a t  45 °C. T he ring  c leavage o f th e  endo-isom er (5) re su lte d  in  a 
1 : 49 m ix tu re  o f  14 an d  15 a t  ro o m  te m p e ra tu re  an d  a 1 : 7 r a t io  a t  45 °C. 
B o th  14 and  15 w ere p u rified  b y  c ry s ta lliz a tio n .

T he re d u c tiv e  r in g  cleavage o f th e  isom eric  2 -0 -a lly l d e r iv a tiv e s  (6 and 
7) show ed h igh se le c tiv ity  a t  45 °C , th e  ra tio  o f  ben zy l 2 -0 -a lly l-3 -0 -b en zy l-
(16) an d  benzy l 2 -0 -a lly l-4 -0 -benzy l-/5 -L -arab inopyranoside  (17) b eing  9 : 1 
a n d  1 : 13, re sp ec tiv e ly . C om pound  17 w as c ry s ta llin e , b u t  16 p ro v e d  to  be 
a sy ru p , in sep arab le  from  17.

T h e hydro g en o ly sis  o f th e  p - to lu e n e su lfo n y l d e riv a tiv e  (8) o f  th e  exo-
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Table I

ЧТ-NMR parameters for compounds 2 — 9

[ H - l J  1,2 H —2 J i . s H - 3 H —4 J., 5 PhC H PhCH 2 O ther protons

2 4.97 3.89 4.43 4.15 3.96 6.18 4.78 and 4.53 2.66 (HO-2), 7 .50 -7 .20  (2Ph)

3.6 7.2 5.5 1.8

4 4.94 3.69 4.68 4.16 3.95 6.02 4.74, 4.51 1 7 .50 -7 .20  (3Ph)

3.5 7.9 5.6 1.7 4.80, 4.65 2

6 4.98 3.65 4.59 4.10 3.92 6.13 473 and 4.52 4 .2 0 -4 .0 6  ( - C H 2- ) ,  5 .36 -5 .09  (= C H 2),

3.4 8.0 5.4 2.0 6 .10 -5 .70  ( - C H = ) ,  7 .50 -7 .20  (2Ph)

8 5.13 4 .60- 4.40 4.12 3.93 5.58 4.72 and 4.50 2.35 (CH3), 7.90 — 7.20 (aromatic protons)
3.0 — —

3 4.89 3.84 4.33 4.20 4.01 5.84 4.78 and 4.52 2.96 (HO 2), 7 .60 -7 .10  (2Ph)

3.8 5.8 6.3 1.8

5 4.84 3.58 4.52 4.25 4.04 5.89 4.75, 4.50 1 7 .55 -7 .20  (3Ph)

3.4 7.4 6.1 1.8 4.68, 4.50 2

7 4.90 3.54 4.43 4 .24-3 .1 !6 5.85 473 and 4.50 4 .24 -3 .86  ( - C H 2 -), 5 .20 -4 .96  (= C H 2),

3.3 7.5 5.9 2.5a 6 .00 -5 .60  (~ C H = ) ,  7 .55 -7 .20  (2Ph)

1.6e

9 5.13 4 CO 1 £*• Ю 4.22 4.06 5.74 4.72 and 4.50 2.29 (CH3), 7.70—7.00 (aromatic protons)

2.6 — — —

3
3
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Table II

lH -N M R  parameters fo r compounds 10. 11, 14, 15, 17 — 20, 23

H - l H — 2 H - 3 H — 4 PhCH 2 OH Jn,OK
Aromatic
protons O ther protons

10 4.90 4 .04 -3 .55 4 .82-4 .41 2.89 ___ 7 .50 -7 .00 ___

(d) (m, 5H) (m, 4H) (s, 2H) (m, 10H)

11 4.96 3 .92 -3 .60 4 .78 -4 .42 2.82 — 7.50—7.10 —

(d) (m, 5H) (m, 4H) (s, 2H) (in, 10H)

14 4.93 4.02 3.77 4 .83 -4 .49 2.69 — 7 .60 -7 .20 —

(d) (m, 5H) (m, 6H) (s, 1H) (m, 15H)

15 4.97 3 .87 -3 .74 4.26 4.06 3.87 3.74 4.83 4.45 2.52 7 Hz 7 .60 -7 .20

(d) (m, 1H) (m, 1H) (m, 3H) (m, 6H) (d, 1H) (m, 15H)

17 4.87 3 .72-3 .48 4.09 3.82 3.72 -3 .48 4 .70-4 .37 2.47 7 Hz 7 .30 -6 .90 5 .9 0 -5 .5 3  (m, 1H, - C H = )

(d) (m, 1H) (m, Ш ) (m, 3H) (m, 4H) (d, 1H) (m, 10H) 5 .20 -4 .92  (m, 2H, = C H 2)
4.09 3.82 (m, 2H, -  CH2- )

18 4.94 4 .76 -4 .30 3.95 3.64 4.76—4.30 2.48 — 7 .75 -7 .05

(d) (m, 1H) (m, 4H) (m, 4H) (s, 1H) (m, 14H) 2.30 (s, 3H, CH3)

19 4.90 4 .72 -4 .28 4.01 3.76 -3 .64 4 .72 -4 .28 2.26 8 Hz 7 .80 -6 .95

(d) (m, 1H) (m, 1H) (m , 3H) (m, 4H) (d, 1H) (m, 14H) 2.32 (s, 3H, CH3)

20 4.91 4 .09 -3 .57 4.76 4.36 3.08 — 7 .50 -7 .15 —

(d) (m, 5H) (m, 4H) (s, 2H) (m, 10H)

23 5.02 3.76—3.68 4.22 4.10 3.76 3.68 4 .80 -4 .45 2.35 — 7 .60 -7 .10 —

(d) (m, 1H) (m, 1H) (m, 3H) (m, 6H) (s, 1H) (m, 15H)
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iso m e r  w as n o t selective, th e  r a t io  o f th e  3 -0 -benzy l- (18) a n d  th e  4 -0 -benzy l 
(19) d e r iv a tiv e s  ob ta ined  w a s  n e a r ly  1 : 1 by  TLC, a n d  th is  ra tio  was found  
to  b e  in d e p e n d e n t of th e  re a c t io n  te m p e ra tu re . A t th e  sam e tim e , th e  hyd ro - 
g en o ly s is  o f 9 resulted  in  a n  ex c e lle n t p roduc t d is tr ib u tio n ;  th e  ra tio  of 18 
a n d  19 w as 1 : 19.

T h e  fac t th a t  th e  h y d ro g e n o ly s is  of d io x o lan e-ty p e  b enzy lidene  d e riv a 
t iv e s  c a n  be perform ed in  th e  p resen ce  of to sy lo x y  p ro te c tin g  groups affords 
th e  p o s s ib il i ty  of p roducing  tra n s  h y d ro x y -to sy lo x y  d e r iv a tiv e s  o f py ranosides, 
s e rv in g  as s ta rtin g  m a te r ia ls  fo r  th e  synthesis o f sev e ra l d eo x y  sugar d e riv 
a t iv e s  [8 ].

C om paring  the  s te re o se le c tiv ity  of th e  ring  c leav ag e  reac tio n s , i t  can  be 
e s ta b lis h e d  th a t  th e  endo-isom ers gave higher se le c tiv ity  th a n  th e  exo-isomers. 
I t  c a n  b e  presum ed th a t  u n d e r  th e  conditions o f r in g  c leavage  isom eriza tion  
is a  c o m p e tin g  reaction . I f  th e  r a te  o f the  iso m eriza tio n  is com m ensurable  
w ith  th e  r a te  of red u c tio n , th e  se le c tiv ity  should be  v e ry  poor. In v es tig a tin g  
th e  iso m eriza tio n  of d io x o la n e -ty p e  benzylidene ac e ta ls  [9] i t  w as found  th a t  
th e  r a t e  o f  isom erization  o f th e  exo-isom ers w as h ig h e r th a n  th a t  o f th e  endo- 
iso m e rs . H ow ever, th e  r a te  o f  th e  isom erization  is s tro n g ly  d ep en d en t on th e  
ty p e  o f  th e  su b stitu en ts  a t  th e  n e ig h b o u rin g  h y d ro x y l g ro u p s  o f  th e  py ranoside  
r in g , so  th e  selectiv ity  o f th e  r in g  cleavage, d epend ing  on  th e  c h a ra c te r  o f th e  
n e ig h b o u r in g  su b stitu en ts , m a y  be  explained b y  th e  d ifference  in  th e  ra te s  
o f  iso m e riz a tio n .

T h e  m ono-O -benzyl e th e r s  o f  1 were p re p a re d  as  follow s: th e  h y d ro 
g en o ly s is  o f  2 and 3 re su lte d  in  th e  3-0-benzyl e th e r  (10) an d  4 -0 -b en zy l 
e th e r  (11) o f 1, respectively . T h e  2 -0 -b en zy l e th e r  (20) w as p rep a red  b y  m ild 
ac id  h y d ro ly s is  of e ither 4 o r 5.

T h e  2,3- (14) and  2 ,4 -d i-O -b en zy l (15) e thers o f  1 w ere p rep a red  b y  th e  
h y d ro g e n o ly s is  of 4 and  5. T h e  3 ,4 -d i-0 -b en zy l d e r iv a tiv e  (23) o f 1 w as sy n th e 
sized  b y  th e  following ro u te :  b en zy l 2 -0-ally l-/9 -L -arab inopyranoside (21), 
p r e p a re d  b y  th e  hydro lysis o f  e i th e r  6 or 7, was b e n z y la te d  to  com pound 22. 
D e a lly la t io n  of 22, using P d /C —ace tic  ac id -e th an o l—w a te r  sy stem  [10] gave 
23 in  go o d  yield.

’H -N M R  d a ta  for c o m p o u n d s  10, 11, 14, 15, 1 7 —20 an d  23 are show n 
in  T a b le  I I .

E xperim en ta l

M .p.’s were determined on a K o fle r hot-stage apparatus an d  are uncorrected. Optical 
ro ta tio n s  w ere measured w ith a P e rk in —E lm er 241 autom atic polarim éter. Oi-NM R spectra 
were o b ta in ed  on a JEO L MH-100 (100 MHz) instrum ent using TMS as in ternal standard. 
GLC w as performed with a H e w le t t- P a c k a rd  5840 A ins trum en t. Columns: (a) 10% of 
U CW -982 on Chromosorh W AW -DM CS (8 0 -1 0 0  mesh), 2 f t , 220°/2.5°; (b) 20% of SE-30 
on C hrom osorh W (60 — 80 mesh), 4 f t ,  300° isothermal: (c) 10% of UCW-982 on Chromosorh
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WAW-DMCS (8 0 - 100 mesh), 4 ft, 250° iso therm al; (</) 10% of UCW-982 on Chromosorb 
WAW-DMCS (80-100 mesh), 2 ft, 250°/2.5°; n itrogen flow -rate 20 mL/min. TLC  exam ination 
was carried ou t on DC-AluroIle Kieselgel 60 F  (M erck), detection w ith 50%  sulfuric acid. 
Kieselgel G (R eanal) was used for colum n chrom atography.

Benzyl exo-(2) and endo-3,4-0*benzylidene-/5-L-arabinopyrano8Íde (3 )

To a solution of benzyl/S-L-arabinopyranoside (1, 10.0 g) in DMF (60 m L) a,a-dim ethoxy- 
toluene (10 g) and toluene-p-sulfonic acid (200 mg) were added and the solu tion  was stirred 
in  vacuum  a t 60 °C for 3 h. A fter cooling, th e  m ix tu re  was diluted w ith  dichlorom ethane 
(300 m L) washed w ith 5% N aH C 03 solution (2 x 3 0  m L) and w ater (2 x 3 0  m L ), dried over 
N a2S 04 and  concentrated. Traces of DM F were rem oved by vacuum  distilla tion . The syrupy 
residue solidified on trea tm en t w ith  n-hexane. R ecrystallization from ethano l (80 m L) gave 
2 (2.89 g; 27.5% ), m.p. 142 —144 °C, [a]j) + 1 5 8 °  (c =  0.35, chloroform), R j  0.27 (benzene- 
ethyl acetate , 9 : 1), R j  5.87 min (a).

C19H 20O5 (328.37). Calcd. C 69.49; II  6.14. Found  C 64.87; II 7.21% .
The m other liquor from the crystallization  of 2 was concentrated to  ab o u t 20 mL. 

The crystalline product (a m ixture of 2 and 3) was filtered off (2.05 g), and th e  filtra te  was 
concentrated. The residue was twice recrystallized  from  cyclohexane (40 m L) to  give 3 (2.17 g; 
15.9%), m .p. 92 — 94 °C, [<x] d  + 1 5 2 °  (c =  1.37, chloroform ), Rr 0.35 (benzene—ethyl acetate, 
9 : 1), R j  5.27 m in (a).

C19H 20O5 (328.37). Calcd. C 69.49; H  6.14. Found  C 64.29; H 6.34% .

Benzyl 2-0-benzyl-exo-3,4-0-henzylidene-/?-L-arabinopyranoside (4 )

A m ixture  of 2 (3.0 g) pow dered K O H  (6 g), and benzyl chloride (30 m L) was kept 
a t 100 °C for 4 h. The cooled m ixture was d ilu ted  w ith  dichlorom ethane (150 m L). The result
ing solution was washed w ith w ater (3 x 3 0  m L) and  steam  distilled in th e  presence of a small 
am ount o f NaHCOa. The oily residue solidified u nder light petroleum  and  w as recrystallized 
from  ethanol to  give 4 (2.79 g; 73.0% ), m .p. 83 85 °C, [<x]q + 114° (c =  0.98, chloroform),
R j  0.78 (benzene-m ethanol, 97 : 3), R j  4.04 m in (6).

C2ßH 2(10 5 (418.59). Calcd. C 74.62; H  6.26. Found  C 72.70; H 6.68% .

Benzyl 2-0-benzyI-endo-3,4-0-benzylidene-/?-L-arabinopyranoside (5 )

Compound 3 (3.0 g) was benzyla ted , as described for 4, to give 5 (2.72 g; 70.9% ), m.p. 
76—78 °C (from ethanol), [<x]d  + 1 5 2 °  (c — 1.01, chloroform), R t 0.77 (benzene-m ethanol, 
97 : 3), R j  3.84 min (6).

C26H 2r>0 5 (418.59). Calcd. C 74.62; H  6.26. Found  C 72.53; H  6.44% .

Benzyl 2-0-alIyl-exo-3,4-0-benzylidene-/3-L-arabinopyrano8ide (6 )

To a solution of 2 (3 .2 8  g) in d ry  DM F ( 3 0  m L) was added NaH (1.2 g) in portions. The 
m ix tu re  was stirred  a t room tem peratu re  for 30 m in, and cooled to 0 °C. Allyl brom ide (6.05 g) 
was added to th e  cold solution which was then  stirred  for 1 h a t 0 °C and 10 h a t  room  tem per
ature. The reaction m ixture was cooled again and th e  excess of NaH was decom posed with 
dry m ethanol (5 mL). The solution was d ilu ted  w ith dichloromethane (150 m L ), washed with 
w ater (3 X  30 mL), then dried over N a2S 0 4 and concentrated. Traces of DM F were removed 
by  vacuum  distillation. The residue was dissolved in dichloromethane (150 m L ) and washed 
w ith w ater (5 X  10 mL), dried over N a2S 0 4 and  concentrated  to give syrupy  6 (3.14 g; 85.3% ), 
[a]D -(-180° (c =  0.98, chloroform), ~Rj 0.77 (benzene-m ethanol, 95 : 5), R j  2.89 m in (d).

Benzyl 2-0-allyl-enrfo-3,4-0-benzylidene-/3-L-arabiiiopyranoside (7 )

Compound 3 (3.28 g) was ally lated , as described for 6, to give 7 (3.34 g; 90.7% ) as a 
syrup, [oc]d  + 1 4 9 °  (c =  1.01, chloroform )i R j 0.77 (benzene-m ethanol, 95 : 5), R j  2.66 min (d).
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B enzyl exo-3 ,4-0-benzylidene-2 -0 -(p -to luenesu lfony l)-/S -L -arab inopyranoside  (8 )

A solution of 2 (1.0 g) in  d ry  pyridine (10 m L) was cooled to  0 °C. p-Toluenesulfonyl 
chloride (0.64 g) was added to  th e  cool solution which was th e n  stirred  for 1 h a t 0 °C and  then  
a t  room  tem perature. A fter 30 h  m ore p-toluenesulfonyl chloride (0.32 g) was added and 
stirring  w as continued for 60 h. T he reaction m ixture was p ou red  in to  ice-water containing 
N aH C O a and  mixed thoroughly; th e  w ater was five tim es decanted . The solid p roduct was 
filte red  o ff and  then recrystallized from  ethanol (40 m L) to  give 8 (1.29 g; 87.8%), m .p. 124 — 
126 °C, [<x] d  + 138° (c =  1.35, chloroform ), R j  0.86 (d ich lorom ethane- ethyl acetate , 9 : 1).

C2GH 20O,S (482.56). Calcd. C 64.71; H  5.43. Found C 64.98; H  5.88%.

B enzyl e /ido -3 ,4 -0 -benzy lidene-2 -0 -(p -to luenesu lfony l)-/3 -L -arab inopyranoside  (9 )

Com pound 3 (2.0 g) was tosy la ted , as described for 8, to  give 9 (2.57 g; 87.4% ), m.p. 
102 —104 °C (from 24 mL of e thanol), [oc]q  -j-202° (c =  2.00, chloroform), R j 0.86 (dichloro- 
m e th a n e -e th y l acetate, 9 : 1).

C2ßH 260 7S (482. 56). Calcd. C 64.71; H  5.43. Found C 65.46; H  5.70%.

Benzyl 3-0-benzvl-/S -L -arab inopyranoside  (10)

L iA lH 4 (0.80 g) was added  to  a solution of 2 (2.0 g) in  a m ix tu re  of dry ether (10 mL) 
and  d ry  dichlorom ethane (20 mL). A  solution of A1C13 (2.0 g) in  e ther (10 mL) was then  added 
dropw ise during 1 min. The m ix tu re  was boiled under reflux  and  stirred  for 5 min, and then  
cooled; th e  excess of reagent was decomposed w ith ethyl a ce ta te  (5 mL) and Al(OH)3 was 
p rec ip ita ted  w ith  w ater (10 m L). T he solution was decanted  an d  the combined organic layers 
were w ashed  w ith  w ater (2 X 30 m L ), dried over Na2S 04 and concentrated . The residue (1.80 g; 
89.5% ) w as a  m ixture of 10 and  11 in a ratio  of 72 : 28 (GLC). I t  was oxidized w ith  N a I0 4 
(1 g) in  50%  aqueous ethanol (50 m L ) overnight a t 4 °C. The m ix tu re  was filtered, concentrated  
and ace ty la ted  w ith acetic anhyd ride  (20 mL) in pyridine (20 mL). The acetylated p roduc t 
was e lu ted  from  a column of K ieselgel G w ith benzene-ether (5 : 1) to  give 12 (1.40 g). Saponi
fica tion  o f 12 in dry m ethanol (20 m L) w ith m ethanolic 0 .1M  sodium  methoxide (0.3 mL) 
gave p u re  10 (0.96 g; 47.7% ) as a syrup , [oc]o -)-147° (e =  1.26, chloroform), Rf 0.34 (benzene- 
m ethano l, 9 : 1), R j  4.45 m in (c).

C19H 220 5 (330.38). Calcd. C 69.08; H  6.71. Found C 65.10; H  6.57%.

Benzyl 4 -0 -brnzyl-,7- l.-arabinop\ ranosido (11)

R eductive  ring cleavage of 3 (2 0 g), as described for 10, gave a  m ixture (1.77 g; 88.0% ) 
o f 10 an d  11 in  a ratio of 1 : 9 (GLC). The m ixture was ace ty la ted  w ith  acetic anhydride (25 m L) 
in p y rid ine  (25 mL), and th e  crystalline product (2.22 g) w as recrystallized from  e ther-n - 
-hexane ( 3 : 1 ) ,  to give 13 (1.14 g), m .p . 62 — 64 °C. Saponification o f 13 in dry m ethanol (20 m L) 
w ith  m ethanolic  0A M  sodium m ethoxide (0.3 mL) gave pu re  11 (0.81 g; 40.3%) as a foam , 
[a]D -(-171° (c =  1.38, chloroform ), R j  0.29 (benzene-m ethanol, 9 : 1), fiy  5.06 min (c).

C19H 22Os (330.38), Calcd. C 69.08; H  6.71. Found C 65.17; H  6.07%.

Benzyl 2 ,3-<li-0-benzyI-/)-r,-arabi пору ran osidc (14)

L iA lH 4 (220 mg) was added  to  a solution of 4 (1.20 g) in  a m ixture of dry ether (5 m L) 
and  d ry  dichlorom ethane (15 m L). A  solution of A1C13 (765 m g) in ether (10 mL) was then  
added  dropw ise during 1 min. The m ix tu re  was stirred a t room  tem pera tu re  for 5 min. W ork-up 
gave a sy ru p y  m ixture (1.08 g; 89 .6% ) of 14 and 15 in  a ra tio  o f 9 : 1 (GLC). The com ponents 
were sep a ra ted  on Kieselgel G w ith  benzene-ether (4 : 1) to  give 14 (0.88 g; 73.0%). R ecrystal
lization  from  cyclohexane (10 m L) y ielded 0.49 g of 14 (40.6% ), m .p. 58 — 60 °C, [oc]d  +  106° 
(c =  1.13, chloroform), R f 0.31 (benzene-ether, 4 : 1), R j  15.03 m in (c).

C2GH 280 5 (420.51). Calcd. C 74.26; H  6.71. Found C 72.26; H  6.64%.
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Benzyl 2,4-di-0-bciizyl-/i-i,-ai'nbinopyrano.sidc (15)

R eductive ring cleavage of 5 (1.70 g), as described fo r 14, gave a crystalline m ix tu re  
(1.60 g; 93.7% ) of 14 and 15 in  a ratio  of 1 : 49. The m ix tu re  was recrystaílized from  cyclo
hexane (48 mL) to yield 15 (1.16 g; 67.9%), m.p. 78-80 °C, [a jjj + 1 9 7 °  (c =  0.73, chloroform ), 
R j 0.36 (benzene-ether, 4 : 1), R j  18.76 min (c).

C A O .  (420.51). Calcd. C 74.26; H 6.72. Found  C 71.84; H  6.80%.

Reductive ring cleavage o f 6

LiAlH4 (0.70 g) was added to  a solution of 6 (2.14 g) in  a m ixture of dry e ther (10 mL) 
and dry  dichlorom ethane (20 mL). A solution of A1C13 (2.10 g) in e ther (10 mL) was th en  added 
dropwise during 1 min. The stirred  m ixture was boiled u nder reflux for 10 min. W ork-up 
gave a 9 : 1 m ixture (1.96 g; 91.1% ) of 16 and 17; R j  6.35 and  7.43 min (a). Com pound 16 
was inseparable from  17.

B enzyl 2 -0 -ally l-4 -0 -b en zy l-/? -L -arab in o p y ran o sid e  (17)

Reductive ring cleavage of 7 (3.0 g), as described above for the reaction of 6, gave 
a 1 : 13 m ixture (3.01 g; 99.8% ) of 16 and 17. R ecrystallization  from  cyclohexane (13 m L) gave 
the m ajor product 17 (1.57 g; 52.0%), m.p. 56 — 59 °C, [a ]o  -|-175° (c =  0.89, chloroform ), 
R j  0.47 (benzene-m ethanol, 95 : 5), R j  7.43 min (a).

Benzyl 3-0-benzyl-2-0-(p-toliieiicsulfonyl)-/j-l -arabiпоруranoside (18)

LiAlH4 (0.20 g) was added to  a solution of 8 in d ry  e th e r (5 mL) and dichlorom ethane 
( 15 mL). A solution of A1C13 (0.75 g) in ether (10 mL) was added to  the above m ixture dropwise 
during 1 min. The m ix ture  was then  stirred a t room  tem p era tu re  for 15 min. W ork-up gave 
a 1 : 1 m ixture (0.46 g; 97.5% ) of 18 and 19. The com ponents were separated on Kieselgel 
G w ith  d ichlorom ethane-ethyl acetate  (9 : 1) to give 18 (0.21 g; 44.5% ) as a syrup, [<x]q  + '79° 
(c =  1.46, chloroform), R j  0.58 (dichlorom ethane-ethyl ace ta te , 9 : 1).

Benzyl 4 -0 -b en zy l-2 -0 -(p -to lu eiiesu lfo n y l)-/3 -L -a rab in o p y ran o sid e  (19)

Reductive ring cleavage of 9 (2.0 g), as described for 18, yielded a 1 : 19 m ixture (1.91 g; 
95.5% ) of 18 and 19. R ecrystallization  from cyclohexane (110 mL) gave pure 19 (1.57 g; 
78.5%), m.p. 99 — 100 °C, [<x]d  -(-145° (c =  1.60, chloroform ), R j 0.74 (dichlorom ethane-ethyl 
acetate, 9 : 1).

Benzyl 2-O-benzy 1-/Í-1.-arabinopyranoside (20)

A m ixture of 4 and  5 (1.09 g), ethanol (30 m L ) and  O.liV H 2S 04 (30 m L) was boiled 
under reflux for 4 h. The h o t solution was neutralized w ith  B aC 03, filtered and concentrated . 
The residue (0.73 g; 85.1% ) was recrystallized from w ater (60 m L) to  yield 20 (0.49 g; 57.1% ), 
m.p. 128 130 °C, [<x]q  -f-186° (c =  0.59, chloroform), R t  0.25 (benzene-m ethanol, 9 : 1),
R j  4.23 min (c). Lit. m.p. 130 131 °C, [ oe] q  -f-194°.

C19H220 5 (330.38). Calcd. C 69.07; H 6.71. Found  C 65.77; H  6.28%.

Benzyl 2-0-ally l-/j-L -aia!)inopyi anosi(le  (21)

A m ixture of 6 and  7 (3.44 g) was hydrolyzed as described in the preparation  of 20. 
W ork-up gave a crystalline p roduct (2.8 g) which was recrystallized  from n-hexane (400 mL) 
to  yield 21 (1.52 g; 58.1% ), m .p. 84 — 86 °C, [aJo -(-225° (c =  0.72, chloroform), R j  0.21 
(benzene-m ethanol, 9 : 1), R j  1.29 min (a).

C15H 20O6 (280.32). Calcd. C 64.27; H 7.19. Found  C 62.95; H 6.95%.

Benzyl 2 -0 -a lIy l-3 ,4 -(li-0 -b cn zyl-(')-j.-arabiпоруranoside (22

A m ixture of 21 (1.0 g), powdered KOH (2 g) and  benzyl chloride (10 mL) was kep t 
a t 100 °C for 5 h. The cooled m ix ture  was diluted w ith  d ichlorom ethane (150 mL). The resu lt
ing solution was washed w ith  w ater (3 x 3 0  mL) and steam  distilled. The residue was ex trac ted
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w ith  dichlorom ethane (3 x 4 0  m L), th e  com bined ex trac ts  were dried over N a2S 0 4 and  con
c e n tra te d . T he syrupy p roduct (0.92g; 69.8% ) was crystallized from light pe tro leum  (10 mL) 
to  g ive 22 (0.43 g; 32.6%), m .p. 56 — 58 °C, [a]o  —)—116° (c =  1.00, chloroform ), R j  0.76 
(benzene—m ethanol, 97 : 3), R y  7.35 m in (a).

C29H 32O5 (460.58). Calcd. C 75.63; H  7.00. Found  C 72.14; H 6.41%.

Benzyl 3,4-di-0-benzyl-/S-L-arabinopyranoside (23)

A  solution  of 22 (0.42 g) in 2 : 1 : 1 e thano l-acetic  acid-w ater (20 m L) w as added  to 
a suspension  of 10% Pd/C ca ta ly st (0.21 g) in th e  sam e solvent m ixture (5 m L), and  the 
suspension  was refluxed for 3 h. A fter cooling, th e  ca ta ly s t was filtered off and  w ashed w ith 
e th an o l (3 X 10 mL). The combined w ashings and f iltra te  were concentrated. The residue was 
e lu ted  from  a column of Kieselgel G w ith  ligh t petro leum —ethyl acetate (7 : 3) to  ob ta in  23 
(0.22 g; 57.4% ). A fter recrystallization  from  cyclohexane the product had  m .p. 49 — 52 °C, 
[«]d  + 1 4 1 °  (c =  1.06, chloroform ), R j  0.63 (ligh petro leum -ethy l acetate, 7 : 3), R y  18.28 
m in (e).

C26H 280 6 (420.51). Calcd. C 74.26; H  6.71. F ound  C 71.84; H  6.80%.
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Olefin chemisorption on p la tinum  resu lts in the formation of b o th  я - and ст-bond- 
ed species, their ratio  depending on th e  ac tua l s ta te  of the cata lyst surface (tem perature, 
presence of hydrogen, etc.). T he occurrence of я -bonded species is in d ica ted  by  both 
th e  dow nward shift of the h an d  of coadsorbed carbon monoxide an d  th e  reduced 
transm ission in the 3000 3100 c m -1 region. The experim ental re su lts  suggest th a t
the reactive form, which is read ily  hydrogenated , is я -bonded to  th e  surface. The 
rem aining part, bonded by n  carbon-m etal bonds, has no influence on th e  position of 
the CO band. A rearrangem ent o f the surface m etal atoms upon th e  ac tion  of the hydro
carbons is also proposed.

In tro d u c tio n

A g re a t n u m b er o f  in fra re d  s tu d ie s  h av e  been concerned  w ith  th e  adso rp 
tio n  o f h y d ro ca rb o n s on su p p o r te d  m e ta ls  since useful in fo rm a tio n  can be 
o b ta in e d  a b o u t th e  surface species fo rm ed  an d  its  role in  c a ta ly t ic  reactions. 
R ecen tly , special ex p erim en ts  h a v e  been  perfo rm ed  d e m o n s tra tin g  th e  exis
ten ce  o f a close re la tionsh ip  b e tw een  spectro scop ica lly  o bserved  su rface  species 
an d  in te rm e d ia te s  of ce rta in  h e te ro g en eo u s  ca ta ly tic  re a c tio n s  [1]. In fra red  
spec tro scop ic  s tud ies invo lv in g  co a d so rp tio n  of hy d rocarbons, c a rb o n  m onoxide 
an d  h y d ro g en  have  also been  c a rr ie d  o u t [2 — 5]. In  th e  p re se n t s tu d y ,  m aking  
use o f  th e  coadso rp tion  te c h n iq u e , a d e ta ile d  p ic tu re  of th e  n a tu r e  o f surface 
species fo rm ed  a fte r h y d ro c a rb o n  a d so rp tio n  on su p p o rted  p la t in u m  is de
veloped .

E x p erim en ta l

The adso rp tion  of some olefins and  benzene on Pt/A l20 3 was studied  by  IR  spectroscopy 
and  gravim etric m easurem ents. The ca ta ly st (9 w t%  P t) was prepared by  im pregnation of 
alum ina (Degussa) w ith H 2PtCln. The pow der was dried a t 60 °C and th en  pressed into thin 
pellets, 22 X 15 mm , each weighing ab o u t 100 mg. Prior to reduction in a  flow  of purified 
hydrogen the IR  sample was heated  in air a t  500 °C in order to prevent NaCl windows of the 
iR  cell from being contam inated due to  H 2PtC lB decomposition.

The infrared cell and vacuum  device have been described elsewhere [5].
All adsorption experim ents were carried ou t a t  room tem perature. I t  should be noted, 

however, th a t  the catalyst was heated  by the incident Rx radiation to  a tem p era tu re  of 35

* To whom correspondence should be addressed
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40 °C. D uring the coadsorption experim ents carbon Im onoide w as preadsorbed to ob ta in  a 
defin ite  surface coverage. Then th e  hydrocarbon was in troduced  in to  th e  IR  cell and evacuated  
to  a residual pressure of ab o u t l x  1 0 -5 Torr (1 Torr =  133.3 N m -2).

A fte r each experim ent th e  c a ta ly s t sample was reac tiv a ted  by  oxidation and evacua
tion  a t  300 °C followed by red u c tio n  in  purified hydrogen a t  400 °C for 30 min and evacuation 
a t  420 °C.

T he spectrometer used was a Carl Zeiss (Jena) in s tru m en t, m odel UR-10; the infrared 
cell w as m ounted perm anently  in  th e  sample com partm ent.

H ydrocarbons and carbon m onoxide of “ puriss”  grade w ere supplied by F luka (Sw itzer
land). T hey  were used w ithou t fu r th e r  purification. The hydrocarbons were outgassed by 
m eans o f repeated freeze-thaw cycles.

T he chemisorbed am ounts o f  hydrocarbon were m easured  gravim etrically by a Sarto 
rius T ype  4102 electrobalance. F o r fu r th e r  details see Ref. [6]. T he rem ovability of the chem i
sorbed species was determ ined b y  hydrogen treatm en t in  s ta tic  conditions. The Pt/A l20 3 
sam ple fo r gravimetric m easurem en ts weighed 0.121 g.

