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UNTERSUCHUNG DER ZUSAMMENSETZUNG 
YON EINHEIMISCHEN UND AUSLÄNDISCHEN 

ÄTHERISCHEN ÖLEN, III
K OM PO NENTEN-ZUSAM M ENSETZUNG DES DILLÖLES

K . BÉLAFI-RÉTHY*, E .  K e RÉNYI* und R . KOLTA**

(* Ungarisches Erdöl- und Erdgas-Forschungsinstitut Veszprém und ** Betrieb fü r  
Kosmetik und Haushaltschemie, Budapest)

Eingegangen am  28. A ugust 1973.

Es w urde durch Kombinierung w irksam er Trennm ethoden und spek trom etri- 
scher Identifizierungsm ethoden die q ua lita tive  und  quantita tive Zusam m ensetzung 
des ätherischen Öles der einheimischen D illpflanze untersucht. Im  Dillöl sind 14 
B estandteile (über einer Menge von je  0,01 G ew.-% ) nachzuweisen. D avon betragen  
3 B estandteile (a-Phellandren, Lim onen, C arvon) rund  90 Gew.-% bzw. zusam m en 
m it 8 w eiteren Bestandteilen — über 99,9 G ew .-% . A ußer den 3 H auptkom ponen ten  
ist das in  ausländischen Dillöl-Proben bereits nachgewiesene a-Pinen, D ihydrocarvon 
und p-C ym ol auch im  einheimischen Dillöl vorzufinden. Viele Terpene un d  T erpen­
derivate, die in der Fachliteratur als K om ponenten  genannt werden, sind dagegen im 
gegebenen ätherischen ö l  in nennensw erten Mengen nich t vorhanden. A ndererseits 
gelang es den Verfassern, die A nwesenheit von  a-Thujen, ß-Myrcen, /3-Phellandren, 
l-M ethyl-4-isopropenylbenzol und C arvotanaceton  in dem untersuchten ätherischen 
Öl nachzuweisen. Schließlich wurden auch zwei in den Dillölen und allgemein in  den 
ätherischen Ölen bisher unbekannte B estand teile  nachgewiesen.

D as d u rc h  W asse rd am p fd es tilla tio n  h e rg e s te llte  ä therische ö l  d e r  D ill­
p flanze  (A n e th u m  graveo lens) w ird in  b e trä c h tl ic h e n  M engen in d e r K o n se r­
v e n in d u s tr ie  v e rw e r te t . Seine B ed eu tu n g  lie g t au ß e r der v ie lseitigen  U n te r ­
suchung  u n d  d e r a llgem einen  V erb re itu n g  d e r  P flan ze  in unserem  L a n d e  [1] 
d a rin , d aß  die u n g arisch e  D illö lp ro d u k tio n  in  d e r  W eltp ro d u k tio n , w e ite rh in  
d er ungarisch e  D ill ö lex p o rt im W e ltu m sa tz  des D illöles einen b e d e u te n d e n  
A nte il d a rs te ll t .

Fachliteratur-Angaben bezüglich der Zusam m ensetzung  
des ätherischen Öles

T ro tz  d er V e rb re itu n g  des in  E u ro p a  b e k a n n te n  A nethum  g rav eo len s 
steh en  ü b e r d ie  Z usam m ense tzung  des ä th e r is c h e n  Öles der P f la n z e  n u r  
w enige zuverlässige  A ngaben  zur V erfü g u n g  [2, 3]. B esonders w enig  w u rd e  
bis je tz t  das ä th e risch e  Öl d er e inheim ischen  D illp flan ze  s tu d ie rt, zu m a l sich  
die U n te rsu ch u n g en  led ig lich  au f die p h y s ik a lisc h e n  E igenschaften  u n d  B e­
stim m u n g  d e r H a u p tb e s ta n d te ile  des D illö les e rs tre c k t haben  [3, 4 ] . N ach  
einigen V erfassern  is t das ä therische  ö l  v o n  A n e th u m  graveolens h in s ic h tlic h  
der Z u sam m en se tzu n g  dem  Öl des in In d ie n  g e e rn te te n  A nethum  sow a äh n lich
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[5], m it  dem  U n te rsch ied , d aß  das e rs te re  e in en  höheren  G ehalt an  C arv o n  
a u fw e is t u n d  kein  D illapiol e n th ä l t  [6, 7]. L a u t  F a c h lite ra tu r-A n g ab e n  s tim m e n  
fe rn e r  d ie  H a u p tk o m p o n e n te n  des ä th e r isc h e n  Öles der D illp flanze a u c h  m it 
je n e n  des ä th e risch en  Öles d e r D illsam en  ü b e re in , w ährend  bei d en  N e b e n ­
k o m p o n e n te n  U n te rsch ied e  festzu ste llen  s in d  [5, 8].

D ie  Z usam m en se tzu n g s-A n g ab en  fü r  v ersch ied en e  Dillöle sind  —  u n a b ­
h ä n g ig  v o m  U rsp ru n g  d er u n te rsu c h te n  P ro b e n  —  in T ab . I  a n g e fü h rt. J e n e  
K o m p o n e n te n , deren  A nw esen h e it b is j e tz t  n u r  v o n  einem  einzigen V erfasse r 
n ach g ew iesen  oder v o n  den  V erfassern  led ig lich  fü r  w ahrschein lich  g e h a lte n  
w u rd e , s in d  in  dieser T ab e lle  b eze ich n et. A us d e r  T abelle is t  e rs ich tlich , d aß  
in  d e r  F a c h li te ra tu r  w enig  g le ich lau ten d e  A n g a b e n  bezüglich  d er Z u sa m m e n ­
s e tz u n g  d e r Dillöle zu  f in d e n  sind. So k o n n te  m a n  auch  die g e sam m elten  I n ­
fo rm a tio n e n  fü r  die U n te rsu c h u n g  des ä th e r isc h e n  Öles der e in h e im isch en  
D illp f la n z e  v o re rs t n u r  als einen  u n sich e ren  A u sg an g sp u n k t b e tra c h te n .

Tabelle I

D ie in  verschiedenen Dillölen bisher identifizierten oder wahrscheinlich vorhandenen Bestandteile

Bestandteil Literatur Bestandteil Literatur

Limonen (Dipenten) [9, 10] Terpinen-4-ol (?) [5]
a-Phellandren [11, 12] jS-Terpineol (?) [5]
y-Terpinen [5, 12] Eugenol (?) [18]

x-Pinen (?) [10] Thym ol (?) [18]

Camphen (?) [10] Carvon [4, 12, 13]

p-Cymol (?) [5] D ihydrocarvon [14, 17]

n-Oktanol (?) [3] Dillapiol [6, 7, 15, 17]

2-Nonanol (?) [5] M yristicin (?) [16]

Nonylaldehyd (?) [5] Isom yristicin  (?) [16]

Decylaldehyd (?) [51 a-B ergam ott (?) [5]

Das untersuchte ätherische Öl 
und die angewandte Untersuchungsm ethode

D as den U n te rsu ch u n g en  u n te rw o rfe n e , d u rch  W asse rd am p fd es tilla tio n  
ra f f in ie r te  ä therische  Öl s ta m m te  aus d e r in  P a k s  an g eb au ten  u n d  1969 ge­
e rn te te n  D illp flanze. D ich te  =  0 ,898), B rechungsindex  (n™ =  1,4840) 
u n d  D reh u n g sv erm ö g en  (txD =  -f- 96,8°) des Ö les en tsp rach en  den  ü b lic h e n  
C h a ra k te r is tik e n  des D illp flazenö les [3].

D ie Z u sam m en se tzu n g  des ä th e risc h e n  Öles der D illp flanze w u rd e  von  
u n s  m it  e iner fü r ä th e risc h e  Öle e ra rb e ite te n , kom bin ie rten  T ren n u n g s- und
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Tabelle II

Zur Trennung und Analyse angewandte Methoden

Verfahren
bzw.

Methode
Ziel

Apparat
bzw.
Gerät

Versuchsbedingungen

1. 2- 3. 4.

Analytische
Gaschromato­
graphie

Q uantitative Ana­
lyse, Kontrolle 
der Trennungs­
produkte, Rein­
heitsprüfung der 
Bestandteile

Chrom II I .;  
Kapillare:
50 m/0,25 mm; 
Flam menioni­
sationsdetektor

Verteiler-Phase: Garbowax 1000; 
Tem peratur: 130 °C; Trägergas: 
Argon, 3 ml/Min.; Abschwä­
chung: 10%; Einwaage: 0,2 
mm3; Auswertung: m it der 
Dreieck-Methode

Halbmikro-
Rektifikation

Y ortrennung auf­
grund des Siede­
punktes

Säule m it V aku­
um-Mantel, 500 
mm/6 mm; 
D rehband: 5,5 
mm breit aus 
Stahl

Drehzahl: ca. 2000 U/Min; Trenn­
fähigkeit: 30 theor. T rennstu­
fen; Betriebsinhalt: 0,1 cm3; 
Druckverlust: 0,2 Torr; E in­
waage: 20 cm3; Destillations­
druck 200 Torr; D estillate: 1 
cm3-Fraktionen

Präparative
Gaschromato­
graphie

Herstellung reiner 
Bestandteile, 
Anreicherung 
der Bestand­
teile

Pye Unicam 105; 
Säule 7 m/5 mm

Verteiler-Phase: Carbowax 20 M 
auf Celite; Tem peratur: abhän­
gig vom Siedepunkt 120 bzw. 
160 °C; Trägergas: Argon, 12 
dm3/Stde; Einwaage: zur gro­
ben Trennung — 1 cm3, zur 
feinen Trennung — 50 —100 
mm3

Infrarotspektro-
rnetrie

Identifizierung 
reiner Bestand­
teile, S truk tu r­
aufklärung

Carl Zeiss Jena, 
UR 20, m it
Prismen aus 
K Br, NaCl u. 
LiF

Schichtdicke: für reine Substanz 
0,003 cm, für Lösung in 

Tetrachlorm ethan — 0,01 cm; 
Spektrumbereich: 4000 — 400 
cm- 1

Massenspektro­
metrie

Identifizierung 
reiner Bestand­
teile, S truk tu r­
aufklärung

ZKME, MI 1305; 
Auflösungsver­
mögen: 300

Einwaage-System: eigene K on­
struktion [22]; Beschleuni­
gungsspannung: 50 V; Aufnah­
megeschwindigkeit: 2 Massen­
einheiten pro Minute; Spek­
trumbereich: 39 — 200 Massen­
einheiten

Magnetische
Kernresonanz-
spektrometrie

Identifizierung 
reiner Bestand­
teile, S truk tu r­
aufklärung

VARIAN T -  60, 
Frequenz 60 
MHz; Feld­
stärke 14 kG; 
Auflösungsver­
mögen: 0,4 Hz

Referenz-Substanz: T etram ethyl­
silan; Verschiebungsintervall:
0 — 8 ppm

Id en tifiz ie ru n g sm eth o d e  [19] u n te rsu c h t, die sich  zu r vo lls tän d ig en  Z u sam ­
m e n se tzu n g se rm ittlu n g  eines im p o rtie rte n  »en tm entho lisierten«  M inzöles u n d  
eines e inheim ischen  P fefferm inzöles b e re its  g u t b e w ä h rt h a t te  [20]. D ie 
A nzahl d er n en n en sw erten  (in e iner M enge von  ü b e r 0,01 G ew .-%  anw esenden)
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B e s ta n d te ile  u n d  deren M en g en v erh ä ltn isse  im  ä th e risch en  Öl w u rd en  m itte ls  
K a p illa r-G a sc h ro m a to g ra p h ie  b e s tim m t. Z ur Id e n tif iz ie ru n g  d er B estan d te ile  
ließ  s ich  d as  ä therische  Öl d u rc h  w irksam e H a lb m ik ro -D reh b an d k o lo n n en - 
D e s ti l la t io n  u n d  dann  m itte ls  p r ä p a ra t iv e r  G asch ro m ato g rap h ie  in  einzelne 
K o m p o n e n te n  zerlegen, w obei d ie  T ren n v o rg än g e  ebenfalls d u rc h  K ap illa r- 
G a sc h ro m a to g ra p h ie  k o n tro llie r t  w u rd en . D ie re in en  oder b e trä c h tlic h  an g e ­
re ic h e r te n  B estan d te ile  k o n n te n  d an ach  a u fg ru n d  ih re r  M assen-, In f ra ro t-  
u n d  m a g n e tisc h e n  K e rn re so n an z-S p ek tren , te ils  d u rch  S tu d ie ren  d ieser S p ek ­
tre n , te ils  d u rch  deren V erg le ichen  m it den  S p ek tren  b e k a n n te r , v e rm u tlic h  
a n w e se n d e r  B estan d te ile  id e n tif iz ie r t  w erden . D ie c h a ra k te ris tisch e n  A n gaben  
d e r a n g e w a n d te n  T ren n v o rg än g e  u n d  an a ly tisch en  M ethoden  sind  in  T a b . I I  
z u sa m m e n g e fa ß t.

Z w ei K om p o n en ten  des ä th e r isc h e n  Öles d er D illp flanze  ließen  sich  m it 
k e in e m  b e k a n n te n  B es tan d te il d e r  ä th e risch en  Öle id en tifiz ie ren . Z ur K lä ru n g  
ih re r  S t r u k tu r  w urden  sie a u ß e r  d e r  U n te rsu c h u n g  ih re r  S p e k tre n  chem ischen  
U m w a n d lu n g e n  u n te rw o rfen , m it  an sch ließ en d er Id e n tif iz ie ru n g  d e r dab e i 
e n ts ta n d e n e n , bere its b e k a n n te n  P ro d u k te  [21]. Ü b er die S tru k tu ra u fk lä ru n g  
d e r b is  j e t z t  als D illö lk o m p o n en ten  n ic h t b e k a n n t gew esenen n eu en  C um aran - 
d e r iv a te  b e ric h te n  w ir in  e in er fo lgenden  M itte ilu n g .

U ntersuchungsergebnisse

D a s  analy tisch e  G asch ro m a to g ram m  des u n te rsu c h te n  D illöles is t  in  
A b b . 1 gezeig t. W eniger f lü c h tig e  K o m p o n en ten  (S esq u ite rp en e  u n d  ih re  
D e r iv a te )  k o n n ten  im  ä th e r isc h e n  Öl w ahrsche in lich  w egen d er D e s tilla tio n s­
re in ig u n g  n ic h t gefunden w erd en . D ie T ren n u n g  d e r e rs ten  zwei K o m p o n en ten  
w u rd e  d u rc h  nach träg lich e  A n a ly se  bei n ied rig e re r T e m p e ra tu r  v o lls tän d ig e r 
g e s ta l te t .  A ufgrund  der A u fn ah m e  is t  im  ä th e risch en  Öl d er D illp flan ze  die 
A n w e se n h e it von 14 B e s ta n d te ile n  in  e iner M enge von  über je  0,01 G ew .-%  
n a c h z u w e ise n .

D u rc h  V erw endung d e r h e rg e s te llte n  re in en  K o m p o n en ten  w u rd en  die 
R e sp o n se -F a k to re n  ebenfalls u n te rs u c h t. D abei ließ  sich  fests te llen , d aß  die 
R e sp o n se -F a k to re n  zw ischen 0 ,9  u n d  1,1 liegen. D a die q u a n ti ta t iv e  Z u sam ­
m e n se tz u n g  der ä th e risch en  Ö le von  d er V orgesch ich te  der P ro b en  (U rsp ru n g , 
R e ife g ra d , H erstellungs-, R e in igungs- u n d  B ehand lungsw eise) b e trä c h tlic h  a b ­
h ä n g ig  is t ,  w ar eine genaue q u a n ti ta t iv e  A nalyse  n ic h t von  B ed eu tu n g . So 
v e rz ic h te te n  w ir a u f  die B e rü ck sich tig u n g  d er R esp o n se -F ak to ren . D ie A n­
g a b e n  ü b e r  die M eng en v erh ä ltn isse  sind  in  T a b . V zu  fin d en .

Ü b e r  die M ethoden zu r sp e k tro m e trisc h e n  U n te rsu ch u n g  und  zu r Id e n t i ­
f iz ie ru n g  d er in  re inem  Z u s ta n d  gew onnenen  oder an g ere ich erten  K o m p o n en ten  
w ird  e in  Ü berb lick  in  T a b . I I I  gegeben. Die c h a ra k te ris tisch e n  g asch ro m ato -
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Abb. 1. G aschrom atogram m  des untersuchten Dillpflanzenöles

Tabelle III

Untersuchung der aus dem ätherischen Öl gewonnenen reinen Komponenten oder Konzentrate

Kompo- Reinigung Spektrumaufnahme Identifizierung mittels
nenten-

Nummcr
im Reine

Ange-
rei- Massen-

Infra- Kern-
reso- bekannter Spek- chemi-

Spektrum­
angaben

Gaschro­
matogramm

Sub­
stanz

chertc
Sub­
stanz

spek­
trum

spek-
trum

nanz-
spek-
trum

Spektren 
[z. B. 23—26]

zuord-
nung

Metho-
den

Spektren

l . +  ' + + + Tab. V
2. + 4- 4_ + + + Tab. IV
3. + + + + + Tab. IV
4. + + + + + + Tab. IV
5. + 4* + + + + Tab. IV
6. + + + + Tab. IV
7. + + + + + + Tab. IV
8. + + + + + Abb. 2 - 4 ,  

Tab. IV
9. + + + + + + [21], Tab.

IV, in

10.

separater
Mitteilung

+ + + + + + Abb. 5 - 7 ,
Tab. IV

11. - f 4- + + + Tab. IV
12. + + + [21], Tab.

IV, in
separater
Mitteilung

13. + -f- + + Abb. 8 - 9 ,  
Tab. IV

14. + + + + + + Tab. IV

grap h isch en  u n d  sp ek tro m e trisch en  A n g ab en  der g e tre n n te n  B estan d te ile  
w erden  in  T ab . IV  zu sam m en g efaß t. D ie Q u a litä t der B e s ta n d te ile  w urde 
d u rc h  U n te rsu c h u n g  der R e te n tio n sv e rh ä ltn is se  und  d e r fü r  d ie  S tru k tu r  
k en n ze ich n en d en  S p ek tren te ile  v e rw a h rsc h e in lich t, w äh ren d  ein  B ew eis fü r  die
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Tabelle IV

Gaschromatographische und spektrometrische

Nr.
der

Kompo­
nente

Relative
Re­

tention

Massenspektrum
Massenzahl

Infrarotspektrum , cm 1

Basis-
Peak

Molek.
Peak

H

H
m

Olef.

v=C —H 
1
m

Arom.
v = C  H 

1
m

/
rC =  0

\
st

Olef.
1 1 

vC=C 
1 1 
m

Arom. 
1 1 

vC=C 
1 1 
m

<5-CH3

m

l . 81 — 3030 — — 1650 — 1384
1366

2. 82 93 136 — 3020 — — 1660 — 1382
1365

3. 91 91 136 3100 3016 — — 1635 — 1382
1596

4. 94 119 136 — 3037 — — 1660 — 1388
1600 1370

5. 100 68 136 3090 3020 — — 1645 — 1380

6 . 102 3083 3032 — — 1640 1387
1597 — 1368

7. 111 119 134 — — 3105 — — 1592 1390
3032 1528 1371

8. 155 117 132 3095 — 3095 — 1633 1572 1380
3032 1682 1520

9. 209 91 152 — 3020 — — 1675 — 1380

10. 275 67 152 3090 - — 1710 1642 - 1375

11. 291 67 152 3092 - — 1710 1644 - 1380

12. 332

13. 388 - 3030 — 1680 — - 1370

14. 421 82 150 3090 3031 — 1676 - - 1370

st =  ho h e  In te n s itä t ,  m  =  m ittle re  In te n s i tä t
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Angaben der getrennten Komponenten

Kernresonanzspektrum, ppm (6)

H Olef. I
9 C 0

1 1
y - C —H 

1
y - C - H

1
HAr HC =  

1
H ,C -

1
HC—0 — 

1

H C -
1

H ,C -
H,CAr

H,C
1

- c
II

H ,C -

8t st m st 1

- - 783 -

— — 790 — — 5 ,10 — — 1.9 — 1,62 0 ,80

- 2 , 6 1,29

— 900 825 — — 5 , 0 - 5 , 0 - — 2 , 1 - — 1,66

- 6 , 6 - 6 , 6 - 2 , 2 1,70

— — 800 — — 5,42 — — 2,06 — 1,70 0 ,90

734 5 ,73

- 890 800 - — 5,43 4 ,68 — 2,00 — 1,66 —

1,76

— 882 822 —

— — — 822 6,88 — _ _ 2,79 2,32 _ 1,10

795

- 895 — 827 7,15 5 ,00

7 25 — 5,28 — 2,10 2,33 2,10 —

9 0 0 - 840 3,18
1 , 7 -1200

895

815 5,42 3,94

4,14

1,65 1,05
- 2 , 2

1 , 8 -
4 ,75 1,75 1,00

900

- 2 , 6

1 , 9 -
4 ,80 1,72 1.00

- 2 , 7

2 , 2 -
6 , 4 -

- 7 , 0

3,98

4,60

2,27 1,25
- 2 , 7

1 , 7 -
--  ■ — 807 — — 6 ,6 8 — — — 1,75 0,95

- 2 , 7

— 900 806 — — 6,3 6 4 ,78 2 , 1 - — 1,77 —

- 2 , 8
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Tabelle V

Zusam mensetzung des ätherischen Öles der D illpflanze

Nr. der 
Komponente К о -m p о n e n  t  e Menge,

Gew.-%
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Id en tifiz ie rungsergebn isse  d u rch  den  V erg leich  m it b e k a n n te n  S p ek tren  von  
b e k a n n te n  B e s ta n d te ile n  oder d u rc h  sp ek tro m e trisch e  U n te rsu c h u n g  des in 
ein b e k an n te s  D e r iv a t ü b e rfü h rte n  B e s ta n d te ile s  e rh a lten  ■wurde.

D as M oleku largew ich t ließ  sich au s dem  M assen sp ek tru m  e rm itte ln . 
A ufgrund  des In fra ro tsp e k tru m s  o r ie n tie r te n  w ir uns ü b e r die A nw esenheit

Massenzahl

Abb. 2. M assenspektrum des l-M ethyl-4-isopropenylbenzols

oder A bw esenheit v o n  c h a ra k te ris tisch e n  A to m g ru p p en . A u fg ru n d  dieser 
A ngaben  w urde au ch  en tsch ied en , ob d e r b e tre ffen d e  B e s ta n d te il eine a ro ­
m atisch e , eine o lefin ische, eine cyk lische  Ä th e r-  oder K e to n -V erb in d u n g  is t, 
w e ite rh in  w urde  d a d u rc h  der G rad  u n d  te ilw eise  auch  die S te llu n g  d er U nge­
s ä tt ig th e it  des K ohlenw assersto ff-T eiles b e s tim m t. A u fg ru n d  des K e rn re so ­
n a n zsp ek tru m s in  K e n n tn is  der P eak v e rsch ieb u n g , der M u ltip liz itä t u n d  der 
M engenverhä ltn isse  v ersch ied en er P ro to n e  ließ  sich die B indungsw eise  der 
A to m g ru p p en  fe s ts te lle n  u n d  d a m it die v e rm u te te  S tru k tu r  b e s tä tig e n . Z ur 
Id en tifiz ie ru n g  d er B estan d te ile  w u rd e  v o n  u n s  n u r  die M o lek ü l-K onfigu ra tion  
e rm itte lt . Die Id en tifiz ie ru n g serg eb n isse  w u rd en  in  T ab . V zu sam m en g efaß t.
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Q u alitative und quantitative Zusam m ensetzung des ätherischen Öles

D ie  q u a lita tiv e  Z u sam m en se tzu n g  des ä th e risch en  Öles der D illp flanze  
u n d  d ie  M en g en v erh ä ltn isse  zw ischen  den  K o m p o n en ten  sind  in T ab . У  an g e ­
geben . D ie  in  d er F a c h lite ra tu r  n ic h t  angegebenen  S p e k tre n  d er id en tifiz ie rten  
re in en  K o m p o n e n te n  w urden  in  A b b . 2 8 an g e fü h rt, w obei A bb . 2 ein M assen­
s p e k tru m , A b b . 3, 5 und 7 In f ra ro ts p e k tre n , w äh ren d  A bb . 4 , 6 und  8 m ag n e ­
tisch e  K e rn re so n a n zsp ek tre n  ze igen . D ie A bb ildungen  2 —4 beziehen  sich a u f

10 B É L A F I-R É T H Y  et al.: E IN H E IM IS C H E  U N D  A USLÄ N DISCH E Ä T H E R IS C H E  Ö LE, I I I

Abb. 3. In fra ro tsp ek tru m  des l-M ethyl-4-iscpropenylbenzols

Abb. 4. K ernresonanzspektrum  des l-M ethyl-4-isopropenylbenzols
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das l-M ethy l-4 -iso p ro p en y l-b en zo l, die A bbildungen  5— 6 a u f  das D ihydro- 
ca rv o n  u n d  die A b b ild u n g en  7 u n d  8 a u f das C a rv o ta n a c e to n . D ie S pek tren  
d e r b ish er u n b e k a n n te n  C u m aran d e riv a te  und  ih re  S tru k tu re rm itt lu n g  w erden 
in  e in er folgenden M itte ilu n g  e rö r te r t.

A us der T abelle  is t fe s tzu s te llen , daß  die drei H a u p tk o m p o n e n te n  des 
ä th e risch en  Öles, e n tsp re c h e n d  den L ite ra tu ra n g a b e n , das oc-Phellandren, das 
L im onen  und  das C arvon  sin d . Ih re  sum m arische  M enge b e t r ä g t  u n g efäh r 90%  
des Öles. W eitere  a c h t K o m p o n en ten  v e r tre te n  u n te r  den  N eb en k o m p o n en ten  
eine M enge von in sg esam t ca. 10% . Z u le tz t sind  d re i B e s ta n d te ile  n u r  noch in

Abb. 6. K ernresonanzspektrum  des D ihydrocarvons
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Abb. 7. Infrarotspektrum  des C arvotanacetons ohne Lösungsm ittel und  in  CCl4-Lösung
a 40 g/1, 6 ~  16 g/1

Abb. 8. K ernresonanzspektrum  des C arvotanacetons

S p u re n  anw esend. Y on d en  in  d e r  F a c h lite ra tu r  als D illö lk o m p o n en ten  b e ­
sch rieb en en  V erb indungen  w a re n  zw ar im  ä th e risch en  Ol d e r einheim ischen  
D illp fla n z e  das a -P in en , d a s  D ih y d ro ca rv o n  u n d  das p -C y m o l nachzuw eisen , 
w ä h re n d  zahlreiche v e rm u te te  K o m p o n en ten , so v e rsch ied en e  T erp en e , T er­
p e n d e r iv a te  — u . a. das D il la p io l— , fe rn e r versch iedene n ic h tte rp e n isc h e  V er­
b in d u n g e n , bew eisbar k e ine  B e s ta n d te ile  des ä th e risch en  Öles d e r D illp flanze 
s in d . V on  den  in  an d eren  ä th e r isc h e n  Ölen b e k a n n te n  B e s ta n d te ile n  w urde 
d ie  A nw esenhe it von  a -T h u je n , /j-M yrcen, /S -Phellandren , l-M ethy l-4 -iso -
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p ro p en y lb en zo l u n d  C arv o tan ace to n  nachgew iesen . F ü r  die g e fu n d en en  Cum a- 
ra n d e r iv a te  w u rd en  in  der F a c h l i te ra tu r  k e ine  A ngaben an g e tro ffe n . Diese 
V e rb in d u n g sg ru p p e  w ar b isher zu  den  ä th e risc h e n  Ö lk o m p o n en ten  n ic h t hin- 
zu g ereeh n et. D u rch  die s tru k tu re lle  V e rw an d sch a ft be ider C u m a ra n d e riv a te  
m ite in a n d e r, sow ie m it dem  l-M eth y l-4 -iso p ro p en y lb en zo l u n d  d em  p-C ym ol, 
fe rn e r du rch  die fes tg este llte  Ä n d e ru n g  ih re r  M enge abhäng ig  v o m  R eifegrad  
d e r D illp flanze  w ird  die p flanzenphysio log ische  B edeu tu n g  d ieser K o m p o n en ­
te n  u n te rs tr ic h e n .
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The electronic spectra of 4H -pyrido[l,2-a]pyrim idin-4-one derivatives were 
recorded. On the basis of the substituent effect on the spectra the molecular struc tu re  
and especially the conjugation in the u n sa tu ra ted  and partially  sa tu ra ted  molecules 
were investigated. I t  bas been established th a t  nitrogen in position 1 is p ro tonated  
in acidic media. The ionization constants o f the protonation  were calculated from  the 
pH  dependence of the spectra.

Several 4 H -p y rid o  [1,2-a] p y rim id in -4 -one  d e riv a tiv es  w ere sy n th e tiz e d  
in  th e  p a s t y ea rs  [1 ] .T hese com pounds e x h ib it  s ig n ifican t biological a c t iv i ty  [2], 
how ever, ou r know ledge on th e ir  sp e c tra  is r a th e r  vague. T he u ltra v io le t 
sp ec tra  of 4 H -p y rid o  [1,2-a] py rim id in -4 -one an d  som e of its  sim ple d e riv a tiv e s  
w ere p u b lished  b y  A d a m s  and  P a c h t e r  [3]. A n t a k i  rep o rted  [4] th e  sp ec tra  
o f 3 -m o n o su b s titu te d  an d  3,6-, 3,8- and  3 ,9 -d isu b s titu te d  d e riv a tiv e s . R ecen tly  
U r b a n  et al. [5] h av e  pu b lish ed  th e  sp e c tra  o f  p o ly su b s titu te d  2 -oxy-(a lkoxy)- 
p y rid o  [1,2-a] p y rim id in -4 -o n e  d e riv a tiv e s  in  e th an o l so lu tion . T h e  a u th o rs  
h av e  concluded  th a t  th e  sp ec tra  con sid erab ly  d iffe r from  each o th e r , dep en d in g  
on th e  fac t w h e th e r n itro g en  in position  1 h a s  a p ositive  charge, o r is n e u tra l . 
T he li te ra tu re  d a ta  in d ic a te  th a t  th e  p o sitio n  o f th e  su b s titu tio n  h as  a g rea t 
in fluence  on th e  sp ec tra .

S y stem atic  in v e s tig a tio n s  have  been  ca rried  o u t in o rd er to  rev ea l w h a t 
in fo rm atio n s can  be  gained  on th e  m o lecu la r s tru c tu re s  from  th e  u ltra v io le t, 
in fra red , n m r an d  m ass sp ec tra . T he effect o f  b o th  th e  so lven t an d  io n iza tio n  
on th e  u ltra v io le t sp e c tra  w ere also s tu d ie d . F ro m  th e  sp ec tra  m easu red  a t  
d iffe ren t p H  th e  io n iza tio n  co n stan ts  w ere e v a lu a te d .

Investigation of the unsatnrated derivatives

T he sp ec tru m  o f th e  basic com pound  (I) consists o f tw o d is tin c t b an d s  
a t  336 nm  an d  239 nm
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T h e h ig h  in te n s itie s  of th e  b a n d s  in d ic a te  t h a t  th e se  can  be assigned to  л  —* л*  
t r a n s i t io n s  o f  charge tra n s fe r  c h a ra c te r .

T h e  sp e c tra l d a ta  o f som e c h a ra c te r is tic  d e riv a tiv e s  dissolved in  e th a n o l 
are  co m p iled  in  T ab le  I . T h e  sp e c tra  o f 2 -d o n o r(m e th y l, c h lo ro )-su b s titu te d  
d e r iv a tiv e s  a re  sim ilar to  t h a t  o f th e  basic  co m p o u n d . B o th  b ands are  s lig h tly  
re d -s h if te d  due  to  th e  effect o f  th e  d o n o r s u b s ti tu e n t . T he sam e holds fo r d o n o r 
g ro u p s  in  p o sitio n  3. I t  is e v id e n t from  th e  sp e c tra  of th e  d o n o r-su b s titu te d  
d e r iv a tiv e s  t h a t  th e  7-, 8- a n d  9 -donor g roups e x e r t also sligh t effec t. T h e  
d o n o r  g ro u p s  in  positions 2 a n d  3 h a v e  n e a rly  th e  sam e effect as in  p o s itio n  8, 
h o w e v e r, th e  7- an d  9 -donor s u b s ti tu e n ts  e x e r t a som ew hat g re a te r  e ffec t.

T h e  g re a te s t change (red  sh ift) in  th e  sp e c tra  is caused  b y  d o n o r g ro u p s 
in  p o s it io n  6. T he g re a te s t sh if t can  be o b serv ed  w ith  th e  f ir s t  b a n d . A  new  
b a n d  (e. g ., 2 ,6 -d i-donor d e riv a tiv e )  ap p ears  a t  th e  p lace o f th e  w eak  in flex io n  
a t  a ro u n d  320 nm , th u s  th e  sp e c tru m  consists o f th re e  л  л*  b an d s .

T h e  red  sh ift is caused  b y  th e  c o n ju g a te d  system  c h a ra c te r is tic  of 
s t r u c tu r e  A , w hich can be fo rm ed  only  in  th e  p resence  of a donor g ro u p  in

Table I

Spectroscopic data o f 4H-pyrido[l,2-a]pyrimidin-4-one ( I )  derivatives in ethanol

Compound ^max logc ^max logs Лтах logs Ref.

I w 336 4.02 — - 239 3.67

i i
0

2-m ethyl- 336 4.0 245 4.0 [3]
h i 2-chloro- 343 4.00 (315) — 256 3.89
IV 2-methyl-7-bromo- 340 4.0 . — 256 4.0 [3]
V 2,6-dimethyl- 358 3.89 323 3.75 250.5 3.95
VI 2-chloro-6-methyl- 360 3.99 319 3.75 260.5 3.95

308 3.74 253 3.98
VII 3-cyano- 365 4.2 315 3.7 250 3.9 [4]
VIII 3-acetyl- 360 4.3 310 3.7 255 4.0 [4]
IX 3-carbethoxy- 362 4.18 314 3.62 252 3.92

304 3.60
X 3-carbethoxy-9-methyl- 370 4.24 311 3.68 259 3.91

300 3.69
XI 3-carhethoxy-8-methyl- 364 4.28 312 3.64 252 3.88

245 3.90
XII 3-carbethoxy-7-m ethyl- 371 4.23 310 3.61 260 4.06

302 3.61
XIII 3-carbethoxy-6-methyl- 389 4.24 316 3.68 258 4.07

306 3.73
XIII in 0.1 N  HC1 354 4.15 301 3.86 252 3.90
XIV 3-carbethoxy-l ,6-dimethyl- 354 4.07 310 3.99 250 3.92
XIV in 0.1 A  HC1 353 4.05 310 3.99 251 3.91

The wave length values in parantheses refer to  an inflexion.
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p o sitio n  6. P ositio n  6 is th e  p o in t o f  th e  m olecule w here in  a d o n o r group has 
th e  la rg es t effect an d  w hich  is fo u n d  fa r th e s t  from  th e  acc e p to r (carbonyl) 
g roup  in  position  4.

A n accep to r (a c e ty l, c a rb e th o x y , e tc .) g roup  in  p o sitio n  3 affects th e  
sp e c tru m  to  th e  sam e e x te n t , as a d o n o r g roup  does in  p o sitio n  6. T h e  spectra  
co nsist o f th ree  b a n d s  s im ila r to  t h a t  o f 6 —d o n o r-d e riv a tiv e s . P o sitio n  3 is 
m o st favourab le  fo r an  accep to r s u b s ti tu tio n , an d  s tru c tu re  В is fo rm ed .

T h is consid era tio n  is su p p o rted  b y  th e  sp ec tru m  o f co m p o u n d  XIII (Fig. 
2), w here th e  sh ift o f  th e  f irs t b a n d  is a p p ro x im a te ly  tw ice  o f  t h a t  observed  
w ith  th e  6 -m ethyl- a n d  3 -ca rb e th o x y -d e riv a tiv e , re sp ec tiv e ly . T h e  sp ec tra  
o f  th e  co rrespond ing  7-, 8- and  9 -m e th y l d e riv a tiv e s  (X XII) all h av e  sh o rte r 
w av e  len g th  b ands. T h e  la rg e  sh ift in  th e  sp ec tra  o f XIII is due  to  th e  fa c t th a t  
a donor group and  an  a c c e p to r group a re  in  th e  m ost fav o u rab le  p o sitio n  to  form  
a co n ju g a ted  sy stem .

B ased  on th e  s tu d y  o f th e  su b s ti tu t io n  effect, i t  is p ro b a b le  th a t  th e  
f i r s t  тс —*■ л*  b an d  (ab o v e  350 nm ) belongs to  th e  e x c ita tio n  o f  th e  bicyclic 
c o n ju g a te d  system . T h is b a n d  is th e  m o s t sen sitiv e  to  changes in  th e  co n ju g a ted  
sy s tem . T he b an d  n e a r  320 n m  can be assigned  to  th e  p y rim id in o n e  rin g , owing 
to  i ts  re la tiv e ly  c o n s ta n t position , a n d  co rresponds to  a m ore localized  ex c ita ­
tio n . T he sim ple d e riv a tiv e s  o f m ono- a n d  diazines h av e  c h a ra c te r is tic  b ands 
in  th is  region [6]. T he b a n d  n ea r 250 n m  is a co n ju g a tio n  b a n d  o f  charge  tr a n s ­
fe r  c h a ra c te r .

P a rise r-P a rr-P o p le  ty p e  ca lcu la tio n s w ere ca rried  o u t fo r I an d  som e of 
i ts  su b s ti tu te d  d e r iv a tiv e s  on several m odels d iffering  in  th e  e x te n t  of th e  
d e lo ca liza tio n  of th e  r in g  c o n ju g a ted  sy s tem  an d  in  th e  s u b s ti tu e n t  effect of 
th e  m e th y l group, re sp e c tiv e ly  [7]. T h e  re su lts  o f th e  ca lcu la tio n s  su p p o rt th e  
p resence  o f a m obile тт-e lec tron  sy stem .

Solvent effect

T he b an d  assig n m en t w as p roved  b y  th e  s tu d y  of th e  so lv en t effec t. As an  
ex am p le  th e  sp ec tra l d a ta  o f  III to g e th e r  w ith  th e  d ipo le  m o m en t o f th e  
so lv en ts  a re  given in  T ab le  I I .  The re d  sh ifts  o f all th e  th re e  b a n d s  increased  
w ith  an  increase in  th e  d ipo le  m o m en t (/z) o f th e  so lv en t, th is  re fe rs  to  th e  
7t —► 7z* c h a ra c te r  o f th e  b a n d s .
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Table II

The spectra o f  X I I I  in different solvents

Solvent Атят(дт) m

Chloroform 367 308 300 248 1.10

W ater 381 312 302 255 1.82

Ethanol 389 316 306 258 1.73

Dimethylformamide 393 320 310 262 3.85

In  e th a n o l  a re la tiv e ly  la rg e  re d  sh if t  was observ ab le , th is  also  o ccu rred  in  th e  
case  o f  analogous co m p o u n d s, e. g. 2 -su b s titu te d -p y rim id in e s  [6].

E ffe c t o f  ionization

T h e  pH -dependence  o f  th e  sp ec tra  of som e d e riv a tiv e s  w as in v e s tig a te d  
to o . T h e  sp ec tra  of XIII ta k e n  a t  d iffe ren t p H  a re  show n in  F ig . 1. T he changes 
in  t h e  sp e c tra  refer d e fin ite ly  to  th e  ex istence o f  an  e q u ilib riu m . T h e  sp ec tra  
in  a lk a lin e  and  n e u tra l m ed ia  a re  id en tica l w ith  th e  sp e c tru m  in  e th a n o l so lu ­
t io n ,  w h ic h  ind icates th e  p re sen ce  o f  th e  n e u tra l  fo rm  o f th e  m olecule. I f  th e  
o x y g e n  w ere  ionized (enolic fo rm ), th e  m olecule w ould  h av e  a d iffe ren t s tru c ­
tu r e  in  n e u tra l  (C) an d  in  a lk a lin e  m ed ium  (D ), rep e c tiv e ly , w hich  w ould  be  
in  c o n tra d ic tio n  w ith  th e  id e n t i ty  o f  th e  sp ec tra .

H

In  acidic m edium  b lu e  sh if t  is observed  (T able  I) . T h e  sp ec tru m  o f XIV 
in  w h ic h  th e  1-nitrogen is m e th y la te d  is id en tica l in  n e u tra l  an d  acid ic  m ed ia . 
T h e  sp e c tru m  of XIII in  ac id ic  m ed ium  is th e  sam e as t h a t  o f  XIV w hich  u n ­
d o u b te d ly  proves th e  p ro to n a tio n  o f n itro g en  in  p o sitio n  1 (s tru c tu re  E ). T h is 
s p e c tr a l  change is c h a ra c te r is tic  o f th e  p ro to n a tio n  o f  n itro g en  in  m ono- an d  
b ic y c lic  azines.

T h e  changes in  th e  s p e c tra  as a fu n c tio n  o f th e  p H  confirm  th a t  th e  
p r o to n  is bound to  n itro g e n  in  p o sitio n  1, in  case o f a ll th e  s tu d ie d  d e riv a tiv e s .
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I t  is w o rth  m en tio n in g  th a t  b o th  th e  s tu d ie d  bases an d  th e ir  s a lts  w ith  h y d ro ­
ch lo ric  acid  give id e n tic a l sp ec tra  an d  th e ir  p H -d ep en d en ce  is  th e  sam e, as 
w ell. I t  can  be  concluded  from  th is  fa c t t h a t  bases an d  sa lts  possess th e  sam e 
s tru c tu re  in  so lu tion .

F ig. 1. The P H  dependence o f  spectra oj X I I I

E q u ilib riu m  constant and basicity o f  the com pounds

On th e  basis o f th e  p H -d ep en d en ce  o f  th e  sp ec tra , th e  e q u ilib riu m  con­
s ta n t  o f th e  p ro to n a tio n  o f  n itro g en  in  p o sitio n  1 w as ca lcu la ted  in  o rd e r to  
o b ta in  in fo rm atio n  on th e  b a s ic ity  o f th e  s tu d ie d  com pounds. T h e  v a lu es  of 
th e  eq u ilib riu m  c o n s ta n ts  (p K a) are  g iven  in  T ab le  I I I .  I t  is a p p a re n t  t h a t  th e

Table HI

Ionization constants o f I  derivatives

Compound

I ^  V 3.26

о
IX 3-carbethoxy- 1.80
X 3-carbethoxy-9 -m ethyl- 1.70
XI 3-carbcthoxy-8 -methyl- 2.28
XII 3-carbethoxy-7-m ethyl- 2.20
XIII 3-carbethoxy-6-methyl- 2.40
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b a s ic i ty  is reduced  due to  th e  accep to r effect o f  th e  3 -ca rb e th o x y  g roup . T he 
6 -m e th y l group increases th e  b a s ic ity  co n sid e rab ly , w h ich  refers th is  g roup  
b e in g  a s tro n g  donor.

In vestigation  of tetrahydro-derivatives

U ltra v io le t sp e c tro sc o p y  w as applied  to  re v e a l th e  s tru c tu re  o f  th e  
6 ,7 ,8 ,9 - te tra h y d ro  d e r iv a tiv e s . T h e  following tw o  s tru c tu re s  m ig h t fo rm :

H

CH3 О

In  o rd e r  to  solve th e  p ro b le m , th e  effect of s u b s ti tu t io n  on th e  sp ec tra  o f th e  
t e t r a h y d r o  deriv a tiv es  as w ell as th e  p H -d ep en d en ce  of th e  sp ec tra  w ere in ­
v e s t ig a te d .

E ffe c t o f  substitution

T h e  spectroscop ic  d a ta  o f  th e  com pounds in v e s tig a te d  in  e th a n o l are  
c o lle c te d  in  Table IV . I t  is a p p a re n t  from  th e  ta b le  t h a t  th e  sp ec tra  co nsist of 
tw o  w ell-sep ara ted  b a n d s  w h ich  can be re la te d  to  л  я*  tra n s itio n s  in  th e  
c o n ju g a te d  system . A co m p a riso n  of th e  sp e c tra  o f  com pounds XV an d  XVIII, 
sh o w s t h a t  th e  c a rb e th o x y  g ro u p  produces a la rg e  (25 nm ) red  sh ift o f th e  
f i r s t  b a n d . The sam e sh if t c a n  be observed w ith  th e  f ir s t  b an d  of 4 H -p y rid o  
[1 ,2 -a ] pyrim id in -4 -one, d u e  to  th e  effect o f th e  e s te r  g roup . Such change is

COOEt

Table IV

Spectra o f 6,7,8,9-tetrahydro-4H-pyrido[l,2-a]pyrimidin-4-one derivatives

Compound Vax log г Лтах löge

JSL

XV r V 278 3.68 226 3.78

.
CH3 О

XVI 2,6-dimethyl- 276 3.60 228 3.72

XVII 3-carbethoxy- 301 3.96 230 3.80

XVIII 3-carbethoxy-6-m ethyl- 303 3.92 230 3.81
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possib le  only  i f  th e  su b s titu tio n  ta k e s  p lace  in  a я -electron sy s te m , i t  is im ­
possib le , h o w ev e r, w ith  s u b s ti tu tio n s  in  a s a tu ra te d  ring . T h is  p ro v e s  th e  
s a tu ra tio n  o f th e  p y rid in e  ring . T h e  sp e c tra l e ffect of s u b s ti tu t io n  in  th e  p y ri­
d in e  ring  w as a lso  stud ied . T h e  6 -m e th y l g roup  does n o t cause ch an g es  in  th e  
sp ec tru m , as i t  is seen from  th e  co m p ariso n  o f th e  sp ec tra  o f  com pounds 
XVII and  XVIII, I f  th e  p y rid in e  rin g  w ere u n sa tu ra te d  a s ig n if ic a n t change 
w o u ld  be o b ta in e d  sim ilarly  to  t h a t  o b se rv ed  w ith  th e  I d e riv a tiv e s .

E ffec t o f  ion iza tio n

T he p H -d ep en d en ce  of co m p o u n d s  XV, XVII and  XVIII sh o w ed  id en tica l 
b eh av io u r. T h e  sp e c tra l d a ta  o f  b o th  th e  ion ized  and  n o n -io n ized  fo rm s are 
g iven  in  T ab le  V . T h e  spectra  in  a lk a lin e  so lu tio n  and  in  w a te r  a re  id e n tic a l in

Table V

Spectral data o f the ionized and non-ionized forms o f compounds 
X V , X V I I ,  X V I I I

Compound pH ^max pH ^max

XV 7 - 1 1 275 1 - 2 258

XVII 4 - 1 2 297 0 278

XVIII 4 - 1 1 300 0 280

all th e  th ree  cases w ith  the  sp e c tru m  o b ta in e d  in  a n e u tra l p o la r  so lv e n t. D ue 
to  th e  effect o f  ac id s , th e  f irs t  b a n d  g ra d u a lly  d isappears an d  a new  b a n d  
develops a t a w av e  leng th  app r. 20 n m  sh o r te r  th a n  th a t  o f th e  o rig in a l b an d . 
A d e fin ite  iso sb es tic  p o in t can b e  seen b e tw een  th e  tw o b ands.

T he changes in  spectra  as a fu n c tio n  o f p H  are v e ry  s im ila r  to  th o se  
o b serv ed  w ith  X III. A defin ite  b lu e  sh if t can  be  observed  in  b o th  cases. T h u s 
i t  is p ro b ab le  t h a t  also in th e  case o f  co m p o u n d  XVIII th e  p ro to n  is b o u n d  to  
n itro g e n  in p o s itio n  1.

T he b in d in g  o f  p ro ton  to  n itro g e n  in  p o sitio n  1 can follow  th e  sam e 
m echan ism  in th e  cases of b o th  u n s a tu ra te d  an d  te tra h y d ro  d e r iv a tiv e s , p ro ­
v id e d  th a t  th e  p y rim id in e  ring  h as  th e  sam e s tru c tu re  in  b o th  cases , i.e ., th e  
p y rid in e  ring  o f com pounds XV— XVIII is s a tu ra te d .

T he in v e s tig a tio n  on b o th  th e  effec ts o f su b s titu tio n  a n d  io n iza tio n  
co n firm  th e  ex is ten ce  of s tru c tu re  F .

B ases XV XVIII and  th e ir  s a lts  w ith  hyd ro ch lo ric  acid  show  th e  sam e 
sp e c tra  in  so lu tio n , an d  th e ir  p H  d ep en d en ce  is also id en tica l. T h u s  th e  bases 
a n d  sa lts  have th e  sam e s tru c tu re  in  so lu tio n .
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E q u ilib riu m  constants

O n th e  basis o f th e  p H -d ep en d en ce  of sp e c tra , th e  equ ilib rium  c o n s ta n t 
o f th e  p ro to n a tio n  o f  n itro g e n  in  position  1 w as c a lc u la ted  in  o rder to  o b ta in  
in fo rm a tio n  on th e  b a s ic ity  o f th ese  com pounds. T h e  va lu es  of th e  eq u ilib riu m  
c o n s ta n ts  ( p K a) are  th e  fo llow ing: XVII 1.76 a n d  X V III 1.07. The b a s ic ity  o f 
th e  co m p o u n d s is less th a n  t h a t  of th e  co rresp o n d in g  u n sa tu ra te d  com pounds 
(IX  an d  X III) . This m a y  b e  in te rp re te d  in  th e  fo llow ing  w ay. I t  can  be ex p ec ted  
by  a n a lo g y  (m eth y lam in es) t h a t  th e  b a s ic ity  o f  n itro g e n  in  position  5 is h ig h e r 
in  th e  te tra h y d ro -d e riv a tiv e s . A n e lectron  m ig ra tio n  from  th e  ca rbony l g ro u p , 
th ro u g h  th e  p y rim id in e  r in g , to w ard s  n itro g en  in  p o s itio n  5 can be p re su m ed , 
an d  th is  red u ces th e  b a s ic ity  o f  n itro g en  in  p o s itio n  1.

Hexahydro-derivatives

T he re su lts  of th e  in v e s tig a tio n s  w ith  h e x a h y d ro -d e riv a tiv e s  are ex p la in ed  
on co m p o u n d  X IX :

H

H

T h e  sp ec tru m  o f co m p o u n d  XIX consists  o f  tw o  bands (F ig. 2) (a t 306 
n m  a n d  232 nm ) in  e th a n o l. T h e  b an d  a t  306 n m  ca n  be re la ted  to  th e  n  —* n* 
tra n s i t io n  o f th e  a lk y lam in e -e th y len e -ca rb o n y l c o n ju g a te d  system . T he p o s i­
tio n  o f  th e  b an d  in d ic a te s  a m obile я -e lec tron  sy s te m . The n  —► n* c h a ra c te r  
of th e  b a n d  is su p p o rte d  b y  th e  so lvent effect to o .