R e su lts  and D iscussion

T h e  in frared  b an d s  a r is in g  in  th e  CH s tre tc h in g  reg ion  from  h y d ro c a r
b o n s  a d so rb ed  on su p p o rte d  m e ta ls  are no t in te n se , w h ich  m akes th e  u n e q u iv 
ocal d esc rip tio n  of th e  s t r u c tu r e  o f th e  surface sp ec ies  fo rm ed  very  d ifficu lt. 
A t p re s e n t ,  more d e fin ite  co n c lu sio n s abou t th e  n a tu r e  o f  th e  adsorp tion  b o n d  
ca n  b e  d raw n  only fo r b e n z e n e  and  cyclohexane o n  p la tin u m  [4]. In  th is  
case  th e  occurrence o f  а  я  co m p lex  was ev id en ced  b o th  b y  the  IR  sp ec tra  
o f  ch em iso rb ed  benzene a n d  cyclohexane and  b y  th e  ca rb o n  m onoxide co ad 
s o rp tio n  techn ique [4, 7]. H o w e v e r, tw o m odels h a v e  b een  proposed fo r th e  
su rfa c e  species form ed a f te r  ad so rp tio n  of o lefins on  su p p o rted  m etals. T he 
f i r s t  m o d e l suggested th e  fo rm a tio n  of cr bonds b e tw e e n  carb o n  atom s an d  th e  
m e ta l  su rface  [8—10], w hile  th e  o th e r one p red ic ted  th e  occurrence of тг-bonded  
su rfa c e  species [11, 12] (h y d ro c a rb o n  frag m en ts  o n ly  a re  shown for sim pli- 

o n ):

CH 2—CH —CH----- СИ лФС'Н—CH=j=CH-----
(a) I I I  (b) I I (1)

* * * * *

w h ere  (*) denotes a su rface  s ite .
T h e  failure to  d e te c t  d e f in ite  bands o f m e a su ra b le  in ten s ity  above 

3000 c m -1  was regarded  as e v id e n c e  against th e  p re sen ce  o f  olefinic species ( lb ) . 
H o w e v e r , as can be seen in  F ig . l c —f, th e  tra n sm is s io n  above 3000 c m -1 
w as re d u c e d  after a d so rp tio n  o f  propylene, b u te n e , p en ten e , and  hexene. 
E a r l ie r  S h o p o v  et al. [12] o b se rv e d  sim ilar ch an g es in  th e  tran sm ission  of 
a P t /A l20 3 sam ple covered  b y  hexene-1 . T ak ing  in to  co n sid e ra tio n  th is  e x p e ri
m e n ta l  fa c t and  app ly ing  q u a n tu m  chem ical c a lc u la tio n s , th e y  suggested  th e  
fo rm a tio n  of jr-bonded su rfa c e  species on th e  m e ta llic  surface. The absence 
o f  d e f in i te  bands above 3000 c m -1  was ex p la in ed  b y  th e  assum ption  th a t  
a d s o rb e d  hydrocarbons h a v e  a d ifferent sk e le to n  a rran g em en t. T hus th e  
o b se rv e d  broadening o f th e  b a n d s  in  the  CH olefin ic  reg io n  (Fig. l c —f) shou ld
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Fig. 1. Infrared  spectra of the Pt/A l20 3 sam ple: a) A fter adsorption of CO (Oqq =  0.17) al 
305 °C; b) ethylene coadsorbed; c) propylene coadsorbed; d) trans-butene-2 coadsorbed; 
e) pentene-1 coadsorbed; f) hexene-I coadsorbed; g) benzene coadsorbed. E ach  hydrocarbon 
was coadsorbed a t  35 °C and  a pressure of ab o u t 5 Torr, a ' —/ ' )  hydrogen added (p Hl =  100 
T orr) a t  35 °C after evacuation of the respective hydrocarbon from the IR  cell. All the spectra

were recorded a t  35 °C

be a t t r ib u te d  to  th e  p resence  o f a d so rp tio n  com plexes w ith  a v a r ie ty  o f con
fig u ra tio n s  (e.g. cis- an d  trans-) an d  b o n d  energies [12].

T he w eak b a n d s  in  th e  CH s tre tc h in g  region w ith  all h y d ro ca rb o n s  
e x c e p t e th y len e  (F ig . l c  — f) are  due  to  C H 2 an d  C H 3 groups n o t  connected  
w ith  th e  surface, fo r exam ple :

=j=CH —CH3; Ф ен — CH2—СНз; ФСН—CH— СНз; 

♦ *

— С— СН— СНз;
/ \  I

----- СН—с н 2—СН—СНз
(11)
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R e c e n t IR  ex p e rim en ts  p ro v id e  ev idence t h a t  e th y len e  is linked  to  th e  
su rface  o f  som e tra n s it io n  m e ta ls  b y  th re e  b o n d s , one n  an d  tw o a  b o n d s , 
g iv in g  rise  to  on ly  one IR  b a n d  below  2900 c m -1  [13]. T h is m odel is in  a g re e 
m e n t w ith  d a ta  on C2H 4 a d so rp tio n  o n to  n ick e l single c ry s ta ls , o b ta in ed  b y  
p o w e rfu l p h y sica l tech n iq u es [14].

A p p ly in g  th e  te c h n iq u e  o f  ca rb o n  m onox ide  co adso rp tion  w ith  h y d ro 
c a rb o n s , som e a d d itio n a l d a ta  w ere o b ta in e d  concern ing  th e  n a tu re  of b o n d in g  
b e tw e e n  o lefins an d  p la tin u m . R e c e n tly , i t  h as  been  fo u n d  th a t  benzene a d so rp 
tio n  o n  P t/A l20 3 gives rise to  a single b a n d  a t  3050 c m -1 w hich  is a t t r ib u te d  
to  а я  co m p lex  on th e  m e ta l su rface  [4]. W hen  b en zen e  w as a d m itte d  to  a 
P t/A l20 3 sam ple  p a r tia lly  covered  w ith  ca rb o n  m onox ide  a dow nw ard  sh if t 
o f th e  CO b a n d  w as observed  [4]. H ence i t  can  be  deduced  th a t  co m pounds 
w ith  ж e le c tro n  sy stem s, if  co ad so rb ed , sh ift th e  CO b a n d  to  low er frequenc ies . 
In  F ig . 1 a n d  T ab le  I  i t  is seen th a t  th e  low  fre q u e n c y  sh if t is o bserved  fo r  a ll 
th e  h y d ro c a rb o n s  in v e s tig a te d  in  th e  p re se n t s tu d y . T he on ly  ex cep tio n  is 
m e th a n e  w h ich  s tro n g ly  su p p o rts  th e  suggestion  concern ing  th e  fo rm a tio n  o f 
я -b o n d e d  species w ith  th e  o th e r  h y d ro ca rb o n s , since i t  is re le v a n t to  assum e

Table I

Infrared data on CO-hydrocarbon coadsorption and gravimetric measurements o f hydrocarbon
adsorption on Pt/Al20 3

H y d ro c a rb o n
/Il'CO

(c m -1 )
dVQO

(c m -1 )

/^spectr.
^dee.

%
G!d e!’

Mg %

Ethylene 37 10 73 110 50
Propylene 39 10 74 - —
trans-Butene-2 50 17 66 — —
Pentene-1 52 25 52 — —
H exene-1 59 27 53 195 38
Benzene 48 18 63 165 30
M ethane no change 

1
— — —

A vqo — difference between the initial frequency of the GO band (2058 cm -1, Fig. la )  and 
the frequency of this band after coadsorption of a certain hydrocarbon (Fig. l b —f);

— difference between the initial frequency of the CO linear band (2058 cm -1) and 
the frequency observed after hydrogen trea tm en t and subsequent evacuation of 
the Pt/Al20 3 sample w ith coadsorbed CO and a certain hydrocarbon;

GdesCtr — am ount of hydrocarbon desorbed after hydrogen trea tm en t determined accord
ing to the equation:

G K "r- _  (loo  -  X lo o ]  % :
GfdsV' — gravim etrically m easured am ount of hydrocarbon adsorbed on Pt/Al20 3;
G|esV — desorbed am ount of hydrocarbon after hydrogen trea tm en t obtained by gravi

m etric measurements
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t h a t  o n ly  er-bonded species can occur w ith  m e th an e . Q u a n ti ta t iv e  chem isorp
t io n  m easurem ents p erfo rm ed  to g e th e r  w ith  th e  sp ec tro scop ic  s tu d y  gave 
c lea r evidence for m e th a n e  ad so rp tio n  on P t/A l20 3 p a r t ia l ly  covered  w ith  
c a rb o n  m onoxide.

T he fo rm atio n  o f  c o n ju g a ted  doub le  b o n d s in  th e  тг-ad so rb ed  species 
( lb )  is suggested on th e  basis  o f a p rev io u sly  re p o rte d  m ech an ism  o f dehydro- 
cy c liza tio n  of a lip h a tic  h y d ro ca rb o n s  on p la tin u m . F o r in s ta n c e , th e  schem e 
o f  n -hexane  d eh y d ro cy c liza tio n  p roposes a stepw ise e lim in a tio n  o f  hydrogen 
a n d  th e  fo rm ation  o f  hexenes, h ex ad ien es, an d  h e x a tr ie n e s  [15, 16]. I t  is 
w o r th  no tin g  th a t  co ad so rp tio n  ex p erim en ts  w ith  h ex an e  on  P t/A l20 3 dem on
s t r a te  th a t  th e  CO b a n d  frequency  is also decreased  as in  th e  case of olefins.

T he m odel p re d ic tin g  th e  occurrence  o f  su rface species w ith  con jugated  
d o u b le  bonds does n o t  suggest t h a t  h y d ro ca rb o n s  w ith  c o n ju g a te d  double 
b o n d s , if  adsorbed , w o u ld  rem ain  u n ch an g ed  on th e  m e ta l su rface . F o r exam ple, 
su ch  a process, like se lf-h y d ro g en a tio n , m ay  cause th e  fo rm a tio n  o f adspecies 
w ith  C H 2 and  C H 3 g ro u p s n o t b o n d ed  to  th e  su rface  an d  th e  ap p earan ce  of 
a  b o n d s  in th e  su rface  species ( I I ) .

T aking  in to  co n sid e ra tio n  th e  conclusions m ade ab o v e , a co rrelation  
b e tw een  th e  io n iza tio n  p o te n tia ls  o f h y d ro ca rb o n s  w ith  d e fin ite  s tru c tu re s  on th e  
su rface  and  th e  CO h a n d  sh ift w as fo u n d . I t  m ay  be sugg ested  t h a t  e lectrons 
fro m  th e  h ighest occup ied  m olecu lar i t  o rb ita ls  o f th e  o lefins w ill be  tran sfe rred  
to  th e  m eta l d u rin g  ad so rp tio n . T h e  f ir s t  io n iza tio n  p o te n tia l  ap p ea rs  to  be 
a  m easu re  of th e  en e rg y  o f th e  h ig h es t occupied  o rb ita l [17]. O n th e  o th e r h an d , 
as w as a lready  d iscu ssed , th e  sh if t o f r(CO) d ep en d s on th e  e lec tro n  donor 
a b il i ty  of th e  co ad so rb ed  h y d ro ca rb o n . T herefo re , a co rre la tio n  can  be proposed 
b e tw een  th e  io n iza tio n  p o te n tia l  a n d  th e  low freq u en cy  s h if t  o f th e  CO band . 
In  F ig . 2, i t  is seen t h a t  th is  co rre la tio n  is lin ea r p ro v id ed  th a t  тг-b o n d ed  species

I (eV)

Fig. 2. A plot of the CO band  shift versus the ionization potentials o f coadsorbed hydrocarbons, 
w hich are suggested to be form ed during adsorption of olefins on p latinum . The values of the 

ionization potentials a r t  taken  from  Ref. [18]
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w ith  c o n ju g a te d  double b o n d s  o ccu r on th e  surface. O ne ex cep tio n  is th e  case 
w ith  p ro p y le n e , w hen a d so rb e d  a llene  is suggested  to  he  fo rm ed  in  o rd er to  
f i t  th e  p o in t  to  th e  p lo t (F ig . 2).

A s is a lready  know n [8 — 12], th e  ad d itio n  o f  h y d ro g en  to  a P t/A l20 3 
sa m p le  w ith  p readsorbed  h y d ro c a rb o n s  resu lts in  an  in crease  in  th e  C H 2 and  
C H 3 b a n d  in tensities (F ig . l b ’—f ’). To explain  th is  p h en o m en o n , S h o p o v  
et al. [11 , 12] proposed th e  co n v e rs io n  of th e  тг-b o n d ed  adspecies (lb ) in to  a 
cr-bonded  one:

СН2ФСН—СНФСН-----  ---------H3C  ̂ СНг
* * HC CH-----  (III)

I I
*  *

I t  is v e ry  im p o rta n t to  em phasize  th a t  a f te r  h y d ro g en  ad d itio n  b o th  
th e  in te n s i ty  and frequency  o f  th e  lin ear CO b an d  (F ig . l b  — g) w ere re s to red  
(2058 c m -1 , Fig. la ) . T h is p h e n o m e n o n  can be p re d ic te d  h av in g  in  m ind  th a t  
h y d ro c a rb o n s , if  cr-bonded to  th e  m e ta l surface, w ill n o t  a ffec t th e  p o sitio n  of 
th e  CO b a n d , as has been o b se rv e d  fo r carbon m onox ide—m e th a n e  co ad so rp tio n  
(T ab le  I ) .  E arlie r ex p e rim en ts  h a v e  shown th a t  h y d ro g e n  co ad so rp tio n  has 
no  in f lu e n c e  on the  position  o f  th e  h ig h  frequency  b a n d  o f CO, w hich  is assigned 
to  l in e a r  bon d ed  species [2]. W h e n  th e  gas phase w as rem o v ed  from  th e  IR  
cell, t h e  CO b and  sh ifted  a g a in  to  low er frequencies. H ow ever, th e  sh if t from  
th e  in i t i a l  position  (Table I ,  Avco) is m uch sm aller th a n  th e  one fo u n d  in  th e  
case w i th  СО-hydrocarbon  c o a d so rp tio n  on a h y d ro g en -free  m e ta l surface 
(T ab le  I ,  A v^o), p ro b ab ly  due  to  th e  p a r tia l  d eso rp tio n  o f  s a tu ra te d  h y d ro c a r
b o n s. F o r  exam ple, a f te r  h y d ro g e n  tre a tm e n t an d  e v a c u a tio n  o f a sam ple 
w ith  c o a d so rb e d  carbon m o n o x id e  a n d  ethy lene, th e  CO b a n d  was sh ifted  by  
o n ly  10 c m -1  in com parison  w ith  th e  sh ift observed  a f te r  e th y len e  co ad so rp 
tio n  on  a  hydrogen-free p la t in u m  surface  (37 c m “ 1, T ab le  I) . On th e  basis of 
th e se  d a t a  i t  can be e s tim a te d  t h a t  73%  of th e  p re a d so rb e d  e th y len e  w as con
v e r te d  in to  gaseous e th an e  (T ab le  I ,  GdesCtr’)- H ow ever, g rav im e tric  m easu re
m e n ts  in d ic a te d  th a t  th e  t r e a tm e n t  w ith  h y d ro g en  rem o v ed  on ly  50%  of 
th e  p re a d s o rb e d  ethy lene (T ab le  I ,  The d ifference be tw een  Gdes?tr' and
Gles^' fo r  hexene-1 and  b en zen e  w as even g rea te r (T ab le  I ) . One reasonab le  
e x p la n a t io n  is th a t  hydrogen  t r e a tm e n t  causes no t o n ly  d e so rp tio n  o f som e p a r t  
o f th e  p re a d so rb e d  h y d ro c a rb o n  b u t  also decreases th e  co n c e n tra tio n  of th e  
л  b o n d s  o n  th e  m etal su rface  a t  th e  expense of a b o n d s , w hich  do n o t affect 
th e  CO b a n d  position , as w as a lre a d y  discussed.

A n o th e r  im p o rtan t f in d in g  concern ing  th e  IR  d a ta  fo r carbon  m onoxide- 
h y d ro c a rb o n  coadsorp tion  is th e  b e h av io u r of th e  1870 c m -1  b a n d  (F ig. la ) .  
U su a lly  th e  bands below 2000 c m “ 1 from  CO ad so rb ed  on tra n s it io n  m eta ls 
a ie  a s s ig n e d  to  v ib ra tio n s o f m u lt ip ly  bonded species. B esides th e  frequency
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fall, th e  in te n s ity  o f th is  h a n d  is increased  w ith  th e  increase  o f  th e  carbon  
a to m  n u m b er o f th e  coadso rbed  h y d ro c a rb o n ; a t  th e  sam e tim e  th e  in te n s ity  
o f th e  h igh freq u en cy  b a n d  is decreased  (F ig . l b  — g). I t  can  be su g g ested  th a t  
up o n  h y d ro ca rb o n  co ad so rp tio n  th e  lin ea rly  b o n d ed  species is c o n v e rted  in to  
a m u ltip le  bon d ed  one. H ow ever, i t  is in co rrec t to  assum e th a t  th e  m ore 
h y d ro ca rb o n  is coadso rbed  (cf. GldsT’ of e th y len e , hexene-1 , an d  benzene , T ab le  I) 
th e  m ore lin ea rly  b o n d ed  species w ill be co n v e rted  in to  m u ltip le  bonded  
CO m olecules. O n th e  c o n tra ry , th e  reverse  a ssu m p tio n  is m ore v a lid , bearing  
in m ind  th e  co m p e titio n  fo r sites on th e  m e ta l su rface . W e believe  th a t  i t  is 
m ore co rrec t to  suggest a rea rra n g em e n t o f th e  surface m e ta l a to m s  on the  
basis o f th e  observed  changes of CO a d so rp tio n  m odes. T he new  te x tu re  form ed 
depends on th e  ty p e  o f h y d ro ca rb o n  w hich  in te ra c ts  w ith  th e  m e ta l surface. 
A pply ing  a L E E D  te c h n iq u e , B a r o n  et al. [19] h av e  observed  a te m p e ra tu re  
and  p ressure  d ep e n d e n t s tru c tu ra l re a rra n g em e n t o f th e  P t ( S ) - [ 4 ( l l l )  X  (100)] 
su rface in  th e  p resence  o f h y d ro carb o n s.
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The com plexation equilibria of m ercury(II) and (2’-amino-3’-hydroxypyridy l- 
-4’-azo)benzene-4-sulfonic acid (A H P-4S), a w ater soluble pyridinol azo dye, has been 
studied spectrophotom etrically. A selective and  sensitive spectrophotom etric m ethod 
for the m icrodeterm ination of m ercury (II) has been proposed. The com position, Beer’s 
law and the optim um  concentration range have been calculated using g raphical methods. 
Using the principle of ligand exchange reaction , this complex has been used in the 
spectrophotom etric determ ination of sulfide ions in aqueous solution. T he m ethod  is 
simple, rap id  and the sensitivity  o f sulfide ions determ ination is 0.67 ng/cm 2.

(2’-A m ino-3 ,-b y d ro x y p y rid y l-4 ’-azo)benzene-4-sulfonic ac id  (A H P -4S ), 
a w a te r  soluble p y rid in o l azo d y e , has a lre a d y  been  used in  th e  d e te rm in a tio n  
o f n itr id e  [1], m ercu rim e tric  d e te rm in a tio n  o f  iod ide [2], t i tr im e tr ic  d e te rm in a 
tio n  of le a d (II)  m o ly b d a te  an d  tu n g s ta te  [3], com plexom etric  d e te rm in a tio n  
o f  Z n (II) , C d (II) , H g (II) [4], C o (II) , N i( I I ) , C u(II) [5] and  as a v isu a l in d ic a to r  
in  th e  d e te rm in a tio n  of fe rro cy an id e  w ith  zinc [6]. Up till now , h e te ro cy c lic  
azo  dyes h av e  n o t  been used d ire c tly  or in d irec tly  in  th e  d e te rm in a tio n  of 
su lfide  ions.

In  th e  p re se n t co m m u n ica tio n , a sen sitiv e  and  selective sp e c tro p h o to m e t
ric  m ethod  fo r th e  d e te rm in a tio n  o f  m e rc u ry (II)  and  th e  use o f th e  H g (II )  — 
(A PH -4S) com plex  in  the  m ic ro d e te rm in a tio n  of su lfide ions is p roposed . 
T h e  a n a ly tic a l p rinc ip le  is b a se d  on a lig an d  exchange re a c tio n  in  aqueous 
m ed iu m  and  th e  v isu a l c o m p a ra tiv e  m e th o d  has been a d o p ted  in  w h ich  the  
decrease in  ab so rb an ce  of th e  H g (II )  — (A H P-4S) com plex is p ro p o r t io n a l  to  
th e  c o n cen tra tio n  o f sulfide ions ad d ed . T h e  m ethod  is sim ple, r a p id  a n d  the 
sen s itiv ity  of su lfid e  ion d e te rm in a tio n  is 0.67 ng/cm 2.

* To whom correspondence should be addressed
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Experim ental

Reagents
A stock solution of m ercu ry (II) was prepared by  dissolving the appropriate am oun t of 

m etallic  m ercury in perchloric acid  and standardized b y  conventional methods. A HP-4S was 
syn thesized  as reported earlier [X]. The purity  was checked b y  elem ental analysis and th in- 
layer chrom atography. A l x l O - 3 M  stock solution w as p repared  in  doubly distilled w ater. 
D ilu te  solutions of sodium hydrox ide  and perchloric acid w ere used for pH  adjustm ents and 
a phospha te  buffer of p H  4.8 w as prepared. Na2S • 9 H 20  was dissolved in doubly distilled 
w ate r and  standardized iodom etrieally . The solution o f sodium  sulfide was prepared afresh 
to avo id  its  oxidation. All reagen ts used were of analy tica l grade.

A ppara tus
A Unicam  SP-600 spectrophotom eter with m atch ed  10 m m  glass cells was used for 

recording the spectra. A B eckm an E xpandom atic SS-2 p H  m ete r was used for pH  ad justm ents.

Determ ination o f m ercury(II) ions
To a suitable aliquot con tain ing  4.0 — 29.0 pg  m ercu ry (II), add 1 mL of I x l 0 - 3 M  

A H P-4S solution, followed by  2.0 m L sodium hydrogen phosphate  buffer (pH 4.8). D ilute 
to  10.0 m L  and measure th e  absorbance a t 535 nm aga in s t the  corresponding reagent blank. 
The concentration  of m ercu ry (II) is determined from  th e  calibration curve recorded under 
iden tica l conditions.

R esu lts  and D iscussion

A H P -4S  form s a m a g e n ta  coloured co m p lex  w ith  m ercu ry (II)  w ith  a 
m a x im u m  and  c o n s ta n t ab so rb an ce  a t 535 n m  in  th e  p H  range o f 4.8 — 6.2. 
T h e  com plex  is s tab le  fo r 10 h rs. The m olar co m p o sitio n  (m etal : ligand ) of 
th e  com plex  are ca lc u la ted  b y  J o b ’s m ethod  o f c o n tin u o u s  v a ria tio n  an d  m ole 
r a t io  p lo t  is 1 : 2. F ive  m oles o f  ligand are re q u ire d  fo r fu ll colour d ev e lo p m en t. 
B e e r’s law  is va lid  u p o n  3.2 /tg  of m ercu ry (II) a n d  th e  o p tim u m  c o n cen tra tio n  
of H g ( I I )  w hich can  be  a c c u ra te ly  rep ro d u ced  is 0.4 — 2.9 ppm . Sa n d e l l ’ 
s e n s it iv i ty  (am oun t o f  m e rc u ry (I I )  co rrespond ing  to  an  absorbance o f 0.001) 
as c a lc u la te d  from  B ee r’s la w  p lo t is 0.0042 /ig /c m 2 an d  th e  m olar e x tin c tio n  
co e ffic ien t is 4 .7 6 х Ю 4 1 m o le -1  cm -1 a t 535 n m .

E ffec t o f  diverse ions

T h e  effect o f fo re ign  io n s  w as stud ied  b y  ta k in g  2.0 jUg/mL of m e rc u ry (II) , 
a d d in g  d iffe ren t a m o u n ts  o f  fo re ign  ions and  d e te rm in in g  th e  m eta l ion b y  th e  
reco m m en d ed  p ro ced u re . I t  h a s  been found t h a t  F - , C l- , SC N - , NO;T, N 0 ^ ,  
ClCff, SO§_ , SO2 - , P O |-  a n d  B O §-  do no t in te r fe re , n e ith e r  do alkaline e a r th s , 
la n th a n id e s , A l(III) , I n ( I I I ) ,  G a (III) , T i(IV ), V (V ), Cr(V), M n(II), U 0 2(I I ) ,  
M o(Y I) an d  W (V I). T h e  to le ra n c e  lim its o f th e  v a r io u s  ions (in ppm ) w hich  
do n o t  cause a d e v ia tio n  o f  f  2%  in ab so rb an ce  a t  p H  4.8 are g iven in  p a 
re n th e se s .

O x a la te , ta r t r a te  a n d  c itra te  (1000, e a c h ) , B r~  (100), Z n (II) , C d (II)  
(100, each ), Co(II) (80), N i( I I )  60, F e (II) (50), A g (I) (20, m asked w ith  C l" ).
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I - , CN , S2 , S20 |  , th io u re a , th io sem ica rb az id e , E D T A  in te rfe re  
se rio u sly  as d id  C u(II).

C om parison o f  sensitivities w ith  heterocyclic azo dyes

T he p re se n t m e th o d  using  A H P -4 S  as a p h o to m e tric  re a g e n t fo r the  
d e te rm in a tio n  o f H g (II)  com pares fa v o u ra b ly  w ith  h e te ro cy c lic  azo dyes 
know n  for th e  p u rp o se . P A R  [7] is one o f  th e  m o st sensitive re a g e n ts  fo r th e  
d e te rm in a tio n  o f  m e rc u ry (II)  h u t  v a rio u s  m e ta l ions in te rfe re . Q A A c, th o u g h  
sen sitiv e , invo lv es  serious in te rfe ren ce  o f  o th e r  m e ta l ions [12]. T h e  m eth o d  
usin g  A H P -4 S  has th e  a d v a n ta g e  th a t  i ts  d e te rm in a tio n  can  b e  c a rr ie d  ou t 
in  th e  p resence  o f  a la rge  excess o f  Z n (I I ) , C d (II) , C o(II), N i(II)  a n d  F e (I I ) . 
T h e  m e th o d  is rap id , sim ple, sen sitive  as w ell as selective. T he se n s itiv itie s  of 
o th e r  h e te rocyc lic  azo dyes used  fo r th e  d e te rm in a tio n  of m e rc u ry ( I I )  are 
c o m p ared  in T ab le  I.

D eterm ination o f  su lfide ions

A d d itio n  o f su lfide ion  so lu tio n  to  a know n  am o u n t of H g (II)  — (A H P-4S) 
com plex  causes a decrease in  ab so rb an ce  w h ich  falls p ro p o rtio n a lly  w ith  th e  
c o n c e n tra tio n  o f su lfide ions ad d ed , w hen  reco rd ed  a t  535 n m . T h is form s 
th e  basis  o f in d ire c t d e te rm in a tio n  o f su lfid e  ions.

Table I
Comparison o f sensitivities o f heterocyclic azo dyes fo r  the spectrophotometric determination

o f mercury ( I I )

No.
•

M ercury(II) complexed w ith ^max
(nm)

Sensitivity 
(Mg/cm*)

References

l 4-(2-Pyridylazo)resorcinol) (PAR) 500 0.0029 [7]
2 o-(2-Thiazolylazo)-4-methoxy-phenol (TAMP) 638 0.0114 18]
3 5-Hydro xy-4-(8-hydroxy-7-quinolylazo)-

-naphthalene-2,7-disulfoiiic acid (Azoxine II) 540 0.0055 m
4 3-(8-hydroxy-7-quinolylazo) naphthalene- 

-1,5-disulfonic acid (Azoxine C) 540 0.0045 19]
5 (2-Pyridylazo)-l-naphthol (PAN) 560 0.0111 [10]

6 l-(4-M ethyl-2-thiazolylazo)-2-naphthol 580 0.0400 [10]

7 l-(2-Thiazolylazo)-2-naphthol 580 0.0345 [10]

8 2-(4-Antipyrylazo)-5-diethylaminophenol 600 0.1000 [11]
9 l-(2-Quinolylazo)-2-acenaphthylene-2-ol

(QAAc) 540 0.0032 [12]

10 Ainmonium(2’-amino-3’-hydroxypyridyl-4’-
-azo)benzene-4-arsonate 535 0.0055 ЦЗ]

11 (2’-Amino-3’-hydroxypyridyl-4’-azo)-benzene- 
-4-sulfonic acid (AHP-4S) 535 0.0042 This work
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Recom m ended procedure

T o  a  so lu tion  c o n ta in in g  20.0 fig o f m e rc u ry ( I I ) ,  ad d  0.5 m L o f 1 X 1 0 ~ 3 M  
A H P -4 S  so lu tio n , fo llow ed  b y  th e  sam ple so lu tio n  con ta in ing  u p  to  3.2 fig 
o f su lf id e  ions. Shake w ell a n d  a d ju s t th e  p H  4 .8  u sin g  a p h o sp h a te  b u ffe r. 
D ilu te  to  10.0 m L  a n d  m easu re  th e  ab so rb an ce  a t  535 n m  aga in st th e  c o rre 
sp o n d in g  reag en t b la n k .

S to ich iom etry o f  m e rc u ry (II)  — (A H P -4 S ) com plex and  sulfide ion reaction

T o  de te rm ine  th e  s to ich io m e try  of th e  m e rc u ry (I I )  — (A H P-4S) co m p lex  
an d  su lfid e  reac tio n  a m ole ra tio  s tu d y  w as m ad e . V arious a liquo ts o f  su lfide  
ions w ere  ad d ed  to  a k n o w n  am o u n t o f m e rc u ry (I I )  — (A H P-4S) com plex . 
T h e  decrease  in  ab so rb an ce  reco rd ed  a t  535 n m  re a c h e d  th e  m ax im u m  v a lu e  
a t  a 1 : 1 ra tio  (F ig. 1), w h ich  shows th a t  th e  d isp lacem en t of A H P -4S  ion

Fig. 1. D ecom position of mercury — (A HP-4S) com plex by sulfide ions

b y  su lfid e  ions is s to ich io m e tric  w ith  th e  fo rm a tio n  o f  stab le  m ercu ry  su lfide . 
T he o v e ra ll reac tio n  m a y  be  p o s tu la te d  as:

[H g —(A H P -4 S )2] +  S2-  — H gS  +  2 (A H P -4 S )-

A t c e r ta in  in stan ces , K N 0 3 w as used to  c o ag u la te  m ercuric  sulfide.
T h is  reac tio n  w as s tu d ie d  a t d ifferen t p H ’s v a ry in g  th e  ligand c o n c e n tra 

tio n . T h e  b e s t re su lts  w ere o b ta in ed  in  th e  p H  ra n g e  4.8 — 6.2, w ith  a 5-fold 
m o la r  excess of A H P -4S  w ith  m ercu ry (II). T h e  o p tim u m  co n cen tra tio n  ran g e  
o f  su lfid e  ions w hich  can  be rep roduced  a c c u ra te ly  is 0.16 — 3.64 fig/10 m L  
u s in g  v a ry in g  am o u n ts  o f  m e rc u ry (II) . T he re la tiv e  s ta n d a rd  dev ia tio n  (5 ex-
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p e rim en ts) for th e  reco v ery  o f  0.16 pg  o f  su lfide  w as fo u n d  to  be  0.1% . 
T h e  effect of foreign  ions was also  s tu d ie d  a n d  th e  in te rfe ren ces  w ere  found 
to  b e  o f th e  sam e o rd e r o f m ag n itu d e  as re p o r te d  in  th e  d e te rm in a tio n  of 
m e rc u ry (II) .

Com parison o f  sensitiv ities with other methods

T he ch lo ro an ila te  sa lt of m e rc u ry (II)  h a s  been  re p o rte d  in  th e  spectro- 
p h o to m e tric  d e te rm in a tio n  of su lfid e  ions in  th e  v isib le  [14] a n d  U V  region 
[15]. T he op tim u m  lim it of 0.1 —1.5 p g /m L  su lfid e  ions h as  b een  dete rm in ed  
b y  th e  la t te r  m e th o d . T he p re se n t m e th o d  p ro v id es  a sim ple, ra p id  an d  m uch 
m ore sensitive m e th o d  fo r th e  d e te rm in a tio n  o f  0 .1 6 —3.64 fig/lO  m L  o f sulfide 
ions. S a n d e l l ’s se n s itiv ity  (am o u n t of su lfid e  ions co rresp o n d in g  to  an  ab
so rb an ce  of 0.001) is 0.67 n g /cm 2.