T h e  red  sh ift o b se rv ed  in  po la r so lven ts an d  co n c e n tra ted  acids excludes 
th e  ex is ten ce  of n  —>• л*  b a n d s . The tw o c a rb o n y l g roups are p re se n t in  th e  
fo rm  o f carb o x y lic  ac id  am ide  an d  e th y l e s te r , re sp ec tiv e ly , w hose b a n d s  
a p p e a r  a t  ab o u t 250 nm .

T h e  b a n d  a t  a ro u n d  230 n m  corresponds to  th e  second л  —► л*  t ra n s it io n . 
T his b a n d  is found  in  a p o s itio n  co rrespond ing  to  a , /? -unsa tu ra ted  ca rb o n  
com p o u n d s.

Io n iza tio n  effect

T h e  sp ec tra  o f  co m p o u n d  X IX  were ta k e n  a t  d iffe ren t p H . T he sp e c tru m  
does n o t  change b e tw e e n  p H  1 and  13 an d  is id e n tic a l w ith  th a t  in  a n e u tra l  
aq u eo u s so lu tion . T h is  sp e c tru m  corresponds to  th e  n e u tra l s tru c tu re  of com -
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F ig. 2. Spectra o f  X I I I ------- , X V I I I -------- , and X I X  • ■ ■ ■ in  ethanol

Table VI

Effect o f  ionization on the spectrum o f compound X I X

Solvent •Яшах nm)

1 N  NaOH (300) 265
pH  = 1  to 13 308 236
2 N  HC1 323 240

p ound  X IX . A red  sh if t can  be o b serv ed  in  a co n cen tra ted  acid  (2ЛГ HC1) due 
to  th e  p ro to n a tio n  o f n itro g en  in  p o s itio n  1, an d  th e  com pound is tra n sfo rm e d  
in to  c a tio n  form  H . T h e  observed  ch an g e  in  th e  spectrum  is in a g re e m e n t w ith  
th e  experience  [6].

H2

COOEt

CH3 о
I

A g rea t change is o b serv ed  in th e  sp e c tru m  in alkaline so lu tio n s  an d  th is  
refers to  a second eq u ilib riu m . An a p p ro x im a te ly  20 nm  red  sh ift o f  th e  second 
h and  in d ic a te s  th e  ex is ten ce  o f the  enol (an io n ) fo rm . The follow ing eq u ilib riu m
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T h e a n io n  is form ed b y  th e  loss o f a p ro to n .
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ENTROPY EFFICIENCY OF DISTILLATION WITH 
CONVENTIONAL AND ‘STEPWISE HEAT TURNOVER’
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The concept o f net entropy efficiency of a separation process is introduced and 
defined: its varia tions are shown in conventional distillations and in d istillations with 
stepwise heat tu rn o v er, for various operating  characteristics. R esults o f these studies 
are in agreem ent w ith  values in the lite ra tu re , obtained from m easurem ents in commer­
cial plant. A pproxim ate operating costs of distillations w ith stepw ise hea t turnover 
carried out w ith heating  media a t various levels of tem perature can be calculated from 
the entropy production  directly.

Introduction

T h e concept o f  e n tro p y  efficiency d efin ed  in  th e  th e rm o d y n a m ic  theory  
o f  s ta tio n a ry  processes [1,2,3,4] can  be u tiliz ed  for a co m p ariso n  o f sources 
an d  consum ers o f e n tro p y . D is tilla tio n  m a y  be un ifo rm ly  u n d e rs to o d  as a 
s ta t io n a ry  system  o f th e  f irs t degree [5]. T h e  analysis o f d is ti l la tio n  w ith 
stepw ise h e a t tu rn o v e r  [6] has been  e x te n d e d  to  th e  c o m p u ta tio n  o f  en tropy  
p ro d u c tio n  and  th is  h a s  m ad e  possible th e  s tu d y  o f th e  so-ca lled  n e t  en tro p y  
effic iency .

Strength of therm odynam ic coupling o f various processes [4]

T he com m on cross-effects are  w eak ly  coupled . C h a ra c te r is tic  exam ples 
o f cross-effects are th e rm o d iffu s io n  or th e  d iffusional th e rm o  e ffe c t w here  the  
v a lu e  o f  th e  coupling fa c to r  is b y  severa l o rd e rs  o f  m ag n itu d e  less th a n  u n ity . 
In  com m ercial p rocesses th e se  effects are  u tiliz ed  only if  no o th e r  m e th o d  is 
av a ilab le  or w hen e n e rg e tic  fac to rs  can be le f t o u t of co n sid e ra tio n .

In  tw o-phase  sy s te m s , la rg e r coup ling  fac to rs  m ay  he e x p e c te d . C har­
a c te ris tic a lly , th e  th e rm o d y n a m ic  coup ling  o f th e  so-called L ykow -effect 
(m echan ical-chem ical cross-effect) is of m ed iu m  s tre n g th  because  th e  therm o- 
d iffu sional fac to r in c rea sed  b y  th e  p a r tia l e n th a lp ie s  will p ro d u c e  a fa c to r  of 
ra th e r  h igh  value. T h e  e n tro p y  efficiencies fo r couplings of m e d iu m  s tre n g th  
a re  w ith in  th e  range

0.1 > 4, > 0.01.
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I n  su ch  cases th e  e n tro p y  consum ption  is n o t  y e t  com parab le  w ith  th e  
e n tro p y  p ro d u c tio n , th u s  th e s e  a re  of no im p o r ta n c e  in  com m on chem ical 
u n i t  o p e ra tio n s .

H o w ev e r, the  m ass t r a n s f e r  operations of ch em ica l in d u s try  are  s tro n g ly  
c o u p le d , v iz . :  rjs > 0 .1 .

N o  q u a n tita tiv e  a n a ly s is  o f  th e  en tropy  e ffic ien cy  o f  various m ass t r a n s ­
fe r o p e ra tio n s  has been p e r fo rm e d , though  on its  b a s is  a ch a ra c te riz a tio n  of 
th e  v a r io u s  opera tional u n i ts  w o u ld  be possible. I n  th is  p a p e r  an  analysis w ill 
be g iv e n  o f  th e  en tro p y  e ffic ien c ie s  of d is tilla tio n s w ith  special reference to  
th o se  w i th  stepw ise h e a t  tu r n o v e r .

Coupling o f  transport processes in  d istillations

T h e  en tro p y  p ro d u ced  b y  th e  h ea t t ra n s p o r t  in  th e  colum n is used  u p  b y  
th e  en tro p y -co n su m in g  p ro c e ss  o f th e  sep ara tio n  o f  th e  com ponen ts. In  th is  
case c o u p lin g  is an e ff ic ien cy -lik e  connection b e tw e e n  th e  p ro d u c tio n  an d  co n ­
s u m p tio n  o f  en tropy :

7]s =  /Г 1ф г1
| Ф 2 | ’

( 1 )

I n  d is tilla tio n , th e  n e t  e n tro p y  change due to  th e  tr a n s p o r t  of co m p o n en ts  
is th e  u se fu l consum ption  o f  e n tro p y , i.e.

/1S1 — R  Z t A t Z j  x it In x i t . ( 2 )

I n  th e  course o f a d ia b a t ic  d istilla tion , th e  e n tro p y  p roduced  in  th e  
s te a d y  s ta te  b y  a h e a t flo w  k e p t  co nstan t th ro u g h  e x te rn a l  c o n s tra in t is

T b  T d

T D T B I q (3)

o r, i f  a c o n s ta n t m olar o v e rf lo w  is supposed:

JS (R  +  1) D  +  (g 1 ) F T nJ  (Д  +  1) т т в

2 T D T B

B esides en tropy  p ro d u c t io n  b y  heat t r a n s p o r t ,  o th e r  en tro p y  p ro d u c in g  
p ro cesses  also occur d u r in g  rec tifica tio n  [7] ( f in ite  te m p e ra tu re  d ifferences 
in  th e  h e a t  exchangers, p re s su re  drop in th e  c o lu m n  an d  h e a t ex ch an g ers , 
co m p ress io n  losses, loss o f  h e a t ,  etc.).
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In so fa r  as th e  basis  of reference is th e  to ta l  en tro p y  p ro d u c tio n , one 
o b ta in s  th e  so-called  ‘s ta n d a rd  th e rm o d y n a m ic  efficiency’.* In  th is  p ap e r, 
how ever, we se lec t, on p rac tica l c o n sid e ra tio n s , th e  en tro p y  p ro d u c tio n  by  
h e a t  tr a n s p o r t  in  th e  colum n as a basis  o f  re fe ren ce , and  th e  ra t io  th u s  ob­
ta in ed  is re fe rred  to  as th e  n e t en tro p y  effic ien cy , rjns , o f the  se p a ra tio n  p rocess.

A nalysis o f the net entropy efficiency of distillation 
with stepwise heat turnover

In  th e  course o f stepw ise h e a t tu rn o v e r  th e  to ta l  en tro p y  p ro d u c tio n  
o f h e a t t ra n s p o r t  decreases. G enerally , fo r a cascade  th e  e n tro p y  p ro d u c tio n  
is g iven as

j= N  V,„„

A S 2 =  Г -  (T  T j ')  =  A ( - 1 ~~ T /  d V .  (5)
J  T,  T, ' J T; T f

]=1 о J

C learly, in  th e  case of a n u m b er o f  d isc re te  h ea t tu rn o v e r  s te p s  th is  
en tro p y  in te g ra l can  be rep laced  by  su m m a tio n :

" .  Щ/IS., У — 2У-
J =  1 T,

( 6)

T he scope o f  th e  analysis o f stepw ise h e a t  tu rn o v e r  and of th e  v a r ia b le s  
invo lved  h av e  been  discussed in sem e d e ta il in a p rev ious co m m u n ica tio n  [6]. 
T he e n tro p y  an a ly sis  has been carried  o u t  in  th e  sam e range. T h e  p ro g ra m  
has been  w ritte n  in  PL -1 language for an  IM B  360/40 com puter. I n  th e  case 
of id en tica l sec tion  n u m b ers , th e  v a r ia n t w ith  th e  b e tte r  en tro p y  e ffic ien cy  
w as reg a rd ed  as th e  basis.

In  F ig . 1 th e  v a r ia tio n  of th e  n e t e n tro p y  efficiency for v a rio u s  v a lu es  
of a  is p resen ted  as a fu n c tio n  of th e  n u m b e r  o f sections in s tep w ise  h e a t 
tu rn o v e r. T he re la tiv e  v o la tility  does n o t s ig n ifican tly  affect th e  sh a p e  o f  th e  
r]ns cu rves: also th e  sh if t is sm all.

F igu re  2 show s changes caused by  th e  v a r ia tio n  of feed c o n c e n tra tio n . 
In  co n v en tio n a l d is tilla tio n s  w ith  sy m m etric  se p a ra tio n  requ ired , th e  e n tro p y  
efficiency is m ax im al a t  m edium  feed m ole frac tio n s  x F =  0.4 —  0 .5 , an d  
m in im al a t  low er o r h ig h er feed mole fra c tio n s  x r  Gsi 0.2 and  x F 0 .8 . In  a 
th e rm o d y n am ic  sense, th e  ap p lica tion  o f s tep w ise  h e a t tu rn o v e r is m o s t a d ­
v an tag eo u s  a t  low  an d  a t  h igh feed c o n c e n tra tio n s . F o r exam ple, i f  x F — 0.2

* Since efficiency is com puted not in energy b u t in entropy  representation, ‘s ta n d a rd ’ 
values will be obtained.
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F ig .  1

or x F =  0 .8 , tw o in te rm e d ia te  condensers, o r tw o  in te rm ed ia te  re -b o ile rs  im ­
p ro v e  th e  en tro p y  e ffic ien cy  by  ab o u t 2 4 % , (47%  -*■ 71% ; 39 %  —> 6 3 % ). 
T h is  e ffe c t agrees w ell w ith  th e  re su lts  o f  econom ic  op tim iza tio n , acco rd in g  
to  w h ic h  in te rp o sed  sec tio n a l h ea t tu rn o v e r  is econom ically  b e t te r  in  ‘long  
c o lu m n  sec tio n s’ [6]. I t  can  be  seen th a t  th e  in te rp o s in g  of sec tions 5 a n d  6 
does n o t  su b s ta n tia lly  a l te r  th e  v alue  o f n e t  e n tro p y  efficiency an y  m ore .

T h e  ‘f la tte n in g ’ o f th e  n e t en tro p y  e ff ic ien cy  curves a t  sec tions 5 an d  
6 c a n  b e  observed  also in  F ig . 3 w here th e  e ffec t o f th e  v a r ia tio n  o f p ro d u c t 
c o n c e n tra tio n  is show n. A t h igher p ro d u c t co n cen tra tio n s  th e  n e t  e n tro p y  
e ff ic ie n cy  increases, viz.  th e  en tro p y  c o n su m p tio n  of th e  se p a ra tio n  process 
in  th e  n u m e ra to r  of th e  effic iency  te rm  in c rea se s  w hile en tro p y  p ro d u c tio n  by  
th e  otheT  process (h e a t tra n s p o r t)  does n o t  ch an g e .

R
F ig u re  4 shows th e  e ffec t of v a r ia tio n s  in  th e  ra tio  0  = -------- . W h en  0

« m i n
is lo w , r]s is h igh ; th e  e n tro p y  co n sum ption  n e e d e d  fo r a p rescribed  sep a ra tio n  
ca n  b e  reach ed  w ith  a sm a lle r  en tro p y  p ro d u c tio n  w hen 0  is h igh ; th e  ab so lu te  
m a g n itu d e  of h ea t t r a n s p o r t  is d irec tly  p ro p o r tio n a l to  0 .  Also th is  is in  
a g re e m e n t w ith  th e  p ic tu re  p resen ted  b y  in d ice s  o f process econom ics.
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F ig .  2

F i g . 3
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F ig .  5
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Fig. 6

W hen  th e  re la tiv e  v o la tilitie s  a n d  0  v a lu es  are  id en tica l, th e  increase 
o f t ^ p v a lu es  slig h tly  im proves th e  e n tro p y  efficiency, how ever, th e  change 
is sm< dl (F ig . 5).

T hese F ig u res  give an  a d e q u a te  p ic tu re  o f  how  th e  stepw ise h e a t  tu rn o v e r  
increases th e  e n tro p y  efficiency .

I t  shou ld  be  n o ted  th a t  th e  n e t e n tro p y  efficiency of th e  s e p a ra tio n  p ro c ­
ess is n o t  a ffec ted  by  th e  cap ac ity  o f  th e  d is tilla tio n  a p p a ra tu s  o r  b y  con­
s tru c tio n a l or cost p a ram e te rs .

Estim ation of operational costs from  entropy production

In  th e  course o f co m p u te r analysis  [6], w e h av e  com pared  th e  o p e ra tio n a l 
cost o f  d is tilla tio n  ap p a ra tu se s  o p e ra ted  w ith  h e a tin g  m edia a t  v a r io u s  te m ­
p e ra tu re  levels, w ith  th e  ca lcu la ted  e n tro p y  p ro d u c tio n  (v a ria n t 1, R ef. [6]). 
In  a b o u t 200 cases, a t  f ix ed  o p e ra tio n a l, c o n s tru c tio n a l and  cost p a ra m e te rs  
(a t К  =  co n st.)  th e  co rre la tio n  b e tw een  o p e ra tin g  costs and  e n tro p y  p ro d u c ­
tio n , h a v in g  th e  form

I I  =  K A S 2 (7)
*
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Table I

Case 1 Case 2 Case 3 Case 4

Basis capacity 
180 kmol/hr

x p  =  0.5
a =  2.5 =  0.01 

x D =  0.99

x p  =  0.5 
a = 1 .5  *B =  0.01 

x D =  0.99

x p  =  0.8 
a =  1.5 x p  =  0.01 

x p  =  0.99

x p  =  0.5 
a  =  1.5 л'в =  0.3 

*D =  0.7

As
kcal/h К vn.(%) '77thcrm(%)

As
kcal/h К v tW o ) 7?therm(%)

As
kcal/h К vl(%) 77therm(%)

As
kcal/h К « % ) -r?therm(%)

Reversible rectification 227.90 1 ___ 227.90 1 — 158.96 1 ___ 29.43 1 —

Infinite adiabatic rectification 359.02 63.47 52.3 339.58 67.11 48.2 366.90 43.32 31.5 138.60 21.23 14.3
Finite adiabatic rectification 389.32 58.53 48.9 380.12 59.95 44.4 405.39 39.21 29.3 149.00 19.75 13.6
Stepwise heat turnover,

3 sections (c) 366.91 62.11 51.5 352.25 64.69 47.1 293.06 54.24 36 130.21 22.60 14.9
Stepwise heat turnover,

4 sections (c - f  r) 325.95 69.91 56.8 316.21 72.02 51.0 250.96 63.33 41 113.37 25.95 16.3
Stepwise heat turnover,

5 sections (c +  2r) 314.53 72.45 58.5 305.88 74.50 52.2 245.90 64.64 41.5 108.78 27.05 16.8
Stepwise heat turnover,

6 sections (2c -f  2r) 308.23 73.93 59.6 297.81 76.52 53.2 244.72 64.95 53.2 105.00 28.2 17.0

H eat exchanger surface (m 2) 360.0 740 786 290

A S s =  A -  K ' kcal/hK 51.7* 106.3* 111* 42*

H eat isolation kcal/h К 3 5 5 5
Hydraulic resistance kcal/h К 10 10 10 10
Other losses kcal/h К 10 10 10 10
Total loss kcal/h К 74 7 131.3 136 67

* K ' =  200 kcal/m 2 h °C; zlTm =  10K; Tm =  373 К
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agreed  w ith in  1 0 %  fo r th e  v a rio u s  stepw ise h e a t  tu rn o v e r  schem es. As an  ex ­
am ple  we p re se n t th e  H  =  Н(Ф2) co rre la tio n  w ith  o p e ra tio n a l c h a rac te ris tic s  
fix e d  for th re e  d iffe re n t а -values (F ig . 6).

T hus, fo r ch an g in g  prices o f  h e a t ca rr ie r  m ed ia , th e  red u c tio n  o f o p e ra t­
in g  costs ach iev ed  b y  stepw ise h e a t  tu rn o v e r  can  re a d ily  be  e s tim a ted  th ro u g h  
a n  analysis o f e n tro p y  p ro d u c tio n . T he co rre la tio n s  m en tio n ed  are  v a r ia n ts  
o f  th e  G ouy-S todo la  re la tio n sh ip , К  =  f ( T 0) =  co n st (T 0), app lied  to  a con­
c re te  m a th e m a tic a l an d  cost m odel:

^loss =  T 0(S  S 0) .

Coupling strength and standard therm odynam ic efficiency  
o f distillation

In  T able I  th e  ca lcu la ted  e n tro p y  p ro d u c tio n  o f fo u r v a r ia n ts  is show n. 
T h e  en tro p y  p ro d u c tio n  values re fe r  to  rev e rs ib le , in fin ite  a d ia b a tic , an d  
f in i te  ad iab a tic  (conven tional) cases, fo r stepw ise  h e a t  tu rn o v e rs  o f  3, 4 , 5 
a n d  6 sections. I n  v a r ia n ts  1 a n d  2 th e  re la tiv e  v o la tilitie s  are  oc =  2.5 and  
a  =  1.5 for th e  sam e  feed and e ff lu e n t c o n cen tra tio n s . In  v a r ia n t  3 th e  e n tro p y  
p ro d u c tio n  is sh o w n  fo r a feed m ole frac tio n  o f  x p =  0 .8 , in  v a r ia n t  4 fo r a 
re q u ire d  se p a ra tio n  o f x B =  0.3 a n d  x D —  0.7, u n ifo rm ly  a t  a basis  c a p a c ity  
o f  180 km ol/hr. I n  th e  la t te r  tw o  cases th e  n e t  e n tro p y  effic iency  v a lu es  r)ns 
o f  th e  sep ara tio n  process are sm all, m oreover, a t  p ro d u c t co n cen tra tio n s  o f 
x B =  0.3 and x D =  0.7 th e  ap p lica tio n  o f s tepw ise  h e a t  tu rn o v e r  does n o t 
in crease  the  e ffic iency  to  any su b s ta n tia l  degree. I t  is o f  in te re s t to  n o te  th a t  
th e  n e t  en tropy  e ffic iency  of a d ia b a tic  re c tif ic a tio n  w ith  in fin ite  d im ensions is 
a t ta in e d  genera lly  w ith  3 or 4 sec tio n s o f  th e  s tepw ise  h e a t  tu rn o v e r  sy stem : 
th is  shows th e  s ign ificance  o f in te rm e d ia te  h e a t tu rn o v e r .

Since in T a b le  I  th e  ex trem e  cases o f p ra c tic a l se p a ra tio n  p rob lem s are 
co llec ted , it  can  b e  seen th a t  th e  ra n g e  o f n e t  e n tro p y  efficiencies for co n v en ­
tio n a l d is tilla tio n s is

20 %o <  »7? <  60%o

i.e. th e  range o f th e  th e rm o d y n am ic  coup ling  fa c to r  p  in  th e  en tro p y  fu n c tio n

Ф — L 1X X l  (1 — p 2) (9)

is be tw een  0.5 <  p  <  0.75, w here p  can  be d eriv ed  from  th e  th e o ry  of s ta t io n ­
a ry  processes as

] [  (L i t  +  L al)2
P I  4 L n  L 22

W ith  stepw ise  h e a t tu rn o v e r v a lu e  o f rj" can  be ra ised  to  8 0 % , acco rd ­
in g ly  p  m ay in crease  to  p  <  ~  0.9.

( 8 )
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I n  o rd e r  to  be able to  d e te rm in e  th e  th e rm o d y n a m ic  effic iency  o f d is tilla ­
t io n , o th e r  th e rm o d y n am ic  losses m u s t be  e s tim a te d ; a t  th e  b o tto m  o f T ab le  
I  th e s e  e s tim a te d  figures are  sh ow n .

T h e  e n tro p y  p ro d u ced  in  th e  course o f  h e a t tra n s fe r , across a f in ite  
d iffe ren ce  o f  te m p e ra tu re  w as c a lc u la te d  from  th e  fo rm u la  (flu x  m u ltip lied  
b y  th e  d r iv in g  force)

A  S s =  I q A A K '
A T

( И )

T h e  th e rm o d y n am ic  e ffic iency  expressed  in  e n tro p y  re p re se n ta tio n  p ro ­
v id es  a  s ta n d a rd  v a lu e ; in  th e  T a b le  th is  is d en o ted  b y  t j^ erm.

T h e  ran g e  of th e  s ta n d a rd  th e rm o d y n a m ic  effic iency  o f c o n v en tio n a l 
d is t i l la t io n  falls betw een  th e  lim its  o f 10 and 5 0 % , i.e.

1 0 %  <  V $ L m <  50%  .

U n d e r  favourab le  c ircu m stan ces  th ese  va lu es  can  be im p ro v ed  b y  ab o u t 
1 0 %  th ro u g h  th e  ap p lic a tio n  o f  stepw ise  h e a t  tu rn o v e r.

T h e  resu lts  of our an a ly s is  are  in  ag reem en t w ith  th e  low  th e rm o d y n a m ic  
e ffic ien c ies  of p e tro leum  re f in in g  an d  p e tro ch em ica l p la n ts  a p p ly in g  com plex 
d is t i l la t io n  a p p a ra tu s : cf. R efs [9, 10, 11].

Conclusions
»

1. C onventional d is ti l la tio n  is a s tro n g ly  coup led  s ta t io n a ry  system  
o f  th e  f i r s t  degree. T h e  ra n g e  o f th e  th e rm o d y n a m ic  coup ling  fa c to r  is
0.5 <  p  <  0.75. The ran g e  o f  th e  s ta n d a rd  th e rm o d y n am ic  e ffic iency  o f  d is til­
la t io n s  is  10%  <  t$ ,erm <  5 0 % .

2. T h e  concept o f  n e t  e n tro p y  effic iency  o f th e  se p a ra tio n  process is 
in tro d u c e d  an d  defined ; its  v a r ia tio n s  accord ing  to  d iffe ren t form s o f a stepw ise 
h e a t  tu rn o v e r  are show n. F o r  th e  v a rio u s  va lu es  o f o p e ra tio n a l ch a ra c te ris tic s  
th e  c h a n g e  of th e  n e t e n tro p y  effic iency  is g iven . T h e  ap p lica tio n  o f  stepw ise 
h e a t  tu rn o v e r  im proves, b y  a b o u t 1 0 % , th e  s ta n d a rd  th e rm o d y n a m ic  effic iency  
o f  th e  process.

3. U sing th e  c o rre la tio n  H  =  К  A S 2, w here К  is a fu n c tio n  o f th e  
o p e ra t io n a l  and  c o n s tru c tio n a l ch a ra c te ris tic s  an d  p rice  c o n s tru c tio n , th e  
o p e ra t in g  cost of a stepw ise  h e a t  tu rn o v e r  system  w o rk ing  w ith  h e a tin g  m edia  
o f  v a r ia b le  te m p e ra tu re  lev e ls  can  be ca lcu la ted  d irec tly  from  th e  e n tro p y  
p ro d u c tio n .

T he authors wish to  th a n k  Mr. J .  Szabó (DUNA Petroleum  Co., Százhalom batta) for 
help ing  in  the computations.
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A
A
В
D
F
H

К

<1
R
R
S
T
V
X
X

У
Vs
Vs
r/tiierm
Ä
Ф

&

Symbols

molar mass flow of the product, km ol/hr 
heat transfer area, m 2
molar mass flow of the bottom  product, km ol/hr 
molar mass flow of the head product, km ol/hr 
molar mass flow of the feed, km ol/hr 
operating cost, F t/year 
heat flow, kcal/hr 
constant
coefficient defined by Eq. (7); a function of the param eters of operation , construction 

and costs
heat transfer coefficient, kcal/m 2 hr К  
general transport coefficient 
operational loss, kcal/hr 
therm odynam ic coupling factor 
heat turnover a t a given level, kcal/hr 
ratio  of liquid in the feed 
reflux ratio
gas constant, 1,9872 kcal/K  kmol 
entropy production, kcal/K  hr 
absolute tem perature 
molar vapour flow, km ol/hr 
general driving force 
mole fraction in  the liquid phase 
mole fraction in the vapour phase 
entropy efficiency
net entropy efficiency of the separation process 
standard  therm odynam ic efficiency 
heat of evaporation
density of entropy sources, kcal/K  hr in2 

^act 
•̂ min

i com ponent

Indices

D head product
j plate В bo ttom  product
t product s value pertinen t to lieat-flow
act
min

actual figure 
minim um  figure
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RECENT RESULTS ON METAL CATALYSIS
P . T é t é n y i , L. G u c z i  and Z. P a á l  

( I n s t i t u t e  o f  Iso to p e s  o f  th e  H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , B u d a p e s t )  

Received Ju ly  2, 1973

C ertain problems of adsorption , hydrogenolysis, isomerization and  dehydro- 
cyclization are discussed in th e  light of the in terac tion  betw een the m etal ca ta ly st and 
the reacting  substrate. On th e  basis of the au tho rs’ experim ents, and of d a ta  taken  
from the lite ra tu re , an in terp re ta tion  is given for the role o f hydrogen in certa in  ca ta ­
lytic reactions involving hydrocarbons, and it  is discussed how hydrogen affects the 
nature and  ex ten t of the hydrocarbon-m etal in teraction . I t  is concluded th a t  the 
various param eters characterizing the m etal are insufficient to account for th e  ca ta ly tic  
effect, because th is effect is due to  the c a ta ly t ic  s y s te m  as a whole, formed as a result 
of the in te rac tion  between the substrate  and th e  m etal.

On th e  basis an in terp re ta tion  is given for the  sta tem en t, m ade by  one of the 
authors a few years ago th a t there  is no characteristic  difference between th e  ca ta ly tic  
effects of m etals and m etal oxides.

The p h en o m en o n  called ca ta ly s is  was d e fin ed  f i r s t  b y  B e r z e l i u s  in  
1835 as follow s:

“ There e x is t  ce rta in  special substances w h ich  a ffec t chem ical re a c tio n s  
in  a peculiar w a y , d iffe ren t from  chem ical a ff in ity , an d  induce  a un ion  w h ere in  
th e y  tak e  p a r t ,  i f  a t  all, only to  a m in o r e x te n t. T h is  effect is, p re su m a b ly , th e  
ap p earan ce  o f  e le c tr ic ity , odd , c a ta ly tic  force, w h ich  aw akens th e  d o rm a n t 
chem ical a ff in ity . T h is process is ca ta ly s is .”

Several d e fin itio n s  have  since  been given m o s t o f  th em  d isreg ard in g  th e  
re la tio n s  be tw een  th e  c a ta ly s t a n d  th e  re a c tio n , an d  em phasiz ing  t h a t  th e  
c a ta ly s t  has no  p a r t  in  th e  chem ica l process:

“ A cata lyst is a substance w hich apparently p lays no direct part in  the  
reaction, but m ay in itia te , accelerate, or control th e  process” (Mittasch , 1933).

“ C atalysis . . .  is an  in flu en ce  on th e  r a te s  o f  chem ical p rocesses b y  
su b stan ces w hich  do n o t  undergo  p e rm a n e n t ch an g es d u rin g  th e  re a c tio n ”  
(C o n tac t C a ta ly sis , P u b l. H ouse o f  th e  H u n g a ria n  A cad em y  o f Sei., B u d a p e s t, 
1966).

A m ore g en era l defin itio n , w hich  em phasizes c learly  th e  m ain  p o in t o f  
th e  phenom enon , w as given by  B a l a n d i n  [1] in  1947: “ C atalysis is th e  e ffec t 
o f a substance  on  th e  reac tio n , w h ich  changes se lec tiv e ly  th e  k in e tic s  o f  th e  
re a c tio n , while le a v in g  unch an g ed  th e  s to ich io m etric  an d  th e rm o d in am ic  co n ­
d itio n s . The e ffec t consists in rep lac in g  ce rta in  e le m e n ta ry  steps o f th e  r e a c ­
t io n  w ith  o th e r, cyclic  steps, in v o lv in g  th e  a c tiv e  su b s ta n c e . T his su b s ta n c e
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is th e  c a ta ly s t  w hich, as follow s from  th e  d e fin itio n , in  th e  lim itin g  case  does 
n o t  c h a n g e  as a re su lt o f th e  re a c tio n  an d  does n o t  in fluence th e  e q u ilib riu m .”

T h is  defin ition  a lre a d y  im p lies u n am b ig u o u sly  th a t  th e  c a ta ly s t  does 
ta k e  p a r t  in  th e  reac tio n , b u t  th e  em phasis is s till on th e  fe a tu re  t h a t  i t  is n o t 
c h a n g e d  d u rin g  th e  p rocess.

T h e  re su lts  of re c e n t in v e s tig a tio n s  in  th e  fie ld  o f m e ta l c a ta ly s is  in d ic a te  
t h a t  a f u r th e r  im p o r ta n t s te p  can  he m ade in  th e  in te rp re ta tio n  o f  ca ta ly s is . 
N a m e ly , increasing ly  n u m e ro u s  d a ta  show  th a t  th e  c a ta ly tic  s tru c tu re  is th e  
result o f  interactions b e tw een  th e  c a ta ly s t a n d  th e  o th e r co m p o n en ts  o f  th e  
sy s te m . T h e  system  is c o n tro lle d , d riv en  in to  a p a r tic u la r  re a c tio n  p a th  b y  
th is  c a ta ly t ic  s tru c tu re .

T h is  phenom enon can  b e  observed  p a r t ic u la r ly  well in  th e  re a c tio n s  of 
h y d ro c a rb o n s  ca ta ly zed  b y  m e ta ls . T he cou rse , r a te ,  an d  th e  p a th  o f  th e  re ­
a c tio n  a re  all in fluenced , to  a g rea t e x te n t, b y  th e  hyd rogen  c o n te n t  o f th e  
sy s te m .

T h e  resu lts  of o u r e x p e rim e n ts  an d  th o se  o f o th e r  a u th o rs  h a v e  show n 
t h a t  h y d ro g e n  is b o n d ed , ad so rb ed  on m e ta ls  m uch  m ore ra p id ly  th a n  are 
s a tu r a te d  h y d ro ca rb o n s. F o r  in s ta n c e , t r i t iu m  chem isorbed  on n ick e l ex ­
c h a n g e s  read ily  w ith  h y d ro g e n  in  th e  gas p h ase  even  a t  room  te m p e ra tu re  [2], 
as in d ic a te d  b y  th e  ra d io a c tiv i ty  ap p earin g  in  th e  gas phase . In  c o n tra s t ,  th e  
e x c h a n g e  betw een  m e th a n e  a n d  tr i t iu m  s ta r ts  on ly  above 200°C. M oreover, 
th e  r a te  o f  th e  h y d rogen  ex ch an g e  in  e th a n e  is th e  sam e fo r d e u te r iu m  and  
t r i t i u m  [3]. The absence o f  an  iso tope  effect p ro v es th a t  th e  ra te -d e te rm in in g  
s te p  o f  th e  exchange, i.e. th e  s tep  w ith  th e  low est ra te  c o n s ta n t, is th e  a d ­
s o rp tio n  o f th e  s a tu ra te d  h y d ro c a rb o n , w h ereas  th e  o th e r s tep s , in c lu d in g  th e  
a d s o rp t io n  of hydrogen  (d e u te r iu m , or tr i t iu m )  are  m uch fa s te r . T h u s , h y d ro ­
g en  occu p ies  th e  surface o f  th e  m e ta l c a ta ly s t ,  re ta rd s  th e  re a c tio n s  o f  h y d ro ­
c a rb o n s  an d  decreases th e ir  re a c tio n  ra te s .

S u ch  an  effect c an , in d eed , be o b se rv ed . W hen  in v e s tig a tin g  th e  h y d ro ­
g e n -d e u te r iu m  exchange fo r a n u m b e r o f su b s tra te s , we h av e  fo u n d  th a t  th e  
r e a c t io n  is re ta rd e d  b y  h y d ro g e n , th e  re a c tio n  o rd e r w ith  re sp e c t to  hyd rogen  
b e in g  n eg a tiv e . T his re s u lt  w as fo u n d  fo r th e  h y d ro g en —d e u te r iu m  exchange 
o f  m e th a n e  [2], e th an e  [3], a n d  p ro p an e  [14], on n ickel and  p la tin u m  [5] c a ta ­
ly s ts  (c f .  Table I). W ith  in c reasin g  te m p e ra tu re , th e  n eg a tiv e  re a c tio n  order 
g ra d u a l ly  d isappears, ceasin g  com ple te ly  a t  a b o u t 250°C. T h is p h en o m en o n  
c a n  b e  exp lained  b y  a ssu m in g  th a t  h y d ro g en  is desorbed  v e ry  easily  a t  th is  
t e m p e r a tu r e ,  and  is th u s  d isp laced  from  th e  su rface  b y  th e  s a tu ra te d  h y d ro ­
c a rb o n .

A  sim ilar p h en o m en o n  can  be o b serv ed  in  th e  a n o th e r ty p ic a l  re a c tio n  of 
h y d ro c a rb o n s , n am ely  th e  ru p tu re  of ca rb o n —carb o n  bonds, or h y d ro g eno lysis . 
O f th e  ch a rac te ris tic  re su lts , th e  d a ta  p e r ta in in g  to  th e  h y d rogeno lysis  o f  e th an e , 
p ro p a n e  [4] and b u ta n e  [6] in  th e  p resence  o f n ickel are  show n in T ab le  I I .
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Table I
Variation o f the order o f exchange with temperature*

a) E thane on nickel

T°C ^CiHe P h , a b

174 7 .8 9 -1 5 .2 8 .38-31 .54 l . i - 1 .1 3 D„
250 6.8 -3 4 .0 34.0 -6 1 .2 1.12 -0 .1 5 D„
250 22.4 —85.5 39.4 -6 9 .5 1.1 - 0 .3 HT
310 25.0 -8 0 .0 34.0 -1 3 6 .0 0.68 0.52 HT
323 25.0 —86.5 41.0 -1 2 8 .5 0.58 0.84 HT

b) Propane on nickel

T,°C P c.h . P u t a b

165 1 0 -3 0 3 0 -1 2 0 0.82 - 0 .6
200 1 0 -3 5 4 5 -1 2 0 0.8 - 0 .2 9
232 1 0 -2 5 3 0 -1 0 0 0.78 0.14
240 1 0 -3 0 3 0 -1 4 0 0.75 0.28

* M =  kpZnPHib

Table II
The change in the hydrogen exponent fo r the hydrogenolysis o f ethane, propane, and n-butane

Temper­
ature
(°C)

Ethane* Propanes* n-Butane*

**н* b Pa, b P h . b

(Torr) (Torr) (Torr)

167 2 0 -2 2 2 - 1 .6
174 8 .4 -3 1 .5 - 1 .4
182 3 4 -2 0 0 - 0 .7
198 3 0 -9 5 - 0 .6
202 3 2 -1 8 3 -0 .0 3
210 2 7 -1 0 0 - 0 .2
227 34 192 0.0
240 3 0 -1 1 0 0.0
245 3 8 -2 0 1 0.0
250 3 4 -6 1 .2 - 0 .7
262 8 .4 -3 1 .5 0.0
270 4 0 -1 2 0 0.0
278 2 2 -8 5 0.0
310 2 5 -1 3 0 0.0
323 4 0 -1 3 0 0.0

* The pressure of hydrocarbons is approximately 10 Torr
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S im ila r  values w ere o b ta in e d  fo r th e  hydrogeno lysis o f  e th a n e , p ro p an e  
a n d  b u ta n e  in  th e  presence o f p la t in u m  [5].

I t  c a n  b e  seen th a t  h y d ro g e n  h a s  a re ta rd in g  e ffec t b o th  on h y d ro g e n -  
d e u te r iu m  exchange and  th e  h y d ro g en o ly sis .

H y d ro g e n  affects, h o w e v e r, n o t  only th e  re a c tio n  ra te s , b u t  also th e  
d ire c tio n  o f  th e  reaction , as sh o w n  c learly  b y  th e  e ffec t o f  h y d ro g en  on th e  
s e le c tiv ity  o f  hydrogenolysis. T h e  se le c tiv ity  in  th e  h y d ro g en o ly sis  o f a  s a tu r a t ­
ed  h y d ro c a rb o n  CnH 2n+2, w ith  re sp e c t to  a c o m p o n en t C(H 2i+2 (w here 
n  >  i  1), can  be expressed , in  com p le te  g enera lity , b y  th e  eq u a tio n

c  n» i
—  n- 1

S  iu>?Jmmd 1
1 =  1

w h ere  ги® is  th e  in itia l r a te  o f  fo rm a tio n  of th e  c o m p o n en t w ith  i carbon  
a to m s . A ccord ing  to  th e  d e f in it io n , th e  se lec tiv ity  w ith  re sp e c t to  an y  com ­
p o n e n t  is  u n ity  if  only one С—C b o n d  is b roken , th u s  th e  se lec tiv ity  of th e  
h y d ro c ra c k in g  reaction  a lw ay s m e a n s  th e  tra n s fo rm a tio n  w h ich  invo lves th e  
r u p tu r e  o f  th e  firs t C-C b o n d .

( 1 )

Fig. 1. T em perature dependence of th e  selectivity of propane hydrogenolysis on various nickel
catalysts

I n  th e  decom position  o f  p ro p a n e , for in stan ce , th e  se le c tiv ity  w ith  resp ec t 
to  e th a n e  is u n ity  if  th e  r a te s  o f  th e  fo rm atio n  of e th a n e  a n d  th e  decom position  
o f  p ro p a n e  are th e  sam e. I f  th e  r a te  of e th an e  fo rm a tio n  is low er th a n  th is , 
b e c a u se  e th an e  m olecules, in  p a r t ,  a re  decom posed in to  m e th a n e , th e  se lec tiv ity  
is le ss  th a n  1.

E x p e rim e n ta l re su lts  [4] h a v e  show n th a t  th e  se le c tiv ity  is te m p e ra tu re  
d e p e n d e n t.

I t  can  be seen fro m  F ig . 1 t h a t  th e  se lec tiv ity  o f  th e  decom position  of 
p ro p a n e  decreases w ith  in c re a s in g  te m p e ra tu re .

T h e  selec tiv ity  also d e p e n d s  on th e  a c tiv ity  o f  th e  c a ta ly s t ,  as can  be 
seen  f ro m  th e  d a ta  of T ab le  I I I  [4, 6]. The d a ta  also in d ic a te  t h a t  th e  se lec tiv ity  
in c re a se s  w ith  decreasing a c t iv i ty .
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Tabic II I

Dependence o f the selectivity values on the catalytic activity

Som " b ä . SCsH«

1.1 5 0 X 1 0 -8 0.330 2 .34x10  8 0.310
0 .6 9 2 X 1 0 -8 0.360 1 .4 2 x 1 0 -» 0.490
0 .4 4 0 x 1 0 -8 0.454 8.31 X lO -10 0.680

0.493 3 .6 1 x 1 0 “ 18 0.850
0 .0 8 3 x 1 0 -8 0.500 1 .6 3 X 1 0 - '8 0.915
0 .0 4 6 x 1 0 -8 1.000 6.36 x i o - 11 0.971

4 .2 2 x 1 0 -“ 0.988

— H c3H8 aT|4 — II c«1110 are initial rates o f propane and n-butane consumption in m ol/m 2 
СгНе- selectivity of ethane production from  propane;
CaHg: selectivity of propane production from n-butane.

PH , torr "2 1

Fig. 2. Dependence o f the  selectivity of b u tan e  hydrogenolysis (catalyst: P t)  on th e  partia  
pressure of hydrogen; o - o  Smethane> H------ H Spr0pane- - d - d  Sethane

I t  has also b een  observed in  th e  hyd ro g en o ly sis  of n -b u ta n e  o n  n ickel 
th a t  th e  p ro b a b ility  o f  th e  selective ru p tu r e  o f  one C-C bond  in c rea se s  w ith  
th e  h y d ro g en  p re ssu re . I t  can be seen in  F ig . 2 t h a t  th e  p ro p an e  y ie ld  in creases , 
and  th e  m e th an e  a n d  e th an e  y ields d ec rease  w ith  th e  hyd rogen  p re ssu re , in ­
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d ic a tin g  t h a t  th e  selective h y d ro g en o ly sis , w h ich  invo lves th e  fission o f o n ly  
one C—C b o n d , becom es m ore  fav o u red  w ith  in c rea s in g  hydrogen  co v erag e .

A n y  e ffec t th a t  in crease  th e  free su rface , su ch  as decrease of th e  h y d ro ­
gen p re s s u re  or hyd rogen  coverage  an d  in c rease  o f  th e  ca ta ly tic  a c t iv i ty  a t  
e le v a te d  te m p e ra tu re s , d ecreases  th e  se lec tiv ity .

T h e se  fac ts  can  be in te rp re te d  as follow s. S a tu ra te d  h y d ro ca rb o n s  a re  
a d so rb e d  on  th e  surface of m e ta ls  via  th e  d isso c ia tio n  of С—H  bonds. I f  th e  
a d s o rp tio n  is w eak , and  o n ly  a single chem ical b o n d  is form ed b e tw een  th e  
c a rb o n  a to m s  and  th e  su rface , a re la tiv e ly  fa s t  d e so rp tio n  tak es  p lace , a n d  if  
d e u te r iu m  o r tr i t iu m  is p re se n t, a singly lab e lled  p ro d u c t, con ta in in g  h e a v y  
h y d ro g e n , is form ed. If , h o w ev er, fu r th e r  h y d ro g e n  atom s are a b s tra c te d  
fro m  th e  a d so rb ed  species b e fo re  d eso rp tion , a m u ltip le  c a rb o n -m e ta l b o n d  is 
fo rm e d , a n d  th e  surface species is bonded  s tro n g ly . O n th e  basis o f h y d ro g e n -  
d e u te r iu m  exchange e x p e rim e n ts  w ith  a d so rb e d  m eth an e , K em ball  [7] 
a s su m e d  th e  fo rm atio n  o f th e  s tru c tu re s .

M 1 M II M M
M M

T h e  ra te s  of th e  m u ltip le  m e th an e—d e u te r iu m  exchange reac tio n s  ( i .e . 
th e  fo rm a tio n s  o f d2- an d  d 3-m eth an es) an d  th e  r a te  o f hydrogenolysis ch an g e  
in  p a ra l le l  on various c a ta ly s ts . T h is fac t led  K em ball  to  th e  conclusion  t h a t  
h y d ro g e n o ly s is  is due to  th e  presence of s tro n g ly  adso rbed  species b o n d e d  
to  th e  su rfa c e  b y  m u ltip le  c a rb o n -m e ta l b o n d s [8]. T hus, th e  h y d ro g en o ly sis  
o f  p ro p a n e  can  be conceived  to  proceed acco rd in g  to  th e  schem e show n  in  
F ig . 3 . I n  th is  schem e th e  s tro n g ly  a d so rb ed  p ro p a n e  is co n v e rted  in to

(C2Hu)a „weak”

<C 3 Hx>a  — — ------- *  <C2 Hy )a  --------- — — -  ( C H z )a
„strong”

Fig. 3. Scheme of the hydrogenolysis o f propane (y  <  u)

s tro n g ly  adso rbed  e th a n e . B ecause  of th e  h ig h  h y d ro g en  co n cen tra tio n  on th e  
su r fa c e , th e  fo rm atio n  o f m u ltip le  m e ta l—c a rb o n  b o n d s is less p ro b ab le  a t  low  
te m p e ra tu re s ,  and  th u s  e th a n e  is easily reco m b in ed  w ith  th e  hyd rogens on th e
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surface o f th e  m e ta l, th e  reac tio n  invo lv ing  w eak ly  ad so rb ed  e th an e  m olecules. 
In  th is  case th e  se lec tiv ity  is 1, an d  e th an e  a n d  m e th a n e  are  fo rm ed  in  a ra tio  
o f 1 : 1.

A t h ig h er te m p e ra tu re s , on n ickel ab o v e  220°C, and  on p la tin u m  above 
430°C, th e  se le c tiv ity  decreases. T he low er se le c tiv ity  arises from  th e  fa c t th a t  
m ore m u ltip le  ca rb o n —m eta l bon d s are fo rm ed  ow ing to  th e  low er h y d ro g en  
co n cen tra tio n , p re v e n tin g  th e re b y  th e  re c o m b in a tio n  o f e th an e  m olecules, 
w hich  are  now  co n v e rte d , w ith o u t d e so rp tio n , in to  m e th an e . C onsequen tly , 
th e  se lec tiv ity  d ro p s below  u n ity .

T he sam e s itu a tio n  occurs if  th e  se lec tiv itie s  a re  com pared  for th e  m ore  
ac tiv e  or less ac tiv e  surfaces.

T he p a r t  p lay ed  b y  h y d ro g en , th u s , co n sis ts  in  occupy ing  th e  free m e ta l 
a to m s, p re v e n tin g  th e  fo rm atio n  o f m u ltip le  ca rb o n —m eta l bonds, a n d  d e ­
creasing  th e re b y  th e  p ro b a b ility  of hyd rogeno lysis .

Is  th e re  an y  ev idence, how ever, o f th e  m u ltip le  ca rb o n —m eta l bon d s 
rea lly  p lay in g  such  an  im p o r ta n t ro le in  m e ta l c a ta ly s is?  D o such b o nds ex is t 
a t  a ll?

I t  is know n  from  a p a p e r  by  E isch ens  an d  P lisk in  [9] th a t  ca rb o n  
m onoxide is ad so rb ed  to  a m e ta l su rface  in  tw o  m ain  form s:

О
II

and
M M

L ow -energy e lec tro n  d iffrac tio n  (L E E D ) an d  f la sh  d eso rp tio n  s tud ies b y  Mor­
gan an d  Somorjai [10] h av e  show n t h a t  th e  lin e a r  fo rm , w hich  is th e  d o m i­
n a n t  form  o f a d so rp tio n , does n o t e x is t on p la tin u m  o v er 200°C, w hereas th e  
b ridge-fo rm  is s ta b le  u p  to  600°C. T he lin ea r  fo rm  can  be  found  b o th  on th e  
(111) and  (100) faces, th e  b ridge-fo rm  can  be show n to  ex is t only  on th e  (100) 
faces, because th e  P t —P t  d istances allow  th e  fo rm a tio n  o f an  a p p ro p ria te  
P t—C—P t angle ( ~  131°) on ly  in  th is  case.

These fa c ts  ex p la in  w hy  th e  ra te  o f h y d ro g en o ly sis  is low er th a n  th a t  
o f  h y d rogen  ex ch an g e , an d  w hy  th e  sim ple a d so rp tio n  o f  h y d ro ca rb o n  m ole­
cules does n o t lead , a t  th e  sam e tim e , to  h y d ro g en o ly sis .

In  th is  re sp ec t i t  is in te re s tin g  to  com pare  th e  effects o f n ickel an d  p la t i ­
n u m . T he la t te r  is, as a c a ta ly s t ,  su p erio r in h y d ro g en  exchange , and  w eaker, 
b u t  m ore se lec tive , in  th e  hydrogeno lysis. O u r m o st re c e n t ex p erim en ts  also 
show  th a t  th e  a d so rb in g  ab ilities  o f these  c a ta ly s ts  are  su b s ta n tia lly  d iffe ren t. 
T h e  ad so rp tio n  o f  e th a n e  on n ickel is p a r tly  irrev e rs ib le  a lread y  a t  — 40°C, 
w hereas on p la tin u m  i t  is com plete ly  rev e rsib le  even a t  80°C [11].

The d ifferences b e tw een  th e  c a ta ly tic  a c tiv itie s  a n d  a d so rp tio n  ab ilitie s  
o f  p la tin u m  and  n ickel can , in our v iew , be a t t r ib u te d  to  th e  follow ing fa c ts .

О
II
C
II
M
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F o r  p la tin u m  th e  tw o -p o in t h y d ro c a rb o n  a d so rp tio n , w h ich  invo lves 
th e  fo rm a tio n  of th e  sy stem ,

\
' 'C —/  V

M M

is m o re  fav o u ra b le  from  ste rica l a sp ec ts  th a n  fo r n ickel. (The M—С—C ang le  is 
106°40/ fo r  p la tin u m , and  103°40 ' fo r n ick e l.) T he d iffe ren t b e h a v io u r  is also 
co n firm e d  b y  th e  h igher ra te s  o f  th e  h y d ro g e n a tio n  of e th y len e  [12] a n d  d e h y d ­
ro g e n a tio n  o f cyclohexane [13]. A cco rd ing ly , th e  exchange is also m ore  fa ­
v o u ra b le  on  p la tin u m . I t  h as  b een  show n in  o u r p rev ious p ap e rs  [3, 4 , 6] th a t  
tw o -p o in t  a d so rp tio n  p lays on e x tre m e ly  im p o r ta n t  role in  th e  ex ch an g e  reac ­
tio n , w h ich , co n sequen tly , also ta k e s  p lace  m ore  easily  on p la tin u m  th a n  on  n ickel.

T h e  s itu a tio n  is d iffe ren t w ith  th e  process of h y d ro g en o ly sis . O n th e  
(100) p la n e s  th e  P t - C - P t  ang le  is 131°, w hereas th e  N i—C—N i ang le  is 
123°40/. H en ce , i t  is m uch easie r fo r a ca rb o n  a to m  to  jo in  tw o  m e ta l a to m s 
on  n ic k e l th a n  on p la tin u m .