*

Two of the au thors (O.S.C. and Y.S.V.) are th an k fu l to  U.G.C. and Centre of Advanced 
S tudy , U niversity of D elhi, Delhi (Ind ia), for providing them  w ith a teacher fellowship.
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41- and 13C-NMR spectral properties of 3-arylidenechrom an-4-ones and  3-ben- 
zylchromones and the ir thio analogues have been studied. I t  has been  concluded 
th a t  these techniques can help to  d ifferentiate between these stru c tu ra l isomers.

I t  is well know n  th a t  reac tio n s  o f ch rom an-4-one a n d  1 -th io ch ro m an - 
-4-one w ith  a ro m a tic  a ld eh y d es give th e  co rrespond ing  3 -a ry lid en ech ro m an -4 - 
-ones a n d -l- th io ch ro m an -4 -o n es  [1]. T he p ro d u c t o f co n d en sa tio n , o b ta in ab le  
w ith  vario u s p -s u b s ti tu te d  b en za ld eh y d es , is in  each  case th e  E  iso m er, as 
i t  h as  been p ro v ed  on th e  basis  o f N M R  spectroscop ic  d a ta  [2]. R ecen tly , 
i t  h a s  been  re p o rte d  [3 ,4 ]  th a t  in  b asic  m ed ia  th e  double b o n d  in  exo-position 
can  be isom erized in to  endo-position , so t h a t  3 -benzy lchrom ones a n d  3-benzyl- 
-1-th iochrom ones a re  fo rm ed ; in  ce rta in  cases th e  c o n d en sa tio n  reac tio n s 
e ffec ted  u n d e r basic  co n d itio n s d ire c tly  y ie ld  these  th e rm o d y n a m ic a lly  m ore 
s ta b le  p ro d u c ts  V I I —X II  [4].
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Since our aim  w as to  m ak e  deta iled  1H - a n d  13C-N M R stud ies o f com 
p o u n d s  I —VI and  V II  — X I I ,  i t  was th o u g h t a d v isa b le  to  effect, besides th e  
s t r u c tu r a l  id e n tific a tio n  o f  th e  condensation  p ro d u c ts , a pairw ise com parison  
o f  th e  sp ec tra  of th e se  c o m p o u n d s , and to  d e te rm in e  th e  d ifferences in  th e ir  
s p e c tra l  p a ram ete rs . O u r experiences have sh o w n  th a t  th e  fo rm a tio n  of 
3 -b en zy l chrom ones a n d  3 -b en zy l-l-th io ch ro m o n es  can  be ex p ec ted  m ain ly  
in  th e  reac tio n  of b e n z a ld e h y d es  bearing  e le c tro n -w ith d raw in g  p -su b s titu e n ts ;  
th e re fo re , th e  sp ec tra  o f  p -B r ,  p -C N  and p - N 0 2 d e r iv a tiv e s  w ill be  d iscussed  
in  th e  p re se n t paper.

Results and Discussion

XH - N M R  spectra

C h arac te ris tic  d a ta  o f  th e  1H -N M R sp e c tra  a re  sum m arized  in  T ab le  I. 
S e v e ra l signals are su ita b le  fo r  d iffe ren tia tio n  b e tw e e n  th e  s tru c tu ra l isom ers 
I —V I a n d  V II—XII. A s can  b e  seen, d is tin c tio n  b e tw een  s tru c tu ra l isom ers 
I — I I I  a n d  V II—IX is r e a d i ly  possib le on th e  b as is  o f  th e  C H 2 signal, because  
i t s  ch em ica l sh ift is b y  a b o u t  1.4 ppm  larger fo r th e  I —III  isom ers. A t th e  
sam e  tim e , d iffe re n tia tio n  o f  s tru c tu re s  IV —VI a n d  X —X II on th e  basis  
o f  th e  chem ical sh ift o f th e  C H 2 signal is no t feasib le  ev en  b y  pairw ise co m p ari
so n . H ow ever, i t  is c h a ra c te r is t ic  th a t  in th e  s p e c tra  o f  th e  su b stan ces I —VI  
th e  m e th y len e  p ro to n s  re v e a l allylic coupling w ith  th e  = C H  v in y l p ro to n  
(AI =  1.8 Hz and  1.1 H z , re sp ec tiv e ly ), w hile fo r  co m pounds V I I —X II  no 
su ch  a coupling  can be d e te c te d .

A  com parison o f  th e  d a ta  shows th a t  th e  ch em ica l sh if t o f th e  H -5 
a ro m a tic  p ro to n , in  p e r i-p o s it io n  w ith  respect to  th e  c a rb o n y l g roup , is a lw ays 
la rg e r  in  I —VI th a n  in  th e  c a se  o f th e  isom ers V I I —X II .  T he difference in  th e  
sh ie ld in g  effect o f th e  c a rb o n y l group in IV —V I a n d  X —X II is due to  th e  
d if fe re n t m olecular g e o m e try , i.e. to  the  change o f  ang le  0  in  th e  McCo n n e l  
e q u a tio n  [5] describ ing th e  d iam ag n e tic  an iso tro p ic  effec t. (The o th e r g eo m et
r ic a l fa c to r  of th e  e q u a tio n , th e  d istance r, can  be  reg a rd ed  as p ra c tic a lly  th e  
sam e  as show n b y  th e  D re id in g  m olecular m odels, ta k in g  in to  co nsidera tion  all 
p o ss ib le  conform ers.) I n  s tru c tu re s  I —III a n d  V I I — IX all th e  geom etrica l 
fa c to rs  a re  nearly  id e n tic a l, h o w ever, th e  c o n ju g a tio n  of th e  ca rb o n y l g roup  
is co n sid e rab ly  d iffe ren t. ( In  th e  case of th e  endo-doub le  b o n d , th e  p lan es o f 
th e  tw o  double bonds m ak e  a  su b stan tia lly  sm a lle r  angle  w ith  each  o th e r, 
e n h a n c in g  th e  co n ju g a tio n .)  T h e  chem ical sh ifts  o f  th e  v in y l p ro to n s do n o t 
re v e a l ch a rac te ris tic  d iffe ren ces an d  th e ir  signal is  d iff ic u lt to  assign because  
o f  o v e rlap  w ith  th e  s igna ls  o f  th e  arom atic  p ro to n s .
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Table I

‘H-NMR data o f the compounds investigated (100 MHz, =  0 ppm )

=  CHa X — CH , H — 5

I 7.76 t 5.27 d
( 4J  =  1.9 Hz)

7.99 m

II 7.82 t 5.27 d
(4J  =  1.8 Hz)

8 .0 2  m

III 7.87 t 5.29 d
(4J  =  1.9 Hz)

8 .0 1  m

IV 7.86 t 4.10 d
(4J =  1.1 Hz)

8.18 m

V 7.70 t 4.10 d
(4J  =  1.1 Hz)

8.18 m

VI 7.66b 4.03 d
(4J =  1.2 Hz)

8.17 m

=C H (H -2) A r - C H , H-5

VII 7.65b 3.73 9 8.19 m
VIII 7.78 9 3.83 9 8.18 m

IX 7.80 9 3.88 8 8.19 m
X 7.5—7.6b 4.01 9 8.53 m

XI 7.53 —7.6b 4.05 s 8.51 m
XII 7.53b 3.91 8 8.54 m

a Confirmed by double-resonance experim ents 
0 Overlapped

13C - N M R  spectra

13C-NM R sp e c tra l d a ta  of ch ro m an -4 -o n e , chrom one a n d  th e ir  th io  
analogues are  know n [6, 7] hence th e  a ss ig n m e n t of th e  13C-NM R s p e c tra  of 
th e  com pounds u n d e r  in v es tig a tio n  can  be  p erfo rm ed  on th is  b a s is , in  th e  
know ledge of th e  ru les d e te rm in in g  th e  ch em ica l sh ifts of th e  c a rb o n  a to m s 
o f th e  p h e n y l rin g  [8a]. T he d a ta  a re  su m m a riz e d  in  Tables I I  a n d  I I I .  The 
a ssig n m en ts  were co n firm ed  by  o ff-resonance  sp e c tra , non -decoup led  13C-NM R 
sp e c tra  an d  se lec tive  p ro to n  decoup ling . I t  h a s  been  found  th a t  th e  a ssign 
m en ts  o f S t i l l  et al. [7] are  co rrec t, th o u g h  severa l d a ta  of th e ir  w o rk  were 
co n te s ted  in  a recen t p u b lica tio n  [9].

C om paring  th e  13C-NM R d a ta  o f  co m p o u n d s  I —VI w ith  th e  l i te ra tu re  
daba fo r ch rom an-4 -one and  l- th io c h ro m a n -4 -o n e , i t  can be con c lu d ed  th a t  
th e  change in  th e  chem ica l sh ift o f C-3 is v e ry  g rea t. H ow ever, ta k in g  in to  
co n sid e ra tio n  th e  c ircu m stan ce  th a t  th e  h y b rid iz a tio n  of th is  c a rb o n  atom
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T able II

13C chemical shifts o f compounds I —V I (25 MHz, — 0 ppm)

3 П III IV V VI

C2 67.5 67.3 67.3 29.1 29.1 29.2
C3 131.6 133.6 134.1 133.4* 135.3 136.0

C4 181.7 181.4 181.3 185.4 185.2 185.2
C5 127.9 128.0 127.9 130.4 130.5 130.6
C6 122.0 122.1 122.2 125.8 125.9 126.0
C7 135.8 136.1 136.3 133.0 133.3 133.4

C8 117.9 118.0 118.1 127.8 127.9 127.9
C4a 122.0 121.8 121.8 132.1 131.9 132.0
C8a 161.1 161.2 161.3 140.9 140.9 141.0
cr 133.3 138.9 140.8 133.8* 139.5 141.7

C2’, 6’ 132.0 130.2 130.4 131.9 129.9 130.1
C3% 5’ 131.3 132.4 123.3 130.9 132.4 124.0

C4’ 123.8 112.9 148.1 123.1 112.2 147.7

C H = 135.8 134.6 134.1 136.1 134.8 134.3

CN 118.0 118.3

* These values may be reversed

c h a n g e s  d u r in g  “ su b s titu tio n ” , th e  dow nfield  sh if t close to  100 p p m  is n o t 
s u rp r is in g . T he chem ical sh if t o f  th e  C-4 c a rb o n y l ca rb o n  a to m  decreases b y  
a b o u t  10 p p m  as a re su lt o f f u r th e r  co n ju g a tio n  p ro d u ced  b y  th e  C =  C d o u b le  
b o n d  [1 0 ]. T he upfield  sh if t is la rg e r in th e  case o f  3 -benzy lidenech rom an-4 - 
-ones t h a n  in  th e ir  th io  an a lo g u es since th e  ang le  m ade b y  th e  p lan es o f  th e  
C =  0  a n d  C =  C double bon d s is  sm aller, fav o u rin g  co n ju g a tio n , an d  a m o lec
u la r  g e o m e try  closer to  c o p la n a r  is form ed. C onsiderab le  change th e  ch em ica l 
sh if t o f  th e  C-2 carbon a to m  w as observed  o n ly  in  th e  case of th e  th io  d e r iv 
a tiv e s .

A  com parison  of th e  3:!C -N M R  sp ec tra  o f  com pounds V II X I I  w ith  th e  
l i te r a tu r e  d a ta  shows th a t  b e n z y l su b s ti tu tio n  causes a t  C-3 a d o w nfie ld  sh if t 
o f 10 p p m , a t  C-2 an  u p fie ld  sh if t  o f 2 —3 p p m ; t h a t  m eets th e  e x p e c ta tio n s  
an d  is in  good  agreem ent w ith  th e  li te ra tu re  d a ta  [8b].

T h e  chem ical sh ift o f C-4 does n o t c h an g e  co n siderab ly , b ecau se  th e  
3 -b e n z y l su b s titu tio n  does n o t  m ark ed ly  in flu en ce  th e  con ju g a tio n  o f th e  
c a rb o n y l g roup .

C o m p ariso n  of co m p o u n d s I —V I c o n ta in in g  th e  double b o n d  in  e x 
p o s it io n  w ith  th e ir  isom ers V I I —X I I  p e rm its  to  d ra w  th e  following co n c lusions:
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Table III
I3C chemical shifts o f compounds VII—XII (25 MHz, =  0 ppm)

V II V III IX X X I X II

C2 152.9 153.1 153.1 134.2 135.0 135.1
C3 123.9* 123.0 123.1 135.9 135.0 134.9
C4 177.1 177.0 177.0 178.6 178.4 178.6
C5 125.8 125.7 125.9 127.4 127.5 127.7
C6 124.9 125.1 125.3 126.3 126.4 126.5
C7 133.4 133.7 133.7 131.0 131.1 131.3
C8 117.9 118.0 118.1 128.9 128.8 128.9
C4a 123.7* 123.7 123.9 131.3 131.4 131.6
C8a 156.3 156.4 156.6 137.0 137.0 137.1
C l’ 137.6 144.6 146.8 137.8 144.8 146.6
C2’, 6’ 131.5 130.1 129.0 131.6 129.7 123.7
C 3\ 5’ 130.6 132.4 123.7 131.0 132.1 129.8
C4’ 120.3 110.2 146.8 120.3 1 1 0 . 1 147.0
CH2 31.2 32.0 31.9 37.3 38.2 38.1
CN 118.9 118.8

* These values m ay be reversed

(1) The chem ical sh if t of th e  o n ly  signal in  th e  sp ec tra l range c o rre sp o n d 
ing  to  th e  s p 3 C a to m s (w hich is th e  on ly  t r ip le t  in  th e  off-resonance sp e c tra )  
u n eq u iv o ca lly  in d ic a te s  th e  s tru c tu ra l iso m er in  q uestion .

(2) T h o u g h  th e  d ifference in  th e  chem ica l sh ifts  a t  C-4 are q u ite  sm all, 
i t  is n ev erth e less  a safe crite rio n  o f th e  a p p ro p r ia te  s tru c tu re .

(3) The chem ical sh ift o f th e  = C H  ca rb o n  a to m  (or o f C-2 in  case of 
V I I —X II) m akes possib le  only  a se lec tion  b e tw een  s tru c tu re s  I — I I I  an d  
V I I - I X .

(4) T he chem ical sh if t o f th e  C - l’ c a rb o n  a to m  is b y  4 — 6 p p m  
la rg e r fo r V I I —X II  in  accordance w ith  th e  fa c t  th a t  in su b s ti tu te d  b en zen e  
d e riv a tiv e s  th e  v in y l g roup  a t  d irec t p o s itio n  g ives rise to  a la rg e r ch em ica l 
sh if t th a n  a m e th y l g roup  [8a].

I t  shou ld  be n o te d  th a t  accord ing  to  o u r  experiences d is tin c tio n  b e tw een  
th e  s tru c tu ra l a lte rn a tiv e s  is v e ry  easy  on th e  b as is  o f th e  f irs t  tw o  d iffe rences, 
w hile th e  th ird  a n d  fo u r th  ch a rac te ris tic s  can  be  recognized only a f te r  th e  com 
p le te  ass ig n m en t o f  th e  13C-NM R sp ec tra . T h e  d ifferences offer a p o ss ib ility  for 
th e  d e te rm in a tio n  o f  th e  ra tio  o f isom ers, w ith in  th e  lim its  o f th e  ap p lic a tio n  
o f 13C-NM R fo r q u a n ti ta t iv e  analysis [11].
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Experimental

T he spectra were recorded on a Jeol FX-100 spectrom eter a t  100 MHz or 25 MHz in 
deu terochloroform  (in ternal s tan d ard  TMS, <5 =  0.0 ppm ) a t  room tem perature. The assign
m en ts  o f th e  signals were supported  by spectra ob ta ined  under XH off-resonance irrad ia tion  
conditions.
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FOTOM ETRISCHE B LEIBESTIM M U N G  MIT  
D IT H IO PY R IL M E T H A N

A. I. B u s e v ,1 N. V. T r o f im o v 1 and P . N e n n in g 2*

(*Lomonosov-Universität M oskau, Chemische Fakultät,
2Sektion Chemie der K arl-M arx-U niversität Leipzig)

Eingegangen am  22. März 1980

Zur Veröffentlichung angenom m en am 10. Jan u ar 1981

Es w ird die K om plexbildungsreaktion von DTM m it P b2+ un te rsuch t. In  
essigsaurem M edium bildet sich ein gelber K om plex der Zusam m ensetzung Reagenz: 
Metall = 2 : 1  m it /.max =  390 nm . Die Nachweisgrenze der R eaktion  b e träg t 1,1 
fig/m L  Pb2+, das Beersche Gesetz g ilt im  Bereich 1,1 37,6/ig/mL P b2+. D ie B leibestim 
m ung stören n ich t: Li, Na, K, Ca, Sr, Ba, Mg, Y, La, Sc, Gd, Zn, Ni, Cr, Al, Cd, Be, 
Ti, Co, In , Ga, Cu. E s stören As, Sn, Mo, Те, Bi und  Oxidationsm ittel. E ine B estim m ungs
m ethode für Bleigehalte in chemischen P räp a ra ten  wurde ausgearbeitet. D er V ariations
koeffizient der M ethode beträgt 3 ,1—4,9% .

B is-(2 ,3 -d im eth y l-l-p h en y lp y razo l-5 -th io n -4 -y l)-m e th an  (D TM ) w urde 
sch o n  zu r fo to m e trisch en  B estim m u n g  v o n  Т е, P d  u n d  Sb [1], A u  u n d  Bi 
[1; 2 ] , Mo [ 1 - 3 ] ,  TI [4], As [5], Sb [6], Sn [7], P t  und  Re [8] em p fo h len . In  
[1] w ird  d a ra u f  h ingew iesen, d aß  P b ( I I )  ke in e  farb igen  K o m p lex e  m it DTM 
b ild e t. W ir h ab e n  festg este llt, d a ß  in  essigsäurem  M edium  P b ( I I )  m it  DTM 
e in en  gelben K o m p lex  b ilde t, d e r fü r  d ie fo to m etrisch e  B le ib es tim m u n g  A n
w en d u n g  finden  k a n n . Die v o rliegende  A rb e it is t dem  S tu d iu m  d ie se r K o m 
p lex b ild u n g sreak tio n  u n d  ihrer p ra k tis c h e n  A nw endung g ew id m et.

Experimenteller Teil

B is-(2,3-dim ethyl-l-phenylpyrazol-5-thion-4-yl)-m ethan (D ith iopyrilm ethan, DTM) 
w ird nach [8] hergestellt. Die S tandardlösung w ird durch genaue Einwaage u n d  Auflösen des 
Reagenzes in verdünn ter Essigsäure (1 : 1) erhalten . Verwendung finden eine 11,90 • 10 “ 3 M  
( =  0,5%-ige) und  eine 5,64 • 10~3 M  Lösung.

P b (II)-aceta t-S tandard  erhalten w ir durch  Lösen einer P bC 03-E inw aage in  60 mL 
verdünn ter Essigsäure (1 : 1), Auffüllen au f 500 m L und  kontrollierende K onzen trations
bestim m ung durch A tom absorption. V erw endet w ird  eine 1,88 • 10~3 M  Lösung.

Die A bsorptionsspektren werden am  SF-8 aufgenommen.

* Korrespondenz b itte  an diesen A u to r rich ten

Acta Chim. Acad. Sei. H ung. 108, 1981



364 В US EV ct al.: FOTOMETRISCHE BLEIBESTIMMUNG

НзС----ü - -сн2- - c ------- О— СНз

НзС— ^ C = = S  
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8 = 0^  — СНз
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CcHs CoHs

I

Ergebnisse

I m  essigsäuren  M edium  b ild e t P b 2+ m it D TM  einen s tab ilen  gelben  
K o m p le x  m it einem  A b so rp tio n sm ax im u m  bei 390 n m . Bei dieser W ellen länge 
a d s o rb ie r t  DTM  n ic h t. D ie A iso rb a n z  von  L ö su n g en  des P b (II)-K o m p le x e s  
m it D T M  is t  k o n s ta n t im  In te rv a l l  4,4 b is 11,5 N  E ssigsäure . Bei g erin g erem  
E ss ig sä u re g e h a lt der L ösung  a ls  4,4 N  fä llt D T M  aus.

I m  o p tim a len  A c id itä tsb e re ich  e rre ich t d ie A bso rb an z  der L ösung  bei 
k o n s ta n te m  P b 2+-G eh alt m it  w achsender D T M -K o n zen tra tio n  einen  k o n s ta n 
te n  W e r t  b e im  sechsfachen  m o laren  R eag en zü b ersch u ß .

Abb. 1. A usschn itt aus dem  A bsorptionsspektrum  von 1. B is-(2,3-dim ethyl-l-phenyl-py rázol- 
-5-thion-4-yl)-m ethan, 2. K om plex des DTM m it P b 2 + in 9,6 N  Essigsäure

D u rc h  die M ethode d e r G le ichgew ich tsversch iebung  w urde das V e rh ä lt
n is  P b 2+ : DTM  =  1 : 2  b e s tim m t. Die K o m p lex b ild u n g sreak tio n  f in d e t im  
sa u re n  M edium  s ta t t .  S p ek tro fo to m e trisch  lä ß t  s ich  zeigen, daß  das DTM
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Abb. 2. E influß der Essigsäurekonzentration au f die A bsorbanz des DM T-Pb-Komplexes. 
X =  390 nm, cPb 2 +  =  0,38 • 10-3 M , eReagenz =  2,26 • 1 0 "3 M , v =  50 m L, 1 =  1 cm

5 10 15 20 25 30
m l  DTM ( 5,6A - I O '3 M)

Abb. 3. E influß der D TM -Konzentration auf die A bsorbanz des Komplexes. X =  390 nm, 
Cpb 2 +  =  0,38 • 10_s M , v  =  50 m L , 1 = 1  cm

Abb. 4. B estim m ung der K om plexzusam m ensetzung nach  der Methode der Gleichgewichts- 
verschiebung (zur M ethode: [2]). X =  390 nm , cpb 2 -f- =  0,38 • 10-3 M , 9,6 M  Essigsäure
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z w e ifa c h  p ro to n is ie r t is t . M it d e r  H am m etsch en  A c id itä ts fu n k tio n  w erd en  die 
P ro to n is ie ru n g sk o n s ta n te n  w ie fo lg t b e s tim m t [9]:

p K x =  0,48 +  0,10 u n d  p K 2 - — 1,13 +  0,08.

I n  [8] w ird  a u f  d e r G ru n d lag e  v o n  IR -  u n d  N M R -S pek tren  d es  e in fach  
p ro to n is ie r te n  D TM -M oleküls d a ra u f  h ingew iesen , d aß  das P ro to n  n ic h t  d em  
h e te ro c y c lisch e n  S tick s to ffa to m  zuzu o rd n en  sei, sondern  dem  S chw efe la tom  
u n d  d a ß  d ie  T h iog ruppen  im  p ro to n is ie rte n  M olekü l eine W asse rs to ffb rü ck en - 
b in d u n g  ausb ilden . D em zufolge w äre d er P ro zeß  d e r P ro to n is ie ru n g  u .E . w ie 
fo lg t v o rs te llb a r :

DTM  +  H a Н зС — C
I!

Н зС— NV
C6H5

--------CH2-------

-S ----- H -  s=

-c= -C — CH3

-C N— CH3

N

С'сНз

II

II H a НзС---- С— — С—------- -с н 2— — с -------- с — СИз
II II л и II II

НзС— N С—— SC "ÍS—— С. N — СНз
\ / "Н \  /

Л*
I
СбНз

N

QpH»

III

U n se re  V orstellungen  u n te rsch e id en  sich  d a m it von  dem  in  [10] v o r 
g e sc h la g e n e n  R eak tio n sab lau f, w obei w ir m e in en , d aß  die S tru k tu r  d e r  p ro 
to n is ie r te n  F o rm  des DTM  n a c h  [10] eine R eihe  w esen tlicher N ach te ile  h a t .

E in m a l werden in ihr die realen  V alenzzustände einzelner Atome nicht rich tig  w ieder
gegeben. Z um  zweiten sind beide Thiogruppen, die fü r die K omplexbildung veran tw ortlich  
sind, la u t  angegebener Form el blockiert durch eine sta rk e  Einfachbindung, die die F äh igkeit 
zur K om plexbildung wesentlich senken muß. Zum d ritte n  fä llt eine sehr w idersprüchliche 
L adungsverte ilung  auf: einm al is t die Ladung am  heterocyclischen S tickstoffatom  konzen
tr ie r t , a b e r andererseits über das ganze Ion verteilt. Die S tru k tu ren  der protonisierten Form en, 
wie w ir sie vorschlagen, ist frei von diesen W idersprüchen u n d  entspricht früher erhaltenen  
experim entellen  D aten [8].

D e n  K o m p lexb ildungsp rozeß  des DTM  m it P b 2+ kann  m an  sich  wie 
fo lg t v o rs te lle n . In  m äß ig  sa u re m  M ilieu w ird  d as  DTM  an  einer T h io g ru p p e  
p ro to n is ie r t  u n te r  B ildung  d e r S tru k tu r  II, die d en  K om plex  IV b ild e t:
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211 +  Pb" НзС- -0 - -CHü- -С------- С— СНз
4 0

H1C_ N с
Л »S

И С СНз

S N

СоНз

СсН5
Pb

СоНз
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N S'
/  \  /  

НзС— N С

' S  N
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B ei e iner E ss ig säu rek o n zen tra tio n  > 1 1 .5  N  w ird  die zw eite T h io g ru p p e  im  
D TM  p ro to n is ie r t, w as m it der Z e rs tö ru n g  des K om plexes IV u n d  e in e r  d a d u rc h  
b e d in g te n  A b n ah m e der E x tin k tio n  d e r L ösung  v erb u n d en  is t .  (A b b . 2)

IV +  2 H +  — 2 III  +  P b 2 +

A u ch  u n te r  d e r E in w irk u n g  v o n  O x id a tio n sm itte ln  wie C er(IV ), M n (V II), 
V (V ), Cr(V I) u .a . w ird  der K o m p lex  IV  z e rs tö r t ,  was a u f  O x id a tio n  d e r  T h io 
g ru p p e  zu rü ck zu fiih ren  is t:

II +  12Ce(S04)2 +  GH20  +  H® --------- ► 0Се2(ЗО4)з +  GH2S 0 4 +

НзС-— С— ----С - ■ - -С Н г--------- С— — С-
II II II II

НзС-— N с ——SO3 H HO3 S— Сч N
\ / \ /

X

Ceils

N
I
CoHs

oder

IV +  24 C e(S 04), +  12 H 20  — 2 V +  12 Ce2(S 0 4)3 +  11 H 2S 0 4 +  P b S 0 4

D ie  P b -B estim m u n g  w ird  n ich t g e s tö r t  d u rc h  L i, N a, K , Ca, M g, S r, B a , Y , 
L a , Sc, G d, Z n, N i, Cd im  V e rh ä ltn is  1 : 5000, Al 1 : 100, Cr 1 1 0 0 ,  B e, T i, 
Co 1 : 50, In , G a 1 : 20, Cu, F e 1 : 10. E s s tö re n  As, Sn, Mo, Т е , B i, C e(IV ), 
V(V), C r(V I), M n (V II), CI“ .

D ie N achw eisgrenze der M eth o d e , b e s tim m t nach  dem  3 o -K rite r iu m , 
b e tr ä g t  1,1 /xg/mL P b (I I ) . D as B eersche  G esetz g ilt im  In te rv a l l  1 ,1 —37,6 
fig /m L  P b ( I I ) .  D a m it is t diese B le ib e s tim m u n g  n ach w eisstä rk er u n d  se le k tiv e r  
als die D ith izo n m e th o d e  [11].

Die K o m p lex b ild u n g sreak tio n  w ird  z u r  B estim m ung  von  B le iv e ru n re in i
gungen  in chem ischen  Spezies b e n u tz t .
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D azu  w ird eine E in w aag e  desselben (1 g) in  6 N  E ssigsäure g e lö st, in  
e in en  50 m L -M aßkolben  ü b e rfü h rt, 5 m L 0 ,5 % -ig e  D TM -Lösung in  E ssig säu re  
z u g e fü g t, m it 6 N  E ss ig sä u re  au f 50 m L  a u fg e fü llt  und  die A b so rbanz  d er 
L ö su n g  bei 390 n m  in  e in e r  K ü v e tte  m it 5 cm  S ch ich td icke  gegen d ie  L ee r
p ro b e  gem essen. D er B le ig eh a lt e rg ib t sich  a u s  e in er E ichkurve . D u rc h g e 
fü h r te  A nalysen s in d  in  d e r Tabelle a u fg e fü h r t . D er V aria tio n sk o effiz ien t 
b e t r ä g t  3 ,1 —4,9% .

Tabelle I
A nalyse chemischer Präparate a u f  ihren Bleigehalt

P r ä p a r a t
P b  zugefügt

%
P b  g e fu n d e n

%

V aria tio n s
koeffizient

% (n=5)

CdC03 “ re in” — 0,048 4Д
0,025 0,076 4,2
0,050 0,103 4,9

CdC03 “p .a .” - 0,021 4,8
0,010 0,032 3,8
0,020 0,040 3,1

ZnO “ rein” — 0,036 3,7
0,015 0,053 3,8
0,030 0,064 3,7
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The anodic behaviour of copper in galvanic baths containing su lpha te  is dis
cussed. Diffusion plays a significant role in  re levan t kinetics. The diffusion of C a t 
ions of the electrode surface is th e  m ost hindered step when anodic polarization  is slight, 
diffusion of w ater tow ards this surface is the m ost im peded step when anodic polariza
tion  is high. A brownish-red coating by various copper oxides is developed on th e  surface 
o f copper, it  is passivated, when anodically polarized a t  high current density . P aram 
eters which affect anodic passivation were tested , and a reaction m echanism  for the 
passivation was suggested.

T h e  anodic  d isso lu tion  o f copper consists  of tw o co n secu tiv e  step s  
[1 ,2 , 3 ] .T h is  m echanism  has heen  fo u n d  to  o p e ra te  in  su lphuric  acid  [2], p e rch lo 
ric  ac id  [3] or d ip h o sp h a te  [4] m edia . A t a su ffic ien tly  h igh p o s itiv e  e lec trode  
p o te n tia l  copper m ay  be p a ss iv a te d  also  in  acid  m ed ia  [5, 6]. T h is occu rs for 
in s ta n c e  in  a su lp h u ric  acid so lu tio n  an d  also  in  copper e lec tro ly tes  g en era lly  
used  in  th e  re fin ing  of th is  m e ta l. I t  h as  been  s ta te d  th a t  p a ss iv a tio n  o f  copper 
in  su lp h u ric  acid  m edia is en h an ced  b y  low ering  th e  te m p e ra tu re , b y  in c rea s
ing  th e  ac id  [5] or th e  copper su lp h a te  c o n c e n tra tio n  [6]. P h o sp h o ru s , u p  to  
a c o n c e n tra tio n  of 0.1 m ass p e r  cen t, in th e  co p p er anode m akes th is  to  dissolve 
sm o o th ly  an d  w ith  a h igh  ra te  [6] w hile less anode m ud is fo rm ed  [7] and  
i t  c o n ta in s  on ly  sm all a m o u n t o f copper.

W e h av e  s tu d ied  th e  p ass iv a tio n  o f copper w ith  s ta tio n a ry  p la te ,  r o t a t 
ing  d isc  an d  ro ta tin g  ring  disc e lec trodes in  su lp h u ric  acid so lu tio n s o f  copper 
su lp h a te . O ur m ain  aim  w as to  g a th e r  e x p e rim e n ta l d a ta  w hich a llow  to  d raw  
conclusions on th e  m echnism  o f th e  p a ss iv a tio n  process o f c o p p e r in  th e  
m ed iu m  m entioned .

E xperim en ta l

0.7 1.2 M  copper (II) sulphate and 0.5 M  sulphuric acid solutions were p repared  from
A.G. chemicals w ith bidistilled w ater. In  certain  instances also the effect of additives was 
stud ied : sodium chloride, gelatin, or dim ethylth iourea used for this purpose w ere all A.G. 
products. H igh-purity  nitrogen was used to  free the solution from oxigén.

The sta tionary  plate electrodes were m ade of 99.9 electrolytically pure copper by  means 
of rolling. The ro tating  disc as well as the ro ta ting  ring disc electrode (0.25 cm 2 surface) con
sisted of copper deposited from an acid sulphate copper ba th ; the ring electrode was platinum .

* To whom correspondence should be addressed
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Fig. 1. Potentiodynam ic curves for copper a t various tem pera tu res, in a solution of 1.1 mole 
d m -3  o f CuSOj -f- 0.5 mole dm  ~3 of H 2S 0 4, scan ra te : 20 mV m in -1. (1) 38 °C, (2) 26 °C,

(3) 13 °C, (4) 2 °C

T ests were carried ou t in  glass apparatus described earlier [8, 9]. An OH-405 
R A D E L K IS  type, an A FK E L -415 type po ten tiosta t and  an  AFKEL-413/1 type  JA T E  bipo- 
te n tio s ta t were used for potentiodynam ic m easurem ents; th e  recording of da ta  w as done w ith  
a  R A D E L K IS  OH-815/1 ty p e  and  a BRYANS 26000-A3 ty p e  Y ^ X  recorder. The firs t two 
types o f po ten tiosta ts allow  the elim ination of the ohm ic p o ten tia l drop.