T h ese  considera tions show  t h a t  h y d rogeno lysis  can  be ex p la in ed  a p p ro ­
p r ia te ly  w ith  th e  s tro n g  a d so rp tio n  o f th e  h y d ro ca rb o n , i.e. th e  tw o -p o in t 
b o n d in g  o f  th e  carbon  a to m s, a n d  th is  co n cep t m ay  also ex p la in  th e  effect 
o f h y d ro g e n  on th e  se lec tiv ity  o f  th e  re a c tio n , an d  th e  d ifferences observed  
b e tw e e n  th e  ca ta ly tic  b eh av io u rs  o f n ick e l an d  p la tin u m .

T h e  effect o f h y d rogen  on  th e  se le c tiv ity  o f th e  reac tio n s  c a ta ly z ed  b y  
m e ta ls  is p a r tic u la r ly  p ro m in e n t in  th e  reac tio n s o f p a ra ff in s  w ith  h igher 
m o le c u la r  w eig h t (c f . F ig . 4).

Fig. 4. T he am ounts of products form ed from  га-hexane in  the presence of p la tinum  cata lyst, 
as the function of th e  hydrogen concentration  in  th e  carrier gas [14]
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I t  can  be  observed th a t  th e  ra tio  o f  th e  various p ro d u c ts  fo rm e d  from  
n -h ex an e  d ep en d s  considerab ly  on th e  a m o u n t of hydrogen  p re s e n t  in  the  
sy stem . T he iso m eriza tion  of th e  ca rb o n  sk e le to n , and  C5-d eh y d ro cy c liza tio n  
do n o t occur a t  a ll in th e  absence o f  h y d ro g en . T he yields of th e  tra n s fo rm a tio n  
o f  n -hexane to  benzene and o f th e  d eh y d ro cy c liza tio n  are in c rea sed , to  a cer­
ta in  c o n c e n tra tio n  lim it, if  h y d ro g en  is p re se n t. T he sam e p h en o m en o n  can  be 
observed  in th e  tran sfo rm a tio n  o f  m e th y lcy c lo p en tan e  to  b en zen e .

Fig. 5. The am ounts of products form ed from  2-m ethylpentane, in the presence o f p latinum  
cata lyst, as a function of the hydrogen concentration  in the carrier gas [14]

T he re la tio n sh ip  is sim ilar, in  m an y  resp ec ts , betw een  th e  p ro d u c ts  
fo rm ed  from  2 -m e th y lp en tan e , a n d  th e  h y d ro g en  pressure in  th e  sy stem
(F ig . 5).

In  th is  case , again , h y d ro g en  has a p o s itiv e  effect on th e  r a te s  o f  th e  
ch a in -iso m eriza tio n  and  C5-d eh y d ro cy c liza tio n , a t  th e  b eg inn ing , fo llow ed 
b y  a n eg a tiv e  e ffec t. The fo rm a tio n  o f benzene  is now , how ever, r e ta rd e d  by  
h y d ro g en  from  th e  beginning o f th e  reac tio n .

T he above exam ples are p e c u lia r  in  th e  sense th a t  w hereas o n ly  th e  
retarding effect o f  hyd rogen  has so f a r  been d iscussed , these  exam ples sho w  th a t  
h y d ro g en  m ay  also  have  a positive  effect on  th e  tran sfo rm a tio n s  o f  h y d ro ­
ca rb o n s , up  to  a ce rta in  co n c e n tra tio n  lim it. T h e  various reac tio n s  h a v e  op­
tim u m  h y drogen  co n cen tra tio n s [14] w here th e  conversion  ex h ib its  a m a x im u m
(F ig . 6).

As can be seen , these  op tim a fo r  th e  d iffe ren t reac tions a p p ea r a t  d iffe re n t 
h y d ro g en  coverages; in  one reac tio n  a low er, in  o th e r  reactions h ig h er h y d ro g e n  
coverages on th e  su rface  are o p tim a l.

T he fac t t h a t  th e re  is an o p tim u m  h y d ro g en  coverage is e x tre m e ly  im ­
p o r ta n t  in th e  p ra c tic a l rea liza tio n  o f  h y d ro c a rb o n  reac tions; i t  p e rm its  to
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in c re a se  fu r th e r  th e  s e le c tiv ity  o f m eta l c a ta ly s ts , b y  th e  ap p lica tion  o f  d iffe r­
e n t p a r t ia l  pressures o f h y d ro g e n  for th e  v a r io u s  p rocesses.

I t  is in d ica ted  b y  th e  ex is ten ce  of o p tim u m  h y d ro g e n  coverages t h a t  th e  
e ffec t o f  hyd rogen  on th e  re a c tio n s  is th e  re s u lt  o f  sev e ra l effects o f o p p o site  
d ire c tio n s . L et us d iscuss so m e of these effects.

I t  h as  been show n t h a t  hydrogen , on one  h a n d , has a retarding effect 
on th e  reac tio n s, b ey o n d  a c e r ta in  coverage. T h is  e ffec t can  be a t t r ib u te d  to  
th e  fo llow ing  fac ts.

(1) A  p a r t  of th e  su rfa c e  is occupied b y  h y d ro g e n , hence th e  su rface  
a re a , w h ere  reac tio n  m a y  ta k e  place, is red u ced . S u ch  an  effect has b een  ob-

c h a in - paraffin n - h e x a n e methylcyclo-
isomeriza- hydrogeno- -►methyl- pentane

t ion lysis cyc lo- hydrogeno-
p e n t a n e lysis

2-methyl- n - h e x a n e
pentane -► benzene

-►benzene

optim um  hydrogen concen tra t ion

F ig . 6. O p tim u m  h y d ro g en  c o n c e n tra tio n s  m easu red  fo r v a r io u s  tran sfo rm a tio n s o f  h y d ro ­
carbons

se rv ed  in th e  d e h y d ro g e n a tio n  of various a lcoho ls an d  h y d ro ca rb o n s . The 
e x te n t  o f th is  effect also  d ep en d s  on th e  n a tu r e  o f  th e  m eta l. As re g a rd s  th e  
re a c tio n s  of alcohols, th e  ad so rp tio n  e q u ilib riu m  c o n s ta n ts  of h y d ro g en  are 
g e n e ra lly  sm aller, a b o u t 10— 15% , of th a t  o f  th e  alcoho l [15]. The ad so rp tio n  
co e ffic ien t of benzene, h o w e v e r , is 15—20 tim e s  h ig h e r  th a n  th a t  o f h y d ro g en  
[16, 17].

(2) The a d so rp tio n  o f  h y d rocarbons acc o rd in g  to  th e  eq u a tio n

R  —  H  +  2 M -> -R  —  M + H  —  M

w h ich  involves th e  d is so c ia tio n  of th e  C -H  b o n d , is suppressed b y  h y d ro g en . 
I t  is  th e n  obvious t h a t  th e  presence of h y d ro g e n  on th e  surface p re v e n ts  th e  
d isso c ia tio n ; ch em iso rp tio n  involv ing  th e  d isso c ia tio n  of C—II  b o n d s tak es  
p la c e  m ore  easily on a ‘c le a n ’ surface. T h is f a c t  h a s  also been p ro v ed  e x p e ri­
m e n ta l ly  b y  E i s c h e n s  a n d  P u s k i n  [9] fo r th e  a d so rp tio n  of e th an e  on  n ickel.

(3) The fo rm a tio n  o f  olefin  p ro d u c ts , o r in te rm e d ia te s , from  s a tu ra te d  
h y d ro c a rb o n s  m ay  also b e  suppressed  for th e rm o d y n a m ic  reasons b y  th e  p re s ­
ence  o f  hydrogen .

(4) I t  can also be  a t t r ib u te d  to  th e  e ffec t o f  h y d ro g en  th a t  on h y d ro g en - 
o ccu p ied  surfaces th e  p ro cesses  w hich invo lve  th e  fo rm a tio n  of m u ltip le  c a rb o n -  
m e ta l  bonds are, as h a s  b e e n  po in ted  o u t, in h ib ite d . L E E D  in v e s tig a tio n s  b y
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Morgan an d  Somorjai [18] show  t h a t  ev e ry  second a to m  on th e  su rface  of 
a p la tin u m  single c ry sta l is b lo ck ed  b y  hyd ro g en . A lth o u g h  th is  su rface  can 
adso rb  ca rb o n  m onoxide a t th e  free  s ite s , th e re  is no w ay o f fo rm in g  stro n g ly  
b o n d ed , b rid g e-lik e  s tru c tu re s , b ecau se  th e  neighbouring  p la tin u m  a to m s are 
a lre a d y  b locked  b y  hydrogens a n d  th u s  th e  sites req u ired  to  fo rm  s tro n g  m u l­
tip le  bon d s a re , a t  leas t in p a r t ,  o ccup ied .

T hese fa c to rs , how ever, w h ich  r e ta rd  th e  reactions m ay , e x c e p t fa c to r  (1), 
also p ro m o te  th e  reactions of h y d ro c a rb o n s , an d  th is  exp la ins t h a t  th e  presence 
o f  hyd ro g en  h a s  a positive e ffec t on th e  reac tio n  ra te  up  to  a c e r ta in  concen­
tr a t io n  lim it, in  ag reem en t w ith  th e  ex p e rim en ta l d a ta  show n ab o v e . L e t us 
d iscuss th is  q u es tio n  in  m ore d e ta il . T h e  fa c t th a t  th e  p resence  o f  hyd rogen  
re ta rd s  d isso c ia tiv e  adso rp tio n  in v o lv es  sim u ltan eo u sly  th a t  i t  p ro m o te s  th e  
d eso rp tio n  an d  recom b in a tio n  o f  m olecu les adsorbed  in  d isso c ia ted  s ta te , by  
h y d ro g e n a tin g  th e  C—M  bonds on th e  su rface . The ch em iso rp tio n  o f benzene 
(T able IV ) p ro v id es  a c h a ra c te ris tic  ex am p le  [19].

Tabic IV

Chemisorbed amounts (10  3 S T P  ml/m1) o f benzene 
(t =  150 °C, P  =  160 Torr)

Catulyst Quantity
chemisorbed

Eluted
with

benzene

Eluted
with

hydrogen

Co 9.6 7.8 1.8
Ni 6.4 3.9 2.5
P t 7.9 7.4 0.5

U sing th e  m eth o d  of ra d io a c tiv e  lab e llin g , we have  fo u n d  t h a t  only  a 
part  of th e  b en zen e  m olecules ch em iso rb ed  on th e  surface could  be e lu te d  w ith  
benzene, an d  h y d ro g en  had  to  be  u sed  to  rem ove th e  rem ain in g  p a r t .  I t  can 
be seen th a t  th e  ra tio  o f the  fra c tio n s  d ep en d s on th e  c a ta ly s t, th e  a m o u n t of 
irrev e rs ib ly  b o n d ed  benzene being  h ig h e r in  th e  case o f ce rta in  m e ta ls  (N i, Co), 
an d  low er fo r o th e rs  (P t) . C on seq u en tly , th e  presence of h y d rogen  en su res  th a t  
in  th e  reac tio n s  w hich involve b en zen e  fo rm atio n  th e  c a ta ly s t  re s is ts  th e  
po ison ing  effect o f th e  irreversib ly  b o n d e d  benzene m olecules. O lefin s, fo rm ed 
in c a ta ly tic  rea c tio n s , exert, in g en e ra l, a s tro n g  poisoning effec t. I f  th e y  are 
rem oved  from  th e  su rface by  h y d ro g e n a tio n , th e  orig inal a c tiv ity  o f  th e  c a ta ly s t 
can  be re s to red . T h u s , also in th is  case, th e  effect of hydrogen  on th e  reac tio n  
is fav o u rab le .

In  th e  tw o  cases discussed ab o v e  th e  cleaning and  reg en e ra tio n  o f  th e  
su rface  is p ro m o te d  by  hydrogen . A  d iffe re n t ac tion  o f hyd rogen  is to  p re v e n t 
th e  fo rm a tio n  o f  m u ltip le  ca rb o n —m e ta l  b o nds on th e  surface, w h e re b y  th e
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crack in g  o f  h y d ro c a rb o n  m olecules a n d  th e  d ep o sitio n  o f ca rb o n  is suppressed , 
an d  th e  su rface  is p ro te c te d  from  coking.

T h ese  e ffec ts  m an ifest in  t h a t  th e  a c tiv itie s  o f  m e ta l c a ta ly s ts  a re  m ore  
c o n s ta n t, a n d  th e  c a ta ly s ts  show  less ten d e n c y  to w a rd s  being  poisoned  if  
h y d ro g e n  is p re se n t, as i t  is re fle c ted  in  th e  d iag ram s o f F ig . 7 [14].

mg hydrocarbon in troduced

Fig. 7. D ecrease on the arom atization  activ ity  of p la tinum  ca ta ly st in subsequent pulses

i t  c an  be seen th a t  th e  a c t iv i ty  for a ro m a tiz a tio n  decreases m uch  fa s te r  
in  th e  p resen ce  o f helium  th a n  o f hyd rogen . A lth o u g h  a t  a hydrogen  co n cen ­
t r a t io n  o f 50%  th e  in itia l a c t iv i ty  is m uch sm a lle r  th a n  a t low er h y d ro g en  
c o n c e n tra tio n s  or in  th e  absence  o f h y d ro g en , th e  a c tiv ity  rem ains n ee rly  
c o n s ta n t .

E a c h  of these  p h en o m en a  arises from  th e  e ffec t o f hydrogen  on th e  
reaction partners.  H ydrogen  m ay , how ever, also  a ffec t th e  s tru c tu re  o f th e  
c a ta ly s t .  I t  has been show n b y  B a ir d , P aál a n d  T homson [20] th a t  a t  h igh  
te m p e ra tu re s  th e  g ra in  size o f  p la tin u m  c a ta ly s ts  changes in  th e  presence  o f  
h y d ro g e n . T he in c o rp o ra tio n  o f  hyd rogen  a to m s in to  th e  m e ta l la ttic e  causes 
th e  la t t ic e  c o n s ta n t to  in crease , w hich  also in flu en ces th e  ca ta ly tic  a c tiv ity .

T h e  d irec t ac tio n  o f h y d ro g en  on th e  su rface  s ta te  o f m eta ls can  h e  
i l lu s tr a te d  b y  th e  follow ing ex am p le . I t  is kn o w n  t h a t  th e  m e ta l a tom s fo rm  a 
h e x a g o n a l lay e r on th e  (100) faces of gold, ir id iu m  an d  p la tin u m  [18, 21, 22]. 
U p o n  ad so rb in g  an  e lec tro n  d o n o r species (h y d ro g en , carbon  m onoxide or 
o lefin s) th is  lay e r d isap p ears  ra p id ly  and  a su rface  s ta te  w hich corresponds to
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th e  original la t t ic e  is form ed. In  th e  p resence  o f e lec tro n  accep to rs , such  as 
0 2 or Cl2, h o w ev er, th e  hexagonal s tru c tu re  o f th e  su rface  rem ain s u n ch an g ed .

C o nsequen tly , in  th e  reac tio n s  o f h y d ro ca rb o n s  th e  c a ta ly tic  effect is 
ex e rted  jo in t ly  b y  hydrogen  an d  th e  m e ta l. T h e  p resence o f h y d ro g en  is o f  u t ­
m o st im p o rtan ce  in  th a t  th e  e le m e n ta ry  s tep s  o f c a ta ly s is  are  cyclic w ith  
re sp ec t to  th e  c a ta ly s t .  The p resence  o f  h y d ro g en  also in fluences th e  d irec tio n  
o r  p a th  of th e  c a ta ly t ic  reac tio n , a n d  th e  se lec tiv ity  o f  th e  c a ta ly s t.

In  th e  re a c tio n s  of h y d ro ca rb o n s  h y d ro g en  is on ly  one o f th e  re a c tio n  
p a r tn e rs . In te ra c tio n s  occurring  b e tw een  th e  m e ta l c a ta ly s t  an d  th e  h y d ro ­
carb o n  m olecule a lso  change th e  o rig inal su rface ; an d  its  s tru c tu re , w h ich  is 
responsib le  fo r th e  c a ta ly tic  effec t, is fo rm ed  jo in tly  b y  th e  m e ta l, th e  h y d ro ­
carb o n  m olecule a n d  hydrogen . C o n seq u en tly , i t  ap p ears  m ore a p p ro p r ia te  
n o t  to  regard  th e  c a ta ly s t  and  th e  v a rio u s  su b stan ces  p re se n t in  th e  sy s tem , as 
the c a ta ly s t an d  the re ac tio n  co m p o n en ts . T h e  c a ta ly tic  s tru c tu re , w hich  p ro ­
m o tes  th e  re a c tio n  in  th e  a p p ro p ria te  d irec tio n , is fo rm ed  as a re su lt o f  th e  
in te ra c tio n s  b e tw een  th e  c a ta ly s t a n d  th e  re a c tio n  p a r tn e rs .

T hus, w hen  in te rp re tin g  th e  c a ta ly tic  p ro p e rtie s  o f  v a rio u s  e lem en ts, 
i t  is insu ffic ien t to  re ly  only on th e  p ro p e rtie s  (geom etry , e lec tron ic  s tru c tu re )  
o f  th e  given e le m e n t; one m u st a lw ays e n d eav o u r to  ta k e  in to  acco u n t th e  
p o ss ib ility  of irre v e rs ib le  in te ra c tio n s  be tw een  th e  su b s tra te  an d  th e  c a ta ly s t .

This a p p ro ach  h a s  led to  a successfu l in te rp re ta tio n , fo r in s ta n c e , o f th e  
decom position  o f  fo rm ic  acid on v a rio u s  m e ta ls . T his in te rp re ta t io n  w as b ased  
on  th e  p ro p erties  o f  th e  oxa la tes o f  th e  m e ta ls  in  q u estio n  [23]. T he re su lts  
re fe rred  here on th e  in v estig a tio n s on th e  reac tio n s  o f h y d ro ca rb o n s  show  th a t  
ev en  in  these, ch em ica lly  less a c tiv e  sy stem s th e  orig inal p ro p e rtie s  o f  th e  
m e ta l undergo d ra s tic  changes, in v o lv in g  th e  fo rm a tio n  o f a c a ta ly tic  s tru c tu re  
on  th e  surface.

The p rob lem s o f  ca ta ly tic  e ffec t h av e  so fa r  been d iscussed  from  th e  
a sp ec t o f th e  in te ra c tio n s  betw een  th e  m e ta l su rface  a n d  th e  su b s tra te . M eta l 
ox ide  ca ta ly sts  c an  be  discussed in  a s im ila r w ay , as sy stem s of m e ta l ions 
w h ich  exert th e ir  e ffec ts  in a m ed ium  fo rm ed  b y  oxygen ions. I t  is v e ry  p ro b ­
ab le  th a t  under th e  co n d itions of c a ta ly tic  reac tio n s  th e  su rfaces o f m eta ls  do 
re a lly  approach  th is  s ta te  for a co n sid erab le  p a r t  of m e ta ls .

On th e  basis  o f  th is  p re su m p tio n  i t  becom es m ore u n d e rs ta n d a b le  w hy  
th e  ch a rac te ris tic  d iffe rence, w hich h as  fo rm erly  been  assum ed  to  ex ist be tw een  
th e  ca ta ly tic  effects o f  m etals an d  th e ir  ox ides, c an n o t be observed  in  th e  
p ra c tic e  [24].

T he ca ta ly tic  reac tio n s  w hich w ere som e te n  y ears  ago a t t r ib u te d  on ly  
to  th e  ca ta ly tic  e ffec t o f  oxides can , as has b een  d iscovered , also be p ro m o ted  
b y  m eta ls . T hus, fo r  in s tan ce , th e  d e h y d ra tio n  o f alcohols, th e  chain  iso m eri­
z a tio n  of h y d ro ca rb o n s , an d  th e  a lk y la tio n  reac tio n s  can  eq u a lly  be c a ta ly zed  
b y  m eta ls .

4 Acta Chim. (Budapest) 83, 1974



50 T É T É N Y I e t al.: R E C E N T  RESU LTS ON M ETAL CATALYSIS

N o c h a ra c te r is tic  d ifferences can  he observ ed , e ith e r , be tw een  th e  m e­
c h a n ism s  o f  reac tio n s c a ta ly z ed  b y  th e se  tw o  ty p e s  o f c a ta ly s t . T he h y d ro ­
d e h y d ro g e n a tio n  of s ix -m em b ered  h y d ro c a rb o n  rings p roceeds, fo r in s ta n c e , 
in  a s te p w ise  m an n er, th ro u g h  th e  fo rm a tio n  o f  cyclohexene a n d  cyclohexa- 
d ie n e , b o th  on m eta ls  an d  on m e ta l oxides.

T h e  se x te t m echan ism , w h ich  h a d  b een  considered  as v a lid  fo r m e ta l 
c a ta ly s ts ,  m u s t be in a d e q u a te  fo r  a series o f  m e ta ls  (F e , Mo, W , A u, B e, e tc .) , 
b e c a u se  th e  geom etric  fa c to rs  c o n tra d ic t  th is  h y p o th es is . D eh y d ro g en a tio n

n - h e x a n e  

- h 2 | | + H 2 

n-hexenes

f rans -h exa d ienes
/

coke
X -H2 \ + H ,

trans-  hexatriene +  H

(— )

c/'s- hexadienes

-H, (i> H 2

c i s -  hexatriene

I .cyclohexadiene

| - h 2
benzene

Fig. 8. Scheme o f the dehydrocyclization of n-hexane

r e a c tio n s ,  nev erth e less , m a y  p roceed , in d ic a tin g  c learly  t h a t  th e  m ech an ism  
m u s t  b e  s im ila r to  th a t  on ox ide  c a ta ly s ts .

T h e  p a th  of d eh y d ro cy c liza tio n  reac tio n s  is also stepw ise b o th  on m e ta ls  
a n d  o x id es  (F ig. 8). T h is m ech an ism  w as p ro v e d  successfu lly  in  ou r la b o ra to ry
[14] fo r  m e ta l c a ta ly s ts , a n d  a s im ila r re su lt w as found  by K azansk y , et al.  [25] 
fo r  o x id e  ca ta ly zed  d eh y d ro cy c liza tio n  reac tio n s .

I s  th e re , th e n , a n y  d ifference  b e tw een  m eta ls  an d  m e ta l oxides in  th is  
r e s p e c t , a n d  if  so, w h a t is th is  d iffe ren ce?

I n  th e  presence o f o x ides th e  specific  c a ta ly tic  a c tiv ity  is, in  g enera l, 
lo w e r b u t  m ore s te a d y , th e  c a ta ly s ts  show ing  less te n d e n c y  to w a rd s  b e ing  
p o iso n e d . In  th e  presence  o f  m e ta ls  th e  reac tio n s u su a lly  p roceed  a t  low er 
te m p e ra tu re s .  H ow ever, th e  reac tio n s  w h ich  need  h ig h er te m p e ra tu re s  fo r 
th e rm o d y n a m ic  reasons c a n n o t he  p ro m o te d  b y  m eta ls  because  o f th e  risk  of 
c a ta ly s t  poisoning.

T h e  reversib le  a d so rp tio n  o f  benzene  an d  cyclohexane [19] offers a 
p o s s ib il i ty  to  com pare th e se  ty p e s  o f c a ta ly s t  (Table Y). T he d a ta  rev ea l th e  
fo llo w in g  fac ts .
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Tabic V

Reversible adsorption o f benzene and cyclohexane

Fe FfjO, Co CoaO, Ni NiO Pt PtO

<v
C Isotherm* L L F F F F F L
оN
G Km(STP ml/m*) 0 .104 0.073 0.108 0 .052 0 .092 0.062 0.098 0.072

PQ —A H a kcal 6.6 8.7 8.6 7.4 6.3 6.4 8.2 6.8

V
G3 Isotherm L L F — L L L —

V
JS Fm(STP m l/m 2) 0 .179 0.106 0.176 — 0 .167 0.103 0.198 —

'o
CJ

—A H a kcal 6.2 9.1 6.8 — 5.6 6.5 7.3 —

* L  and F :  Langm uir and Freundlich-type of adsorption isotherm respectively.

(1) T here  is no  s ig n ifican t d ifference b e tw een  th e  ty p e s  o f  ad so rp tio n , 
b o th  processes b e in g  described  b y  th e  sam e iso th e rm  e q u a tio n s  an d  th e  va lu es  
o f  ad so rp tio n  e n th a lp y  b e in g  also th e  sam e.

(2) T he a d so rp tio n  lim its  w ith  re sp ec t to  u n i t  su rface  a rea  a re , how ever, 
d iffe ren t for th e  tw o  ty p e s  o f  ad so rb en t, being  h ig h e r fo r m eta ls  th a n  for oxides. 
T he ra tio s  o f th e  co rresp o n d in g  p a irs  of V m v a lu es  a re  b e tw een  1 and  2, th e  
a c tu a l ra tio  d ep en d in g  on th e  m e ta l-m e ta l ox ide p a ir . T h e  va lu es  are sim ilar 
to  th e  ra tio  o f  th e  su rface  co n cen tra tio n s  of m e ta l a to m s in  m e ta ls  and  oxides, 
respective ly .

C onsequen tly , th e  ad so rp tio n  (now rev ers ib le , b u t  n o t physical) ta k e s  
p lace a t  th e  m e ta l ions in  th e  oxides, to o , an d  o x y g en  a to m s a c t m erely  as 
in e r t  d iluen ts. T h e  low er specific ca ta ly tic  a c tiv itie s  o f  oxides (a c tiv ity  p e r 
u n it  surface area) can  be a t t r ib u te d  p rim arily  to  th is  fa c t.