A sa tu ra ted  calomel electrode served as a reference electrode.

R esu lts

F ig u re  1 show s th e  effect o f te m p e ra tu re  on  th e  passiva tion  o f  copper. 
P o la r iz a tio n  curves a re  reco rd ed  on a s ta t io n a ry  p la te  e lectrode; th e  so lu tion  
is com posed  of 1.1 m ole d m -3  C u S 0 4 -j- 0.5 m ole d m -3 H 2S 0 4; th e  ra te  of 
p o te n tia l  change is 20 m V • m in -1 ; ohm ic p o te n tia l  d rop  is p rev en ted . As th e  
re su lts  show  th e  m ax im u m  po lariza tio n  c u rre n t fo r  p assiv a tio n  is g re a te r  w hen

Fig. 2. Change of critical m axim um  current in tensity  Ip  for passivation of copper a t  25 °C 
and a t 2 °C, as a  function of copper su lpha te  concentration
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Fig. 3. Potentiodynam ic curves a t  room tem pera tu re  and a t  various r.p .m . o f th e  copper disc 
electrode in  a solution of 0.7 mole d m -3  of CuS04 -f- 0.5 mole d m -3  of H 2S 0 4 scan rate: 

100 mV m in -1. (1) r.p .m . =  610 (2) r.p .m . «= 2340

Fig. 4. Potentiodynam ic curves for copper in  th e  presence of Cl-  ions a t  room  tem perature 
in a solution of 0.5 mole d m -3  of H 2S04 +  0.88 mole d m -3  of CuS04, scan ra te : 100 mV m in -1. 
C oncentrations of the additive: (1) nil, (2) 100 mg d m -3, (3) 300 mg d m -3 , (4) 600 mg d m -3

th e  te m p e ra tu re  is ra ise d  and  th e  p o te n tia l  a t  th e  b reak  (d im in u tio n ) o f th e  
c u rre n t is sh ifted  to w a rd s  th e  m ore p o sitiv e  va lues.

F ig u re  2 show s t h a t  th e  m ax im u m  c u rre n t in te n s ity  I p fo r p a ss iv a tio n  
becom es less w hen th e  co n cen tra tio n  o f  c o p p e r(II)  su lp h a te  in  th e  so lu tion  
is in creased .

In  F ig . 3 p o ten tio d y n am ic  cu rv es reco rded  on a ro ta tin g  d isc  e lectrode 
show  th e  effect o f th e  r .p .m . of th is  e lec trode . These curves are  d e te rm in ed
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Fig. 5. (1) Potentiodynam ic cu rve I  vs. e for a copper disc electrode a t  610 r.p.m . (2) Change 
of th e  ring  current as a function  o f diec potential, Í r  v s . e, on th e  p latinum  ring electrode

a t 600 mV

w ith o u t  a  com pensation  fo r  o h m ic  p o ten tia l d ro p , a t  room  te m p e ra tu re , th e  
r a te  o f  p o te n tia l change is 100 m V  • m in -1 . I t  is to  be  seen th a t  w hen  r .p .m . 
o f th e  electrode is in c re a se d  th e  cu rren t in te n s i ty  fo r p a ss iv a tio n  is s u b 
s ta n t ia l ly  greater. A lso th e  p o te n tia l  a t w hich th e  in te n s i ty  d rop  supervenes 
w ill m o re  positive w hen  r .p .m . is  increased , h ow ever, p a r t  of th e  sh ift o f  p o te n 
t ia l  sh o w n  in  Fig. 3 is due  t o  ohm ic p o ten tia l d ro p . T he q u a n tita tiv e  in te r 
p r e ta t io n  o f  experim en ta l d a ta  o b ta in ed  b y  m eans o f  a ro ta tin g  disc as w ell 
as b y  t h a t  of th e  ro ta t in g  r in g  disc electrode to  be d iscussed  p re se n tly , is 
g e n e ra lly  d ifficult since th e  g e o m e try  of th e  e lec tro d e  changes in  tim e  because  
c u r re n ts  a t  co m para tive ly  h ig h  in te n s ity  pass th ro u g h  i t  an d  som e o f its  m ass 
is d isso lv e d  ra th e r  rap id ly .

F ig u re  4 shows th e  e ffe c t, on  a s ta tio n a ry  co p p er e lectrode p la te , of 
c h lo r id e  ions added to  th e  e le c tro ly te  w hich c o n ta in s  0.9 m ole d m -3  C u S 0 4 
a n d  0 .5  m ole d m -3 o f  H 2S 0 4. T h e  m axim um  o f th e  p o te n tio d y n a m ic  cu rve  is 
s h if te d  b y  abou t 70 to  80 m V  to w a rd  positive p o te n tia ls  w hen  N aC l is p re se n t 
in  a  100 m g d m -3 c o n c e n tra tio n . A n increase in  N aC l co n c e n tra tio n  sh ifts  th e  
m a x im u m  in  the  n eg a tiv e  d ire c tio n  and  th e  c u rre n t in te n s ity  here reco rd ed  is 
m u c h  g re a te r  th a n  th a t  fo u n d  fo r chloride-free m ed ia .

F ig u re  5 gives c h a ra c te r is tic  d a ta  p e r tin e n t to  te s ts  w ith  ro ta t in g  rin g  
d isc  e lec tro d es. The d isc is co p p e r, th e  ring  p la t in u m . C om position  o f th e  
s o lu tio n  is 0.7 mole d m -3  o f  C u S 0 4 0.5 mole d m -3  o f  H 2S 0 4. S peed: 610 
r .p .m . A t th e  anodic p o la r iz a tio n  of copper th e  C u(I) ions fo rm ed  as in te r 
m e d ia te s  are oxidized on th e  r in g  electrode. A t th e  b eg inn ing  w hen  anod ic  
p o la r iz a tio n  increases a lso  th e  lim itin g  cu rren t o f  th e  o x id a tio n  o f Cu(I) ions 
m e a su ra b le  on th e  ring  in c rea se s  an d  a tta in s  a m a x im u m  w hen  th e  d isc c u rre n t 
is a b o u t  10 mA (40 m A  • c m -2 ); w ith  a fu r th e r  in c rea se  o f th e  anodic  p o la riz a 
t io n  o f  th e  copper disc th e  r in g  c u rre n t decreases.
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D iscussion

In  accord w ith  l i te ra tu re  d a ta  [5, 6] our e x p e rim e n ta l re su lts  suggest 
t h a t  — o th e r co n d itions being  th e  sam e  — low ering th e  te m p e ra tu re  o r in creas
ing  th e  co n cen tra tio n  o f  copper su lp h a te  in  th e  so lu tion  d ec rea sed  th e  critical 
c u r re n t d en sity  j p fo r p ass iv a tio n  (cf. F igs 1 an d  2). In  o th e r  w o rd s, th e  fa rth e r  
aw ay  we are  from  th e  c o n c e n tra tio n  o f  a s a tu ra te d  so lu tion  o f  c o p p e r  su lp h a te  
th e  h ig h er th e  figure  fo r j p will be. A cco rd ing  to  F ig . 3 in  th e  case o f  a ro ta tin g  
co p p er disc e lec trode , h ig h er r .p .m . o f  i t  goes w ith  h ig h er f ig u re s  also  of j p. 
F ig u re  3 reveals also th a t  increasing  th e  r .p .m . o f th e  disc e lec tro d e  th e  c u rren t 
across th e  electrode is increased  s ig n if ic a n tly  in  every  sec tion  o f th e  p o la riza tio n  
cu rve . T his suggests t h a t  d iffusion  p lay s  an  im p o r ta n t ro le in  th e  k inetics 
o f  th is  process. F o rm e r re su lts  [2] sho w  th a t  th e  d iffusion  o f  C u (II)  ions front 
th e  e lec trode  surface de te rm in es th e  k in e tic s  o f th e  anod ic  d isso lu tio n  of in 
su lp h u ric  acid. W hen  a ro ta tin g  d isc e lec tro d e  is used w ith  an  in c rea se  in  r.p .m . 
th e  dom ain  of m ixed  tran sfe r-d iffu s io n  k in e tic s  can  be  reach ed .

On th e  basis o f th e  p reced ing  i t  can  be sa id  th a t  th e  p rocesses in  th e  in itia l 
(ac tive) section  of th e  p o te n tio k in e tic  cu rv es  m ay  be, for in s ta n c e , th e  follow ing:

fca,
1. Cu +  H 20  ^  (C uO H )ad3 +  H +  +  e

fek,

2 . (CuOH)ads ( C u O H + ) ad3 +  e
fek,

3. (C uO H + )ad3+  H +  ^  (Cu2+)ad3 +  H 20
k k,

4. (C u2 + )ad3 +  X H 20  [Cufa'qujJo
kk,

5. [Cu(^,U)]0 Cu 2 +
(aqu) •

Scheme 1

In  th e  eq u a tio n s also  th e  r a te  c o n s ta n ts  of th e  p rocesses a re  m arked . 
R eac tio n s  1 and  2 a re  e lec trode  re a c tio n s , th e re fo re  th e se  r a te  c o n s ta n ts  as 
i t  is w ell know n [2], d ep en d  e x p o n e n tia lly  on th e  e lec tro d e  p o te n tia l .

Schem e 1 co rresp o n d s to  th e  tw o -s tep  m echan ism  fo rm e rly  proposed  
[2]. T h en  we did  n o t  in c lu d e  in to  th e  schem e reac tio n s 3, 4 a n d  5, fu r th e r  we 
su p p o sed  th a t  a d so rp tio n  occurred  b u t  on a neglig ib ly  sm all p a r t  o f  th e  su r
face. W ith  th e  co n d itions w hich  o b ta in e d  in  earlie r te s ts  (n o t to o  co n c e n tra ted  
so lu tio n  of acid, no  co p p er su lp h a te  p re se n t in  th e  e le c tro ly te ), re ac tio n s  3 
an d  4 d id  n o t a ffec t th e  k in e tic s ; th e  d iffusion  o f th e  h y d ra te d  C u (II) ions 
w as ta k e n  in to  co n sid e ra tio n  in  th e  k in e tic  co rre la tions.
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A ccord ing  to  S chem e 1 th e  diffusion o f th e  h y d ra te d  co p p er ions fro m  
th e  e le c tro d e  surface is th e  m o s t im peded  s te p , u p  to  a n o t  to o  h ig h  an o d ic  
c u r r e n t  d en sity ; for th e  p re c e d in g  steps eq u ilib riu m  is se t in . A t h igh  anod ic  
c u r r e n t  d en sitie s , h o w ev er, a n d  especially  in  c o n c e n tra te d  su lp h u ric  acid  o r 
c o n c e n tra te d  copper s u lp h a te  so lu tions, accord ing  to  Schem e 1, i t  is possib le 
t h a t  th e r e  is  n o t enough  w a te r  av a ilab le  for th e  a d e q u a te  h y d ra ta t io n  of co p p er, 
t h e n  th e  d iffusion  o f w a te r  to w a rd s  th e  e lec trode  su rface  governs th e  ra te  o f 
a n o d ic  d isso lu tion . T h is  m e a n s  t h a t  fo rm ation  o f s a l t  m a y  begin  on th e  su rface  
o f  t h e  e lec trode  and  an  a n o d ic  lim itin g  c u rre n t in te rv e n e s .

W h en  the  anod ic  d is so lu tio n  of copper o ccu rs  acco rd in g  to  Schem e 1 
th e n  th e  k inetics of th is  p ro c e ss  can  be w ritte n  as fo llo w s,

j i  —  A 5(c20 c2) (1 )

w h e re  c2o and  c2 re p re se n t th e  respective  c o n c e n tra tio n s  o f h y d ra te d  C u(II) 
io n s  a t  th e  electrode su rface  a n d  in  th e  b u lk  o f th e  so lu tio n , an d  X 5 s ta n d s  fo r 
th e  r a t e  o f  diffusion o f th e  sa m e  ions. The e2o c o n c e n tra tio n  o f h y d ra te d  C u(II) 
io n s  a t  th e  electrode su rfa c e  c a n  be expressed b y  m ean s  o f th e  ra te  c o n s ta n ts  
fo r  th e  ap p ro x im ate  e q u ilib r ia  w hich  precede th e  f i f th  s tep . T h erefro m

C20  —
^ a 1 ^a , ^a, ^a,

^ к Л к Л к .^ к ,
с НЮ,0- (2 )

H e re  Сн2о s tands for th e  c o n c e n tra tio n  of u n b o u n d  w a te r  (no t co o rd in a ted  
to  a n  ion) a t  th e  e lec tro d e  su rface . F o r (1) we h a v e  th u s

w h e re
j  I =  X 5(kcHft,o —  c 2)

j■   fea, ^-a, ^ a ,

^k , ^k, ^k„^k ,

(3)

a n d  w h e re , to  sim plify  m a t te r s ,  we suppose t h a t  x  =  1.

I n  th e  p resen t case c u r r e n t  d en sity  jfj can  be  ex p ressed  also b y  th e  ra te  
o f  d iffu s io n  of w a te r to w a rd s  th e  electrode su rface .

j  I =  -̂ Н2о(^нао — ch2o, o) (4)

w h e re  ích2o is th e  r a te  c o n s ta n t  o f th e  d iffusion  o f  w a te r  (th e  d im ension  is 
th e  sa m e  as for ra te  c o n s ta n t  X s), ch2o is th e  c o n c e n tra tio n  o f th e  u n b o u n d  
w a te r  m olecules in  th e  b u lk  o f  th e  solu tion . I.e .

снго =  с'нго — ( * C C u S O ,  +  J ch 2so,) (5)

w h e n  th e  num bers o f w a te r  m olecules bonded  b y  one C u S 0 4 or b y  one H 2S 0 4 
m o lecu le  are rep resen ted  b y  x  an d  y , re sp ec tiv e ly , a n d  Ch 2o s tan d s  for th e  
t o t a l  co n cen tra tio n  o f  w a te r  in  th e  e lectro ly te  so lu tio n .
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C om bining E q s (3) an d  (4) g ives th e  expression

Х 5(ксНг0 — c2)
J I (6)

X h ,o

T hus, a t  low  anod ic  p o la riz a tio n , w hen

! * 5  к
1 S> 5

X  (7)Л Н20

we o b ta in  E q  (3), i.e. th e  k in e tic s  o f  th e  p rocess is n o t  affected  b y  th e  diffusion 
o f  w a te r. W e a rriv e  a t  th e  sam e conclusion  w hen  th e  w a te r c o n c e n tra tio n  in 
th e  so lu tion  is h igh.

A t h igh anodic p o la riza tio n

Х Л
1 ^

X H.O

T hen , if  кснго  c2, from  co rre la tio n  (6) we deduce  th a t

j i  =  X h ^ cf^ o

( 8)

(9)

i.e. in  th is  case th e  r a te  o f th e  an o d ic  d isso lu tio n  o f th e  m e ta l is  g o v e rn e d  by 
th e  lim itin g  c u rre n t fo r th e  d iffu sion  o f  w a te r . S ep ara tio n  o f s a l t  c an  begin  
on th e  e lec trode  su rface , w ith  a fu r th e r  ano d ic  p o la riza tio n  o f th e  e lec trode  
th e  anod ic  c u rre n t does n o t  in c rease ; in  a s ta t io n a ry  case th e  l im itin g  c u rren t 
for th e  diffusion of w a te r  equals th e  m ig ra tio n  b y  diffusion o f th e  s a lt  aw ay 
fro m  th e  e lec trode  su rface . T he c o n c e n tra tio n  o f  th e  sa lt a t  th e  su rface  is s a tu ra 
t io n  co n cen tra tio n .

A fu r th e r  increase in  c u rren t d e n s ity  is possib le  w hen co p p er is  oxidized 
b y  o th e r reac tio n  besides Schem e 1. A b ro w n ish -red  coating  is fo rm ed  on 
th e  e lec trode  su rface  w hen  co p p er is an o d ica lly  po larized  a t  h ig h  cu rren t 
d en sity . A lso l i te ra tu re  d a ta  [5] co n firm  th a t  th is  is an  in d ica tio n  fo r  th e  ap 
p ea ran ce  o f v a rio u s copper oxides. T here fo re , we suppose th a t  a t  su ffic ien tly  
p o sitiv e  p o te n tia ls  in  th e  course o f  th e  reco rd in g  o f p o te n tio d y n a m ic  p o la r
iza tio n  curves severa l o th e r  reac tio n s  p roceed  beside Schem e 1 a t  a  r a te  com 
m ensu rab le  w ith  th ese . T hese o th e r  re a c tio n s  are

6. C u(C uO H )ads (Cu20 ) ad3 +  H +  +  e

7. (Cu20 ) ads C u(C uO )ads
fck,

8- (C u O H +)ads (CuO )ads +  H  + .
k k.
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Scheme 2

In  Scheme 2 also th e  r a te  constan ts  are m a rk e d . R eac tio n  6 is an  e lec tro d e  
p ro c e ss , th u s  ka> v a ries e x p o n e n tia lly  w ith  th e  e lec tro d e  p o te n tia l [2]. R e a c 
t io n  6 effects the  c u rre n t t h a t  passes th ro u g h  th e  e lec tro d e , only  a t  su ffic ien tly  
p o s it iv e  p o ten tia ls  (in p r a c t ic e  m ost p ro b a b ly  w h e n  th e  ra te  o f  p rocesses 
o f  S ch em e 1 becomes in d e p e n d e n t of the  p o te n tia l) , th u s  w hen c u rre n t d en sities 
a re  low , th e  role of r e a c tio n s  o f Scheme 2 in  th e  e lec trode  processes can  be 
d is re g a rd e d . Let j ц sy m b o liz e  th e  c o n tr ib u tio n  o f  reac tio n s in  Schem e 2 to  
c u r r e n t  d en sity  j  across th e  e lec tro d e  th en

j + j i + j n  ( 10)

a n d

J l l = *  а Л  ( И )

w h e re  0 X stands for th e  p a r t  o f  copper covered  w ith  CuOH. In  o rd e r to  ge t 
a  v a lu e  fo r j u  f irs t sh o u ld  b e  calcu lated .

T ak in g  in to  c o n s id e ra tio n  th e  reactions in  Schem es 1 an d  2 (eq u ilib ria  
1, 2 , 3, 7 and  8) for w e g e t [10, 11]:

С Н +  I j ^ a ,  C H +  j ___^ k ,  ^ a ,

1 ^ k ,  ^ -a ,  ^ k , c H  +

k a I___ «В I

^ k ^ H  + Z
( 12)

A ccording to  o u r su p p o s itio n  in  c u rre n t-fre e  s ta te ,  or a t  low  anod ic  
p o la r iz a tio n  /ск сн+ k a . T here fo re , when an o d ic  p o la riza tio n  is n o t  to o  h igh  
th e  seco n d  te rm  on th e  r ig h t  h a n d  side of E q . (12) ca n  be d isreg a rd ed  a n d  we 
o b ta in

01 =  r ^ - .  (13)kkicH +

A n  in c rea se  in anodic p o la r iz a t io n  increases 0X (b ecau se  process 1 is an  e lec tro d e  
re a c tio n ) . H ow ever, w ith  th e  increase of p o la r iz a tio n  th e  te rm s o f th e  r ig h t 
h a n d  side of Eq. (12) b e c o m e  com m ensurable , m oreover, a t  fu r th e r  anod ic  
p o la r iz a tio n , the  f irs t  te r m  becom es negligible in  com parison  to  th e  second  
o n e , th u s  0X decreases w h e n  th e  positive p o te n t ia l  grow s. (Also process 2 is 
a n  e lec tro d e  reaction!) I n  o th e r  w ords: ch an g es  accord ing  to  a cu rv e  th a t
p a sse s  th ro u g h  a p o te n t ia l  m axim um . H o w ev er, we assum e th a t  д1 1.

K eeping  in m ind  t h a t  e lec trode  reac tio n s a re  ex p o n en tia l fu n c tio n s  of 
e le c tro d e  p o ten tia ls , a n d  on  th e  basis of E q . (3) a n d  E qs (10), (11), (12) we 
c a n  w rite
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w here

^ 5  *'СН,0 exP
2 F e  

R T

X 5k '  exp
2 F  e 

R T

* h ,

k-.

+

* !  =

^k , &k, ^k .

f c k , c H  +

k ’

.e x p
ae Fe
Д 7 7

F e  F e
K lC x p  R T + K 2 e x p m '

(13)

k 2 =
fck A .
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e =  e lectrode p o te n tia l, fc'., feá., k^. a n d  k a. s tan d  for th e  r a te  co n stan ts  
o f  th e  co rrespond ing  electrode re a c tio n s  w hen  e =  0, «„ is th e  tr a n s f e r  coeffi
c ie n t in  re a c tio n  6, th e  o th e r sy m b o ls  a re  th e  usual ones.

Fig. 6. Potentiodynam ic curves calcu lated  according to Eq (13) k ' =  3; k'a<s =  1 A dm -2; 
ote =  0.5; K , =  K 2 =  1; (1) — X5 =  X h .q =  0.01 A dm mole-1, e2 =  0.5 m ole d m -3 , ец.о =  
=  35 mole d m -3 , (2) X 6 — Х ц ,о  =  0.01 A dm  m ole-1, e2 =  1.5 mole d m -3 , сц ,о  =  25 mole
d m -3 ; (3) X 5 =  А н ю  =  0-0025 A dm  m o le-1 , c2 =  0.5 mole d m -3 , c^ .o  =  35 mole dm -3

F igure 6 show s curves c a lc u la te d  w ith  p a ra m e te rs  a r b i t r a r i ly  taken . 
T hese  show  th a t  E q . (13) a p p ro x im a te ly  describes th e  c h a ra c te r  o f  a p o ten tio 
d y n am ic  cu rve  ex p e rim en ta lly  o b ta in e d , an d  changes in  th is  c h a ra c te r  when 
v a rio u s  p a ra m e te rs  (co n cen tra tio n  o f  C u S 0 4, r.p .m . o f  th e  e lec tro d e) are 
a lte re d . T his m akes i t  h igh ly  p ro b a b le  t h a t  reac tion  S chem es 1 a n d  2 indeed 
describe  th e  processes w hich p ro ceed  on th e  copper e lec tro d es  u n d e r  th e  con
d itio n s  here s tu d ie d , processes w h ich  e ssen tia lly  affect k in e tic s .
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F u r th e r ,  w ith  th e  h e lp  o f  E q . (13) it  can  be in te r p r e te d  how  te m p e ra tu re , 
c o n c e n tra tio n s  of H 2S 0 4 a n d  C u S 0 4, affect th e  c r i t ic a l  c u rre n t d ensity  j p fo r 
p a s s iv a tio n .

W h en  te m p e ra tu re  is  ra is e d  th e  co n cen tra tio n  o f  u n b o u n d  w ater increases, 
a n d  i t  decreases w hen th e  c o n c e n tra tio n s  of su lp h u ric  ac id  an d  copper su lp h a te  
in c re a se . T hus i t  is c lea r t h a t  ra is in g  th e  te m p e ra tu re  increases j p and  t h a t  i t  
d e c re a se s  w hen c o n c e n tra tio n s  o f  sulphuric ac id  a n d  c o p p e r  su lpha te  increase .

M easurem ents w ith  r o ta t in g  copper disc — p la t in u m  ring  e lectrodes 
sh o w  t h a t  h y d ra te d  C u + io n s  m ig ra te  aw ay from  th e  su rface  of the  e lec trode  
a n d  a re  oxidized to  Cu2+ io n s  o n  th e  p la tin u m  r in g . A ccord ing ly  the  follow ing 
p ro cesse s  occur:

9 . (CuOH)ads +  H + +  ж H 20  [C u(t qU)]0

10. [l^u (aqu)]o * Cu (aqu)

Scheme 3

R e a c tio n  9 (possib ly  a series of consecutive s te p s)  p roduces C u + ions 
c a p a b le  to  m igrate  o ff th e  e lec tro d e . The lim itin g  c u r re n t  I r of o x id a tio n , 
w h ic h  can  be m easured  on th e  r in g  electrode, is

I r  =  rí л  N X x c10 (14)

w h en  th e  solution does n o t  c o n ta in  any C u+ ions (cf. [11], p . 103); here N  is 
a c o n s ta n t  depending on  th e  geom etry  of th e  r in g  d isc  electrode, rx is th e  
ra d iu s  o f  th e  electrode d isc , X  L is th e  ra te  c o n s ta n t  o f  th e  diffusion of Cu + 
io n s , c10 is th e  c o n c e n tra tio n  o f  h y d ra ted  C u + ions a t  th e  surface of th e  disc 
e le c tro d e . F rom  9. a t  e q u ilib r iu m , when c o n c e n tra tio n s  o f  H + and H 20  a re  
c o n s ta n t  and  anodic p o la r iz a t io n  is no t too  h ig h , c10 becom es p ro p o rtio n a l 
to  0X, i.e.

cio =  (1 5 )

w h ere  кл is constan t. 

O n th e  basis of (12), (14) an d  (15) we get 

t  r \ n N X t fcj

К л e x p ----------h Ко  e x p  
R T  R T

( i 6 )

A c c o rd in g  to  (16), an d  in  a c c o rd  w ith  ex p erim en ta l r e s u lts ,  w hen J r is p lo tte d  
as a  fu n c tio n  of e lec trode  p o te n t ia l  e, a curve t h a t  p a sse s  a m axim um  resu lts  
a n d  th is  m axim um  on th e  J r  v s . e  curve ap p ears  a t  m o re  negative  p o ten tia ls  
th a n  th e  m axim um  o f th e  j  vs . s curve. T h is c a n  b e  seen in  Fig. 5 w hich  
sh o w  th e  experim en ta l d a ta  as w ell as in  F ig . 7 w h ich  shows th e  cu rves 
c a lc u la te d  w ith  p a ra m e te rs  a rb i t r a r i ly  chosen on th e  b a s is  o f  E qs (13) and  (16).
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Fig. 7. (1) I  vs. e potentiodynam ic curve calculated  on the basis of E q (13). The param eters 
adopted  are the same as those pe rtin en t to  curve 1) in Fig. 6. (2) correlation I R vs. e, a t constan t 
ring po ten tia l, calculated according to  E q  (16); r2 jiIV =  10-2 dm 2; =  2 .10~3 A dm 2;

K 4 =  K , =  1

Fig. 8. Potentiodynam ic curve for copper a t  25 °C in a solution of 0.88 mole d m -3  of C uS04 -f- 
0.5 mole d m -3  of H2S 04 100 mV m in -1. (1) Change of cu rren t in tensity  w ith tim e, a t  constan t

po ten tia l, (2) 250 mV, (3) 280 mV

T h e  co rre la tions here  d iscussed  describe  th e  cu rves p e r tin e n t to  th e  
p o te n tio d y n a m ic s  w hich  lead  to  th e  p a ss iv a tio n  o f copper. A co p p er e lec tro d e  
h e ld  a t  a su ffic ien tly  p o sitiv e  p o te n tia l  allow s th e  accu m u la tio n  o f  Cu20  an d  
CuO on i ts  surface. T herefo re  w hen , fo r in s ta n c e , th e  p o te n tia l  ch an g e  is 
s to p p e d  before th e  m ax im u m  on th e  p o te n tio d y n a m ic  cu rve  th e  c u r re n t 
in te n s i ty  th a t  passes th ro u g h  th e  e lec tro d e  decreases. T h is can  be seen in 
F ig . 8. Cu20  and  CuO form ed give [12] copper, c o p p e r(I)-su lp h a te , re sp ec tiv e ly , 
c o p p e r(II)  su lp h a te  in  su lp h u ric  acid  so lu tion . C onsequen tly , on th e  su rface  
in  c o n ta c t w ith  su lfuric  acid so lu tio n  on ly  in sig n ifican t a m o u n t o f red u c ib le  
ox ide  can  be p resen t.
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A d d itio n  o f ch lo ride  a lte rs  th e  re a c tio n  schem e. A t low  ch lo ride  con
c e n tra t io n  (100 m g d m -3 ), th e  c o n c e n tra tio n  o f C u + ions fo rm ed  in  process 
o f  Schem e 3 is in c reased  an d  chloride s tab iliz ed  Cu + , as can  be show n b y  te s ts  
u s in g  th e  ro ta tin g  disc ring  e lectrode. T h e re w ith  в 1 decreases a t  a g iven  p o te n 
t ia l  a n d  th is  causes th e  p ass iv a tio n  p o te n tia l  to  sh if t to w ard  m ore p o sitiv e  
v a lu e s . A sim ilar e ffec t is due  to  th e  ad d itio n  of d im e th y lth io u re a  (0.2 g • d m -3 ) 
to  co p p er b a th s  [11]. A t h ig h er ch loride c o n c e n tra tio n  CuCl is d ep o sited  on 
th e  su rface  and  th is  en h an ces th e  d ep o sitio n  o f s a lt an d  oxides on it.
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Sorption of hydrogen by P d —Cu ca ta ly sts  prepared by co-precipitation has 
been studied  by  m eans of electrochemical poten tiodynam ic polarization. W hen the 
copper con ten t increases, the am ount of sorbed hydrogen decreases, th e  bonding 
between m etal and hydrogen becomes w eaker, th e  energy distribution of m etal 
hydrogen bonding becomes ever more hom ogeneous. A t copper contents o f 42 44
atom  %  th e  /?-phase dissolution of hydrogen in dispersed, powdery P d - Cu ca ta lysts 
stops; th is is shown by the free enthalpy changes pertinen t to the ß  -» а -phase transi
tion and by th e  hydrogen to m etal atom ic ra tio s  observed. The activ ity  in  th e  hydro
genation of various functional groups of ca ta ly s ts  containing 10 30 atom  %  copper
is b e tte r th an  th a t  of unalloyed palladium.

In tro d u c tio n

The h y d ro g en  so rp tio n  pow er a n d  th e  c a ta ly tic  a c tiv ity  o f  P d  — Cu 
alloys is th e  to p ic  o f  m an y  scientific p a p e rs . I t  h as  been found t h a t  copper 
d im in ishes th e  so lu b ility  o f hydrogen  a n d  th e  en erg y  co n ten t o f  th e  m e ta l-  
hyd ro g en  b o n d ; th e  m easure  of th is  d ec rea se , how ever, is r a th e r  d iffe ren t 
accord ing  to  th e  d a ta  g iven  by  various a u th o rs  [1—4]. E ven  re la tiv e ly  g rea t 
am o u n ts , e.g. 40 to  60 a to m  %  o f copper do  h a rd ly  d im inish th e  a c t iv i ty ;  or 
in  som e cases th e  a c t iv i ty  vs. copper c o n te n t  cu rv e  has a m ax im u m  a t  low 
copper co n ten ts . D e a c tiv a tio n  of th e  c a ta ly s t  occurs only  a t co p p er c o n te n ts  
above  60 to  70 a to m  %  [5—8]. The in tro d u c tio n  of copper affects n o t  only  
th e  ra te  o f h y d ro g e n a tio n  b u t  also in flu en ces i ts  d irec tion : an a ld e h y d e  can 
be m ade w ith  h ig h  se lec tiv ity  from  an ac id  ch lo rid e  w ith  a su itab ly  p re p a re d  
P d  —Cu c a ta ly s t  [9, 10].

The a u th o rs  o f th e  papers m en tio n ed  ab o v e  believe th a t  ch an g es in 
hyd rogen  so rp tio n  or a c tiv ity  are due p a r t ly  to  changes in th e  e lec tro n ic  
s tru c tu re  and  p a r t ly  to  tho se  in th e  c ry s ta l la t t ic e  p a ram e te rs . L a ttic e  c o n s ta n ts  
decrease, an d  th e  ra t io  o f  electrons to  a to m s in c reases  w ith  an increase o f  copper 
c o n te n t [2, 11].

W hen a t e q u ilib riu m , pallad ium  w ith  co p p er up  to  40 a to m  %  form s 
a hom ogeneous, face -cen te red  cubic la tt ic e :  a s u b s titu tio n  alloy. W ith  a g rea te r
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p a r t ic ip a t io n  o f copper th e  fo rm a tio n  o f in te rm e ta llic  com pounds lik e  P d C u  
o r P d C u 3 [2] or, accord ing  to  o th e r  a u th o rs  [12], PdC u5 or P d 3Cu5 c a n  be 
n o te d .

I n  th is  w ork we used  h ig h ly  ac tiv e  P d  — Cu ca ta ly s ts  p re p a re d  u n d e r  
c o n d itio n s  u su a lly  em ployed  in  c a ta ly s t  m a n u fa c tu re , i.e. c a ta ly s ts  a t  no n - 
e q u ilib r iu m  com position . T h e  m e ta l-h y d ro g en  system  w as s tu d ie d  b y  an  
e le c tro c h em ic a l (p o ten tio d y n am ic ) m e th o d , th e  ap p licab ility  o f w h ich  h a d  
b een  p ro v e n  in  earlie r w ork  [13, 14] w ith  P d  a n d  P d —H g c a ta ly s t p o w d ers .

E xp erim en ta l

C ata ly sts  and electrolyte were prepared from  analy tically  pure chemicals.
P d  — Cu catalysts w ith 0, 10, 20, 30, 40, 60 and  80 atom  % copper were p rep a red  by 

m eans o f hydrogenation. A solution (60 cm 3) of H 2PdCl4 and  CuS04 in suitable p roportions 
was allow ed to  fall dropwise on N aH C 03 (100 g) a t  370 — 380 K. The dry pow der th u s  ob
ta ined  w as reduced a t  370 К  for 30 m in in a cu rren t of hydrogen. Then the inorganic sa lts were 
rem oved b y  dissolving in  water. F iltra tion  followed and  copious rinsing w ith w ater till no ions 
rem ained. D rying a t  room tem perature  under reduced pressure produced the finished ca ta ly st.

T he  three-electrode cell used for po tentiodynam ic polarization has been described in  an  
earlier p a p e r  [15]. 4 mg portions of th e  ca ta lyst were placed upon the m easuring electrode. 
The cell, w ith o u t the reference and polarizing electrodes, w as flushed w ith argon fo r 15 m in, 
w ith  h y d rogen  for 15 min, and again w ith  argon for 2 to  4 min, in order to rem ove excess 
hydrogen. T hen  the cell was filled w ith  a 0.5 M  solution of sulfuric acid.

T he p o ten tia l of Pd —Cu ca ta ly st a fter the add ition  of the electrolyte was less th a n  30 
mV; reco rd ing  sta rted  upon anodic polarization.

F lu sh ing  w ith  hydrogen, i.e. reduction, was needed because p a rt of the m eta l in  th e  
dry  c a ta ly s t stored  in  air (w ith some oxygen adsorbed on  its surface) dissolves w hen sulfuric 
acid is p o u red  onto it  [16].

A n A M EL SU 551 type p o ten tio s ta t was used. Recordings proceeded a t po lariza tion  
rates be tw een  2 and  40 mV m in -1, a t  room  tem perature .

T he hydrogen content of the  cata lysts was determ ined  from the hydrogen region of 
the p o ten tiodynam ic  curves b y  graphical in tegration  of th e  area under the curve, w ith  correc
tion for th e  capacity  of the double layer. H ydrogen con ten ts  were found to  be unaffec ted  by  
the ra te s  o f polarization.

T he  hydrogen contents of 2 to  10 mg portions of a P d  catalyst were determ ined  in  
separa te  te s ts , and  i t  was found th a t  (w ithin system atic  errors of ± 5 % ) hydrogen con ten ts 
were u n a ffec ted  by  variation  of the sam ple mass. This suggests and proves th a t  th e  co n tac t 
betw een th e  b lank  Pt-foil of the m easuring electrode an d  th e  cata lyst powder was good. Such 
results a re  to  be found also in  the lite ra tu re  [7]. I t  has also been shown th a t  th e  surface of 
a c a ta ly s t pow der in a similar system  determ ined electrochem ically on the basis of hydrogen  
con ten t a n d  according to the ВЁТ m ethod do no t differ from  each other by m ore th a n  10 — 
20% [18].

T he po ten tia ls  pertinen t to hydrogen ionization m axim a were determ ined on fresh  
sam ples ev ery  tim e because upon anodic polarization above 300 mV the metals dissolve and  
thus th e  com position  a t the surface is substan tia lly  a ltered . The rate  of polarization w as de
creased till th e  peak poten tia l did n o t change ( ± 2  mV) any  more, taking into accoun t also 
the ap p ro x im ate  ohmic poten tia l drop. A t less th an  30 mV the location of th e  p eak  was 
ra th er u n c e rta in  because adsorption and  desorption processes assumed ever greater im portance.

T he activity  of the cata lyst was studied by  m eans of hydrogenation in the liqu id  phase 
of cyclohexene, acetophenone, nitrobenzene, and phenylaeetylene. 20 mg portions of th e  
ca ta ly st a n d  10 cm 3 portions of e thanol were placed in  a  hydrogenation flask of 50 cm 3 capac
ity . T he a ir  above this liquid was replaced by  hydrogen, th en  th e  catalyst was sa tu ra te d  w ith  
hydrogen w hils t the flask was shaken (298 K , 101 k P a , 330 m in -1). A fter injection o f 2 cm 3 
of a so lu tion  of the reagent in ethanol in to  the closed system  th e  consumption of hydrogen was 
followed w ith  a  gas burette . 1 cm 3 of th is reagent solution contained an am ount of th e  organic 
reagent w hose com plete reduction required  1 mm ol of hydrogen. The activity  was characterized  
by th e  in itia l consum ption of hydrogen referred to  1 g of the catalyst.
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R esu lts  an d  D iscussion

T h e  p o ten tio d y n am ic  cu rv es fo r a P d  c a ta ly s t an d  for P d  — Cu c a ta ly s ts  
c o n ta in in g  10, 20, 30, 40 , a n d  60 a to m  %  copper are  show n  in  F ig . 1. 
W ith in  th e  hydrogen  reg ion , i.e. fro m  0 to  a b o u t 300 — 350 m V, th e re  a re  tw o  
c h a ra c te r is tic  m axim a on  th e  cu rv e  fo r P d . T he f irs t , so m ew h at h ig h e r, peak  
is a t t r ib u ta b le  p rin c ip a lly  to  th e  ion iza tion  o f h y d rogen  d isso lv ed  in  th e  
/З-p h ase ; th e  second p e r ta in s  to  s tro n g ly  b o u n d , m ain ly  a d so rb ed  h y d ro g e n . In  
th is  l a t te r  in te rv a l th e  s lig h t a m o u n t o f d isso lved  (а -phase) h y d ro g e n  can  be 
d is reg a rd ed . The erro r in  th is  d iffe ren tia tio n  is n o t g rea te r  th a n  1 0 %  on  Pd 
w ith  a la rg e  surface a rea  [18.] F u r th e r  m ax im a  can  be o b se rv ed  w h en  th e  
ra te  o f  h y d ro g en  co n su m p tio n  is k e p t  low, as re p o rte d  ea rlie r [13].

E, mV

Fig. 1. Potentiodynam ic curves o f Cu Pd  alloy catalysts (v =  40 m V  m in-1 ), a) Pd; 
b) 10 a t.%  Cu —Pd; c) 20 a t.%  Cu —P d ; d) 30 a t.%  Cu —Pd; e) 40 a t.%  C u —Pd; f) 60 at.%

C u - P d

In tro d u c tio n  of co p p er causes a sh ift o f th e  peaks to w a rd s  low er p o te n 
tia ls  a n d  a decrease o f th e ir  h e ig h ts . H y d ro g en  c o n te n ts  d e te rm in e d  from  the  
a reas  u n d e r  th e  curves a re  co llec ted  in  T ab le  I . W ith  th e  in c rease  o f  copper 
c o n te n t, th e  g rea te r a m o u n t o f  loosely  b o nded  hydrogen  a n d  to ta l  hyd ro g en  
decreases m onoton ically . T h e  a m o u n t o f s tro n g ly  bonded  h y d ro g en  decreases
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Table I
Hydrogen content o f  P d —Cu catalysts determined by a potentiodynamic method

Copper

/  cm 3 \
Hydrogen ( --------- ------I

\g  ca ta ly s t /

(at. % ) loosely strongly
to ta bonded bonded

I I I

0 73.1 62.9 10.1
10 66.5 52.3 14.2
20 51.0 37.8 13.2
30 29.3 19.3 10.0
40 16.9 10.3 6.6
60 2.9 — —

80 — — —

s lo w ly  a fte r  a m ax im u m . T h e  tw o  typ es of h y d ro g e n  c a n n o t be d isting u ish ed  
f ro m  each  o ther w hen  a P d  — Cu ca ta ly s t w ith  60 a to m  %  copper is used ; 
w ith  a Cu —P d c a ta ly s t w ith  80 atom  %  co p p er n o  h y d ro g en  so rp tio n  occurs 
a t  a ll.

O n th e  basis o f th e  a m o u n t of s tro n g ly  b o n d e d  ad so rb ed  h y d ro g en , an 
a p p ro x im a te  figure fo r th e  su rface  area of p a lla d iu m  can  be deduced , i f  m ono- 
la y e r  coverage is assu m ed  a n d  th e  n um ber o f  m e ta l a to m s p er u n it  surface 
a re a  is know n [18, 19]. In  th is  w ay  th e  figure 42 m 2 g -1  is found  as th e  specific 
su rfa c e  a rea  of p a llad iu m . W h e n  copper is in tro d u c e d  also copper a to m s are 
p r e s e n t  on the  surface b e s id e s  p a llad ium  a to m s a n d  since u n d e r th ese  c ircum 
s ta n c e s  no  hydrogen s o rp tio n  b y  copper occurs (supposing  th a t  sp ill-over is 
n o t  s ig n ifican t), th e  a m o u n t  o f adsorbed h y d ro g e n  w ill be p ro p o rtio n a l to  
th e  a m o u n t of p a llad iu m  a t  th e  surface. W ith  th is  in  m in d , an d  d isregard ing  
c h a n g e s  in  the  s to ic h io m e try  o f hydrogen  ch em iso rp tio n  an d  in  th e  la ttic e  
c o n s ta n t ,  F igure 1 also  su g g e s ts  th a t  th e  specific  su rface  areas o f c a ta ly s ts  
w ith  10, 20 and 30 a to m  %  copper are g re a te r  th a n  th a t  of a P d  c a ta ly s t.

A  p lo t of the  r a t io  o f  /?-phase hydrogen  to  th e  o vera ll n u m b er of m eta l 
a to m s  as a function  o f c o p p e r  co n cen tra tio n  p ro d u ces , to  a  good ap p ro x im atio n , 
a s t r a ig h t  line (Fig. 2). T h e  in te rc e p t of th is  line in d ic a te s  th e  copper co n ten t 
(44 a to m  % ) when h y d ro g e n  ceases to  be d isso lved . T h is figure  is q u ite  near 
to  t h a t  calcu lated  from  d a ta  pub lished  by  B u r c h  a n d  B u ss  [2]. T he slope of 
th e  lin e  shows th a t  one a to m  o f copper is e q u iv a le n t to  1.25 a to m  o f hyd ro g en . 
D a ta  in  th e  lite ra tu re  [1, 2, 3] do no t give an  an sw er to  th e  question  w h e th e r 
c o p p e r  is equivalen t to  one  o r tw o hydrogen  a to m s.

T ab le  I I  p resen ts  p e a k  p o ten tia ls  d e te rm in e d  b y  m eans of decreasing 
th e  r a te  o f p o la riza tion ; th e y  charac terize  th e  s tre n g th  o f  th e  m e ta l—hydrogen  
b o n d in g . A ltogether f iv e  c h a ra c te r is tic  p eak s can  be  d is tin g u ish ed  fo r palla-
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Fig. 2. D issolution of hydrogen in Cu —Pd alloys, a) This work; b) Ref. [2]

Table II

Locations o f maxima on the potentiodynamic curves o f  Pd —Cu catalysts

C opper 
( a t .  % )

H y d ro g e n  ion iza tion  
m ax im a  (mV)

M etal disso lu tion

beg inn ing
(mV)

m ax im u m
(mV)

0 64, x 175 258, x — —

10 46. x 246 525 610
20 35 238 505 600
30 18 230 480 600
40 — 220 420 600
60 — У 290 595
80 — — 290 580

x  =  not an independent peak, only a shoulder 
у  =  diffuse peak, maximum indeterm inable

d iu m  a t  low ra te s  o f p o te n tia l  change. O n sam ples co n ta in in g  10 a to m  %  
copper, th e re  a re  th re e  su ch  p eak s; sam ples co n ta in in g  g rea te r  a m o u n ts  of 
co p p er h av e  on ly  tw o  c h a ra c te r is tic  peak s. A t 60 a to m  %  co p p er, ev en  th e  
tw o  p rin c ip a l fo rm s o f h y d ro g en  cease to  be d is tin c t. T he p o te n tia ls  p e r t in e n t  
to  th ese  tw o h y d ro g en  peak s m o n o to n ica lly  decrease w ith  th e  increase  o f  copper 
c o n te n t; th is  m eans th a t  th e  en erg y  o f th e  m e ta l—h y drogen  b o n d  decreases .
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Fig. 3. F ree enthalpy change of hydrogen dissolution in Cu — Pd alloys as a function of the
composition

F ro m  40 a to m  %  u p w a rd s , th e  location  of loose ly  b o n d ed  h y drogen  c a n n o t be 
d e te rm in e d  accu ra te ly  b e cau se  of th e  ra th e r  low  p o te n tia ls .

T h e  change o f free  e n th a lp y , AG, p e r t in e n t  to  th e  phase  tra n s itio n  ß  — a 
w as d e te rm in ed  b y  m ean s o f  th e  equation  AG =  — 2 F E ,  from  p eak  p o te n tia ls , 
E ,  a t  q u as i-eq u ilib riu m  s ta te s .  They are p lo t te d  as a fu n c tio n  of th e  copper 
c o n te n t  in  F ig . 3. T h e  in te rc e p t  of th e  s tr a ig h t  line  corresponds to  a copper 
c o n te n t  o f  42 a to m  % . T h is  m eans th a t  /?-pliase d issolving of h y d ro g en  a t 
h ig h e r  co p p er c o n te n ts  is possib le  only if  e x tra n e o u s  w ork  is in v es ted . The 
fig u re  ju s t  given is in  good ag reem en t w ith  t h a t  o b ta in ed  from  th e  h y d ro g en  
to  m e ta l a tom ic  ra tio s  show n  in Fig. 2.

F ig u re  1 show s t h a t  a lso  on th e  p o te n tio d y n a m ic  curve for a c a ta ly s t  
w ith  60 a to m  %  co p p er th e re  is a m ax im um  be low  100 mV th o u g h  no  disso lved  
h y d ro g e n  in  th is  sam ple  seem s to  he possible i f  w h a t  h as  been w ritte n  in  connec
tio n  w ith  Figs 2 an d  3 is tru e .  An ex p la n a tio n  o f  th is  co n trad ic tio n  m ay  be 
fo u n d  in  th e  p o ssib ility  t h a t  th e  com position  o f  th e  c a ta ly s t g rains oscillates 
a ro u n d  an  average v a lu e  a n d  m ay  s ig n ifican tly  d iffe r  from  it. F u r th e r , in  th is  
case th e  a p p ro x im a tio n  t h a t  hyd rogen  below  100 m V  can  be considered  to  be 
d isso lv ed  m ostly  in  th e  /1-phase m ay cause g re a te r  erro rs.

T h e  la ttic e  c o n s ta n ts  o f  th e  ca ta ly s ts  d e te rm in e d  b y  X -ra y  d iffrac tio n  
d ec rea se  m o no ton ica lly  w ith  th e  increase o f c o p p e r  co n ten t (T able I I I ) ,  in 
o th e r  w o rd s, an  a lloy  is fo rm e d  a t least in sid e  th e  g ra ins. P a llad iu m  lines are  
b ro a d e n e d  in  every  case , in d ic a tin g  th a t  th e  d isp e rs ity  is v e ry  g re a t in d eed , 
h u t  a new  phase c a n n o t be  d e tec ted  a t all.
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Table III

Lattice constants o f  P d  Cu catalysts as a function  o f  copper content

Copper 
(«• %)

«0
(nm)

0 0 .389

10 0.387

20 0.385

30 0.382

40 0.379

60 0.373

80 0.372

These find ings acco rd  q u ite  well w ith  th e  p ic tu re  o b ta in a b le  w hen th e  
d isso lv ing  of h y d ro g en  is s tu d ie d , i.e. th e  a lloy ing  o f co p p er decreases th e  la t 
tic e  c o n s ta n t an d  a d so rp tio n . I t  is in te re s tin g  to  n o te  th a t ,  in  c o n tra s t to  
th e  l i te ra tu re  [2, 12], a  hom ogeneous a lloy  is fo rm ed  also  ab o v e  40 a to m  %  
o f copper. T h is is q u ite  u n d e rs ta n d a b le  since th e se  are  th e rm o d y n am ica lly  
lab ile , ac tive  c a ta ly s ts .

T he a c tiv ity  o f  th e  c a ta ly s ts  in  th e  liq u id  p h ase  h y d ro g e n a tio n  of c a rb o n -  
ca rb o n  double an d  tr ip le  b o n d s , of m odel co m pounds w hich  co n ta in  a n itro  
g roup  o r ca rb o n y l g ro u p , h as  a m ax im um  w hich  is a fu n c tio n  o f co p p er co n ten t 
(T able IV ). A c a ta ly s t  w ith  80 a to m  %  copper, on w h ich , acco rd ing  to  w h a t

Table ГУ

Relative activity o f  IM — Cu catalysts as a function o f copper content

Copper 
( « .  %)

Л. * ’ (
cm3 H  \

^  \m in g of c a ta ly s t/

cyclohexene acetophenone phenylacetylene nitrobenzene

0 1 .0 1 .0 1 .0 1 .0

10 1.06 1.25 1.46 1.12

20 0.87 1.28 1.34 0.97

30 0.87 1.66 1.31 0.99

40 0.62 0.94 1.11 0.79

60 0.11 0.16 0.55 0.12

80 — — — —

h as been  said  befo re , no  h y d ro g en  so rp tion  occurs, is in a c tiv e  also in  h y d ro 
g ena tion .
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S e v e ra l cases are q u o te d  in  th e  li te ra tu re  [14, 20] in  o rd e r to  show  th a t  
th e  a c t iv i ty  of p la tin u m  m e ta ls  a llo y ed  w ith  10 to  30 a to m  %  in a c tiv e  com 
p o n e n t  is b e tte r  th a n  th a t  o f  th e  p u re  m eta l. S everal a t te m p ts ,  to  ex p la in  how  
a c tiv i t ie s  o f  P d —Cu alloys a re  a ffec ted  b y  th e  co m p o sitio n , a re  k n o w n , as 
m e n tio n e d  in  th e  in tro d u c to ry  p a r t  o f  th is  p ap e r. In  th is  in s ta n c e  th e  sim plest 
in te r p r e ta t io n  o f th e  a c t iv i ty  m a x im a  m ig h t be t h a t  th e  in itia l increase  of 
a c t iv i ty  is due to  an increase  o f  su rface  area . S u b s titu tio n  o f co p p er a to m s for 
p a lla d iu m  a tom s g rad u a lly  co m p e n sa te s  th is  effect a n d  th e  a llo y  becom es in ac 
tiv e  a t  a  ce rta in  com position . U n eq u iv o ca l d ed u c tio n s, h ow ever, req u ire  th a t  
we k n o w  also  th e  surface c o m p o s itio n  of c a ta ly s ts . T h is we p ro p o se  to  d e te r 
m in e , a lso  b y  m eans of e lec tro ch em ica l techn iques, in  s tu d ies  c losely  connected  
w ith  th e  one rep o rted  here .

*

O ur thanks are due to  Dr. A. K Á L M Á N , Central Research In s titu te  for Chem istry of the 
H u n g a rian  Academy of Sciences, B udapest, for the X -ray  diffractogram s.
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Some 0 ,0-d iethylphosphono/ditb iocarbam ate complexes of th e  type 
(ц6-В.)г M{S2C N H PO (O Et)2}Cl [R =  C6H 5, CH?C6H4, Q.H,, M =  Ti(IV), Zr(IV) and 
OMo(VI)] have  been prepared. Various physical measurem ents reveal th a t  these 
complexes are nonelectrolytes in  w hich the  d ith iocarbam ate ligand is b iden ta te . The 
complexes are  fa irly  stable in  inert atm osphere, b u t decompose on standing  in  air.

In tro d u c tio n

D ith io c a rb a m a te  d e riv a tiv e s  o ften  e x h ib it  u n u su a l c o o rd in a tio n  p h en o m 
en a . T his is th e  o u tco m e  of th e  fa c t t h a t  in  som e com plexes, th e  d ith io c a rb a 
m a te  lig an d  b e h a v e s  as a  m o n o d en ta te  g ro u p  [1, 2 ], w hile in  o th e rs  i t  a c ts  as 
a  b id e n ta te  g ro u p  [3—-6]. In  o rd er to  in v e s tig a te  th e  bon d in g  m ode o f  th e  
0 ,0 -d ie th y lp h o sp h o n o  d ith io c a rb a m a te  g ro u p , we re p o rt in  th is  co m m u n ica tio n  
th e  syn thesis  o f  a few  com plexes o f  th e  ty p e  (r;5-R )2M {S2C N H P O (O E t)2}Cl 
w here  R  =  c y c lo p en tad ien y l (C5H 5); m e th y lcy c lo p en tad ien y l (C H 3C5H 4), in- 
d en y l (C9H 7), M — T i(IV ), Zr(IV ) an d  O M o(V I). These com plexes h a v e  been  
ch arac te rized  on  th e  basis o f e lem en ta l an a ly s is , e lec trical c o n d u c tiv ity  and  
m ag n etic  su sc e p tib ility  m easu rem en ts , a n d  b y  IR , N M R a n d  e lec tron ic  
sp ec tra l s tu d ie s . In f ra re d  and  UV sp e c tra l s tu d ies  d e m o n s tra te  t h a t  in  these  
com plexes th e  d ith io c a rb a m a te  g roup  b e h a v e s  as a b id e n ta te  lig an d , s im ilar 
to  those  re p o r te d  ea rlie r [3—6]. C o n d u c tiv ity  m easu rem en ts in  n itro b en zen e  
so lu tion  in d ic a te  t h a t  th ese  com plexes a re  no n e lec tro ly tes . T h e  com plexes 
are  fa irly  s ta b le  in  in e r t  a tm o sp h ere  b u t  decom pose on s ta n d in g  in  a ir.

* To whom correspondence should be addressed
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Table I

Analytical data and physical characteristics o f the complexes

Compound Colour
Dec. tem p.

Conductivity data
A(b)

(m o la rity  X 103= 0 .3 )

% of Elem ents found (Calc.)
°C (») M S P Cl N

(jy5-C5H5)2Ti(DPD)Cl Orange 208 0.52 10.93
(10.85)

14.40
(14.49)

7.11
(7.02)

8.09
(8.04)

3.25
(3.11)

(í75-CH3C5H4)2TÍ(DPD)C1 Reddish
brown

202 0.55 10.29
(10.20)

13.74
(13.63)

6.69
(6.60)

7.65
(7.56)

2.88
(2.98)

(?)5-C9H7)2Ti(DPD)Cl Brown 215 0.52 8.93
(8.84)

11.91
(11.82)

5.65
(5.72)

6.62
(6.55)

2.63
(2.58)

(^ -C 5H5)2Zr(DPD)Cl Pale
yellow

218 0.50 18.81
(18.92)

13.20
(13.30)

6.39
(6.28)

7.32
(7.39)

2.88
(2.95)

(?;5-CH3C5H 4)2Zr(DPD)Cl W hite 211 0.55 17.78
(17.85)

12.48
(12.56)

6.04
(6.11)

6.92
(6.84)

2.73
(2.80)

(t?5-C9H 7)2Zr(DPD)CI Pale
yellow

225 0.53 15.59
(15.64)

10.94
(10.86)

5.30
(5.42)

6.07
(6.11)

2.39
(2.29)

(?;5-C5H5)2MoO(DPD)C1 Yellowish
green

221 0.52 18.89
(18.98)

12.75
(12.66)

6.20
(6.13)

7.10
(7.02)

2.81
(2.76)

(j?6-CH3C5H4)2MoO(DPD)C1 Yellow 213 0.51 17.90
(17.98)

11.89
(11.99)

5.90
(5.81)

6.72
(6.65)

2.68
(2.62)

(í?5-C9H7)2MoO(DPD)C1 Yellow 238 0.52 15.90
(15.84)

10.48
(10.57)

5.20
(5.12)

5.75
(5.86)

2.21
(2.31)

(DPD) 0,0-diethylphosphono dithiocarbamato
(a) Uncorrected values
(b) in ohm -1 cm2 m ole-1
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Results and D iscussion

T he com plexes can  be p rep a red  b y  th e  reac tio n  of p o ta s s iu m  0 ,0 -d i-  
e th y lp h o sp h o n o  d ith io c a rb a m a te  w ith  e q u im o la r  p roportions o f  th e  t r a n s i
tio n  m e ta l d e r iv a tiv e s  o f th e  ty p e  (?j5-R )2MC12 in  reflux ing  d ic h lo ro m e th a n e  in 
acco rd an ce  w ith  th e  follow ing e q u a tio n :

(7?5-R )2MCl2 +  (E tO )2PO N H C S2K + — (rj5-R )2M {S2C N H PO (O E t)2} CI +  K C 1.

T ab le  I  lis ts  th e  an a ly tica l d a ta  a n d  p h y sica l c h a ra c te r is tic s  o f  th e  
com plexes. A ll th e  com plexes are  so lub le  in  ace to n e , DMSO, T H F  a n d  p a r t ly  
so luble  in  h a lo g en a ted  h y d ro ca rb o n s. T h e  m o la r conductances o f  1 0 -3  M  
so lu tio n  o f th e se  com plexes in n itro b en zen e  w ere  found to  be o f  th e  o rd e r  of 
0.5 o h m “ 1 cm 2 m o le -1 . These c o n d u c tiv ity  re su lts  ind ica te  th e  c o v a le n t n a tu re  
o f th e  co m pounds an d  th e  absence o f io n ic  species in  so lu tion . T h o u g h  th e  
com plexes a re  th e rm a lly  q u ite  s tab le , th e y  a re  k in e tica lly  reac tiv e  a n d  deco m 
pose on s ta n d in g  in  a ir.

W h e th e r  th e  d ith io c a rb a m a te  g ro u p  is  m o n o d en ta te  o r  b id e n ta te ,  is 
re fle c ted  in  th e  ^ (C -^ S ) s tre tch in g  f re q u e n c y  [1, 7]. The p re se n t com plexes 
show  o n ly  one m ed ium  abso rp tio n  b a n d  a t  ~ 1 0 0 0  c m -1 w hich s u p p o r ts  th e  
b id e n ta te  n a tu re  o f th e  d ith io c a rb a m a te  g ro u p  in  all the  com plexes.

T h e  b a n d  a ro u n d  1350 cm -1  is ass ig n ed  to  th e  ^(C ^^N ) s tre tc h in g  
freq u en cy . W hen  com pared  w ith  th e  co m p lex es repo rted  earlier [3 — 6 ], th is  
b a n d  occurs a t  a low er energy  in d ic a tin g  co n sid e rab ly  less d o u b le -b o n d  c h a r
a c te r  o f  th e  (Cr-^N ) bond  in  th e se  co m p lex es. The in fra red  freq u en c ies , 
to g e th e r  w ith  th e  a ssignm en ts for th e  (t?5-R )2M {S2C N H PO (O E t)2} Cl com plexes 
a re  lis ted  in  T ab le  I I .

Table II

Characteristic infrared frequencies (cm ')  o f the complexes

Compound y(M—S) v(M— Cl) p(C— N) v(C — S) v (P = 0 ) v(C— O)

Oi5-C5H6)2Ti(DPD)Cl 345 (m) 380 (m) 1370 (s) 995 (s) 1260 (m) 1110 (s)
(^ -C H 3C5H4)2Ti(DPD)Cl 350 (m) 375 (m) 1375 (s) 1000 (s) 1250 (m) 1120 (s)
(r/6-C9H-)2Ti(DPD)Cl 345 (m) 370 (m) 1350 (s) 1010 (s) 1265 (m) 1105 (s)
fo*-C5H5)2Zr(DPD)Cl 355 (m) 385 (m) 1360 (s) 990 (s) 1255 (m) 1115 (s)
fo»-CHsC5H 4)2Zr(DPD)Cl 360 (m) 375 (m) 1355 (s) 1005 (s) 1250 (m) 1110 (s)
(j;6-C9H7)2Zr(DPD)CI 345 (m) 380 (m) 1375 (s) 1015 (s) 1265 (m) 1115 (s)
(i?5-C5H5)2MoO(DPD)C1 355 (m) 370 (m) 1370 (s) 995 (s) 1270 (m) 1105 (s)
(j?5-CH3C6II4)2MoO(DPD)C1 360 (m) 375 (m) 1380 (s) 1020 (s) 1260 (m) 1120 (s)
(?;5-C9H7)2MoO(DPD) Cl 358 (m) 375 (m) 1375 (s) 1005 (s) 1255 (m) 1125 (s)

(s) - strong, (m) =  medium

5 * Acta Chim. Acad. Sei. H ung. 108, 1981
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A b so rp tio n s  ow ing  to  th e  P = 0  s tre tc h in g  v ib ra tio n s  occur a t  ~ 1 2 6 0  
c m '1. T h e  free lig a n d  show s th is  a b so rp tio n  a t  ~ 1 2 5 0  cm -1 . Since th e re  is 
no  s ig n if ic a n t sh ift o f  v ( P = 0 )  in  th e  com plexes, i t  is unlikely  th a t  th e  a to m  
a t ta c h e d  d ire c tly  to  th e  p h o sp h o ru s  could a c t  as a  co o rd ina ting  cen tre .

T h e  s tro n g  a b so rp tio n  a t  ~ 1 1 1 0  c m -1  is ch a rac te ris tic  o f th e  C — О 
s tre tc h in g  v ib ra tio n  in  th e  C2H 5O P group , w h ile  t h a t  a t  ~ 3 0 7 5  c m -1  a re  d u e  
to  N — H  s tre tc h in g  fre q u e n c y . The m edium , in te n s i ty  b an d s in  th e  ran g e  365 — 
345 c m -1  a re  assigned  to  th e  m e ta l-su lp h u r  v ib ra t io n a l  frequencies [8]. T h e  
p resen ce  o f th e  M o = 0  g ro u p  in  m o lybdenum  d e riv a tiv e s  is confirm ed b y  th e  
a p p e a ra n c e  o f a sh a rp  a b so rp tio n  b an d  a t  ~ 9 9 0  c m -1 .

T a b le  I I I  lis ts  th e  p o sition  of th e  re so n a n c e  signals observed  in  th e  
N M R  sp e c tra  o f th e  co m plexes. The N M R s p e c tra  a re  sim ple and easily  i n te r 
p re te d . T h e  in te n s itie s  w ere  de te rm ined  b y  p la n im e tr ic  in teg ra tio n  o f  th e s e  
s p e c tra  a n d  th e  in te g ra te d  p ro to n  ra tio s c o rre sp o n d  to  th e  form ula

(t?5-R )2M {S2C N H P O (O E t)2} Cl.

Table III

Proton chemical shifts (<5) and coupling constant data o f the complexes

Compound R — N H —РОСН,— — CH ,

(^ -C 5H 5)2Ti(DPD)Cl r = c5h 5 4.82 4.18 (m) 1.35 (t)
6.0 (s) J =  7.0 H z

(í75-CH3C5H4)2Tí(DPD)C1 r = c h 3c6h 4 4.85 4.22 (m) 1.33 (t)
5.8 (s), 2.22 (s) J =  7.0 Hz

(^ -C 9H 7)2Ti(DPD)Cl R = C 9H7 4.80 4.20 (m) 1.31 (t)
6 .85 -7 .30  (m) J =  7.2 Hz

(t7‘-C5H s)2Zr(DPD)Cl R = C 6H5 4.82 4.23 (m) 1.34 (t)
6.08 (s) J =  7.0 Hz

(/?5-CH3C5H 4)2Zr(DPD)CI R = C H 3C6H 4 4.80 4.25 (m) 1.32 (t)
5.85 (s), 2.15 (s) J  =  6.8 Hz

6?5-C9H 7)2Zr(DPD)Cl R —c 9H7 4.83 4.17 (m) 1.35 (t)
6.73 -7 .3 5  (m) J =  7.2 Hz

0 f-C 5H 5),MoO(DPD)Cl R = C 5H 5 4.85 4.21 (m) 1.34 (t)

6.12 (s) J =  6.7 Hz
(r/5-CH3C5H4),MoO(DPD)CI R =  CH3C6H 4 4.83 4.17 (m) 1.36 (t)

5.92 (s), 2.21 (s) J .= .7.0 Hz
(?75-C9H7)2MoO(DPD)C1 r = c9h , 4.82 4.19 (m) 1.32 (t)

6 .80 -7 .25  (m) J =  7.1 H z

(s) =  singlet, (t) =  tr ip le t, (m) =  m ultiplet

Acta Chim. Acad. Sei. Hung. 108, 1981
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A lth o u g h  th e  e th o x y  p ro to n s  are  d is ta n t  from  th e  su lp h u r a to m s in  th e  p resen t 
com plexes th e y  are  sh ifted  to  a low er fie ld  th a n  th a t  for th e  free  lig an d  [9]. 
T h e  signals o f N M R  sp e c tra  a re  sh a rp , w ith o u t being sp lit.