This in te rp re ta t io n  is in  ag reem en t w ith  th e  conclusions o f K o k e s  an d  
D e n t  [26] d raw n  fro m  th e  re su lts  of in fra red  sp e c tro p h o to m e tric  stud ies, 
accord ing  to  w hich , th e  ca rb o n  a to m s o f th e  s u b s tra te  (e th y len e  an d  e thano l) 
are  bon d ed  to  th e  m e ta l in  ZnO ca ta ly s ts , an d  o n ly  th e  h y d ro g en  a tom s are  
b o n d ed  to  oxygens.

T he w eaker te n d e n c y  o f  oxides, as co m p ared  to  m e ta ls , to w ard s being  
po isoned  can also be  re la te d  to  th e  d ilu tin g  e ffec t o f  oxygen  a to m s, 
because  a b rid g ed , s tro n g , m u ltiv a le n t, ad so rb ed  su rface  species is o f th e

m o st un like ly  to  be fo rm ed  in  th e  case o f oxides. T h is  reaso n in g  is p roved  b y  
re c e n t in v es tig a tio n s  [27], in  ag reem en t w ith  th e  o p in ion  o f  o th e r  au th o rs  [28]

4* A c ta  C h im . ( B u d a p est)  83 , 1974



52 T É T É N Y I e t al.: R E C E N T  R E S U L T S  ON M ETAL CATALYSIS

w ho s ta te  t h a t  in  oxides th e  m a in  p ro d u c t o f th e  h y d ro g e n -d e u te r iu m  
e x ch an g e  o f  h y d ro ca rb o n s is th e  sin g ly  labelled , d x-h y d ro ca rb o n .

T h e  in te rp re ta t io n  given h e re  is , n o  d o u b t, m o stly  m ech an is tic , since i t  
d is re g a rd s  th e  effects o f th e  e le c tro n ic  s tru c tu re , an d  its  a rg u m e n ts  are  based  
p r im a r i ly  on  geom etrica l c o n s id e ra tio n s . T his t re a tm e n t does, h ow ever, n o t 
im p ly  t h a t  e lectron ic  effects h a v e  no  in fluence  on th e  p h en o m en a . I t  ra th e r  
ex p re sse s  th e  hope th a t ,  s tem m in g  fro m  th e  in tim a te  re la tio n sh ip  be tw een  
g e o m e tr ic a l an d  electron ic  fa c to rs , th is  tre a tm e n t can  la te r  be  tra n s la te d  in to  
th e  la n g u a g e  o f e lectron ic  b e h a v io u r , w hich  enables one to  re v e a l m ore  a d ­
v a n c e d  co rre la tio n s.
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P R O P E R T IE S OF ALCO H O L-AM INE M IX T U R E S , IV
VISCOSITY AND A VERAGE D E G R E E  O F ASSOCIATION O F 

NORMAL B U T Y LA M IN E -l-B U T A N O L  M IX TU RES

F . R atkovics, T . Salamon and L. D omonkos

(Electrochemical Research Group o f the Hungarian Academy o f Sciences, Department o f Physical 
Chemistry, University o f  Chemical Industries, Veszprém, H ungary)
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A re la tion  was found betw een the average degree of association and  the viscosity 
of norm al p rim ary  alcohols and  some prim ary , secondary and te r tia ry  amines. 
An approxim ate method was developed for th e  calculations of the average degree of 
association from  viscosity data . I t  was show n th a t  as regards order of m agnitude the 
association equilibrium  constants calculated from  the average degree of association are 
in agreem ent w ith  those determ ined by o ther m ethods. The m ethod based on viscosity 
m easurem ent w as applied to the study  of the average degree of association of the n-butyl- 
amine—1-butanol mixture. I t  was found th a t  w ith  regard to the form ation of the mixed 
associated species the results exclude all assum ptions which would a tte m p t to  explain 
the negative en tropy  of mixing and the exotherm ic heat of mixing th e  system  by the 
formation of m ixed species of th e  type A jB j,  w ith  higher average degree of association 
than  the original species Aj and Bj.

The e x p e rim e n ta l resu lts  o f  s tu d ies  on m ix tu re s  o f p rim a ry  alcohols and  
p r im a ry  am ines h a v e  led to  th e  a ssu m p tio n  t h a t  th e  s trik in g ly  h ig h  ex o th e rm ic  
h e a t  o f m ixing can  be  a ttr ib u te d  to  th e  fo rm a tio n  o f associa ted  am ine-a lcoho l 
species [1, 2]. T h e  question  arose as to  th e  com positions o f  such  asso c ia tions.

T he fo rm a tio n  o f m ixed asso c ia ted  species can be used  in  v a rio u s  w ays 
to  exp la in  n o t o n ly  th e  ex o therm ic  h e a t o f  m ix ing , b u t also th e  n eg a tiv e  en ­
tro p y  o f m ixing. O ne possible a ssu m p tio n  is t h a t  th e  e n tro p y  decrease  an d  th e  
ex o th erm ic  h e a t o f  m ix ing  are b o th  due to  b in d in g  betw een  o f th e  assoc ia ted  
alcoho l and am in e  species. In  th is  case av e rag e  degree o f a sso c ia tio n  m u s t 
in c rea se  as a re su lt  o f th e  m ix ing .

I t  is conceivab le  th a t  only  a lim ited  n u m b e r  of am ine m olecules can  be 
lin k e d  to  th e  a sso c ia te d  species o f  alcohol a n d  even th a t  cyclic species are  
fo rm ed , co n ta in in g  one m olecule o f  am ine  a n d  one m olecule o f  a lcoho l, w hich 
com bine  w ith  h ig h  en erg y  only. T he presence  o f  th e se  has been  co n firm ed  b y  th e  
N M R  spectroscop ic  m easu rem en ts o f H u y sk e n s  an d  H u y s k b n s [3]. In  th is  
l a t te r  case th e  n e g a tiv e  en tro p y  o f  m ix in g  w ould  be exp la ined  b y  th e  ex ­
te n s iv e  ordering , a n d  th e  h ea t o f  m ix ing  b y  th e  h igh  energy  acco m p an y in g  
th e  fo rm atio n  o f  cyclic  species A R . To n a rro w  dow n th e  n u m b er o f  possib ilities  
in  th is  question , i t  w as necessary  to  fin d  a m e th o d  w ith  w hich th e  average  
degree  of association  could  be d e te rm in ed  a t  le a s t s e m iq u a n tita tiv e ly  w ith  an  
in d e p e n d e n t e x p e rim e n ta l m eth o d  in  b o th  th e  p u re  com p o n en ts  an d  th e  
m ix tu re . The p re se n t p ap e r deals w ith  th is  su b je c t.
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D eterm ination  of the degree o f  association by viscosity m easurem ents

In  a  s tu d y  o f th e  th e rm o d y n a m ic  p ro p e rtie s  o f  m ix tu re s  of a lip h a tic  
a lcohols a n d  am ines w ith  p a ra f f in s , K eh iaian  [4] fo u n d  th a t ,  as co m p ared  
w ith  th e  O H  . . .0  and  N H  . . .  N  in te ra c tio n s , th e  in te ra c tio n s  be tw een  th e  
a lip h a tic  c a rb o n  chains are  neg lig ib le . On th is  basis  w'e assum ed  th a t  since th e  
t r a n s p o r t  p ro p e rtie s  of liq u id s  a re  also d e te rm in ed  b y  th e  m asses o f m olecules 
an d  th e  in te rm o le c u la r  forces b e tw e e n  th e m , th e n  th e  m asses of th e  a sso c ia ted  
species fo rm e d  in  m ix tu res  o f  a lcoho ls and  am ines can  be d e te rm in ed  fro m  
v isc o s ity  d a ta .

T h e  v isco s ity  of an  a r b i t r a r y  p o ly m er o f th e  asso c ia tiv e  c o m p o n en t w as 
assu m ed  to  be  th e  sam e as th e  v isc o s ity  of th e  p a ra ff in  w ith  th e  id e n tic a l, or 
n e a r ly  id e n tic a l  m olecular w e ig h t; i.e. i t  w as assu m ed  th a t  in  th e  case o f 
v iscous f lo w  only  th e  w eak  in te ra c tio n s  are  im p o r ta n t ,  an d  th u s  th e  e x te n t  o f 
f r ic tio n  is  con tro lled  b y  th e  le n g th s  o f th e  h y d ro c a rb o n  chains.

A lth o u g h  th e  asso c ia ted  species fo rm ed  in  th e  system s s tu d ied  are  n o t  
n e c e ssa r ily  chain-like in  fo rm , th e  v iscosities o f th e  n o rm al p a ra ffin s  w ere 
se lec ted  as th e  basis for co m p ariso n . W hen  th e  n u m b e rs  o f ca rbon  a to m s are  
th e  s a m e , th e re  is no essen tia l d ifference  b e tw een  th e  v iscosities o f th e  iso  an d  
th e  n o rm a l p ara ffin s . C erta in  re le v a n t  v isco sity  d a ta  are  lis ted  in  T ab le  I  [8].

Table I

Viscosities o f hydrocarbons at 20 °C

Hydrocarbon Viscosity (cp)

E thane
Propane
B utane
2-m ethylbutane
n-pentane
2 -m ethylpentane
n-hexane
n-heptane
n-octane
n-nonane
n-decane
n-hendecane
n-tetradecane
n-hexadecane

gas
gas
0.164*

0 .223

0 .226

0 .300

0 .308

0 .413

0 .546

0 .713

0 .907

1.186

2.18

3.34

* a t  the equilibrium vapour pressure.
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T he average  m olecular w e ig h t o f th e  associa ted  po lym ers w as defined  as:

M  =  ^ x i M l . (1)
í^ i

F o r so lu tions of lin ea r p o ly m eric  m olecules th e  fo llow ing re la tio n  holds 
b e tw een  th e  v isco sity  and  th e  av e ra g e  m o lecu lar w eight [5]:

rj =  к M \  (2)

In  th is  re la tio n  к an d  a  a re  c o n s ta n ts , an d  r] is th e  d y n a m ic  v iscosity . 
A ccord ing ly , th e  log r) vs. log M  d ia g ra m  p lo tte d  from  th e  d a ta  fo r  th e  s tra ig h t- 
ch a in  p a ra ff in s  is to  a good a p p ro x im a tio n  a s tra ig h t line ; th is  c an  be  used  as

Fig. 1. Viscosities and m olecular w eights of norm al hydrocarbons a t  20 °C |

a reference curve  (F ig . 1) to  read  o ff  th e  average  m olecular w e ig h t o f  th e  as­
soc ia tiv e  co m ponen t.

W hen  th e  average  m olecu lar w e ig h t is know n , th e  asso c ia tio n  eq u ilib riu m  
c o n s ta n t can  also be ca lcu la ted , b u t  th is  req u ires  th e  a ssu m p tio n  o f  som e m odel 
o f  associa tion . C alcu lations w ere c a rr ie d  o u t in  th is  re sp ec t to  asses th e  re liab il­
i ty  o f ou r m eth o d  b y  com parison  w ith  l i te ra tu re  d a ta . A special n o te  m u s t be 
m ad e  th a t  w hile th e  ca lcu la tions re fe rr in g  to  th e  average  m o lecu la r w e ig h t are 
p reced ed  in  ev e ry  case by  th e  choice o f  a co n cre te  m odel o f  a sso c ia tio n , in  th e  
d e te rm in a tio n  o f  th e  average m o lecu la r w eig h t from  v iscosities th e re  is no 
n eed  fo r th is . Som e m odel m u st be  u sed  fo r th e  ca lcu la tion  o f th e  eq u ilib riu m  
c o n s ta n t o f associa tion  from  th e  v isc o s ity  d a ta .
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In  th e  sim plest case, u s in g  th e  Mecke-K em pter  m odel [6], i.e. a ssum ing  
an  id e a l,  in fin ite  ch a in -a sso c ia tio n , for one no m in a l m ole o f  th e  p u re  associa tive  
c o m p o n e n t we can w rite :

2 n о “ I“  • . • —f-  iT ii -j— . . .  —  1 (3)
w h e re  n i is th e  n u m b e r o f  m o les of th e  ch a in -asso c ia tio n  co n ta in in g  i m ono­
m e rs . O n d iv id ing  b y  27re(-, one o b ta in s  for th e  m ole fra c tio n :

1
2X2

27 n,-
(4

O n m u ltip lica tio n  liy th e  m o lecu la r w eight of th e  m o n o m er, M 1? we h av e  fo r 
th e  av e rag e  m olecular w e ig h t:

__ M
(5)„V M 2M  = -----—

27 r i j  

1M

M x 27 71;

T h e  average m o lecu la r w e ig h t can also be  ex p ressed  b y  m eans of th e  
e q u ilib r iu m  co n stan t К  a n d  th e  mole frac tio n  o f th e  m onom er x x:

M  =  M ix 1 +  2 M ,K x [  +  . . . +  i M ^ - W y  +  . . . ( 6)

D iv id in g  th ro u g h o u t b y  M xx x:

M
M 1 x 1

=  1 +  2 K x x +  3 K 2 x \ +  . . .  +  i K ' - 1 +  . .  . =  У  Ц К х ^ - 1 . (7)

D eno ting  th e  p ro d u c t  K x 1 b y  y ,  an d  ta k in g  in to  acco u n t th a t  in  th e  
case  o f  у  <  1

1i y ‘ =  у  iy ‘•V -1 _ У
1=1 1=1 (1 -  у ) 2

w e m ay write:

M

1

K  +  l

M 1 (1 -  K x J - 1
К

(8 )

(9)i -  =  K  +  l

K  +  l

i.e. using the single-constant Mecke-K empter  m odel for th e  pure substance:

M

M 1 27 r i j
=  K  +  1 .
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I f  cyclic d im ers  m ay fo rm  in  ad d itio n  to  th e  idea l ch a in -asso c ia tio n s, 
th e n  a s im u ltan eo u s  association  eq u ilib riu m  is set up  in  th e  p u re  co m ponen t. 
I n  th is  case th e  sim plify ing a s su m p tio n  can  be m ade t h a t  th e  fo rm a tio n  of the  
tw o  hydrogen  b rid g es  in th e  cy c lic  d im ers is accom pan ied  b y  tw ice  th e  free 
e n th a lp y  change fo r th e  h y d ro g en  b rid g es u n itin g  th e  ch a in -asso c ia tio n s . The 
equ ilib riu m  c o n s ta n t  for th e  c h a in -a sso c ia tio n  is th e n :

К  = ----^ —  » = 1 , 2 , 3 , . . .  (10)
* i - i  x i

w hile  th e  e q u ilib riu m  co n stan t o f  cyclic  d im eriza tion  is:

K * = K 2 = —  (11)
* i

w h ere  x* is th e  m ole fraction  o f  cyclic  d im ers. I f  th e  p resence  o f  th e  cyclic 
d im ers  is ta k e n  in to  co n sidera tion , th e  average  m olecu lar w e ig h t is:

M  =  M j x 1 -f- M 2 x 2 +  • • • +  M j  Xj -f- . . .  M., x* . (12)

O n re a rra n g em e n t, an d  in tro d u c tio n  o f  у  =  K x x:

J ^ L  =  X l [2 +  2y  +  3 y 2 + . . . +  iy ‘~l  +  . . . ]  +  2y*
M  t

w h ich , on the  b a s is  o f re la tion  (8), can  be b ro u g h t in to  th e  fo llow ing  sim ple 
fo rm :

M x i

(1 - r )2
+  2y2 . (13)

L e t us now  seek  th e  re la tio n  b e tw een  th e  equ ilib rium  c o n s ta n t  an d  the  
m o le  frac tio n  o f  m onom ers. W e k n o w  th a t

x i  +  *2 +  *3 +  • • • +  x i +  • • • +  x*  =  1 

a n d  th u s , using  re la tio n s  (10) a n d  (11):

x x +  K x \  K 2x\ - f  . . . +  K ' ~ lx{ +  . . . +  K 2x\ =  1

T h a t  is:

1  I О 1
- +  у  — 1

1 - У

(14)

(15)

(16)
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or
Al — (1  — У2) (1  — У) (17)

an d

К  =  y
(1 -  J 2) ( i  — y )

(18)

I f  th is  is su b s ti tu te d  in to  E q . (13), th e n  acco rd ing  to  th e  above tw o -co n stan t 
m odel:

M  1 — v2
+  2y2 .

M x 1 -  у

I t  can  be seen fro m  re la tio n s  (17) an d  (18) t h a t  i f  у  —>■ 1 th e n  x x —*- 0 
an d  К  —*■ с о , i.e. th is  case  co rresponds to  m ax im u m  asso c ia tion .

A  su rp rising  re su lt  is o b ta in e d  fo r th e  av e rag e  m o lecu la r w eight in  th e  
case o f  m ax im u m  a sso c ia tio n :

M  1 — y2
lim  --------=  l im ---------—-----(- 2y2 =  4 . (19a)
y— 1 M x y - 1 1 у

T h e m odel w here th e  fo rm a tio n  o f cyclic d im ers  is also ta k e n  in to  acco u n t 
th u s  gives th e  m ax im u m  av e rag e  m olecular w e ig h t as 4.

T h e  re la tio n s d e riv e d  above  are now  going to  be  ap p lied  to  th e  p u re  
c o m p o n en ts . The re le v a n t  l i te ra tu re  d a ta  [3, 4 , 6, 7] in d ic a te  th a t  i f  ideal 
ch a in -asso c ia tio n  is a ssu m ed  fo r th e  pu re  am ines, w hile for th e  pu re  alcohols

Table II

Viscosities and degrees o f  association o f alcohols and amines at 20 °C

Component V
1cp ]

M
[g/mol] M/JVfj Model applied К *1

m ethanol 0 .5 8 4 * 116 3 .7 0 ideal chain-association 200 0 .0 0 5

ethanol 1.200* 164 3 .58 +  cyclic dimers 6 5 .8 0 .0 1 4

1-propanol 2.20* 205 3 .48 -j- cyclic dimers 4 2 .8 0.021

1-butanol 2 .9 5 * 240 3 .2 4 -f- cyclic dimers 16 .7 0 .0 5 0

1-heptanol 5 .4 2 * 350 3 .18 -f- cyclic dimers 14 .2 0 .0 5 8

H-propylamine 0 .4 1 1 95 1 .64 ideal chain-association 0 .6 4 0 .7 9 0

di-n-propylam ine 0 .5 2 4 105 1.06 ideal chain-association 0 .0 6 0 .9 4 3

tri-n-propylam ine 0 .6 7 123 0 .8 8 ideal chain-association - 1.000
H-butylamine 0 .5 4 5 110 1.51 ideal chain-association 0 .5 1 0 .6 6 3

di-n-butylam ine 0 .9 0 0 135 1 .05 ideal chain-association 0 .0 5 0 .9 5 2

tri-rc-butylainine 1 .4 5 175 0 .9 4 ideal chain-association — 1.000

* The viscosities of th e  alcohols are literature da ta  [8].
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cyclic d im eriza tio n  is also ta k e n  in to  a c c o u n t, ca lcu la tions can  be  m a d e  w ith  
th e  help  o f th e  tw o -c o n s ta n t m odel. T he re su lts  th u s  ob ta in ed  a re  lis te d  in 
T ab le  I I .

C om parison  o f th e  re su lts  reveals  t h a t  th e  equ ilib rium  c o n s ta n ts  ca lcu ­
la ted  from  th e  v isco sity  agree, as reg a rd s  o rd e r o f m ag n itu d e , w ith  re p o rte d  
equ ilib riu m  c o n s ta n ts  [4,9] d e te rm in ed  b y  d iffe ren t ex p e rim en ta l m e th o d s 
(m easu rem en t o f th e rm o d y n am ic  an d  d ie lec tric  p ro p erties , in fra re d  sp e c tro ­
scopy , e tc .). T h e  re su lts  ca lcu la ted  from  th e  v isco s ity , generally  give a  sm aller 
equ ilib riu m  c o n s ta n t an d  accord ing ly  a h ig h e r  m onom er m ole fra c tio n  th a n  
tho se  o f th e  o th e r  m eth o d s. T his can  p ro b a b ly  be  a t tr ib u te d  to  th e  fa c t th a t  
th e  associa tions a re  n o t  chain -like , an d  th u s  th e  reference curve  b a se d  on th e  
v iscosities o f th e  n o rm a l h y d ro ca rb o n s  re su lts  in  a degree of a sso c ia tio n  low er 
th a n  th e  a c tu a l one, fo r th e  v isco sity  o f  th e  b ran ch ed -ch a in  co m p o u n d  is 
a lw ays less th a n  th a t  o f th e  s tra ig h t-c h a in  m olecule  w ith  th e  sam e m o lecu la r 
w eigh t. T h is is also in d ic a te d  b y  th e  fa c t t h a t  a degree of a sso c ia tio n  low er 
th a n  one w as o b ta in e d  fo r th e  te r t ia ry  am in es. I t  follows from  w h a t h a s  been  
said  th a t  th e  m e th o d  needs re fin in g , b u t  even  in  its  p resen t form  i t  is su ita b le  
fo r th e  e s tim a tio n  o f th e  degree o f a sso c ia tio n  an d  fo r th e  d e m o n s tra tio n  of 
changes in  th e  e x te n t  o f  associa tion . I t  is u tiliz ed  in  th e  ev a lu a tio n  o f th e  v iscos­
i ty  d a ta  fo r th e  n -h u ty la m in e —1 -b u tan o l m ix tu re .

Viscosity o f  the 1-b iitanol-n -butylan iin e mixture

In  th e  course o f its  ap p lica tio n  to  th e  p u re  m ateria ls  i t  w as o b serv ed  
th a t  th is  m e th o d  gives a re liab le  q u a lita tiv e  d esc rip tio n  of th e  au to a sso c ia tio n  
o f alcohols an d  am ines. A ccord ingly , an  a t te m p t  w as m ade to  a p p ly  i t  to  th e  
1 -b u tan o l—n -b u ty la m in e  m ix tu re . T he n ecessary  v isco sity  d a ta  w ere d e te r ­
m ined  w ith  a H ö p p le r rheov iscom eter. T he re su lts  ob ta in ed  a t  20°C a re  p re s ­
en ted  in T ab le  I I I  an d  F ig . 2.

Table III

Dynamic viscosity o f the 1-butanol-n-butylamine mixture as a function o f the composition at 20 °C

*am ine V  (CP) M M /M t

0.0 2.95 240 3.24
0.1 2.51 225 3.04
0.3 1.85 195 2.63
0.5 1.25 164 2.21
0.7 0.95 145 1.96
0.9 0.68 123 1.66
1.0 0.55 110 1.51
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T h e  re su lts  w ere e v a lu a te d  b y  th e  ea rlie r p rocedure , i.e. a re fe ren ce  
cu rv e  b a se d  on th e  v iscosities o f th e  n o rm a l h y d ro ca rb o n s  w as u sed . W h en  
e s ta b lish in g  th e  re la tio n  b e tw een  th e  av e rag e  m o lecu la r w eight a n d  degree 
o f  a sso c ia tio n , use w as m ade o f th e  fa c t t h a t  th e re  is only  a neglig ib le d iffe r­
ence b e tw e e n  th e  m o lecu lar w eig h ts  of th e  m o n o m ers  of th e  com ponen ts. T h u s,

Fig. 2. V iscosity of the re-butylamine — 1-butanol m ix tu re  as a function of composition a t  20 °C

th e  deg ree  of associa tion  can  be ca lcu la ted  w ith o u t a t tr ib u tin g  an y  com posi­
t io n , s t ru c tu re  or com position  ra tio  to  th e  asso c ia tio n s. The re su lts  n e v e r th e ­
less p e rm it  one to  exclude  th e  p o ssib ility  o f sim p le  coupling of th e  alcoho l an d  
am in e  asso c ia tio n s from  am ong  th e  m an y  possib le  m ixed  associa tion  species. 
T h is  can  be done fo r th e  reaso n  th a t  if  on m ix in g  th e  am ine and alcohol assoc ia ­
tio n s  s im p ly  com bine:

Aj  - j -  Bj  т— 1 Aj Bj

th e n  th e  o n ly  ex p la n a tio n  fo r th e  ex o th e rm ic  h e a t  o f m ixing w ould  be  th a t  
e x t r a  h y d ro g en  bon d s are  fo rm ed . I t  w ou ld  a lso  ex p la in  th e  n eg a tiv e  e n tro p y  
o f m ix in g , fo r th e  coupling  o f th e  associa tes w o u ld  re su lt in  a decrease  o f th e  
n u m b e r  o f  p a rtic le s . H ow ever, th is  is in  c o n tra s t  w ith  th e  degree o f asso c ia tio n  
vs. co m p o sitio n  re la tio n  d e te rm in ed  fro m  th e  v isco sity  m e a su re m e n ts , for 
i t  w as  o bserved  th a t  th e  decrease  of th e  n u m b e r  of partic les  w as n o t  accom ­
p a n ie d  b y  th e  increase  of th e  average  degree o f asso c ia tio n : in s te a d , th e  av erag e  
deg ree  o f associa tion  of th e  m ix tu re  g ra d u a lly  decreases on p ro ceed in g  from
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th e  alcohol to w ard s  th e  am ine on th e  c o n c e n tra tio n  scale (F ig . 3). N o m a tte r  
how  q u a lita tiv e  we consider th e  degree o f  associa tion  c a lc u la ted  fro m  th e  
v isco sity , i t  seem s b ey o n d  d o u b t t h a t  i t  does n o t ex h ib it a m a x im u m  as a 
fu n c tio n  o f th e  com po sitio n ; th u s , as re g a rd s  th e  conceivable p o ssib ilitie s  for 
th e  fo rm atio n  o f th e  m ixed  species, i t  is p o ssib le  to  exclude tho se  w h ich  assum e 
th e  increase of th e  av e rag e  degree o f  a sso c ia tio n  o f m ixing.