W hereas th e  resonance  d u e  to  C5H 5 p ro to n  occurs as a  sh a rp  sing le t, 
t h a t  due  to  th e  C5H 4 p o rtio n  o f  r;5-C H 3C6H 4 is observed is a c o m p a ra tiv e ly  
b ro a d  peak .

T he e lectron ic  sp e c tra  o f  th e  com plexes, ex h ib it a sing le  b a n d  in  th e  
24 ,700—24,350 c m -1  reg ion  w h ich  m ay  be  assigned to  th e  c h a rg e - tran s fe r  
b a n d  [10, 11] in  accord  w ith  th e  e lec tron ic  con fig u ra tio n  (re-l)d°, ns°  o f th e  
m e ta l a to m  in  each  case. M agnetic  su sc e p tib ility  values a t  ro o m  te m p e ra tu re  
show  th a t  all com plexes a re  d ia m a g n e tic . T he d iam agnetic  d ith io c a rb a m a te s  
a re  o f p a r tic u la r  in te re s t  since th e y  do n o t abso rb  in  m uch  o f th e  v is ib le  region 
o f  th e  sp ec tru m . H ence th e  a b so rp tio n  in  th e  UV region a ris in g  d u e  to  in te rn a l 
tra n s it io n s  am ong th e  ch ro m o p h o ric  g roups p re se n t in  th e  lig a n d  ca n  be  s tu d 
ied . A ll th e  com plexes show  an  in te n se  b a n d  a t  ~ 3 5 ,0 0 0  c m -1  d u e  to  я  —*- я*  
tra n s i t io n  of th e  g roup  [12, 13]. T h e  position  o f th is  b a n d  is sh ifted
to  a  low er energy  due to  th e  e lec tro n -w ith d raw in g  a b ility  o f  th e  am in e  group 
in  th e  ligand . A n o th e r b a n d  w h ich  is ex p ec ted  to  occur a t  ~ 3 0 ,0 0 0  c m -1 
d u e  to  я  —*■ я*  tra n s it io n  in  th e  S ^ ^C r-^S  g roup  and  is a sso c ia te d  w ith  th e  
n o n -eq u iv a len ce  o f th e  C — S b o n d s , is n o t observed  as a p ro m in e n t b and  
in  th e se  com plexes, show ing t h a t  th e  d ith io c a rb a m a te  lig a n d  is b id e n ta te . 
T h is  fa c t is also co n firm ed  b y  IR  sp ec tro scopy .

Experim ental

The m etal con ten t, phosphorus, nitrogen and sulphur were determ ined  b y  standard  
m ethods [14]. N itrobenzene was purified for conductance m easurem ents b y  th e  method 
described by Fay and Lowry [15]. V arious transition  m etal derivatives, (7 7s—R )2TiCl2 [16 18]
(»7 s - R )2ZrCl2, [18 20] and  (r/5- R ) 2MoOC12 [21], (R  =  C5H5, CH.CjH, an d  C8H , ) were
prepared  by standard  m ethods. Potassium  0,0-diethylphosphono d ith iocarbam ate  was pre
pared  by  the m ethod described by  A d d o r  [22].

Preparation o f complexes. Potassium  salt of 0 ,0-diethy lphosphono/d ith iocarbam ate was 
refluxed separately w ith equim olar quan tities of the transition  m etal derivatives of the type 
( j f  R )2MCI2 [R =  C5H5, CHSC5H4, C9H „  M =  Ti(IV), Zr(IV) and OMo(IV)] in  dichlorom ethane 
for abou t 10 hrs. The solution was filte red  ho t and its volume reduced to  ab o u t one-fourth 
o f th e  original. The products were ob ta ined  by  adding petroleum  ether to  th e  concentrated  
f iltra te  and allowing the m ix ture  to s tand  overnight.

Conductance m easurem ents were m ade in nitrobenzene a t 30.00 ±  0.05 °C using a Beck
m ann Conductivity Bridge (Model RC 18A). Solid sta te  IR  spectra were recorded in KBr 
pellets in  the 4000 — 200 cm -1 region on a  Perkin E lm er 621 grating spectrophotom eter. 
M agnetic m easurem ents were carried ou t by  G o u y ’s m ethod using m ercu ry (II) te tra th io- 
cyanatocobalta te(II) as a calibrant. Visible and  UV spectra were recorded on a C 0  Russian 
recording spectrophotom eter and B eckm ann DU-2 spectrophotom eter. P ro to n  NM R spectra 
were recorded a t a sweep w idth  of 900 Hz on a Perkin—Elm er R-32 spectrophotom eter. Chemical 
sh ifts are expressed relative to  an in te rna l reference, TMS (1% by volum e).

*

The authors are thankfu l to the U niversity  G rants Commission, New Delhi for provid
ing financial assistance to a  research p ro jec t under which the present w ork w as carried out.
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Some bis(r/5-f’luorenyl) IV-aryl dith iocarbam ato  chloro zirconium (IV ) complexes 
of the type  (r/5-C13II9)2Zr(SoCi\HR)Cl (where R  =  different aryl groups) have been 
prepared. V arious physical m easurem ents reveal th a t  these complexes are diam agnetic, 
monom eric and nonelectrolytes in  which d ith iocarbam ate ligand is b iden ta te . The com
plexes are fairly  stable in  inert atm osphere and d ry  air b u t decompose in m oist air.

Introduction

D ith io c a rb a m a te  d e riv a tiv e s  often  e h x ib it u n u su a l c o o rd in a tio n . For 
in s tan ce  in  z irco n iu m  ch em is try  8 -coo rd in a tio n  occurs in  Z r(S 2C N R 2)4 [1], 
7 -coo rd ina tion  occurs in  CpZr(S2C N R 2)3 [2] an d  M eCpZr(S2C N R 2)3 [3]. Some 
5 -co o rd in a ted  d ith io c a rb a m a te  d e riv a tiv e s  h a v e  also b een  re p o rte d . For 
in stan ce  Garg  eí ál. h av e  re p o rte d  p re p a ra tio n  o f  Cp2Z r(S2C N R 2)Cl [4] and 
K a u s h ik  et al. h a v e  sy n th esized  Cp2Zr(S2C N H R )C l [5]. T h ey  h a v e  assigned 
th e  m onom eric p e n ta -c o o rd in a te d  s tru c tu re  to  a ll these  com plexes in  which 
d ith io c a rb a m a te  lig an d  is b id e n ta te .

In  th e  p re se n t com m u n ica tio n  som e b is(ij5-fluorenyl) iV -aryl d ith io c a r
b a m a to  ch loro  zircon ium (IV ) com pounds o f th e  ty p e  (??5-C13H 9)2Z r(S2CN H R)Cl, 
(w here, R  =  -p h en y l, o-, m-, p - to ly l, o-, p - ,  m -ch lo ropheny l, p -b ro m o p h en y l, 
p - io d o p h en y l a n d  p -m e th o x y p h e n y l groups) h av e  been  sy n th es ized . M olecular 
w eig h t co n d u c tan ce  an d  in fra red  sp e c tra l s tu d ie s  show  th a t  th e se  com plexes 
are  m onom eric , n o n e lec tro ly te s  in  w hich  d ith io c a rb a m a te  g ro u p  ac ts  as a 
b id e n ta te  lig an d  s im ila r to  tho se  rep o rted  earlie r [1 — 5]. T h ere fo re  a coordi
n a tio n  n u m b e r o f fiv e  m ay  be assigned to  zircon ium (IV ) in  a ll th e se  com plexes.

Results and Discussion

I t  is ev id e n t from  a n a ly tic a l d a ta  th a t  one m ole o f  bis(rj5-fluorenyl)- 
z ircon ium (IY ) d ich lo ride  reac ts  w ith  one m ole o f am m o n iu m  d ith io c a rb a m a te s  
accord ing  to  th e  follow ing eq u a tio n :

* To whom correspondence should be addressed
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(í75-C 13H 9)2ZrCl2 +  N H 4(S2C N H R ) -*  (í?5-C13H e)2Z r(S 2C N H R ) +  N H 4C1

T h e  m ethod  describ ed  a b o v e  gives p ro d u c ts  o f  h ig h  p u r i ty  as can  be 
ju d g e d  b y  th e ir  e lem enta l a n a ly s is , m olecular w eigh t d e te rm in a tio n  a n d  in f ra 
re d  s p e c tr a l  studies. C o n d u c tan ce  m easu rem en ts show  th a t  a ll th e  com plexes 
a re  e s se n tia lly  non e lec tro ly tes  in  n itro b en zen e . F ro m  m olecu la r w e ig h t d e te r 
m in a t io n , i t  is concluded t h a t  th e s e  com plexes are  m onom eric . M agnetic  su s
c e p t ib i l i ty  values a t  ro o m  te m p e ra tu re  show  th a t  th e  com plexes a re  d ia 
m a g n e tic .

A ll th ese  com plexes a re  q u ite  s tab le  in  in e r t  a tm o sp h e re  an d  a lso  in  d ry  
a ir  b u t  th e y  decom poses in  m o is t  a ir. The com pounds a re  so luble  in  m e th an o l, 
e th a n o l  a n d  benzene a n d  a re  in so lu b le  in carb o n  te tra c h lo r id e , ch lo ro fo rm , 
c a rb o n  d isu lph ide , d ic h lo ro m e th a n e  and  acetone.

I n  re c e n t years th e  in f ra re d  sp ec tra  of n u m ero u s  d ith io c a rb a m a te s  h av e  
b e e n  re p o r te d  [1 ,6 ,7 ]. I n  g e n e ra l, th e se  sp ec tra  are  fa ir ly  com plex . F o r tu n a te ly  
fro m  s t ru c tu ra l  p o in t o f  v iew  i t  is  necessary  to  d is tin g u ish  b e tw een  u n id e n ta te  
a n d  b id e n ta te  d ith io c a rb a m a te  g ro u p s. A c o o rd in a tio n  n u m b e r of fiv e  m ay  be 
a ss ig n e d  to  zirconium  a to m  in  th e se  com plexes i f  d ith io c a rb a m a te  lig an d  is 
b id e n ta te  an d  each f lu o re n y l g ro u p  occupies one c o o rd in a tio n  s ite , how ever,

Table I

Analytical data o f  (r;5-C13H9)2Zr(S2CISHR)Cl complexes

Sr.
C om pound

F o u n d  (calc.) %
N o . C H N s Z t a

l . 0 f-C 13H9)2Zr[S2CNHC6H 5]Cl 63.0
(63.30)

3.8
(3 .84)

2 .1
(2 .24 )

10.0
(10 .26)

14.4
(14 .60 )

5.7
(5 .86)

2 . (^ - C 13H9)2Zr[S2CNH(o-CH3C6H 4)]Cl 63.7
(63.88)

3.8
(4 .07)

2 .0
(2 .1 9 )

9.9
(10.02)

14.0
(14 .28 )

5.5
(5 .56)

3. (J75-C13H9)2Zr[S2CNH(m-CH3C(;H 1)]Cl 64.0
(63.88)

4 .0
(4 .07)

2.1
(2 .1 9 )

9.9
(10.02)

14.1
(14 .28 )

5.6
(5 .56)

4 . (?75-C13H9)2Zr[S2CNH(p-CH3C6H 4)]Cl 63.4
(63.88)

3.9
(4 .07)

2 .0
(2 .1 9 )

9 .8
(10 .02)

14.2
(14 .28 )

5.4
(5 .56)

5. (7 5-C13H9)2Zr[S2CNH(o-ClC6H 4)]Cl 60.1
(60.07)

3.5
(3 .49)

2.1
(2 .12 )

9.5
(9 .71)

13.7
(13 .84 )

10.6
(10 .77)

6. (t]s- C13H9)2Zr[ S2CNH(m-ClC6H 4)] Cl 60.0
(60.07)

3.5
(3 .49)

2 .2
(2 .12 )

9.6
(9 .71)

13.6
(13 .84)

10.5
(10 .77)

7. (i?»-C13H9)2Zr[S2CNHCp-ClCeH 4)]Cl 60.0
(60.07)

3.6
(3 .49)

2.1
(2 .12 )

9.5
(9 .71)

13.7 
(13  84)

10.4
(10 .77)

8. (^ -C 13H9)2Zr[S2CNH(p-BrC6H 4)] Cl 56.0
(56.28)

3.3
(3 .27)

1.8
(1 .98 )

9.0
(9 .09)

12.7
(12 .96 )

4 .9
(5 .04)

9. (7 5-C13H9)2Zr[S2CNH(p-IC6H 4)]Cl 52.4
(52.76)

3.1
(3 .06  )

1.9
(1 .87 )

8.3
(8 .52)

12.0
(12 .15 )

4.5
(4 .73)

10. (.У5'  C13H9)2Zr [S2CNH(p-OCH3CGH 6)] Cl 60.7
(60.48)

3.9
(3 .97)

2.1
(2 .14 )

9.6
(9 .77)

13.6
(13 .93 )

5.3
(5 .42)
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Table П

Yields and physical data (A in  o h m -1 cm2 mole-1)

Sr.
Compound Colour Dec. temp. Yield Conductance Mol. wt.

Found
(Calc.)No. °C (%) Xl03M A

l . (tf-C13H9)2Zr[S2CNHC6H 5]Cl Light
brown

8 8 -9 0 72 0.50 0.22 620
(624.72)

2 . (J)'-C13H9)2Zr[S2CNH(o-CH8CeH 4)]Cl Light
brown

7 6 - 7 9 70 0.50 0.24 635
(638.72)

3. 0)8-Ci8H9)2Zr[S2CNH(m-CH3C H4)]C1 Light
brown

1 1 0 -1 1 4 68 0.50 0.28 632.4
(638.72)

4- (J?‘-C13H9)2Zr[S2CNH(p-CH3C(iH 4)]Cl Brown
ish white

1 0 0 -1 0 2 64 0.50 0.32 633
(638.72)

5. (p5-3C13H9)2Zr[S2CNH(o-ClCeH 4)] Cl W hite 6 0 - 6 4 68 0.50 0.20 652.8
(659.22)

6. (jj6-C13H9)2Zr[S2CNH(m-ClC0H 4)]Cl White 8 0 - 8 4 70 0.50 0.32 654.2
(659.22)

7. (i?'-C13H9)2Zr[S2CNH(p-ClC„H4)]Cl W hite 9 0 -9 3 68 0.50 0.30 654
(659.22)

8. (^s-C13H9)i,Zr[S2CNH(p-BrC6H 4)]Cl Yellow
ish white

100 102 64 0.50 0.34 700.8
(703.62)

9. (75-C13H9)2Zr[S2CNH(p-IC6H4)] Cl W hite 9 9 -1 0 3 60 0.50 0.38 746.5
(750.62)

10. (95-C,3H9)2Zr[S2CNH(p-OCH3CcH6)]Cl W hite 1 3 6 -1 4 0 62 0.50 0.22 650.4
(654.72)

coord in a tio n  n u m b e r  fo u r  w ould  resu lt if  th e  d ith io c a rb a m a te  ligand  b e h a v e d  
as a S -bonded  m o n o d e n ta te  ligand . These tw o  p o ssib ilitie s  can  be d is tin g u ish ed  
b y  in fra red  sp e c tra l s tu d ie s . B o n a t i and  U go  [6] show ed th a t  if  d i th io c a rb a 
m a te  ligand  is b id e n ta te ,  a single b an d  a t  ~ 1 0 0 0  c m -1  is found  w hich  is due  
to  tw o  e q u iv a le n t C— S s tre tc h in g  v ib ra tio n s . I n  th e  case of u n id e n ta te  d ith io -  
ca rb am a tes  as in  E tS 2C N E t2, a doub le t arise  a t  ~ 1 0 0 5  and  ^ 9 8 3  c m -1  w h ich  
is due to  tw o  n o n e q u iv a le n t C—S s tre tc h in g  v ib ra tio n s . All th e  com plexes 
p rep a red  possess one m ed iu m  in te n s ity  b a n d  a t  ^ 1 0 0 0  c m -1 (a p a rt fro m  th e  
C — H  d e riv a tiv e s). T h is  in d ica tes  th e  p resence  o f  a four-m em bered  rin g  sy s te m  
in  th e  com plexes a n d  s u p p o r t th e  b id e n ta te  n a tu r e  o f  d ith io ca rb am a te  lig an d s .

T able I I I  lis ts  th e  ch a rac te irs tic  in f ra re d  frequencies for

(i?5‘C13H 9)2Zr(S2C N H R )C l

(w here R  =  d iffe ren t a ry l groups). The th io u r id e  b a n d  (C—N) n ea r 1510 c m -1 
is v e ry  c h a ra c te r is tic  o f  th e  d ith io ca rb am a tes . T h e  freq u en cy  o f th is  b a n d  lies 
be tw een  1250 a n d  1380 c m -1  for C —N a n d  b e tw een  1640 an d  1690 c m -1 
for C = N  w hich  sugg ests  t h a t  th e  b and  possesses som e double-bond c h a ra c te r . 
B ands occu rring  a ro u n d  ^ 9 9 5 ,  ~ 3 8 5  a n d  ~ 3 6 0  in  these  com plexes h a v e  
been  assigned to  v(C— S), v(Zr—Cl) an d  v (Z r— S) v ib ra tio n s , re sp ec tiv e ly .
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Table Ш

Characteristic infrared bands o f (?;6-0 13H9)2Zr(S2CNHR)Cl

Sr.
No. Compound

Peak position cm -1

(Zr—Q) (Zr-S) (C —  N) (C — S) (C -H )
stretching

(C -H )
asym.

( C -H )  
in plane

(C -H )  
p u t of plane

l. (ty5-C13H9)2Zr[S2CNHCGH 6] Cl 382 (m) 368 (m) 1510 (s) 998 (s) 3110 (m) 1430 (m) 1020 (s) 810 (vs)
2 . (ti5-C13H9)2Zr[S2CNH(o-CH3C6H4)]Cl 378 (m) 365 (m) 1510 (s) 995 (s) 3110 (m) 1440 (m) 1030 (s( 815 (vs)
3. (75-Ci3H9)2Zr[S2CNH(m-CH3C6H4)]Cl 372 (m) 358 (m) 1505 (s) 1000 (s) 3120 (m) 1440 (m) 1040 (s) 815 (vs)
4. (^ -C 13H9)2Zr[S2CNH(p-CH3CGH4)]Cl 380 (m) 355 (m) 1510 (s) 1000 (s) 3115 (m) 1440 (m ) 1045 (s) 805 (vs)
5. (^5'C 13H9)2Zr[S2CNH(o-ClCcH4)]Cl 372 (m) 360 (m) ] 500 (s) 1000 (s) 3115 (m) 1430 (m) 1040 (s) 820 (vs)
6 . (?f-C13H9)2Zr[S2CNH(m-C1CGH4)] Cl 380 (in) 362 (m) 1500 s() 998 (s) 3120 (m) 1435 (m) 1040 (s) 820 (vs)
7. (75-CI3H9)2Zr[S2CNH(p-ClCeH 4)]Cl 385 (m) 360 (m) 1510 (s) 998 (s) 3110 (m) 1435 (m) 1030 (s) 815 (vs)
8 . (^ -C 13H3)2Zr[SsCNH(p-BrC6H4)]Cl 375 (m) 365 (m) 1510 (s) 1000 (s) 3100 (m) 1440 (m) 1035 (s) 810 (vs)
9. (75-C13H9)2Zr[S2CNH(p-IC0H4)] Cl 380 (m) 364 (m) 1510 (s) 1000 (s) 3110 (m) 1430 (m) 1025 (s) 820 (vs)

10. (r/5'C 13H9)2Zr[S2CNH(p-OCH3C6H6)]Cl 375 (m) 360 (m) 1515 (s) 1005 (s) 3110 (m) 1435 (m) 1030 (s) 810 (vs)

(m ) =  m edium , (s) =  strong , (vs) =  v e ry  strong
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T he b a n d s  occu rrin g  a t  ~ 3 1 0 0 , ~ 1 4 4 0  a n d  ~ 8 1 0  c m " 1 in all th e se  com plexes 
show  th e  p resence  o f jr-bonded f lu o ren y l g roups.

F ro m  th e  above discussion i t  is e v id e n t th a t  if  f lu o ren y l g ro u p s  are 
assum ed  to  occupy  single co o rd in a tio n  s ites th e n  IR  d a ta  w ould  fa v o u r  a 
fiv e -co o rd in a ted  s tru c tu re  for all these  com plexes.

T he e lec tro n ic  sp ec tra  of all th ese  com plexes recorded  in  n u jo l e x h ib it 
a single b a n d  in  th e  reg ion  of 24 ,980—24,300 cm""1. T his b and  m ay  be  assigned  
to  a c h a rg e -tran sfe r  b an d  [8].

E xperim en ta l

Zirconium , chlorine, nitrogen and sulphur in these compounds were determ ined  by 
standard  m ethods [9].

Carbon and  hydrogen contents of the complexes were measured in the m icroanalytical 
laboratories of the D epartm ent of Chemistry, U niversity  of Delhi. Table I lists th e  analytical 
da ta  of the complexes. N itrobenzene was purified for conductance measurem ents b y  th e  m ethod 
described b y  F a y  and l o w r y  [10].

His(iy'‘-fluorenyl)zirconiuin(IV ) dichloride was prepared  by reacting zirconium  te tra 
chloride w ith  fluorene in dim ethoxyethane for 16 18 hours as described by  S a m u e l  and 
S e l t o n  [ 1 1 ] .

Preparation o f ligands. Ammonium salts o f the IV(aryl) d ith iocarbam ate ligand 
N H 4(S2C N H R ) were prepared by the reaction of equim olar am ounts of the app rop ria te  amine, 
carbon disulphide and am m onium  hydroxide [12]. Since the ammonium salts con ta in  w ater 
of crystallization , it  was necessary to dry  them  in vacuum  over P20 5, first a t room  tem peratu re  
and th an  a t  110 °C until their infrared spectra showed no w ater or only traces of w ater.

Preparation o f the complexes. All the complexes were prepared by sim ilar methods. 
Bis(/yr’-fluorenvl)zirconium (IY ) dichloride was stirred  in dim ethoxyethane ca. 100 m L  with 
stoichiom etric am ounts of appropriate am m onium  d ith iocarbam ate for 18 — 20 hours under 
dry nitrogen. The solution was then filtered and its volum e was reduced to ca. 20 m L. C rystal
line p roduct was obtained by adding an excess of petro leum  ether and allowing th e  m ix tu re  to 
stand  overnight. The excess solvent was rem oved in  vacuum  and the com pounds dried over
P20 6(~ 2 h rs).

Conductance m easurem ents were made in nitrobenzene a t 30.00 i  0.05 °C using a 
Beckm ann C onductivity  Bridge (Model RC-18A). Solid sta te  IR  spectra were recorded in 
K B r pellets in  th e  4000 200 c m '1 region on a Perkin  E lm er 621 grating spectrophotom eter.
M agnetic m easurem ents were carried ou t by G o u y ’ s  m ethod  using m ercury(II) te tra th io cy an a- 
tocob a lta te (Il)  as a calibrant. E lectronic spectra of these complexes were ru n  on a Perkin— 
Elm er 4000 A instrum ent in the 400 — 750 nm range. Molecular weights were determ ined 
ebulliom etrically in refluxing benzene. Table II  lists yields and physical data  of th e  complexes.

A ttem p ts to  prepare these complexes by reacting  bis(iy5-fIuorenyl)zirconium (IV) dichlo
ride w ith am m onium  salt of the respective d ith iocarbam ate in such solvents as T H F  and 
benzene gave poor yields and im pure products.
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CNDO/2 and PCILO semiempirical qu an tu m  chemical m ethods have been used 
to  calculate the relative stabilities o f th e  conform ers of cyclopentanone and  y-bu ty ro - 
lactone. The molecular geometries have been optim ized a t two levels: to ta l geom etry  
optim ization and optim ization of bond and  torsion angles, using fixed bond  lengths. 
The la tte r  m ethod gives the better results. T he m ost stable conformer of cyclopentanone 
is the tw isted form, the second stab le  form  is planar. The y-butyrolactone is m ost 
stable in  a struc tu re  corresponding to  a tw isted  form. The second stable form  seems to  
be planar. The interconversion of th e  tw isted  forms of different configurations m ay 
take place through inversion.

In tro d u c tio n

T he co n fo rm atio n s o f m an y  f iv e -m em b ered  rings — h av in g  a doub le  
b o n d  o r be ing  s a tu ra te d  — have  been  in v e s tig a te d  in  d e ta il e x p e rim e n ta lly  
o r /a n d  th e o re tic a lly  [1 — 6]. C yc lopen tanone  an d  y -b u ty ro lac to n e  a re  tw o  
exam p les  o f five-m em bered  s a tu ra te d  rin g s  d iffering  n o t to o  s tro n g ly  from  
each  o th e r in  s tru c tu re .

T h e  con fo rm atio n s o f c y c lo p en tan o n e  w ere s tud ied  b o th  th e o re tic a lly  
[3b] an d  e x p e rim en ta lly  [7, 8]. H o w ev er, o n ly  som e lim ited  in v e s tig a tio n s  
h av e  been carried  o u t on th e  co n fo rm atio n  o f  y -b u ty ro lac to n e  [9 — 12]. Q u a n 
tu m  chem ical ca lcu la tio n s on th e  re la tiv e  s ta b ilitie s  o f th e  possible con fo rm ers 
h av e  n o t y e t been m ade to  our know ledge.

I t  is our a im  in  th is  w ork  to  c a lc u la te  th e  to ta l  energies o f th e  d iffe re n t 
conform ers of y -b u ty ro lac to n e  an d  to  o b ta in  in fo rm atio n  ab o u t th e ir  re la tiv e  
s tab ilitie s . F o r ca lcu la tin g  th e  m o lecu la r energ ies, th e  CNDO/2 [13, 14] an d  
P C IL O  [15 — 18] sem iem pirica l m e th o d s  w ere chosen. B o th  m e th o d s  h av e  
been  w idely  used  in  ca lcu la tions o f  co n fo rm er energies (see e.g. re fs  [5,6, 
1 9 - 2 2 ] ) .

T he ca lcu la tio n s for th e  c y c lo p en tan o n e  m olecule have been  m ad e  here  
o n ly  to  te s t  w h e th e r th e  CNDO/2 a n d  P C IL O  m eth o d s are capab le  o f  re p ro d u c 
ing th e  m ost s tab le  con fo rm ation  o f f iv e -m em b ered  sa tu ra te d  r in g s , in  ac c o r
dance  w ith  ex p erim en t.
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Calculations an d  resu lts

T h e  ca lc u la ted  v a lu es  o f th e  to ta l  energ ies o f  th e  d ifferen t con fo rm ers 
re fe r  to  th e ir  g e o m e try  op tim ized  s tru c tu re s . T o  op tim ize  th e  m olecu lar ge
o m e try  P u l a y ’s C N D O /force m ethod  an d  p ro g ra m  have been used  [23, 24].

T he g eo m etry  ite ra tio n s  have  been  re p e a te d  u n ti l  th e  change in  th e  to ta l  
en e rg y  h as  becom e less th a n  ab o u t 0.00002 a. u . in  tw o su b seq u en t s te p s3. 
A t th e  sam e tim e , th e  Ca rtesia n  co m p o n en ts  o f th e  rem ain ing  forces a c tin g  
on th e  a to m s (w ith  th e  excep tion  of th e  c a rb o n y l oxygen) had  values o f  a b o u t
IO“ 10 N .

Tw o levels o f g eo m e try  o p tim iza tio n  h a v e  b een  considered. In  th e  co m 
p le te  o p tim iz a tio n  o f  s tru c tu ra l p a ra m e te rs  a ll th e  bond  leng ths, b o n d  an d  
to rs io n  angles v a ry . In  th e  version  of p a r t ia l  o p tim iz a tio n  only th e  b o n d  an d  
to rs io n  angles ch an g e , th e  bond  len g th s  a re  k e p t  fix ed .

H a v in g  th e  o p tim ized  m olecular g eo m etrie s  from  th e  CNDO/2 c a lc u la 
tio n s , th e se  geo m etries  h av e  been used  in  th e  P C IL O  co m p u ta tio n s, to o , to  
c a lc u la te  th e  to ta l  energ ies o f conform ers. T h e  correspond ing  Q C PE p ro g ra m  
[25] h a s  been  m o d ified  b y  W e l l e r .

T o th e  g e o m e try  o p tim iza tio n  of c y c lo p e n ta n o n e  th e  s ta r tin g  s t ru c tu ra l  
p a ra m e te rs  h a v e  b een  ta k e n  from  m icrow ave re su lts  [7]. Due to  th e  lim ite d  
a m o u n t o f s t ru c tu ra l  in fo rm atio n  re fe rring  to  y -b u ty ro lac to n e , d a ta  on s im ila r 
m olecules h av e  been  used  for th e  s ta r tin g  m o lecu la r s tru c tu re  [11, 2 6 —28].

T w o sets o f f ix e d  bond  leng ths h av e  b een  app lied  a t th e  level o f ang le  
o p tim iz a tio n  to  y -b u ty ro la c to n e . In  se t I ,  th e  “ av e rag e”  bond len g th s  w ere 
assu m ed  on th e  basis  o f  ref. [28]. In  se t I I ,  th e  b o n d  leng ths were ta k e n  from  
X -ra y  d iffrac tio n  d a ta  [11]. To ca lcu la te  th e  s ta r t in g  Ca r tesia n  co o rd in a te s  
o f th e  a to m s in  som e p u ck ered  con fo rm atio n s (n o t given in ref. [11]) R ozson- 
d a i’s [29] p ro g ra m  h a s  been used.

A t angle o p tim iz a tio n  level th e  c o n s ta n c y  o f  th e  bond  leng ths h a s  been  
assu red  in  f ir s t  o rd er. T h is has led to  s ligh t ch an g es in  som e bond le n g th s  a f te r  
a g re a t n u m b e r o f  g eo m e try  ite ra tio n s . T he chan g es h av e  n o t exceeded 0.2 p m  
w ith  one ex cep tio n . H ere  th e  change reach ed  0.6 p m  in  a C — C bo n d  o f cy c lo 
p e n ta n o n e . H ow ever, i t  is supposed  th a t  th is  e x te n t  o f increase in  th e  b o n d  
le n g th  has no  in flu en ce  on th e  q u a lita tiv e  conclusions.

T h e  s ta r t in g  m o lecu la r form s in v e s tig a te d  are  given in Fig. 1.
T he c lassifica tio n  to  p la n a r (P ), envelope  (E ) or tw isted  (T) co n fo rm atio n  

is b ased  on th e  p o sitio n  of th e  C5 and  C6 a to m s  re la tiv e  to  th e  2,1,3 p lan e . 
T h e  C4 a to m  rem a in ed  in  th is  p lane d u rin g  th e  g eo m e try  o p tim iza tio n  p rocess. 
I f  b o th  th e  C5 an d  Ce a to m s are p ra c tic a lly  in  th e  p lan e , th e  co n fo rm atio n  is 
considered  p la n a r . In  th e  n o n -p lan ar co n fo rm a tio n s  th e  convention  of K l y n e  
a n d  P relo g  [30] h a s  been  accep ted  fo r th e  sign  of to rsion  angles. In  th e

a 1 a. u. =  2625.707 kJ7m ol
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Oyclopentanom

Fig. 1. The symbols P ,E ,T  refer to  planar, envelope, tw isted  conform ations, respectively. 
The th icker lines po in t to atoms being ou t o f th e  2,1,3,4 plane

tw is te d  form  th e  sign o f  th e  6413 an d  5314 to rs io n  ang les are  id en tica l. H ow ever, 
th e  signs of th e  above to rs io n  angle are d iffe ren t in  th e  envelope  co n fo rm ations. 
F o u r  envelope co n fo rm atio n s  h av e  been considered . E l  an d  E2 con fo rm ations 
h av e  th e  C6 and  C5 a to m s, re sp ec tiv e ly , as th e  single ones being  o u t o f  th e  p lane  
o f  th e  ring . In  th e  E 3  a n d  E 4  conform ations b o th  Cs an d  Ce are  o u t o f p lane  
a to m s. In  E3 th e  Ce, in  E 4 th e  C5 a tom  is n ea re r  to  th e  p lan e , as com pared  
w ith  th e  o th e r o u t-o f-p lan e  a to m .

T he optim ized  g e o m e try  p a ram e te rs  are  g iven  in  T ab les I ,  I I ,  I I I .  In  
th ese  an d  th e  su b seq u en t T ab les  sym bols of th e  s ta r t in g  co n fo rm atio n  are given 
in  p a ren th ese s  acco rd ing  to  F ig . 1. F o r exam ple , T (E 2 ) m eans tw is te d  confor
m a tio n  th a t  has been o b ta in e d  from  an  E2 s ta r t in g  s tru c tu re  d u rin g  th e  ge
o m e try  o p tim iza tion .

T he puckering  a m p litu d e  is a ch a rac te ris tic  p a ra m e te r  of th e  n o n -p lan a r 
rin g s. D u n it z  [31] gave  an  ap p ro x im a te  fo rm ula  to  ca lcu la te  i t  in  five-m em - 
b e red  rings:

540 - ^ ,  =  240 q2D (1)
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T able I

CNDO/2 optimized structural parameters fo r  the cyclopentanone conformers 
Bond lengths in  pm , bond angles in  degrees

P Б T
A В A В A В

B ond lengths
12 127.2 122.2 127.1 122.2 127.1 122.2

13 146.9 150.4 146.8 151.2 ' 147.0 150.5

35 148.1 155.7 148.1 155.8 148.1 155.7

56 148.5 155.7 148.5 155.7 148.5 155.7

B ond angles
213 124.6 124.2 125.4 124.8 124.7 124.6
314 110.8 1 1 1 . 6 109.2 110.4 110.6 110.8

135 106.2 106.8 105.7 105.3 106.1 105.4

356 108.4 107.4 107.9 107.3 108.0 104.7

Torsion angles
3564 0.0 0.0 0.0 0.0 12.0 30.4

1356 0.0 0.0 -1 1 .5 -1 2 .4 - 9 .5 -2 4 .6

4135 0.0 0.0 19.1 21.1 3.6 9.5

STO-3Ga
3564 0.0 35.55

1356 -1 3 .5 6 -2 8 .5 1
4135 22.55 1 0.94

exp .b
3564 37.6

1356 -3 0 .5

4135 11.8

Sets A  and В  correspond to  to ta l and angle optimized geometries, respectively 
a The ab initio values are taken  from [3b]
b The values are taken  from  [3b], calculated on the basis of experim ental da ta  of [7]

w h e re  qD is th e  p u ck erin g  a m p litu d e , q>i th e  “ i ” - th  bo n d  angle.
In  o rder to  h av e  a co m p ariso n  w ith  th e  m ore co m p lica ted  m e th o d  of 

C e e m e r  and  P o p l e  [3 b ], th e  p u ck erin g  a m p litu d e  o f cy c lo p en tan o n e  has 
b e e n  co m p u ted  here  b y  th e  m e th o d  o f D u n it z  using  d a ta  g iven  is [3b]. Since 
D u n it z ’s a p p ro x im a tio n  re fe rs  to  a p en tag o n  of eq u a l b o n d  len g th s , th e  
a v e ra g e  len g th  of th e  r in g  b o n d s  h as  been  chosen. H ow ever, qCP re fers to  th e  
o r ig in a l  geom etry . T h e  re su lts  a re  g iven in  T ab le  IV .
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T h e ag reem en t is sa tis fa c to ry , so q v a lu es  have  been c a lc u la te d  fo r  our 
o p tim iz e d  geom etries o f cy c lo p en tan o n e  a n d  y -b u ty ro lac to n e , to o , u s in g  th e  
D u n i t z  m eth o d  (T ab le  V).

T h e  to ta l  energ ies for th e  d iffe ren t fo rm s o f  cyclopen tanone a n d  y -b u ty ro - 
la c to n e  are show n in  T ab les V I an d  V II . T h e  d ifferen t s ta r t in g  geom e
tr ie s  re su lt in  m ore o r less d iffe ren t eq u ilib r iu m  angles and  re la tiv e  energ ies, 
ev en  i f  th e  ty p e  o f  th e  co n fo rm atio n  o b ta in e d  agrees (c . f T ab les  I I I ,  V II) . 
P o ssib le  reasons o f th e  d ifferences w ill be  d iscussed  la te r .

Table II

CNDO/2 optimized structural parameters fo r  the y-butyrolactone conformers 
Bond lengths in pm, bond angles in degrees

p T (E 2 ) T(T) E4(E1) E 4 (E 4 )

Bond lengths
12 126.8 126.8 126.8 126.9 126.7
13 136.5 136.7 136.5 136.6 136.6
14 146.1 146.3 146.1 146.2 146.2
35 138.7 138.8 138.6 138.7 138.7
46 147.8 147.8 147.8 147.8 147.7
56 148.0 147.9 148.0 148.0 147.8

Bond angles (<p)
413 113.6 113.8 113.5 113.2 113.4
213 116.8 116.4 116.4 116.6 116.4
214 129.6 129.8 130.1 130.2 130.2
146 103.9 102.7 103.8 101.3 101.8
135 106.4 102.5 106.5 104.6 105.4
356 111.5 109.9 111.2 109.8 110.2
564 104.6 101.8 104.6 101.5 103.2

Torsion angles (r)
4653 0.2 30.6 6.8 -3 0 .3 - 2 3 .3
6413 - 0 .3 0.9 2.4 -2 0 .1 — 17.8
5314 0.5 17.6 1.8 1.7 3.7
5641 0.1 -1 7 .7 - 5 .2 28.3 23.2
6531 - 0 .4 -2 9 .9 - 5 .3 18.3 12.5
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Discussion

C yclopentanone

T h e  tw o  levels o f  g eo m etry  o p tim iza tio n  h a v e  led  to  sim ilar b o n d  angles 
in  g e n e ra l, how ever, th e  to rs io n  angles d iffer s ig n if ic a n tly  in  th e  tw is te d  co n 
fo rm a tio n . O ur ca lcu la ted  to rs io n  angles a re  co m p ared  w ith  STO-3G ab in itio  
an d  e x p e rim e n ta l re su lts  (T ab le  I .)

T h e  ag reem en t is  s a tis fa c to ry  in  th e  en v e lo p e  con fo rm ation , b u t  in  th e  
tw is te d  one  th e  to ta l  g eo m e try  o p tim iza tio n  h a s  led  to  an  excessively  f la t  
r in g  s tru c tu re .  T he c a lc u la ted  p u ck erin g  a m p litu d e s  even in  th e  fix e d  b o n d  
le n g th  a p p ro x im a tio n  a re  o n ly  in  m o d era te  acco rd an ce  w ith  th e  ab in itio

Table ГО

CNDO/2 optimized bond and torsion angles in y-butyrolactone, accepting fixed  bond lengths 
Bond lengths in pm, bond angles in  degrees

R
P T (E 2 ) E 3(E 2) T (T ) E4(E1) E 3 (E 3 )

I I I I I I 1 I II I

12 122.0 122.2 122.2 122.1 122.0 122.1 122.4 122.0
13 136.5 138.2 136.9 138.1 137.1 136.8 138.4 137.1
14 150.6 150.6 150.8 150.5 150.9 150.6 150.8 150.9
35 144.2 148.0 143.9 148.1 144.0 144.1 148.1 144.0
46 152.2 156.3 152.3 156.3 152.2 152.1 156.2 152.2
56 152.4 157.6 152.5 157.6 152.5 152.3 157.6 152.5

<P
413 113.8 114.9 113.9 115.1 113.6 113.4 114.6 113.8
213 117.1 116.5 117.3 116.6 117.3 117.4 116.6 117.5
214 129.1 128.6 128.8 128.3 129.0 129.2 128.8 128.7
146 104.0 104.6 102.9 103.7 102-5 101.3 101.2 102.7
135 107.5 107.5 103.8 104.0 104.7 105.5 105.3 102.7
356 110.3 109.5 109.0 108.0 108.7 108.8 108.0 109.8
564 104.3 103.4 101.4 100.8 101.2 101.2 100.3 102.8

T

4653 0.2 - 0 .5 29.8 28.1 31.4 -3 0 .0 -3 0 .3 21.9
6413 - 0 .3 2.6 1.4 - 0 .2 9.2 -2 0 .6 -2 4 .6 -1 2 .8
5314 0.4 - 3 .0 17.1 18.2 10.2 2.1 5.5 26.2
5641 0.1 - 1 .1 -1 8 .0 -1 6 .5 -2 3 .1 28.5 30.8 - 5 .8
6531 - 0 .4 2.1 -2 9 .3 -2 8 .9 - 26.2 18.0 16.4 -2 9 .5

The starting  values of the bond lengths in sets I and I I  have been accepted on the basis 
of d a ta  [28], [11], respectively. Explanation of the difference in the corresponding bond lengths 
a t th e  different conformations is given in the tex t
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a n d  ex p e rim en ta l v a lu es  (see T ab les  IV , У). T he to ta l  g e o m e try  o p tim iza tio n  
h as  led  to  an  u n sa tis fa c to r ily  sm all v a lu e  fo r q in  th e  tw is te d  co n fo rm atio n .

T h e  re su lts  g iv en  in  T ab le  V I show  th a t  ou r sem iem p irica l calcu lations 
f in d  th e  tw is te d  fo rm  to  be o f th e  h ig h es t s ta b ility , in  ac c o rd a n ce  w ith  the  
ab in itio  p red ic tio n s . T h e  on ly  ex cep tio n  is th e  CNDO/2 re s u lt  a f te r  to ta l 
g eo m e try  o p tim iz a tio n . A s fa r  as th e  second s tab le  fo rm  is  c o n ce rn ed , th e  ab 
in itio  re su lts  a re  c o n tra d ic to ry . O ur P C IL O  re su lts  a n d  th e  C N D O /2 ones a t 
ang le  o p tim iza tio n  leve l su p p o rt th e  ab in itio  4-31G  an d  6-31G  p re d ic tio n : the  
p la n a r  fo rm  is th e  second  s ta b le  one.

Table IV
Comparison o f the puckering amplitudes calculated with different methods fo r  cyclopentanone

Values in pm

STO-3G geom.a Exp. geom.b

E T T

Puckering ampl.

I d 22.5 34.5 37 .8

I cp
22.2 34.4 37.5

a Taken from [3b]
b Taken from [3b], calculated on the basis of da ta  given in ref. [7]
c <]q  is th e  puckering  am plitudes, calcu la ted  w ith  th e  D unitz  m eth o d
d The <Iqp value was calculated w ith the Cr e m e r —P ople method, taken  from  [3b]

O ur te s t  c a lcu la tio n s on cy c lo p en tan o n e  show  th a t  a q u a l i ta t iv e ly  correct 
p ic tu re  m ay  be gained  c a rry in g  o u t angle  o p tim iza tio n  u s in g  fix ed  bond 
len g th s . T he P C IL O  m e th o d , how ever, even a t  to ta l  g e o m e try  o p tim iza tio n  
level g ives th e  m ost s ta b le  co n fo rm atio n  p ro p erly . T his su g g ests  t h a t  th e  use 
o f th e  P C IL O  m eth o d  in  our ca lcu la tio n s is su p erio r to  th e  a p p lic a tio n  of 
CN D O /2.

Table V
Puckering amplitudes fo r cyclopentanone and y-butyrolactone, calculated at CNDO/2 optimized geometry

Values in pm

Cyclopentanone E T

T otal opt. 18.0 10.5
Angle opt 20.8 29.8

y-butyrolactone E4(E1) T(E2) E4(E4) E3(E3) T(T)

T otal opt. 28.7 28.3 22.7 5.9
Angle opt. 29.7 28.5 27.4 29.0
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Table VI

Total energies o f the cyclopentanone conformers relative to the planar form  
A E  in kj/m ol

E T

Total opt. geom.
CNDO/2a -1 .9 2 — 1.37

PCILOb 1-19 — 0.57

Angle opt. geom.
CNDO/2c 3.00 — 3.24

PCILOd 2.96 — 2.08

ST0-3G opt. geom e. -1 .1 3 10.05
4-31 G opt. geom e. 0.29 -1 0 .9 7

exp.f — 9.00

T he to ta l energy of the p lanar form  in kj/m ol: a — 158129.26,b —158690.74, c —157996.58, 
d -1 5 8 5 5 7 .2 1 , e ref. [3b], f ref. [8]

Table VII

Total energies o f y-butyrolactone conformers relative to the planar form  
A E  in kj/m ol

T o ta l o p t. geom. E4(E1) E4(E4) T(E2) T(T)

CNDO/23 0.50 -0 .7 1 1.23 -0 .2 1

PC IL O b 4.69 1.76 4.26 -0 .1 2

A ngle o p t. geom.
E4(E1) E3(E3) T(E2) E3(E2) T(T)

I. I I . I. I . I I . I.

CNDO/2c -1 .3 3 0.21 2.36 - 2 .5 9 -0 .4 4 2.33

P C IL O d 0.20 — 0.25 3.83 -2 .4 2 -1 .3 8 3.16

T he symbols in parantheses re fe r to  the starting conformation. The param eters of sets I 
and I I  a re  given in Table III. The to ta l energy of the planar form is given in kj/m ol: a —183773.86, 
b —184317.59, c -183688.88 (I), —183605.40 (II), d -184229.32  (I), -184163.26 (II)

y-B u tyro lactone

T h o u g h  it is clear f ro m  th e  calcu lations fo r c y c lo p en tan o n e  th a t  th e  
a n g le  o p tim iza tio n  level g iv es  th e  b e tte r  re su lt, t o ta l  g eo m e try  o p tim iza tio n  
h as  a lso  been  carried  o u t h e re . I t  w as in ten d ed  to  see th e  d ifference betw een  
th e  p re d ic tio n s  of th e  tw o  g e o m e try  o p tim iza tion  lev e ls  fo r a m olecule hav in g  
n o  s y m m e try .
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F ro m  MW  sp e c tra  a puck ered  ring  w as es tab lish ed  [9, 10] th o u g h  no 
a c tu a l co n fo rm atio n  could  be assigned. C om parison  o f th e  m easu red  and  
ca lcu la ted  K e r r  c o n s ta n ts  also su p p o rts  th e  n o n -p la n a r  fo rm  [12]. C alcu lations 
in  [10] using  th e  m e th o d  o f P i t z e r  an d  D o n a t h  [32] found  th e  tw is te d  form  
to  be p robab le . O n th e  basis  of F r i d r i c h s o n s ’s an d  M a t h i e s o n ’s [11] X -ray  
in v estig a tio n s on b u ty ro la c to n e , as a su b s tru c tu re  in  h im b ac in e , th e  rin g  is 
pu ck ered  sim ila rly  to  th e  E 4  con fo rm ation  o f th e  p re se n t w ork . So th ese  p re 
lim in a ry  resu lts  show  considerab le  differences. T h e ir o n ly  com m on e lem en t is 
t h a t  th e  m ost s ta b le  fo rm  is n o t p lan a r.

To ca lcu la te  th e  to ta l  energy  of th e  p la n a r  co n fo rm atio n , som e o f th e  
rin g  a to m s w ere s lig h tly  o u t o f th e  p lan e  in  th e  s ta r tin g  a rra n g e m en t. So 
w ith  lack  of re s tr ic tio n s  to  Cs sy m m etry , th e  g eo m e try  o p tim iz a tio n  w ould  
h av e  led to  n o n -p la n a r  con fo rm atio n  if  i t  w ere n o t  a local en erg y  m in im um . 
T h e  resu lts  o f th e  g eo m e try  op tim iza tio n s (T ab les I I ,  I I I )  show  th e  follow ing 
m ain  fea tu res:

1. T he to ta l  g eo m e try  o p tim iza tio n  h as  led  p ra c tic a lly  to  th e  sam e 
len g th  of a g iven b o n d  in  a n y  con fo rm ation . T h is w as s tro n g  su p p o rt for using  
id en tica l va lues fo r a g iven  bond  len g th s  in  th e  d iffe ren t co n fo rm atio n s, if  
o n ly  th e  angles w ere to  be  op tim ized . T he r in g  bon d s are  g en era lly  to o  sh o rt. 
T he d ifference o f  th e  Сх0 3 an d  0 3C5 e q u ilib riu m  bo n d  len g th s  h as  been  found  
to  be s ig n ifican tly  less th a n  in open-chained  e s te rs  [28] or lac to n es [11, 33, 34].

2. The re su ltin g  v a lu es  of th e  co rresp o n d in g  b o n d  angles h a v e  been  n ea r 
to  each o th e r using  e ith e r  to ta l  or angle o p tim iz a tio n . S lig h tly  d iffe ren t va lues 
h av e  been o b ta in e d  u sin g  se t I  or I I .

3. The ca lcu la ted  to rs io n  angles are  g en era lly  in d e p e n d e n t of th e  level 
o f  o p tim iza tio n , b u t  show  a sign ifican t d ependence  on th e ir  s ta r t in g  values 
a t  a g iven level. T h e  v a lu e s  o b ta in ed  for P , T (E 2 ) an d  E 4(E 1) con fo rm atio n s 
a re  v e ry  sim ilar a t  th e  tw o  levels. The d ep en d en ce  on th e  s ta r tin g  va lu es  m ay 
be seen in  th e  re su ltin g  v a lu es  o b ta in ed  fo r th e  E 4(E 1) a n d  E 4(E 4) p a ir  and  
in  th e  sig n ifican t d ifference betw een  th e  T (E 2) an d  T(T) va lu es  in  T ab le  I I .  
F u rth e rm o re , d iffe ren t va lu es  h av e  been o b ta in e d  fo r th e  T (E 2 )—T(T) p a ir, 
to o , using  bo n d  ang le  o p tim iza tio n  (T able I I I ) .

T he T (E 2) s tru c tu re  m ay  be considered  tw is te d  on ly  on th e  basis o f  th e  
p o sitiv e  sign of th e  6413 to rs io n  angle. T h e  v a lu e  o f th is  angle h as  been  found 
so sm all a t  b o th  levels t h a t  th e  co n fo rm atio n  is m uch  n ea re r  to  E2 th a n  to  
a  rea lly  tw is ted  fo rm . (T he 6413 to rsion  ang le  is zero  in  E2 an d  has a n eg a tiv e  
v a lu e  in  E3).

T he d ifferences o f som e degrees in  th e  to rs io n  angles o f th e  E 4(E 1) and  
E 4(E 4) form s m ay  be  in te rp re te d  b y  th a t  th e  en e rg y  h y p e rsu rface  o f y -b u ty ro - 
lac to n e  has m an y  local m in im a n e a r to  each  o th e r. T he d ifferences o f th ese  
en e rg y  m in im a m ay  be sm all, as i t  is th e  case w ith  th e  E 4  fo rm s, or m ay  be 
considerab le , as h as  been  found  for th e  T (E 2 )—T(T) p a ir.
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T h e  puckering  a m p litu d e s  are genera lly  o f sim ilar m ag n itu d e  a t  b o th  
levels . T h e  only  s ig n ifican t e x c e p tio n  has been  fo u n d  a t  th e  T(T) fo rm  in  
th e  t o t a l  op tim ized  s tru c tu re . T h e  d ifferences o f th e  a m p litu d es  in  th e  tw is te d  
a n d  en v e lo p e  form s are  s ig n if ic a n tly  sm aller th a n  in  th e  case of cy c lo p en tan o n e  
(T ab les IY , Y).

T h e  to ta l  energies o f th e  s tru c tu re s  in v e s tig a te d  show  d iffe ren t o rders 
d e p e n d in g  on th e  level o f  th e  g eo m etry  o p tim iza tio n  as well as on th e  sem i- 
e m p iric a l m ethod  used  (T ab le  V II) .

A m o n g  th e  to ta l  o p tim ized  s tru c tu re s , th e  P C IL O  m eth o d  f in d s  th e  
tw is te d  fo rm  to  be th e  m ost s ta b le . T he second s tab le  fo rm  is p la n a r , th e  th ird  
s ta b le  fo rm  is E4 envelope. T h e  energy  d ifferences, as co m p ared  w ith  th e  
tw is te d  fo rm , are 0.12 k j /m o l  a n d  1.88 k j /m o l ,  re sp ec tiv e ly .

T h e  CNDO/2 m eth o d  f in d s  th e  E 4  envelope fo rm  as th e  m ost s ta b le  one, 
s im ila r ly  as in  th e  case o f cy c lo p en tan o n e . T h is p red ic tio n  is p ro b a b ly  d u e  to  
th e  u n re lia b le  f la t  ring  g e o m e try  o b ta in ed  fo r th e  tw is te d  form .

A t angle op tim iza tio n  lev e l th e  CND O /2 and  PC IL O  re su lts  d iffe r only 
in  t h a t  th e y  p red ic t a re v e rse d  o rd e r for th e  second and  th ird  s ta b le  form s. 
B o th  m e th o d s  find  th e  T (E 2) co n fo rm atio n  to  be o f th e  low est to ta l  energy  
w ith  s e t  I .  The second s ta b le  co n fo rm atio n  is E 4(E 1) or p la n a r , c a lcu la ted  
b y  C N D O /2 or PC IL O , re sp ec tiv e ly . The c a lcu la ted  to ta l  en erg y  differences 
b e tw e e n  th e  tw o m ost s ta b le  co n fo rm atio n s are  n o t to o  large: 1.26 k j /m o l  
b y  C N D O /2 , 2.42 k j/m o l b y  P C IL O . T he th ird  s tab le  form  has been  found  
h ig h e r in  energy  th a n T (E 2 )  b y  a b o u t 2.6 k j /m o l  in b o th  sem iem pirica l m e th o d s. 
H o w ev e r, these  co n fo rm atio n  energies m ay  also be u n d e re s tim a te d , as was 
th e  case  w ith  th e  conform ers o f cyclo p en tan o n e.

T h e  E3(E 3) and T(T) s tru c tu re s  are fo u n d  to  be m uch  less s ta b le  th a n  
th e  T (E 2 ) form .

B o th  CNDO/2 and  P C IL O  f in d  E3 to  be th e  m ost s tab le  co n fo rm atio n  
u s in g  se t I I .  The op tim ized  angles o f T (E 2) an d  E 3(E 2) a re  v e ry  close to  
each  o th e r , d isregard ing  th e  sign  o f th e  6413 to rs io n  angle (T able I I I ) .  T he 
a b so lu te  v a lu e  of th e  6413 to rs io n  angle h a rd ly  d iffers from  zero  in  c ith e r  con
fo rm a tio n . So i t  is v e ry  d iff ic u lt to  decide on th is  basis  w hich  fo rm  co rresp o n d s 
to  th e  m o st stab le  co n fo rm atio n . M oreover, a t  angle o p tim iza tio n  level th e  
d ec ision  shou ld  n o t be m ad e , since th e  d iffe ren t se ts  of fix ed  b o n d  len g th s  
im p o se  d iffe ren t re s tr ic tio n  on th e  eq u ilib riu m  angles. As a re su lt, sm all 
d iffe ren ces m ay  arise.

T h e  tw o  sem iem pirical m e th o d s  give th e  rev ersed  o rd er for th e  second 
a n d  th i r d  stab le  conform er as co m p ared  w ith  se t I. T h is m eans th a t  th e  re su lts  
a re  se n s itiv e  to  th e  se t u sed . H ow ever, a lm o st th e  sam e v a lu es  h a v e  been 
o b ta in e d  fo r the s tru c tu ra l p a ra m e te rs  o f th e  m ost s tab le  fo rm  w ith  a n y  set. 
T h e  b o n d  leng ths of se t I  seem  m ore re liab le , so fo r th e  second s ta b le  con fo r
m a tio n , th e  p lan a r form  is a c c e p ted  on th e  basis of PC IL O  ca lcu la tio n s.
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C onclusions

T he level o f g eo m e try  o p tim iza tio n  a n d  th e  sem iem pirical m e th o d  chosen 
in flu en ce  th e  p re d ic te d  o rd e r o f  th e  to ta l  energies of co n fo rm ers . Thus 
re la tiv e  s tab ilitie s  m ay  be considered  re liab le  only  in  cases w h e re  th e  to ta l 
en erg y  difference is g re a t enough.

T he CND O /2 to ta l  g eo m etry  o p tim iz a tio n  does n o t g ive  reaso n ab le  
b o n d  leng ths an d  to rs io n  angles in  th e  s a tu ra te d  rings in v e s tig a te d . More 
p ro m isin g  resu lts  m ay  be  o b ta in ed  a t  ang le  o p tim iza tio n  level, w h ic h  leads to  
a q u a lita tiv e ly  p ro p e r o rd e r o f con fo rm er en e rg y  in  cy c lo p en tan o n e .

T he m ost s tab le  co n fo rm atio n  of y -b u ty ro la c to n e  is found  to  b e  tw is ted . 
T h e  (^ C jOjCj a to m s a re  co p lan a r, th e  Ce a to m  is also n ea r to  h is  p la n e . The 
to rs io n  ab o u t th e  CjOg b o n d  is s ig n ifican t. T h is m eans th a t  th e  sm a lle r  n u m b er 
o f eclipsed C — H  bon d s or oxygen  lone p a irs  in  a n o n -p lan ar c o n fo rm a tio n  is 
fav o u red  as co m p ared  w ith  th e  g re a te r  d e loca liza tion  and  th e  sm a lle r  s tra in  
in  b o n d  angles in  th e  p la n a r  fo rm . T he second  s tab le  form  is p la n a r ;  th e  energy 
d ifference  is a b o u t 2.4 k j /m o l, c a lcu la ted  w ith  th e  PC IL O  m e th o d .

T he in te rco n v ers io n  o f th e  tw o co n fig u ra tio n s  of th e  tw is te d  fo rm  via  
p se u d o ro ta tio n  or in v ersio n  is q u estio n ed , since th e  E4(E1) fo rm  is  p red ic ted  
to  be  less s tab le  th a n  th e  p la n a r  only  b y  0.2 k j /m o l. N everthe less, th e  PC IL O  
re su lts  su p p o rt th e  p ro p o sa l in  [10J co n cern in g  th e  inversion  p a th .

*
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The investigated  problem  was w hether the anodic dissolution of indium  in per
chlorate m edium  proceeds in two or three consecutive charge tran sfe r steps. A ro tating  
indium  disc electrode and  a ro ta ting  indium  disc electrode f itte d  w ith a p latinum  ring 
were used in the study. On the basis of criteria established earlier [5] it  could be decided 
unequivocally th a t  the dissolution of indium  takes place in  th ree consecutive one- 
electron steps.

In  th e  p a s t tw o  decades th e  anod ic  d isso lu tio n  o f in d iu m  w as discussed 
in  m an y  p ap ers , w h ich  h a v e  been sum m arized  in  som e co m p reh en siv e  p u b li
ca tio n s [1—3]. All in v e s tig a tio n s  concluded  d e fin ite ly  th a t  th e  anod ic  d issolu
tio n  o f in d iu m  p ro ceed s b y  a m u lti-s tag e  m echan ism , t h a t  is , via  several 
consecu tive  charge  tra n s fe r  step s . U tiliz ing  v a rio u s  m e th o d s , th e  I n + ion has 
b een  id en tified  as th e  in te rm e d ia te  o f th e  io n iza tio n  process [1 — 3]. I t  also 
ap p e a rs  p ro b ab le  t h a t  th e  I n + ion is fu r th e r  ox id ized  to  I n 3+ in  th e  form  of 
a com plex  w ith  h y d ro x id e  ions or o th e r  an ions p re se n t in  th e  so lu tio n , b y  th e  
elec trochem ical p a th , o r in  a hom ogeneous re a c tio n  in  th e  b u lk  o f  th e  so lu tion . 
I n ++ ions as in te rm e d ia te s  could  n o t be id en tif ied  in  th e  anod ic  d isso lu tion  
p rocess.

F o r th is  reaso n , i t  is an  u n se ttle d  questio n  w h e th e r th e  fu r th e r  ox ida tio n  
o f  th e  I n + ion p roceeds in  a single tw o -e lec tro n  s tep  or in  tw o  one-electron  
s tep s  (th ro u g h  I n ++ ion), since m ost o f th e  k in e tic  re su lts  can  be in te rp re te d  
on th e  basis o f b o th  m echan ism s [1, 2].

T he ob jec tiv e  o f  o u r w ork  w as to  decide w h e th e r th e  ano d ic  d isso lu tion  
o f in d iu m  in an  acid ic  p e rc h lo ra te  m ed ium  p ro ceed s b y  tw o  or th re e  con
secu tiv e  one-e lec tron  tra n s fe r  reac tio n s.

T he tw o m echan ism s w hich we w ish to  d is tin g u ish  a re  as follow s:

л*.

2. I n + í 2 l l n  + + +  e (I)

* To whom correspondence should be addressed
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3.

or

4. I n ^ ± I n +

*S,
I n +++ +  2e

( И )

5.

F o r  sim plic ity , we d id  n o t  in d ic a te  in  th e  above reac tio n s  th a t  th e  in d iu m  
io n s  a lw a y s  reac t in  som e s o r t  o f com plex . On th e  arrow s we in d ic a te d  th e  
r a te  c o n s ta n ts  of th e  co rre sp o n d in g  e lec trode  processes chan g in g  ex p o n en tia lly  
w ith  th e  e lectrode p o te n tia l  e [4].

I n  o u r previous p a p e r  [5] we d iscussed  th e  m e th o d s  in  d e ta il, on th e  basis 
o f  w h ic h  i t  can  be d ecided  w h e th e r  an  e lec trochem icl p rocess follow s th e  
r e a c t io n  p a th  (I) or (I I ) . A c co rd in g ly , th e  p rob lem  can  be  se ttle d  (i) b y  d e te rm in 
in g  c o e ffic ien t b of th e  an o d ic  T A F E L  line fo r in d iu m ; (ii) b y  th e  analysis of 
th e  p o la r iz a tio n  curves m e a su re d  on a ro ta tin g  in d iu m  disc e lec trode  a t  d if
f e re n t  rp m  values; (iii) from  e x p e r im e n ta l d a ta  o b ta in e d  w ith  an  in d iu m  disc 
e le c tro d e  an d  an  in d iffe re n t r in g  e lec trode  [4 — 6].

W e therefo re  m easu red  th e  anodic  p o la riza tio n  cu rves on a ro ta tin g  
in d iu m  elec tro d e  a t  d iffe ren t rp m  v a lu es  an d  th e  lim itin g  c u rre n t on an  in d if
fe re n t  r in g  electrode, co n tro lled  b y  th e  In  1 ions. A ll m easu rem en ts  w ere carried  
o u t in  ac id ic  p e rch lo ra te  so lu tio n .

T he ro ta ting  disc electrode w as m ade of 99.93% indium  containing m etal m anufactured  
by  B D H . The ring electrode was sm ooth  p latinum . The radius of the disc electrode was 0.25 cm, 
th e  th ickness  of the insulating te flon  ring  was 0.03 cm, th a t  of the p latinum  ring 0.03 cm. 
T he geom etry  factor of this ro ta tin g  annu lar electrode was N  =  0.22 [4].

T he solutions were m ade o f analy tical grade M ERCK  perchloric acid and sodium 
perch lo ra te , using triply distilled w ater. The m easurem ents were carried ou t in  solutions 
sa tu ra te d  w ilh  oxigeu-free n itrogen.

T he glass apparatus did n o t differ from  the one described earlier [7]. The m easurem ents 
were carried  ou t potentiostatically , using a double po ten tio s ta t [7]. The reference electrode 
was a  calom el electrode prepared w ith  1.0 m ol/dm 3 sodium chloride. The electrode potentials 
in d ica ted  in  the following refer to  th e  po ten tia l measured against this electrode.

T h e  po lariza tio n  cu rv es m easu red  on th e  ro ta t in g  in d iu m  disc e lec trode  
a t  25 °C in  a 1.0 m o l/dm 3 H C 104 -j- 2.0 m o l/d m 3 N aC 104 so lu tio n  are  p re sen ted  
in  F ig . 1. As d em o n stra ted  b y  th e  fig u re , th e  T A F E L  lines a re  sh ifted  to w ard s 
n e g a tiv e  p o te n tia ls  w ith  in c re a s in g  rp m  values o f th e  d isc. C oefficient b of 
th e  s t r a ig h t  lines has a v a lu e  o f  52 — 55 mV, p ra c tic a lly  in d e p e n d e n tly  of th e  
rp m  o f  th e  electrode. T hese d a ta  in d ica te  th a t  in  th e  g iven  co n d itions th e  
k in e tic s  o f  th e  process are  s ig n if ic a n tly  affected  b y  th e  d iffusion  o f I n + ions.

E x p erim en ta l

R esu lts
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Fig. 1. Anodic polarization curves of indium  m easured w ith  a rotating in d iu m  disc electrode 
Solution: 1.0 m ol/dm 3 IICIO,, -f- 2.0 m ol/dm 3 NaC104 in  w ater. Tem perature: 25 °C. 1 - 140

rpm ; 2 — 520 rpm ; 3 — 1030 rpm

T h e ra te  c o n s ta n ts  o f  th e  in v e s tig a te d  p rocess depend  c h a ra c te r is tic a lly  
on th e  com position  o f  th e  e lec tro ly te  so lu tio n  an d  on its  te m p e ra tu re .  The 
su b se q u e n t ex p e rim en ts  w ere th e re fo re  c a rr ie d  o u t u n d er c o n d itio n s  w here 
th e  d a ta  o b ta in ed  w ould  allow  to  answ er th e  q u es tio n  exposed in  th e  in tro d u c 
tio n . T h e  d ependence  o f th e  anod ic  d isso lu tio n  o f  ind ium  on th e  te m p e ra tu re  
a n d  com position  o f  th e  e lec tro ly te  so lu tio n  w ill be discussed in  a  follow ing 
p a p e r.