Fig. 3. Average degree of association of the n -bu ty lam ine 1-butanol m ix ture  a t  20 °C
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The heats of mixing of d i-n-butylam ine and norm al p rim ary  alcohols were 
m easured a t  20 +  1 °C. I t  was found th a t  the exotherm ic heat of m ixing m easured at 
the equim olar composition practically agrees w ith  the results for the sim ilar m ixtures 
of n-butylam ine. I t  tu rned  out th a t the exotherm ic heat effect for the alcohol—amine 
in teraction  is to  a good approxim ation independen t of whether the alcohol molecules 
in teract w ith a prim ary or a secondary am ine. The data  for m ixtures w ith  low amine 
contents revealed th a t the differences found betw een the properties of the alcohol—di-n- 
butylam ine and alcohol-n-butylam ine m ix tu res can be a ttribu ted  to  th e  different 
extents of autoassociation of the prim ary and  secondary amines. This assum ption  was 
supported by the difference in the endotherm ic heats of mixing for the n -buty lam ine— n- 
hexadecane and di-n-butylam ine—n-hexadecane m ixtures.

A n ea rlie r p a p e r  [1] d ea lt w ith  th e  considerab le  ex o th e rm ic  h e a t  o f 
m ix ing  fo r n -b u ty la m in e —n -p r im a ry  a lcoho l m ix tu res . T he conclusion  was 
reach ed  th a t  th e  m ix ing  h e a t is p ra c tic a lly  in d e p e n d e n t o f th e  le n g th  o f  th e  
h y d ro ca rb o n  ch a in  in  th e  m olecules o f th e  alcoho l com ponen t (th e  o n ly  ex cep ­
tio n  being  m e th a n o l) , an d  th u s  can be  re g a rd e d  to  a good a p p ro x im a tio n  as 
th e  reac tio n  h e a t  accom pany ing  th e  b in d in g  o f  alcohol and  am ine  m olecules. 
I t  w as also show n th a t  n e ith e r  th e  e x p e rim e n ta l resu lts  no r th e  l i te r a tu r e  d a ta  
p e rm it a c lea r-cu t answ er to  th e  question  o f  w h a t m ixed  associations a re  fo rm ed . 
In  th is  con n ec tio n  a s tu d y  has been m ad e  o f  th e  h ea t effect a r is in g  on  th e  
m ix ing  of d i-n -b u ty la m in e  and  n o rm al p r im a ry  alcohols. The alcoho l co m p o ­
n e n t w as m e th a n o l, e th an o l, 1 -propanol, 1 -b u tan o l, or 1 -hep tano l. T h e  m e a s­
u rem en ts  w ere m ad e  as prev iously  [2], a t  20 ^  1°C. The e x p e rim e n ta l re su lts  
a rc  lis ted  in  T ab les  I —Y. T he q u o tie n t o f  th e  h e a t o f m ixing an d  th e  p ro d u c t 
o f  th e  m ole fra c tio n s  is show n in  F ig . 1.

I t  is im m e d ia te ly  clear from  b o th  th e  F ig u re  an d  th e  d a ta  in  th e  T ab les 
th a t  all th e  q u a lita tiv e  conclusions m ade ea rlie r  fo r th e  n -b u ty la m in e —alcohol 
m ix tu re s  also ho ld  fo r th e  n -b u ty lam in e—alcoho l m ix tu res . T he h e a t  o f  m ix ing  
decreases s lig h tly  w ith  th e  increase o f th e  m o lecu la r w eigh t o f th e  alcohol 
co m ponen t. W ith  m e th a n o l an  ex cep tio n a lly  h igh  h e a t of m ix ing  w as fo u n d , 
b u t  in  th e  o th e r  cases th e  resu lts  are  p ra c tic a lly  in d ep en d en t o f th e  le n g th  
o f th e  h y d ro ca rb o n  ch a in  in  th e  alcohol. I t  can  be said  th a t  in  th e se  sy stem s 
th e  h e a t o f m ix ing  m ay  be a t tr ib u te d  to  th e  energy  resu ltin g  from  th e  in te r ­
ac tio n  o f th e  = N H  an d  — O H  groups.
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Fig. 1. Q uotien t of the heat of m ixing and the p roduct o f the mole fractions in m ix tures of 
d i-n-butylam ine and n-prim ary alcohols a t 20 °C

Table I

Heat o f m ixing o f di-n-butylamine and methanol at 20 °C

*am — B E  (cal/mol) n E

* a m (l—>m>

0 .0 0 8 5 7 .4 72 4 0

0 .0 2 3 153 69 7 0

0 .0 4 6 310 740

0 .0 7 5 45 3 6 5 2 0

0 .1 0 8 582 6 0 7 0

0 .2 8 8 848 4 1 3 0

0 .3 4 6 907 4 0 2 0

0 .4 0 3 935 36 6 0

0 .4 6 2 913 35 1 0

0 .5 3 6 874 34 9 0

0 .6 0 5 795 33 3 0

0 .6 8 7 653 30 4 0

0 .7 7 3 509 29 0 0

0 .8 7 7 304 27 9 0
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Table II

Heat o f mixing o f di-n-butylamine and ethanol at 20 °C

*am — (cal/mol) ii*
,  /. -  > (c“'/m°l)xamVA *anv

0 .0 1 2 3 9 .6 337 0

0 .0 2 5 82 332 0

0 .0 5 1 158 326 0

0 .0 8 0 24 3 331 0

0 .1 1 9 34 6 331 0

0 .1 7 8 471 322 0

0 .2 3 0 562 324 0

0 .3 5 1 717 315 0

0 .4 1 0 71 9 297 0

0 .5 1 5 67 8 272 0

0 .6 3 8 561 243 0

0 .7 4 7 45 2 239 0

0 .9 0 1
•

23 9 269 0

Table III

Heat o f mixing o f di-n-butylamine and 1-propanol at 20 °C

*am H-® (cal/mol) H*
~ W 1  *»m> (M,/m0l)

0 .0 1 9 6 2 .5 33 9 0

0 .0 5 3 169 33 8 0

0 .1 0 3 289 31 0 0

0 .1 6 2 4 5 4 33 5 0

0 .2 5 1 62 8 32 1 0

0 .3 3 5 67 5 3 0 4 0

0 .4 6 3 692 2 8 0 0

0 .6 2 1 61 4 2 6 1 0

0 .7 9 4 38 0 23 2 0

0 .9 2 5 157 22 3 0

A good basis fo r ev a lu a tio n  is o b ta in e d  b y  com parising  th e  re su lts  p res­
en ted  here  w ith  th o se  found  fo r th e  p r im a ry  am ine—alcohol m ix tu re s  [1].

L e t us f irs t consider th e  v a lu es  o f th e  h e a t  of m ix ing  fo r th e  equ im olar 
m ix tu res . T hese are  lis ted  in  T ab le  V I.

I t  can be seen th a t  th e re  is p ra c tic a lly  no  d ifference b e tw een  th e  resu lts  
fo r  th e  p rim a ry  an d  secondary  am ines. T h e  on ly  difference is o b se rv ed  in  th e

5 A cta  Chim . ( B u d a p e s t)  83  1974
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Table TV

Heat o f  m ixing o f  di-n-butylamine and 1-butanol at 20 °C

*am — H-® (cal/mol)
IIя

W i - % )  (c“ /moI)

0 .0 1 2 40 .5 3 4 9 0

0 .0 2 3 74.5 3 3 2 0

0 .0 3 5 108 3 2 0 0

0 .0 6 3 190 3 2 3 0

0 .1 0 4 251 2 7 0 0

0 .1 4 6 341 2 7 3 0

0 .1 9 7 445 2 8 5 0

0 .3 8 0 696 2 9 1 0

0 .4 3 6 659 2 6 8 0

0 .5 1 3 642 2 5 7 0

0 .6 1 6 579 2 4 4 0

0 .7 1 3 483 2 3 5 0

0 .8 0 5 359 2 2 9 0

0 .8 8 1 215 2 0 5 0

0 .9 1 9 151 2 0 3 0

0 .9 5 7 83 .5 2 0 4 0

Table V

Heat o f  m ixing  o f  di-n-butylamine and 1-heptanol at 20 °C

*am — (cal/mol)
II*

X Í1  Xa \ (0al/mO1) xamfx x am)

0 .0 3 3 102 3 2 2 0

0 .1 2 7 324 2 9 3 0

0 .2 2 4 510 29 4 0

0 .3 1 0 621 2 9 1 0

0 .3 3 6 629 2 8 2 0

0 .3 7 9 668 2 8 4 0

0 .4 7 6 681 2 7 3 0

0 .6 2 1 602 2 5 6 0

0 .7 7 8 384 2 2 2 0

0 .9 1 4 160 202 0

r a n g e  o f  low am ine c o n c e n tra tio n s . For a g iven  a lcoho l th e  h e a t o f m ix in g  is 
h ig h e r  fo r th e  seco n d ary  t h a n  fo r th e  p rim ary  a m in e . T his can  be seen w ell by  
c o m p a riso n  of th e  H E 1хат( 1 —  x am) values e x tra p o la te d  to  zero am ine or zero 
a lc o h o l co n cen tra tio n . T h is  q u a n t i ty  is equal to  th e  difference of th e  p a r tia l
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Table VI

Excess enthalpy o f primary and secondary butylamine-alcohol mixtures at 20 °C (xam =  0.5)

Amine Alcohol H E
(cal/mol)

н я
%m( 1 *am) 
(cal/mol)

n-butylam ine methanol 975 3900
n-butylam ine ethanol 745 2980
n-butylam ine 1-propanol 727 2910
n-butylam ine 1-butanol 720 2880
n-butylam ine l-hep tanol 670 2680
di-n-butylamine m ethanol 935 3740
di-n-butylamine ethanol 718 2870
di-n-butylamine 1 propanol 705 2820
di-n-butylamine 1 butanol 690 2760
di-n-butylamine l-heptanol 685 2740

Table VII

Heats o f mixing o f amine-alcohol mixtures at 20 °C

Components of the mixture

и®
*am(f xam)

lim
*am —*■ 0

lim
xam -*■ I

n-butylam ine — m ethanol 4000 2600
di-n-butylam ine — m ethanol 7300 2600
n-butylam ine — ethanol 2950 2400
di-n-butylam ine — ethanol 3500 2200
n-butylam ine — 1-propanol 2900 2350
di-n-butylam ine — 1-propanol 3400 2100
n-butylam ine — 1-butanol 2850 2200
di-n-butylam ine - 1-butanol 3400 2050
n-butylam ine -  l-heptanol 2700 2150
di-n-butylamine — l-heptanol 3300 2000

m o la r a n d  th e  m olar en th a lp ies , o r to  th e  d iffe ren tia l so lu tion  h e a t  d e te rm in ed  
in  in fin ite ly  d ilu te  so lu tion . T hese re su lts  a re  lis ted  in  T ab le  V I I .

I t  can  be seen from  th e  d a ta  t h a t  th e  h e a ts  o f so lu tion  o f th e  alcoho ls are 
p ra c tic a lly  in d ep en d en t of w h e th e r  th e  so lv en t is a p rim a ry  or a  seco n d ary  
am ine . (The difference o f 100— 150 cal/m ol can  sim ply  be e x p la in e d  b y  th e  
h ig h e r m o lecu lar w eigh t of th e  seco n d ary  am ine.) H ow ever, th e  h e a ts  o f so lu­
tio n  o f th e  p rim a ry  and  seco n d ary  am ines d iffer considerab ly . F o r  d isso lu tio n

5* A cta  Chim . (B u d a p e s t)  8 3 , 1974
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in  a  g iven  alcohol, th e  h e a t  o f  so lu tion  of th e  se c o n d a ry  am ine  is alw ays h ig h er 
t h a n  th a t  of th e  p r im a ry  a m in e . F o r d isso lu tion  in  m e th a n o l th e  difference is 
3300  cal/m ol, b u t fo r th e  o th e r  alcohols i t  is 450 — 550 cal/m ol, in d ep en d en tly  
o f  th e  m olecular w e ig h t o f  th e  so lvent alcohol. I n  o u r op in ion , a p a r t  from  th e  
e x c e p tio n a l results fo r th e  m ix tu re s  con ta in in g  m e th a n o l, th e  h igher h e a t  of 
s o lu tio n  of d i-re-bu ty lam ine can  be in te rp re te d  b y  ta k in g  in to  acco u n t th a t  
se v e ra l endotherm ic a n d  ex o th e rm ic  processes p ro ceed  sim u ltan eo u sly  w hen  
a m in e —alcohol m ix tu re s  a re  fo rm ed . The Н ь /я;а т (1 —  *am) va lu es  e x tra p o la te d  
to  zero  alcohol c o n c e n tra tio n  are  ch a rac te ris tic  o f  th e  alcohol, an d  arise from  
th e  difference of th e  e x o th e rm ic  h ea t effects (o rig in a tin g  from  th e  a m in e -  
a lco h o l in terac tion ) a n d  th e  endo therm ic  h e a t  effec ts  (a re su lt o f th e  d issocia­
t io n  o f  th e  associated  a lco h o l m olecules). I t  also follow s from  th is  th a t  w ith  a 
h ig h  am ine excess th e  a lco h o l—am ine in te ra c tio n  is p ra c tic a lly  in d e p e n d e n t of 
w h e th e r  th e  alcohol m o lecu le  in te ra c ts  w ith  a p r im a ry  or a secondary  am ine.

T he difference o f  th e  h e a ts  of solution o f  th e  am in es can  be exp la ined  in  
t h a t  even  a t low am in e  co n c e n tra tio n s  th e  en e rg y  o b se rv ed  as h e a t of m ix ing  
is  th e  re su lta n t of tw o  e n th a lp y  changes o f o p p o s ite  sign , b u t  th e  energy  n e ­
c e ssa ry  for th e  d isso c ia tio n  o f  th e  am ines is d if fe re n t fo r th e  p rim ary  an d  th e  
se c o n a ry  am ines. I f  i t  is a ssu m ed  th a t  in th is  c o n c e n tra tio n  range th e  a m in e -  
a lco h o l in te rac tio n  en e rg y  is to  a firs t a p p ro x im a tio n  in d e p e n d e n t o f w h e th e r 
th e  alcohol in te rac ts  w ith  a p r im a ry  or a seco n d a ry  am in e , i t  follows th a t  since 
a  g re a te r  endotherm ic e ffec t m u s t  be observed fo r th e  m ore  stro n g ly  associa ted  
p r im a ry  am ine th a n  fo r th e  secondary  am ine, th e  r e s u l ta n t  of th e  h e a t effects 
w ill b e  a higher e x o th e rm ic  v a lu e  for th e  se c o n d a ry  am ines. This agrees w ith  
ex p erien ce . The p h e n o m e n o n  th a t  for all th e  a lcoho ls (w ith  th e  ex cep tio n  of 
m e th a n o l)  the  sam e d iffe re n c e  in  th e  h ea t o f  so lu tio n  (4 5 0 —550 cal/m ol) is 
o b se rv e d  betw een th e  tw o  ty p e s  of am ine p e rm its  th e  conclusion th a t  energy  
o f  th e  am ine-alcoho l in te r a c t io n  is in d ep en d en t o f  th e  m olecu lar w eight o f th e  
a lco h o l.

I n  order to  c o n firm  th e  re a lity  of th e  ab o v e  q u a lita tiv e  p ic tu re , a s tu d y  
w as also m ade of th e  h e a ts  o f  m ixing in  th e  n -b u ty la m in e —n-hexadecane and  
d i—n —bu ty lam in e—n—h e x a d e c a n e  system s. F ro m  th e se  series an  answ er is 
o b ta in e d  to  the  q u es tio n  o f  w h e th e r it  is ju s tif ie d  to  assum e th a t  m ore energy  
is re q u ire d  for th e  d is so c ia tio n  of the  a sso c ia ted  m olecules of th e  p r im a ry  
a m in e s  th a n  for th e  s e c o n d a ry  am ines.

In  these m ix tu re s  th e  h e a t  o f m ixing o rig in a te s  p re d o m in a n tly  from  th e  
e n e rg y  necessary  to  sp li t  th e  hyd rogen  bonds h o ld in g  th e  associations to g e th e r
[3]. T h e  experim en ta l r e s u lts  a re  given in  T ab les  V I I I  an d  IX .

T h e  results are p lo t te d  in  Fig. 2, in a s im ila r  m a n n e r  as prev iously .
F ig . 2 shows t h a t  fo r  n —buty lam ine  a n d  d i—n—b u ty la m in e  th e  h e a t of 

so lu tio n  ex trap o la ted  to  zero  co n cen tra tion  is e n d o th e rm ic , 2700 an d  920 
ca l/m o l, respectively . T h ese  re su lts  prove t h a t  m u c h  m ore energy  is req u ired
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Table VIII

Heat o f m ixing o f n-butylamine and n-hexadecane at 20 °C

% n Ня  (cal/mol)
H*

*am(l *wb) (°nl/m0

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

0 .0 8 5 209 2 6 8 0

0 .1 6 3 398 2 9 2 0

0 .2 2 7 45 6 2 6 1 0

0 .3 3 7 583 2 6 1 0

0 .5 1 4 64 6 2 5 9 0

Tabic IX

Heat o f m ixing o f di-n-butylamine and n-hexadecane at 20 °C

*am 11^ (cal/mol)
h *

*am(l * _ )  (C<J/m0l)

0 .0 4 0 35 .1 91 0

0 .1 3 9 115 9 6 0

0 .2 7 7 179 8 90

0 .4 1 3 236 9 7 0

0 .5 2 5 251 1000

to  d issoc ia te  th e  p r im a ry  am ine associa tions th a n  tho se  o f  th e  secondary  
am in es . This a ssu m p tio n  w ith  reg a rd  to  th e  alcohol—am ine m ix tu re s  there fo re  
ju s tif ie d .

H
xa m ^ 'W
[cal/mol]

o n -bu ty lam ine 
x dj-n-butylam ine

A000

3000 о

2000

1000

i i i i__________ 1__________ 1__________ I__________ I__________
0 0.2 O.A 0.6 0.8 1.0

xamine

Fig. 2. H eats o f mixing of amines and n-liexadccane a t 20 °G
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The viscosities of norm al prim ary alcohols, norm al hydrocarbons and  tertia ry  
aliphatic amines have been studied in the tem peratu re  range of 233 to  353 °K. The 
activation  enthalpies of viscous flow have been determ ined, and for no rm al hydro­
carbons and te rtia ry  am ines they  have been found to be in a linear re la tionsh ip  with 
the molecular w eight, practically  independent of the homologous series concerned. 
Using this function as a calibration curve a molecular weight has been determ ined 
for the non-associated com ponent w ith th e  same activation enthalpy  as th a t  of the 
alcohol, and this figure has been in terp re ted  as the average m olecular w eight of 
alcohol species. I t  has been found th a t, in agreem ent w ith our previous resu lts , the 
average degree of association in liquid phase alcohols is about 4, and  is affected by 
tem perature. This resu lt can be interpreted  by  assuming the sim ultaneous form ation 
of cyclic dimers and chain like associated species, since in this case th e  m axim um  
degree of association m ay deviate only slightly from 4. I t  has also been fo u n d  th a t  the 
ex ten t of association tends to  decrease from  m ethanol to n-heptanol.

In  our p rev ious p a p e r  [1] we have  su g g ested  a m ethod  fo r th e  d e te rm in a ­
tio n  o f  th e  average  m o lecu la r w eights o f  liq u id  phase  association  p o ly m e rs  of 
alcohols and  am ines. T he m eth o d  is b ased  on th e  assum ption  t h a t  a  p o ly m er 
o f  th e  associa tive  co m p o n en t has th e  sam e v isco s ity  as th e  h y d ro c a rb o n  w ith  
th e  sam e or n ea rly  th e  sam e m olecu lar w eig h t.

T he re la tio n sh ip  be tw een  v iscosity  a n d  th e  average m o lecu la r w e igh t, 
d efin ed  as

M =  (1)
1 =  1

h as been  given b y  th e  eq u a tio n

r] =  к  M “ (2)

w here  к  an d  a  are  c o n s ta n ts , an d  r] is th e  d y n am ica l v iscosity . T h is  p a p e r  is 
concerned  w ith  th e  d e te rm in a tio n  o f th e  av e rag e  m olecular w e ig h t fo r  th e  
po ly m ers  of n o rm al a lip h a tic  alcohols on th e  basis  o f th e  a c tiv a tio n  e n th a lp y  
o f  v iscous flow  (te rm ed  h ere  as ‘viscous e n th a lp y ’). V iscous e n th a lp y  can  be 
d efin ed  as

A H  =  -  R T 2
d \ n r )

d T
(3)

w here r? is th e  d y n am ica l v iscosity  m easu red  a t  a co n stan t p re ssu re , T  is 
a b so lu te  te m p e ra tu re , an d  R  =  1.98 cal • т о 1 е - 1 К _1.
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Results

T h e  dynam ical v isc o s itie s  o f th e  v a rious co m p o n e n ts  were m easu red  a t  
a tm o sp h e r ic  pressure, b y  a H ö p p le r- ty p e  rh eo v isco sim e te r , in  th e  te m p e ra tu re  
ra n g e  b e tw een  —40 an d  80 °C. T h e  resu lts, a long  w ith  li te ra tu re  d a ta , a re  g iven  
in  T a b le  I  an d  in Figs 1 a n d  2 .

Fig. 1. log 7] vs. T -1 p lo ts for 7i-hydrocarbons and  te rtia ry  amines.
1. Squalane; 2. eicosane; 3. tri-am ylam ine; 4. tri-bu ty lam ine; 5. tri-propylam ine; 6. triethyl-

amine

T h e  diagram s show  t h a t  w hen p lo ttin g  th e  lo g a rith m  of th e  d y n am ica l 
v is c o s ity  against th e  re c ip ro c a l of abso lu te  te m p e ra tu re , s tra ig h t lines are 
o b ta in e d  for b o th  th e  a lco h o ls  and  th e  t e r t i a r y  am ines in v es tig a ted . T h is 
b e h a v io u r  is rem ark ab le  fo r  alcohols, because  th e  te m p e ra tu re  ran g e  o f  th e  
m e a su re m e n ts  exceeds 100 °K , and  thus even  i f  th e  average degree o f a sso c ia ­
t io n  v a rie s  strongly  as a  fu n c tio n  of te m p e ra tu re , i t  c an n o t be observed  in  th e  
b e h a v io u r  of viscous e n th a lp y . I t  is, h o w ever, a lso  possible th a t  th e re  is a 
re la tio n sh ip  betw een v isc o u s  en th a lp y  an d  th e  av e rag e  degree o f a sso c ia tio n  
o f  a lcoho ls, b u t in  p ra c tic e  th e  la tte r  is n e a r ly  c o n s ta n t over th e  co m p le te
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T

Fig. 2. log rj vs. T ~ l plots for norm al p rim ary  alcohols

Fig. 3. Viscous enthalpy  as a function of the  molecular weight
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Table I

Dynamical viscosities, in cp, as the functions o f temperature

Temperature °K 233 243 253 263 273 283 293 303 313 323 333 343 353 Ref.

Methanol 1.75 1.39 1.16 0.970 0.817 0.686 0.584 0.510 0.450 0.396 0.350 — — [2]

E thanol 4.79 3.65 2.38 2.23 1.78 1.46 1.19 1.0 0.825 0.701 0.591 0.503 0.43 [2]

1-Propanol 13.5 9.5 6.9 5.1 3.85 2.89 2.20 1.72 1.38 - 0.92 - 0.63 [2]

1-Butanol 22.4 14.1 10.3 7.41 5.18 3.86 2.94 2.28 1.79 1.41 1.14 0.76 0.74

1-Pentanol 34.8 24.5 16.3 10.24 6.69 5.04 3.30 2.52 1.92 1.52 1.17 0.97 0.77

1-Heptanol — 34.21 21.89 16.30 10.56 7.62 5.42 3.97 2.99 2.25 1.82 1.37 1.11

Triethylamine — 0.708 0.569 0.509 0.440 0.385 0.330 0.303 0.275 0.251 - — —

Tri-n-propylamine 1.61 1.431 1.087 0.894 0.725 0.642 0.555 0.495 0.445 0.399 0.353 0.312 —

Tri-n-butylamine 6.25 4.98 3.33 2.73 2.22 1.70 1.39 1.17 0.903 0.863 0.863 0.731 0.572

Tri-n-amylamine — — 4.72 - - 3.43 2.62 2.06 1.67 - 1.17 - 0.87 [2]

n-Hexane 0.611 — 0.486 0.432 0.383 0.342 0.308 0.278 0.252 0.230 0.210 - — [3]

n-H eptane 0.865 — 0.682 0.600 0.525 0.464 0.413 0.370 0.334 0.302 0.274 - 0.230 [3]

n-Octane 1.22 — 0.955 0.828 0.714 0.621 0.546 0.485 0.433 0.389 0.351 - 0.291 [3]

n-Nonane 1.73 — 1.332 1.138 0.964 0.823 0.713 0.625 0.553 0.493 0.441 - 0.361 [3]

n-Decane — — — — 1.298 - 0.907 - - 0.601 - - 0.452 [3]

n-Undecane — — — 2.167 — — 1.186 - — 0.761 - - — [4]

n-Hexadecane — — — — — — 3.174 2.403 1.945 1.596 1.339 1.128 -

n-Eioosane — — — — — — — — 3.421 2 .6 8 8 2.238 1.871 1.559

Hexam ethyltetracosane - - - — — — 25.11 18.60 12.43 8.80 6.53 4.89 3.93
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te m p e ra tu re  ran g e  o f th e  liqu id  p h ase . T h is  la t te r  possib ility  is su p p o r te d  by  
th e  fa c t t h a t  alcohols co n ta in  free m o n o m eric  m olecules on ly  in  v e ry  sm all 
am o u n ts , i.e. a re  associa ted  p ra c tic a lly  co m p le te ly , even a t  te m p e ra tu re s  close 
to  th e ir  bo iling  p o in ts . I t  has been  show n  in  o u r p rev ious p a p e r  [1] t h a t  th e  
m ax im u m  degree o f association  is 4 i f  a s im u ltan eo u s  cyclic d im e riz a tio n  and  
id ea l in fin ite  ch a in  association  is a ssu m ed . (T he sim plifications a p p lie d  in  th e  
d e riv a tio n  m a y  a ffec t th e  f in a l re su lt to  o n ly  a m inor e x te n t.)  T h e re fo re , even 
a t  te m p e ra tu re s  considerab ly  low er th a n  th e  bo iling  p o in t, th e  o b se rv ed  degree 
o f  a ssoc ia tion  m ay  n o t be m uch  h ig h e r th a n  n ea r th e  bo iling  p o in t .  Conse­
q u e n tly , s im ila rly  to  n -p araffin s  an d  t e r t ia r y  am ines, th e  v isco u s e n th a lp y  
o f  alcohols is in  p rac tice  also in d e p e n d e n t o f  tem p e ra tu re  o v er th e  ran g e  of 
m easu rem en ts .