Fig. 2. Anodic polarization curves of indium  m easured w ith a rotating indium  disc electrode 
(e vs. lg I )  and oxidative lim iting current m easured on th e  platinum  ring electrode (lg / ^  vs. 
Iß !)• Solution: 2.0 m ol/dm 3 HCIO, 1.0 m ol/dm 3 ЛаСЮ , in water. T em peratu re : 0 °C. 

1 — lg I  vs. e, 140 rpm ; 2 — lg I  vs. e, 1030 rpm ; 3 -  lg 1^ vs. lg I , 1030 rpm
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F ig u re  2 show s th e  an o d ic  p o la riza tio n  c u rv e s  m easured  a t  0 ° C  in  a 
2 m o l/d m 3 HC104 -f- 1 m o l/d m 3 NaC104 so lu tio n  a n d  th e  o x id a tiv e  lim itin g  
c u r r e n t  m easured  on th e  r in g  electrode. O n th e  p o la riza tio n  curve m easu red  
a t  140 rp m  (curve 1) th re e  sections a p p ro a c h in g  lin e a r ity  can be o b serv ed . 
T h e  c o n s ta n t  b fo r th e  f i r s t  sec tion  (a t low  c u r re n t  densities) is ~ 6 0  mV, 
t h a t  o f  th e  second sec tio n  ~ 3 5  mV, th a t  o f th e  t h i r d  section (a t h ig h  c u rre n t 
d en s itie s )  ~ 1 1 5  mV. A t h ig h  rp m  values o f  th e  e lec tro d e  (curve 2, 1030 rp m ), 
o n ly  a  s lig h t c u rv e tu re  a p p e a rs  in stead  of th e  m e d iu m  (35 mV) sec tion .

I n  th e  sam e fig u re  we a lso  p lo tte d  th e  lo g a r i th m  of th e  o x id a tiv e  lim itin g  
c u r r e n t  I  ft of th e  I n + in te rm e d ia te  of in d iu m  d isso lu tio n  m easured on th e  rin g  
e le c tro d e  versus th e  lo g a r ith m  of th e  disc c u r re n t  I  (curve 3). I t  is a p p a re n t  
fro m  th e  F igu re  th a t  I r in c reases  w ith  th e  d isc  c u r re n t  J  up to  c u rre n ts  w here  
th e  c u r re n t  densities c o rre sp o n d  to  the  steep  se c tio n  of th e  p o la riza tio n  c u rv e . 
F ro m  th e re  on, th e  lim itin g  c u rre n t I r m easu red  o n  th e  ring  e lectrode a p p e a rs  
in d e p e n d e n t of th e  d isc c u rre n t.

T o  d em o n stra te  th is  in  a m ore effective w a y , we p lo tted  th e  sam e  d a ta  
l in e a r ly  in  Fig. 3. T h is F ig u re  c learly  d e m o n s tra te s  how  th e  ring  c u r re n t  b e 
com es in d ep en d en t o f th e  d isc  cu rren t.

Fig. 3. O xidative lim iting cu rren t m easured on the ring  electrode vs. current m easured on the
disc electrode (cf. curve 3, F ig. 2)

In te rp re ta tio n  of the ex p e rim en ta l results

T h e  co n stan ts  b o f th e  anod ic  p o la riza tio n  cu rv es p resen ted  in  F ig s  1 
a n d  2 y ie ld  no so lu tion  to  o u r p rob lem . In  ou r e a r lie r  p a p e r  [5] we d e m o n s tra te d  
t h a t  b 60 mV an d  d ep en d en ce  on the  rm p  v a lu e  of th e  disc in d ic a te s  th a t  
th e  k in e tic s  are co n tro lled  a b o v e  all by  th e  d iffu s io n  of th e  I n + ions. T h ere fo re , 
n e ith e r  p o rtio n  of th e  cu rv e s  gives any  in fo rm a tio n  on th e  fu r th e r  o x id a tio n
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Fig. 4. In terp re ta tion  of th e  rpm  dependence of the polarization curves m easured on the 
indium  disc electrode according to Eq. (1) (cf. Fig. 1). 1 — 6 =  —640 mV; 2 — e =  —630 mV; 

3 — s — —620 mV; 4 — e =  —610 mV; 5 — s  =  —600 mV; 6 — в — —590 mV

o f th e  I n + ion. T he slope b Qd 120 mV an d  indep en d en ce  o f  rp m  ind ica tes  
t h a t  th e  k in e tics  a re  co n tro lled  b y  th e  In  —*■ I n + -f- e~ p rocess. I n  princ ip le , 
one  could  conclude on  o u r p ro b lem  from  section  w ith  slopes o f  30 o r 40 mV
[5]. Such  a sec tion  ap p e a rs  on cu rv e  1 in  F ig . 2, b u t  th e  m easu red  slope is 
a ro u n d  35 mV, an d  is th e re fo re  u n su ite d  to  solve th e  p ro b lem .

T he dependence  o f th e  p o la riza tio n  curves on rp m  can  b e  in te rp re te d  b y  
E q . (38) of ou r ea rlie r p a p e r  [5]. A ccording to  th is  e q u a tio n , a t  co n stan t 
e lec tro d e  p o te n tia l

I = A +  B f 112 (1)
w here

A  =  г 1 л —  . k °' ' k ° ' (2)
«2 К г

B  =  r2n ^ - . X Í  (3)
К г

w h ere  rx is th e  ra d iu s  o f  th e  disc e lec tro d e ; n2 is 2 in  th e  case o f  a  tw o-step  
p ro cess , an d  1 in  th e  case o f a th re e -s te p  process; X [  is a q u a n t i ty  depend ing
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on th e  d iffusion  coeffic ien t o f  th e  I n + ion an d  on th e  k in e m a tic  v isco sity  of 
th e  s o lu tio n , b u t in d e p e n d e n t o f  th e  electrode p o te n tia l  [5].

F ro m  th e  d a ta  in  F ig . 4  i t  m ay  he seen t h a t  I  vs. f 1*2 v a lu es  a c tu a lly  
y ie ld  s t r a ig h t  lines. T he v a lu e s  o f  A  and  В  d e fin ed  b y  E q . (1) increase w ith  
in c re a s in g  p o ten tia l. As sh o w n  b y  E q s (2) an d  (3), th e  v a lu es  o f A  an d  В  also 
d e p e n d  on  th e  ra te  c o n s ta n ts  d ep en d in g  on th e  e lec tro d e  p o te n tia l. Since ka 
a n d  k ki d o  n o t differ fo r th e  tw o  m echanism s, th e  fo llow ing  are  v a lid  fo r b o th  
r e a c tio n  p a th s :

(4)

(5)

w h e re  k'a an d  k'k are th e  r a te  c o n s ta n ts  of th e  co rresp o n d in g  s tep s  for th e  case 
e =  0 ; x 1 is th e  anodic t r a n s f e r  coefficient fo r th e  1 st (or 4 th ) reac tio n  s tep ; 
e is  t h e  e lec trode  p o te n tia l; th e  o th e r  sym bols are  th o se  in  gen era l use.

H o w ev er, kaj fig u rin g  in  E q . (2) differs fo r th e  tw o  reac tio n s p a th s . 
F o r  th re e -s te p  processes

a n d  fo r  tw o-step  processes

K .  =  * 4  e x p  

К ,  =  K ,  e x p

«2F e } (6)RT \
2«f F e l

(V
R T

th e  sy m b o ls  being analogous t o  th e  form er ones. U tiliz in g  th e se  re la tio n sh ip s , 
one  o b ta in s  from  E q . (2)

(1 +  n2cc2)F e  

2.303 R T
w h ere

3

lg  A = C  + ( 8)

r  J 7 1 ------
n2

h ' k 'Kai **(12
КAi

(9)

I t  follow s from  E q . (8) t h a t  a linear re la tio n sh ip  m u s t ex is t be tw een  lg A  
a n d  e, w ith  a coefficien t fo r  e o f  0.025 V -1 in  th e  case o f re a c tio n  p a th  (I), 
t h a t  is , n 2 =  1, if  th e  c a lc u la tio n s  a re  m ade fo r 25 °C a n d  <%2 ad 0.5. C alcu lating  
w ith  th e  sam e cond itions, th e  v a lu e  for p a th  ( I I )  is 0.033 V -1 . T he re la tio n 
sh ip  lg  A  versus e based  on e x p e rim e n ta l d a ta  is p lo t te d  in  F ig . 5. T he slope 
o f  th e  s tra ig h t line is 0 .024  V -1 .

lg  в  =  D  +  — ; e (10)
2.303 R T

w h ere

D =  lg г \ л ^ai у /  

"Ai
(И)

A cta  Chim. Acad. Sei. Hung. 108, 1981



SZALMA et a].: ANODIC DISSOLUTION OF INDIUM 419

Fig. 5. E xperim ental da ta  lg A  vs. e p lo tted  according to Eq. (8)

Fig. 6. E xperim ental da ta  lg В  vs. e p lo tted  according to Eq. (10)

C on seq u en tly , th e  re la tio n sh ip  lg В  versus e is also linear, -with a n  id e n tic a l 
slope fo r b o th  reac tio n  p a th s . I ts  v a lu e  fo r th e  above ex p e rim en ta l co n d itio n s  
in 0.017 V -1 . T he ex p e rim en ta l d a ta  p lo tte d  in  Fig. 6 yield a slope o f  0.017 V -1 . 

C om bining th e  ab o v e  eq u a tio n s , one o b ta in s

D) +
n ^ F  e

2.303 R T
( 12)

T h e slope o f th e  re la tio n sh ip  lg A /В  versus e fo r reaction  p a th  (I) is 0 .0083 V -1 , 
t h a t  fo r th e  tw o -step  reca tio n  p a th  ( I I )  is 0.017 V -1 . The e x p e r im e n ta l d a ta  
lg ( А / B)  vs.  e a re  p lo tte d  in  Fig. 7. T he slope o f  th e  s tra ig h t line is 0 .0071 V -1 .
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Fig. 7. E xperim en ta l d a ta  lg A /В  vs e p lo tted  according to  Eq. (12)

T h e  ca lcu la ted  th e o re tic a l slopes an d  th e  exp erim en ta l slopes are  
su m m a riz e d  in  T ab le  I  ( th e  d a ta  are ro u n d e d  to  tw o -d ig it num bers). T h e  
re c ip ro c a ls  of th ese  d a ta  a re  lis te d  in  T able I I  s in ce  th e y  are  analogous v a lu e s  
to  th e  T A F E L  b c o n s ta n ts  com m on in the  e lec tro ch em ica l lite ra tu re .

T h e  d a ta  in  T ab le s  I  a n d  I I  prove th a t  th e  an o d ic  dissolution  of in d iu m  
in  ac id ic  p e rch lo ra te  so lu tio n s  proceeds b y  th e  re a c tio n  p a th  (I), th a t  is , via  
th re e  one-electron  s tep s .

T h e  analysis o f th e  re s u lts  ob ta ined  w ith  th e  ro ta t in g  disc electrode f i t t e d  
w ith  a  rin g  leads to  s im ila r  conclusions. A t h ig h  c u r re n t densities th e  c u rv e  
lg  J w versus  lg I  a n d  th e  c u rv e  Ip  versus I  sh o w n  in  F igs 2 and  3 b ecom e 
p a ra l le l  to  th e  abscissa . A s re p o rte d  in ou r p re v io u s  p a p e r [5], th is  u n e q u iv 
o c a lly  d em o n s tra te s  th e  th re e -s te p  m echanism .

Table I

Calculated and experimental slopes o f the relationships expressed by Eqs (8), (10) and (12)

Slope
Calcd. for reaction p a th

Experimental
(I) (И)

9 lg A
de 0.025 V - 1 0.033 v - 1 0.024 V - 1

9 lg В
de 0.017 V - 1 0.017 V - 1 0.017 V - 1

9 lg (AIВ)
de 0.0083 V - 1 0.017 V - 1 0 .0071V -1
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Table П

Reciprocal o f the values in Table I

C alcd . fo r  re a c t io n  p a th
E x p e r im e n ta l

(О ( И )

0C
9 l g  A

40 mV 30 mV 42 mV

de
9 l g  В

58 mV 58 mV 58 mV

Эе
9 l g  (AIВ)

120 mV 58 mV 130 mV

P lo ttin g  I / I p  versus f  y ie ld s  fu r th e r  d a ta  to  decide b e tw e e n  th e  tw o 
m echan ism s. A ccord ing  to  E q . (49) in  [5].

H ere

F ro m  E q . (15)

—  =  A '  +  B ' f - 1!2 
T1 R

B ' =  B " exp
n2a2 F e 

R T

B " 3K.
2 n2N X [

l g £ '  =  l g f r  +
n ^ F e  

2.303 R T

(13)

(14)

(15)

(16)

(17)

T he slope of th e  lines co rresp o n d in g  to  E q . (17) (a t 25 °C , a n d  oc2 ^  0.5) 
is 0.0083 V -1 for th e  th re e -s te p  m ech an ism , an d  0.017 V -1  fo r  th e  tw o-step  
m echan ism .

T he lines c o n s tru c te d  from  th e  e x p e rim e n ta l d a ta  acco rd in g  to  E q . (13) 
a re  p re sen ted  in  F ig . 8. As m ay  he  seen, th e  lines o b ta ined  a t  d if fe re n t  e lectrode 
p o te n tia ls  in te rse c t th e  o rd in a te  as e x p e c te d  from  th e  e q u a tio n , in  one p o in t, 
a n d  th e ir  slope changes w ith  th e  p o te n tia l .  The re la tio n sh ip  lg  В ’ versus e 
is p re se n te d  in Fig. 9. T h e  slope o f th e  lin e  is 0.0084 V -1 . T h e  s lo p es ca lcu la ted  
fro m  th e  eq u a tio n s an d  th e  e x p e rim e n ta l d a ta  (and , s im ila rly  t o  T ab le  I I I ,  
th e i r  reciprocals) a re  su m m arized  in  T ab le  I I I .  T he in te rp re te d  d a ta  also 
p ro v e  th a t  reac tio n  p a th  (I) is th e  one follow ed in th e  an o d ic  d isso lu tio n  of 
in d iu m .
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Fig. 8. Experim ental data  p lo tted  according to Eq. (13) a t  d ifferen t electrode potentials. 
1 — 8 =  —580 m V; 2 — e =  —560 mV; 3 — e =  —540 mV

Fig. 9. E xperim ental d a ta  lg B ' vs. e p lo tted  according to  Eq. (17)

Table III
Calculated and experimental values fo r  the slopes o f the relationship expressed by Eq. (17) and their

reciprocals

C a lc d . for reac tio n  p a th
E x p e r im e n ta l

(I) (II)

31g B ' 0.0083 V - 1 0.017 V - 1 0.0084 V - 1
be

be
120 mV 58 mV 120 mV

31g B '
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R E C E N SIO N E S

Gil l ie s , М. Т .: W ater-B ased In d u str ia l F in ishes  
Recent Developments

Chemical Technology Review, No. 167 
Noyes D ata  Corporation, P ark  Ridge, New Jersey, 1980, pp. 435

This book, volum e 167 of the popular Chemical Technology Review Series, reports on 
p a ten ts  concerning w ater-based coatings, issued in th e  USA betw een J a n u a ry  1, 1978, and 
Decem ber 31, 1979.

In terest in w ater-based coatings has been intensified considerably all over the world 
in  th e  p as t few years because over and above the ever more s tric t environm ental and  health 
regulations, and economical aspects in  th e  use of energy carriers.

Of course, this book does no t deal exclusively w ith coating substances th a t  have no 
organic solvent content: in order to  be made suitable for specific applications, w ater-based 
coating compositions practically  always contain certain  organic solvents, m ostly  those w ith 
high boiling points.

However, these cosolvents can be present only in low concentration in th e  system  and 
by  using them  the safety m easures are carefully taken  into consideration, w ith  special regard 
to  the  health  protection of the workers which become m anifest only after a long la tency  period.

The application of w ater-based system s instead of conventional industria l finishes 
p repared w ith organic solvents implies th e  elaboration of new techniques. The progress is so 
rap id  in th is field th a t adequate up-to-date  inform ation about it  can no t be ob tained  through 
the conventional channels. In  order to  overcome difficulties arising from th is fac t, th e  Publisher 
employs special m ethods (typesetting , binding etc.); due to  these th e  tim e betw een final ac
ceptance of the m anuscript and the com pleted book is significantly shortened. T hus up-to-date 
inform ation is made available very  quickly indeed.

The aim of this book is tw ofold: to provide detailed technical inform ation for those 
who are working in this field, and to assist the study  of the p a ten t literature .

E very  p a ten t specification re levant to  this topic and  issued w ith in  the period defined 
before is cited w ithout selection. A ltogether 277 pa ten ts are published. H ow ever, th is volume 
should no t be considered to  be m erely and simply a collection of pa ten ts, b y  eliminating 
th e  official style and juristic  phraseology, it  offers all th e  im portan t technological inform ation, 
details the la test trends and the energy and health  advantages to  be gained.

The patents discussed are ordered in nine m ain chapters which are subdivided into 
several groups. The m ain and sub-chapters are introduced by short reviews of the  particular 
field, i t  is followed by  the description of the paten ts in the sequence of the ir publication.

The main chapters are as follows:

Therm ally Cured Organic Coatings
Electrodeposited Coatings
Organic Corrosion R esistan t Coatings
Nonstick and Can Coatings
Coatings for A utom otive and E lectrical Uses
Autodepositing and Air-Dried Coatings
Coatings for Special Applications
Inorganic and Metallic Coatings
Special Processes

A triple index completes the volum e: a list of the p a ten t num bers (277 da ta ); a list 
o f the inventors (380 names); and a list of the patentees (122 companies).

The table of contents is arranged in such a w ay th a t  it  serves also as a sub ject index. 
The space devoted to the various fields and the num ber of specifications th u s confined, ade-

Acta Chim. Acad. Sei. H ung. 108, 1981



4 2 6 RECENSIONES

q u a te ly  characterize the tendency  o f progress and the e x ten t o f in te rest in  any directions in 
th e  m en tioned  period.

T he speedy publication of th is  volume will certain ly  help to  avoid parallel research 
and  developm ent. This book m ay  serve as a  source of new ideas and  offers m ethods of over com
ing problem s. Both technological an d  research staff can use th is book advantageously.

F . HORKAY

E c k h a r t  B u d d e c k e : G rundriss der B iochem ie  

F ü r  S tud ie rende  d e r M ediz in , Z ahnm edizin  u n d  N a tu rw issen sch aften  

Sechste, neubearbeitete Auflage
W alte r der G ruyter Verlag, B erlin —New York, 1980, 616 pages, abou t 400 formulae, 

and  collection on processes and  diagram s.

The textbook is well com piled, its language is concise, easy to com prehend and it  can 
be u sed  b y  those who know  G erm an a t  least a t m edium  level.

T he introductory  p a r t o f th e  book lists the nom enclature, abbreviations and SI units 
used in  biochemical studies, and  these  are they consistently referred  to  throughout the book.

T he firs t 309 pages com prise a review of general b iochem istry  (kinetics and energetics 
o f biochem ical reactions, enzym es an d  coenzymes), the  role and  m etabolism  of compounds 
p a rtic ip a tin g  in the s tructu re  of liv ing organisms and d a ta  on th e  topics of biological oxida
tio n  a n d  th e  citrate cycle, and  w a te r and ion equilibria.

T his first p art of the tex tb o o k  m ay prove useful for un iversity  students, who wish to 
acqu ire  basic biochemical know ledge, and it  is especially suitable for th e  teaching of medical 
s tu d en ts , as the author draws special a tten tion  to the clinical and  pathological aspects.

The nex t approx. 100 pages deal w ith the fundam ental elem ents of biochemical regula
tions an d  w ith the role of horm ones and  vitam ins in th e  m etabolism . These chapters do no t 
en deavou r to discuss physiology in  detail, bu t they  provide absolutely correct inform ation 
regard ing  th e  current knowledge of th e  biochemical mode of action  of hormones and vitam ins, 
and  th e ir  metabolism, rendering th e  book suitable for use b y  m edical students.

In  the third part, th e  role o f different tissues and organs and  their m etabolism s are 
described. This p art requires th e  s tu d en t to  m aster the biochem ical knowledge discussed in 
th e  fo rm er chapters to com prehend th e  relation and characteristics of metabolic processes 
p lay ing  a p a rt in the different tissues and organs. I t  bears special significance on the education 
of m ed ical students because of th e  pathobiochem ical reviews on th e  various tissues and organs.

I t  is w orth emphasizing th a t  today , when the lengths of th e  average textbooks are 
ever increasing, the au thor has succeeded in providing a short y e t complete p resentation  of 
th e  fa c ts  in  the individual chap te rs in  th is book. The form ulae and  processes are well arranged 
and  th e ir  understanding is fac ilita ted  by  the colored typog raphy  for emphasis. The appendix 
co n ta in s  selected exam ination te s ts  providing a possibility to  draw  up w ritten  exam ination 
questions.

L. V o d n y á n szk y  and I. H orváth

Cement and  M ortar Technology and  A dd itives  

E d ite d  b y  M. H . G u t c h o

Noyes D ata C orporation, P a rk  Ridge, New Jersey , U .S.A ., 1980, 540 pages

T his book gives a b rief and  fac tu a l description of all p a ten ts  issued in the U n ited  States 
in  1978 and  1979 and covering th e  following technical areas: m anufacture  of cem ent clinker, 
cem en t additives and com positions, non-portland inorganic cem ents and binders, oil-well 
cem enting , reinforced products, shaped  building products, lightw eight and foamed products,
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refrac to ry  products, gypsum products, anchoring and  reinforcing elem ents, so lidification of 
hazardous w astes, and finally specialty  products and  processes. From this b rief sum m ary  it 
can be seen th a t  the topics covered are essential for th e  readers of this journal.

I t  is a data-based publication, providing inform ation retrieved from  th e  p a te n t lite ra
tu re  of th e  U.S. This, however, means th a t  the book is non-critical: it can only be used  as detailed 
source of technical inform ation as the m aterial published, regardless of w hether o r n o t the 
described process is technically or economically feasible, rem ains on the reader’s judgm ent.

Obviously no t full pa ten ts, only condensates are given in this volume. T his, however, 
em phasizes th e  responsibility of the ed ito r concerning w hether the description is rea lly  con
cen tra ting  on the essence of the topic. In  the review er’s opinion, the ed ito r has served well 
th is purpose: it is evident th a t  the inform ation published is really significant, avoiding the 
legal ja rg o n  and ju ristic  phraseology w hich som etim es makes the study of a p a te n t very 
tiresom e.

The book contains 256 pa ten ts and  3 re-issues; it  is thought th a t this coverage is com
plete and  unbiased. D etailed com pany and  au th o r indexes, and also num erical index  (where 
the p a ten ts  appear in their order of issuing) are presented. However, no su b jec t index is 
included, b u t this omission is counteracted  by a very  detailed table of conten ts, w hich can be 
well used instead. A short ex trac t from the table  of contents will show th a t  th is  is reallv  a 
w orkahle tool of inform ation retrieval.

The m ain heading “ Cement additives and com positions” is divided in to  th e  following 
sub-headings: set control, accelerated hardening, strengtheners and set accelerators, early 
h igh-streng th  portland cem ent, additives for h igh-strength  concrete, w ater reducers fo r con
crete, w ater reducers for wet-process cem ent m anufacture, im provers of w orkability , p lastic ity , 
etc., especially in fiber-containing compositions, fluidizing agents, air-entraining agents, expand
ing and  shrinkage-inhibiting additives, freeze-thaw  res is tan t additives. E each of these sub
headings contains 2 — 4 paten ts of the field so topically  sim ilar patents are easy to  find .

Perhaps the m ost im portan t feature of the volum e is its timeliness. T he book was 
published, in  1980, while the last covered p a ten t was issued December 18, 1979. T his is a very 
short lag indeed, as it  is definitely less th a n  the lag betw een the invention and p a te n t g ranting , 
or p a te n t g ranting  and commercial practice. The well-edited book is du rab ly  bound , w ith 
easy-to-read letters. I t  is recom mended to  all who are interested in recent techn ica l develop
m ent in  th e  field of cem ent — m ortar technology, as i t  establishes a sound background  before 
launching in to  new research.

As appears from the im prin t, th is book is already  a second of the series (there  was a 
sim ilar volum e, in 1976, by the same publisher, edited by A. J. F r a n k lin ). L et us hope th a t 
the publication  of this valuable data-based series will continue in the future.

F . T amás

Advances in  C hem istry, Vol. 49

Akadémiai K iadó, B udapest 1980, 174 pages

Volume 49 of the series Advances in Chemistry contains two reviews of m onograph 
character. The first is the work of József D É vay  “ D eterm ination of the corrosion ra te  o f metals 
b y  th e  m easurem ent of polarization resistance” , the o ther, w ritten b y  Ferenc Ga iz e r  is “The 
application  of electronic com puters for th e  calculation of complex equilibria” .

I t  is well known th a t parallel to the developm ent of metal m aterials o f construction  
and to  s tric te r demands, the role of corrosion and its  prevention gains in im portance. W ithin 
th is field, i t  is of basic im portance to establish the exact corrosion rate under various conditions, 
and together w ith it, for the very reason to find suitable m ethods of protection an d  to  predict 
corrosion, to  elucidate the given corrosion m echanism . For this several m ethods w ere and 
are available, however, of these no t all can be applied under all conditions or to  purposes. 
The possib ility  to determ ine the corrosion ra te  of m etals on the basis of polarization  resistance 
is ju s t one of the most up-to-date and m ost exact m ethods to  a tta in  this double purpose. There
fore, the m odern review of József DÉvay  is of p articu lar value, and there is no sim ilar work 
even in  th e  foreign literature. The au tho r deals over 102 pages w ith the general descrip tion  of 
the m ethods and the possibilities of its applications, discusses the simple and  special cases 
of application , the experim ental determ ination of the so-called. Tafel slopes in connection w ith 
the polarization  curve, needed for the calculation of the corrosion current, and briefly  describes 
also o ther m ethods for the determ ination of th a t.
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T he bibliography com prises 141 references and can be practically considered as 
com plete up to 1976. The review  w ritten  in a clear sty le is easily understandable, and  a t  the 
sam e tim e, the discussion is k e p t a t  a high level. The w ork is a now and valuable contribution  
to  th e  steadily  growing H ungarian  corrosion literature , covering novel information on theory , 
corrosion prevention practice  and  measuring techniques.

The other m onograph is som ewhat shorter th a n  th e  firs t, which is justified also by 
th e  n a tu re  of the subject. In  th is  p a rt Ferenc G a i z e r  presen ts the possibilities, modes and 
processes of the com puterized calculations of complex equilibria.

The com putation of equilibrium  and other co n stan ts  can be considered already as 
ac tua lly  solved, and in certa in  fields even a selection betw een  reliable programs is possible. 
Some monographs on the  com plex chemical application o f com puterized methods were pu b 
lished already, though no t in H ungarian , bu t in sp ite o f th is  th e  present review, discussing 
up  to  1975 the processes developed, is a new, valuable, tru ly  comprehensive work. T hus, its  
chief m erit is to m ake also th e  H ungarian reader acq u a in ted  w ith this sphere of problem s 
and  its  m ethods, im portan t also from  the aspect of chem ical practice. The author firs t discusses 
the com plex form ation itse lf and  its more im portan t basic equations, then the principles 
of com puterized processes e labo ra ted  for the evaluation of com plex equilibria, and of these 
m ore detailed the so-called non-statistical programs, th e  processes based on the least squares 
m ethod , and briefly presen ts also other processes of evalua tion . The brief m onograph closes 
w ith  a valuable chapter of 7 pages, dealing w ith conclusions, in which the au thor gives his 
opinion on the perform ance of com puter methods, on th e  efficiency of existing program s, 
on th e  effect of the sy stem atic  errors of the m easurem ents, and  in general, on the possible 
app lications of the m ethods m entioned, on running tim es, and  on the fundam ental fact 
th a t  resu lts obtained by com puterized methods m ust be suppo rted  in each case by conclusive 
chem ical considerations to ac tu a lly  acquire true knowledge of th e  given system investigated. 
The review  is complete w ith  a bibliography containing 162 references, which is an unequivocal 
p roof of th e  detailed and com prehensive compilation, as th e  subject itself dates back only to 
fifteen  years. The work will be of assistance to all research  and  industrial chemists in terested  
in  th e  stu d y  of complex equilibria, and in general, of chem ical equilibria.

Finally , a rem ark of general character, not addressed to  th e  authors. Both m onographs 
w ould increase in value, if th e  period between the delivery  and  the publishing of the m anu
scrip t could be shortened. Indeed , it  is now 1981, while th e  closing date of the first m onograph 
is 1976, th a t  of the o ther 1975. F ive and six years are a long tim e in both rapidly developing 
fields of science, bringing m an y  new results, which in d u b itab ly  should be already included 
in an  up-to-date m onograph.

E. B er e c z

S tructure  and B ond ing , Vol. 42 
L um inescence and E nergy  T ra n sfer

Springer V erlag, Berlin Heidelberg —New York, 1980 
133 pages, 64 figures, 10 tab les

The book consists of th ree  main chapters. The au th o r of the first one is G. B l a s s e  
Professor of the S tate U n iversity  of U trecht. I t  is en titled : “ The luminescence of closed-shell 
tran sition  m etal complexes. New developments” . This chap te r (42 pages) contains 32 line 
draw ings and 74 references.

Oxyanions of closed-shell transition  metals (from  titan iu m  to molybdenum, from  zir
conium  to ruthenium  and  from  tan ta lum  to osmium, are in  general luminescent except chro
m ate  and  perm anganate. The m echanism  can be explained by  two singlets and two trip le ts: 
th e  com plex is excited betw een th e  two singlet s ta tes an d  em its between the two trip lets. 
The sp litting  of the level pairs depends on the crystal field  effect or on the spin-orbit in te rac
tion. The life-time of the excited  sta te  is between several /иs and  several ms, and depends on 
th e  m agnitude of the sp in-orb it interaction, the tem p era tu re  and the accompanying cation. 
The m echanism  of lum inescence is mostly influenced b y  cations w ith close energy levels of 
th e  s2 configuration (Pb2+, B i3+). The sub-chapters of th e  chap te r are: The electronic structure  
o f  closed-shell transition m etal complexes (tetrahedral and  octahedral). The lum inescence o f  
closed-shell transition m etal com plexes  (listing the ind iv idual complexes). The in fluence o f  su r
rounding  cations with low -ly ing  energy levels. Conclusions and  proposals fo r  fu rth er research.
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The authors of the second main chap te r are R.C. P o w ell , Professor of the O klahom a 
S ta te  U niversity, and  G. B l a s se . I ts  title  is “ E nergy transfer in concentrated  system s” . I t  
consists of 54 pages w ith 4 tables, 15 line draw ings, and  contains 182 references.

The general mechanism of energy tran sfe r is th a t  a sensitizer absorbs energy, gives it 
over to an activator, which em its th is energy. D epending on whether the sensitizer belongs to 
th e  lattice or is an im purity , so-called host sensitization  or im purity  sensitization  is realized. 
I f  the ac tivator is of the same type of particles it  is called energy m igration, if i t  is a different 
one, the name is energy transfer. The m echanism  of th e  transfer itself can be photoconduction , 
in  the  case of which absorption causes electron excess in  the conduction band  or electron de
ficiency in the valence band, it  can be emission or reabsorption  by another sensitizer, or i t  can 
be a radiationless transfer w ithout charge transfer. The excited sensitizers can exchange energy 
in  th e  form  of excitons. The titles of the sub-chapters are: Single-step resonant energy transfer. 
Phonon-assisted energy transfer. M ultistep energy migration. Models to describe trapping in 
multistep energy transfer. Thermal effects on exciton migration. Experimental measurements. 
Characteristics o f materials. Conclusions and suggestions fo r  further work.

The th ird  chapter is w ritten  b y  К . C. B l e ije n b e r g , also of the S ta te  U niversity  of 
U trech t. I t  is entitled: “ Luminescence properties of u ran a te  centres in solids.”  I t  consists of 
36 pages w ith  5 tables, 17 line drawings and 71 references.

The luminescence of u ranates depends on the coordination num ber and on th e  surround
ing of the u ranate  colour centers. In  th is chap te r th e  luminescence of oxyanions w ith  octa
hedral coordination is discussed. The m ost in teresting  ty p e  of these is the lum inescence excited 
by  uranates built in to  a sodium fluoride la ttice , in w hich four uranate centers m ay  tak e  part. 
The titles of the sub-chapters are: Charge transfer transitions within the octahedral uranate 
group. Luminescence properties o f uranate groups in  oxidic compounds. Luminescence properties 
o f uranate centers in  sodium fluoride single crystals.

The aim  of th e  book is to  give a survey on th is subject and to  in troduce those into it 
who in tend  to do research in th is field. The book fulfills th is goal completely, th u s giving most 
valuable inform ation for the researcher.

G y. V a r sá n y i
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