Table II

Molecular weights and viscous enthalpies o f the components

Component
Mol. weight 

g/mole
Viscous enthalpy 

cal/mole Ref.

n-Pentane 72.15 1510 [5]
n-Hexane 86.18 1660
n-H eptane 100.21 1895
Triethylam ine 101.19 1950
n-Octane 114.23 2162
n-Nonane 128.50 2344
n-Decane 142.29 2573
tri-n-Propylam ine 143.27 2550
n-Undecane 156.31 2810
tri-n-Butylam ine 185.36 3350
n-Hexadecane 226.45 3860
tri-n-Am ylam ine 227.44 3800
n-Eicosane 282.56 4580
Methanol 32.04 2568

2465+ 40 [5]
Ethanol 46.07 3348

3225+130 [5]
1-Propanol 60.09 4170
1-Butanol 74.12 4270+280 [5]

4620
1-Pentanol 88.15 5106
1-Heptanol 116.20 5618
H exam ethyltetracosane

(squalane) 422.83 6430
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Table III

Degrees o f polymerization fo r  normal alcohols and tertiary amines

Average degree of association , M/M

Component
From

From viscous 
energies

viscosities
This work Ref. [5]

M ethanol 3.70 4.43 4.31
E thano l 3.58 4.16 4.00
1-Propanol 3.48 4.04 4.06
1-Butanol 3.24 3.66
1-Pentanol — 3.40
1-H eptanol 3.18 2.85
tri-n-Propylam ine 0.88 1
tri-n-B utylam ine 0.94 1

T h e  a p p ro p ria te  v a lu es  o f  viscous e n th a lp y  w ere  ca lcu la ted  fro m  th e  
d a ta  g iv e n  in  T ab le  I ,  on th e  b as is  o f E q . (3), w ith  th e  m eth o d  of least sq u a re s . 
T he r e s u lts ,  along w ith  l i te ra tu re  d a ta , are l is te d  in  T ab le  I I .  A p lo t o f  th e  
v isco u s e n th a lp y  a g a in s t th e  m olecu lar w eigh ts o f  th e  com ponents is show n 
in  F ig . 3. I t  can  he seen c lea rly  th a t  in  th is  ty p e  o f  p lo t th e  viscous e n th a lp ie s  
o f p a ra f f in  h y d ro ca rb o n s  an d  a lip h a tic  te r t ia ry  am in es  fall on to  th e  sam e s tr a ig h t  
lin e , a n d  v a ry  lin ea rly  w ith  th e  m olecular w e ig h t. T h e  viscous e n th a lp ie s  o f 
th e  a lco h o ls  in v e s tig a te d  also  increase w ith  th e  m o lecu la r w eight, b u t  th e  
re la tio n s h ip  is n o n -lin ea r, a n d  th e  en th a lp y  v a lu e s  a re  su b s ta n tia lly  h ig h e r 
th a n  th o s e  o f  h y d ro c a rb o n s  o r tr iam in es  a t  a b o u t th e  sam e m olecular w e ig h t. 
T h is p h en o m en o n  can  be  in te rp re te d  as follow s.

T h e  viscous e n th a lp y  o f  h y d ro ca rb o n s a n d  t e r t ia r y  am ines d ep en d s, as 
can  b e  seen  in  F ig . 3, p r im a r ily  on th e  size o f  m o lecu les, hence, acco rd in g  to  
th e  h o le  th e o ry , on th e  n u m b e r  of a tom ic  g ro u p s c o n s titu tin g  th e  m olecule . 
F o r th e s e  com pounds th e  c o n tr ib u tio n s  to  th e  m o lecu la r w eight of C H 3 a n d  
C H 2 g ro u p s  can  be re g a rd e d  p rac tica lly  th e  sam e  as th a t  of th e  n itro g e n  o f 
te r t i a r y  am ines. C o n seq u en tly , th e  viscous e n th a lp y  in  e ith e r hom ologous 
series v a r ie s  in  th e  sam e w ay  w ith  th e  m o lecu la r w e ig h t. I f  th is  linear re la t io n ­
sh ip  fo r  h y d ro ca rb o n s  a n d  te r t ia r y  am ines b e tw e e n  th e  viscous e n th a lp y  a n d  
th e  m o le c u la r  w eig h t is ap p lie d  as a ‘ca lib ra tio n  c u rv e ’, i t  can  he u sed  to  d e ­
te rm in e  a n  a p p a re n t m o lecu la r w eigh t for n o rm a l a lip h a tic  alcohols fro m  th e  
v iscous e n th a lp y . A ccord ing  to  th e  m odel o f a sso c ia te d  m ix tu res  th e  m o lecu la r  
w e ig h t o f  th e  n o n -a sso c ia ted  com ponen t, t h a t  h a s  th e  sam e v iscosity  as th e  
a lco h o l, is eq u a l to  th e  av e rag e  m olecular w e ig h t o f  th e  association  p o ly m ers  o f 
th e  a lco h o l.

Acta Chim. ( Budapest) 83, 1974



RATKOVICS et «1.: P R O P E R T IE S  OF ALCOHOL—AM INE M IX TU RES, V I 77

The degree o f p o ly m eriza tio n  for n o rm a l alcohols ca lcu la ted  fro m  th e  
viscous e n th a lp y  are  lis ted  in  T ab le  I I I ,  a lo n g  w ith  sim ilar d a ta  c a lcu la ted  
from  th e  d y n am ica l v iscosities m easu red  a t  20°C, an d  given in  o u r p rev io u s 
p a p e r [1]. T h e  resu lts  o b ta in e d  from  d iv erse  sources are in a s a tis fa c to ry  
agreem en t. I t  can  be seen t h a t  one can n o t dec ide  u nam biguously  w h ich  is th e  
m ore reliab le  m e th o d  in  th e  case o f n o rm al a lcoho ls, b u t from  th e  d a ta  on 
te r t ia ry  am ines th e  com parison  o f viscous e n th a lp ie s  appears to  be  m ore  p re fe r­
ab le . (The degree o f p o ly m eriza tio n  of te r t ia ry  am ines is 1, as th e y  a re  u n ab le  
to  form  h y d ro g en -b o n d ed  species.) F o r th e  f i r s t  th re e  m em bers o f  th e  h o m o ­
logous series th e  ca lcu la ted  degree  o f asso c ia tio n  is g re a te r  th a n  4. T h is  in d i­
ca tes  p rim arily  t h a t  th e  sim p lify in g  a ssu m p tio n s  in tro d u ced  in  th e  d e riv a tio n  
o f  th e  lim itin g  degree of a sso c ia tio n  are  n o t co m p le te ly  valid . T he d isc rep an cy  
is p ro b ab ly  th e  consequence o f  th e  fa c t th a t  th e  change in s ta n d a rd  free  e n ­
th a lp y  of cyclic  d im erza tio n  is n o t  ex ac tly  tw ice  as h igh  as th a t  o f ch a in  fo r­
m atio n . A low er va lu e , w h ich  m ay  be a t t r ib u te d  to  sterica l reaso n s , could  
exp la in  w hy  th e  average  deg ree  o f associa tion  m a y  s ligh tly  exceed th e  v a lu e  
o f  4, because u n d e r  th ese  co n d itio n s  th e  e q u ilib riu m  w ould  be sh ifted  to w ard s  
chain  assoc ia tion , increasing  th e re b y  th e  av e rag e  degree o f a sso c ia tion .

We believe t h a t  th e  m e th o d  p resen ted  h e re  can be applied  n o t  o n ly  to  
th e  d e te rm in a tio n  o f th e  av e rag e  degree of a sso c ia tio n  b u t  also to  gain  in fo r­
m a tio n , in  c e r ta in  cases, on th e  n a tu re  of asso c ia tio n .
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HERSTELLUNG UND UNTERSUCHUNG 
VON METALLHALTIGEN POLYMEREN 
MIT KOORDINATIVEN BINDUNGEN, I

R E A K TIO N  VON PO LY ESTER N  MIT ZnO

I .  V a n c s ó -S z m e r c s á n y i  und P . H ir s c h b e r g

(Forschungsinstitut der Kunststoffindustrie, Budapest)  

Eingegangen am  18. Ju n i 1973

Es wurde die W eiterpolym erisation von Polyestern m it freien kettenendständi- 
gen COOII-Gruppen sowie von neutralen  Polyestern durch koord inative Bindungen 
un tersuch t. E ie Publikation  berich tet vor allem über experim entelle R esultate, die 
für Polyester m it freien kettenendständigen COOH-Gruppen und  Z ink als Zentralatom  
erhalten  w urden. Falls das Z inkatom  in Oxidform in das System  eingeführt wird, 
reagiert es infolge seiner B asenanhydrid-N atur im ersten Schritt in einer ionischen 
R eaktion m it den COOH-Gruppen. Das gebildete M etallcarboxylat is t dann  zu weite­
ren koordinativen R eaktionen fähig, wobei der Mechanismus in entscheidendem  Maße 
durch das M engenverhältnis des zentralen M etallatoms und des L iganden bestimmt 
wird.

Nach den Ergebnissen der U ntersuchungen ist das in G egenw art von neutralen 
Polyestern aus Essigsäure und Zinkoxid in  situ gebildete Salz hinsichtlich  einer weite­
ren, m it Polyester verlaufenden R eaktion von koordinativem  C harak te r ebenfalls 
w irksam. Diese R eaktion ergibt einen äußerst th ixotropen Po lyester m it höherem 
M olekulargewicht. H ingegen findet die koordinative R eaktion zw ischen Zinkacetat 
und Polyester u n te r den gegebenen U m ständen nicht s ta tt.

In  un seren  frü h e ren  M itte ilungen  [1, 2] w urden  E rg e b n isse  beh an d e lt, 
d ie in  un serem  L a b o ra to riu m  in V ersuchen  ü b e r die R e a k tio n  v o n  n iedrig ­
m o lek u la ren  P o ly es te rn  (Mol. gew. 1000—2000) m it M eta llo x id en  vom  Base- 
an h y d rid -T y p , v o r allem  m it MgO e rh a lte n  w urden . D abei w u rd e  festgeste llt, 
d aß  eine S a lzb ildung  zw ischen den k e tte n e n d s tä n d ig e n  C O O H -G ruppen  des 
P o ly es te rs  (O ligoester) u n d  dem  basischen  M etallox id  s ta t t f in d e t .  A nschließend 
v e r lä u f t eine w eitere  R eak tio n  des g eb ilde ten  Salzes bzw . des d a ra u s  en ts te ­
henden  Io n s m it den  E s te rb in d u n g e n  des P o lyeste rs . L e tz te re  R e a k tio n  b e ru h t 
a u f  dem  E n ts te h e n  k o o rd in a tiv e r  B in d u n g en . D as E n d p ro d u k t i s t  eine sehr 
h o ch m o lek u la re  V erb in d u n g , in  d er die P o lyeste rm olekü le  des A usgangs- 
m a te ria ls  d u rch  M eta lla to m e gem äß n ach steh en d en  Schem as m ite in a n d e r  v e r­
b u n d en  s ind :

C----- C
II II
О о

—соом—

о о
II II

■с— с
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D iese  R eaktionen , d e re n  M echanism us z iem lich  k o m p liz ie rt u n d  n u r  
im  g ro ß e n  u n d  ganzen g e k lä r t  i s t ,  fü h rten  zu m ak ro m o le k u la ren  K o m p lex ­
v e rb in d u n g e n .

D ie  v e rsch iedenartig  g e b u n d e n e n  S au e rs to ffa to m e  des als A usgangs­
m a te r ia l  d ienenden  P o ly es te rs  k ö n n e n  sich bei K o m p le x re a k tio n e n  als E le k tro ­
n e n d o n o r  v erh a lten . D ie P o ly es te rm o lek ü le  k ö n n e n  dem gem äß  als m e h r­
z a h n ig e  gem ischte  L ig an d en  b e t r a c h te t  w erden.
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B e i n äh e re r B e tra c h tu n g  d es  ersten  S ch ritts  d e r  a n g e fü h rte n  R eihe von  
R e a k tio n e n , nam entlich  d e r S a lzb ild u n g  m it den  C O O H -G ruppen  tr i f f t  m an  
a u f  fo lg e n d e  Vorgänge.

D e r  saure  P o lyeste r w u rd e  in  einem o rg an isch en  L ö su n g sm itte l gelöst 
u n d  d a r in  ein k rista llines M e ta llo x id  m it B a se n a n h y d rid -C h a ra k te r  (T eil­
c h e n g rö ß e  einige M ikrom eter) su sp en d ie rt. In fo lge d e r  a u f  d er O berfläche d er 
k r is ta l l in e n  M eta llox id te ilchen  m it den e n ts tä n d ig e n  C O O H -G ruppcn  d er 
P o ly es te rm o lek ü le  v e r la u fe n d en  R eak tio n  v e rsch w in d en  n ach  einiger Z eit die 
M e ta llo x id k ris ta lle  aus dem  S y s te m ; das M etall w ird  in  F o rm  eines Salzes 
b zw . C a rb o x y la t-M eta llk o m p lex es  m olekular d isp e rg ie r t (die im  V erh ä ltn is  
zu  d e n  C O O H -G ruppen ü b e rsch ü ss ig en  M eta llo x id -K ris ta lle  b ilden  dabei 
s e lb s tv e rs tä n d lic h  auch im  w e ite re n  ein heterogenes S y stem ). Diese R eak tio n  
is t  d iffu s io n s  k o n tro llie rt. I h r e  G eschw indigkeit is t  v o r  a llem  von  der »elek tri­
sc h e n  F eldstärke«  zw ischen d e r  M eta llverb indung  u n d  dem  L iganden  a b ­
h ä n g ig . J e  s tä rk er der b a s isc h e  C h arak te r des M eta llo x id s  is t, desto  h ö h er is t  
die G eschw ind igkeit, m it d e r  d ie  M eta llo x id -K ris ta lle  aus dem  S ystem  v e r ­
sc h w in d e n .

D ie  w eitere K o o rd in ie ru n g  des en ts tan d en en  Salzes bzw . der K o m p lex ­
v e rb in d u n g  sowie der d a ra u s  gegebenenfalls e n ts te h e n d e n  Ionen  d u rch  die 
E s te rb in d u n g e n  des O lig o este rs  (Polyesters) h ä n g t eben fa lls  s ta rk  vom  C ha­
r a k t e r  des zentralen  M e ta lla to m s  ab.

Im  vorliegenden A u fsa tz  w erd en  vor allem  S y s te m e  b eh an d e lt, in  denen  
d as  z e n tra le  M etallatom  Z in k  i s t .  A us L ite ra tu ra n g a b e n  [3, 4] is t b e k a n n t, d aß  
Z in k c h e la te  stabiler als M ag n esiu m ch e la te  sind . A u ch  im  V erh a lten  gegenüber 
W a s s e r  ze ig t sich ein w e se n tlic h e r  U ntersch ied . N a c h  u n se ren  frü h eren  V e r­
s u c h e n  [5] sind z. B. aus b e s t im m te n  D ica rb o n säu ren  (M aleinsäure, F u m a r­
sä u re , B ernste in säu re  usw .) h e rg e s te llte  M agncsium kom plexe  in  W asser g u t 
lö s lic h  u n d  kennen  aus ih re n  w ä ß rig e n  Lösungen u n te r  B in d u n g  von  b e tr ä c h t­
lic h e n  M engen an K r is ta llw a sse r  (4—5 Mol) k r is ta ll is ie r t  w erden . D agegen 
w e rd e n  au s D icarbonsäuren  m i t  Z inkionen h e rg e s te llte  K om plexe  aus W asser 
in  F o rm  von P o lym eren  ab gesch ieden . Die h e ra u s p rä p a rie r te  V erb in d u n g

Ih ÖI—  -H2C—(CH2)„— C— [d]—(CH2)„

m
c ^ —lÖHl

m
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e n th ä l t  ä u ß e re rs t w en ig  W asser (1 Mol p ro  M eta lla to m ) o d er is t  w asserfrei. 
D iese po lym eren  C a rb o x y la tv e rb in d u n g en  sind p ra k tis c h  w ed er in  W asser 
n och  in  o rg an isch en  L ö su n g sm itte ln  löslich , sind  jed o ch  d u rc h  Säuren  u n d  
A lkalien  ze rse tz b a r.

A uf V ersuchsergebn isse  bezüglich  d er Z inkkom plexe  m it D ik a rb o n säu ren  
soll an  H and  des B eisp iels Z in k m a lea t im  w eiteren  noch  eingegangen  w erden.

E xperim en te lle r Teil

In dieser A rbeit w erden Prüfergebnisse der R eaktionen von Z inkverbindungen, vor 
allem Zinkoxid m it folgenden Liganden behandelt:

— D icarbonsäuren;
— saurer Polyester (K ettenendgruppen: COOH bzw. alkoholische OH-G ruppe)
— neutraler Polyester (Endgruppe an  beiden E nden der K ette : alkoholische OH-

Gruppe). j

Herstellung der Zinkkomplexe von Dicarbonsäuren in wäßrigem Medium

1 : 1-Komplex. D ieser Kom plex wurde nach zwei V erfahren hergestellt: 
a) Zinkoxid w urde in W asser suspendiert und  die äquivalente Menge an  Dicarbonsäure 

bei 60 °C in Form  ih rer w äßrigen Lösung oder Suspension stufenweise zugegeben.
b) Die wäßrige Lösung bzw. Suspension der D icarbonsäure wurde m it N atrium hydroxid 

neutralisiert und die äquivalente  Menge an Zinkchlorid, in W asser gelöst, bei 60 °C un ter 
ständigem  R ühren zugefügt.

Die entstehenden K om plexe sind sowohl in W asser als in organischen Lösungsm itteln 
äußerst wenig löslich oder unlöslich und sind unschm elzbar. Ihre B ruttoform el ist

(H2C )„ -C (  Zn C -(C H 2)„-

V  \ /

Herstellung des sauren Polyesters

1.2 Propylenglykol, Ä thylenglykol, M aleinsäure und Phtalsäure w urden in  äquivalen­
tem  Säure : Alkohol-Verhältnis, u n te r Stickstoff, bei einer M axim altem peratur von 180 °C in 
der Schmelze kondensiert. Die Polykondensation wurde beim  Erreichen eines Molekularge­
wichts von 700 bzw. 1000 unterbrochen. Die Kom plexierversuche w urden m it der Lösung des 
erhaltenen Polyesters (Oligoesters) in monom erem Styrol (65 Gew.-teile Polyester, 35 Gew.- 
teile Styrol) durchgeführt.

Herstellung des neutralen Polyesters

Sebacinsäure un d  Ä thylenglykol w urden äquim olar verm ischt und  in  der Schmelze 
kondensiert, unter stufenw eiser Steigerung der T em peratur bis m axim al 190 °C. Nach Errei­
chen eines durchschnittlichen Molekulargewichts von 1300 wurden pro Mol sauren Polyesters 
2 Mol Äthylenglykol zur Schmelze gegeben und  die K ondensation w urde bis zum  völligen 
Verschwinden der CO O H -G ruppen fortgesetzt. Das überschüssige Ä thylenglykol wurde im 
V akuum  abdestilliert. In  den K om plexicrversuehen wurde die 50%ige Lösung des erhaltenen 
neu tralen  Polyesters in Toluol verw endet.
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U n te rsu ch u n g  der Z in k v erb in d u n g en  von D ica rb o n säu ren

D ie  au s  D ica rb o n säu ren  h e rg e s te llte n  M e ta llca rb o x y la t-V erb in d u n g en  
w u rd en  n a c h  versch iedenen  M e th o d e n  g ep rü ft. In  A b b . 1 sind  die D eriv a to - 
g ram m e  d e r  n a c h  den zwei v e rsch ied en en  V erfah ren  h e rg e s te llte n  Z in k m alea t- 
P o ly m e re n  d a rg es te llt. D ie D e riv a to g ra m m e  s tim m en  vo llk o m m en  ü bere in , 
d. h . b e i d e n  a u f  zweierlei A rt sy n th e tis ie r te n  K o m p lex en  h a n d e lt es sich um
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Abb. 1. D erivatogram m  von Z inkm aleat

d ie se lb e  V erb indung . A us d en  D T A - u n d  T G -K u rv en  g eh t h e rv o r, d aß  bei 
e in e r  S p itz te m p e ra tu r  von  155° C e in  G ew ich tsv erlu st v o n  8 ,5 %  a u f tr i t t .  D ieser 
e n ts p r ic h t  einem  Mol K ris ta llw a sse r  p ro  Z in k a to m  (die q u a lita tiv e  U n te r ­
su c h u n g  des abgespaltenen  W asse rs  w urde  auch  n a c h  e in er an d eren  M ethode 
d u rc h g e fü h r t) .
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Abb. 2. Röntgendispersionsaufnahm e von Zinkm aleat 
Oberes Bild: M onohydrat; unteres Bild: dehydra tierte  Form

1710 cm'1
K38K4 K5 Кб K7 N8 N10 N12 N1A N16 N18

Abb. 3. IR -Spektren  von Zinkm aleat (un ten) und  M aleinsäure (oben)

A bb . 2 ze ig t R ö n tg en d isp e rs io n sau fn ah m en  v o n  Z in k m a lea t-M o n o h y d ra t 
bzw . bei 150° C d e h y d ra tie r te m  Z in k m alea t. W ie e rs ich tlich , w ird  d ie  K r is ta l l ­
s t ru k tu r  d u rch  das D e h y d ra tie ren  w esen tlich  v e re in fa ch t.

In  A bb . 3 s ind  die In f ra ro t-S p e k tre n  des Z in k m a lea ts  u n d  d e r  M ale in ­
säu re  d a rg e s te llt. D as V erschw inden  d er C O O H -B ande bei 1710 c m -1  im

6 * A c ta  Chim . ( Budapest)  8 3 , 197 4
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A bb . 4. M ikroskopisches B ild (882 x )  v o n  Z in k m alea t-M o n o h y d ra t

S p e k tru m  des Z ink m alea ts  w e is t e in d eu tig  a u f  d ie  R eak tio n  der C arboxy l- 
g ru p p e n  h in .

A b b . 4 is t eine m ik roskop ische  A u fn ah m e des Z in k m alea t-M o n o h y d ra ts , 
w o rin  d ie  faserige S tru k tu r  des P o lym eren  d e u tlic h  e rk a n n t w ird .

U ntersuchung der aus saurem  Polyester m it Zink als Zentralatom  
hergestellten kom plexen M akrom oleküle

A u s dem  b esch riebenen  sau ren  P o ly e s te r  w urden  d u rch  R e a k tio n  m it 
Z in k o x id  kom plexe P o ly m ere  h e rg es te llt, w obei die M enge des Z inkox ids 
u n te rs c h ie d lic h  gew ählt w u rd e .

1. Ä q u iv a le n t COOH zu 0,5 Ä quiva len ten  ZnO

D ie  R eak tio n  w urde  n a c h  dem  V erm ischen  des Z inkoxids in  die L ösung 
R es P o ly e s te rs  d u rch  k o n tin u ie rlich es  M essen d er V isk o s itä tzu n ah m e  bei 
25 °C v e rfo lg t. (D as v e rw en d e te  G erä t w a r R h e o te s t T ype RV.) E in e  der 
P ro b e n  e n th ie lt 0 ,20% , die an d e re  1 ,20%  W asse r. Die ze itliche Ä n d e ru n g  der 
V is k o s itä t  is t in  A bb. 5 d a rg e s te llt.

A c ta  C h im . (B u d a p est)  83 , 1974
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A us der A b b ild u n g  g eh t fo lgendes h e rv o r: H öhere W asse rm en g en  ste i­
gern  die R eak tio n sg esch w in d ig k e it; d ie E rh ö h u n g  der T e m p e ra tu r  bew irk t 
das gleiche. N ach  e in er b e s tim m te n  Z e it h ö r t  jedoch  die V isk o sitä tszu n ah m e  
au f. B ei geringerem  W asse rg eh a lt s te llte  sich  dieser k o n s ta n te  Z u s ta n d  bei 
e inem  höheren  V isk o s itä tsw e rt ein . D ie E rk lä ru n g  dieser E rsc h e in u n g  is t ver­
m u tlic h  fo lgende: d a  im  gegebenen F a ll die C O O H -G ruppen in  stöch iom etri-

uoo
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mit 1.20%

25°C
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Abb. 5. V iskosität einer pro Ä quivalent C arboxyl-Endgruppe 0,5 Ä quivalente Zink oxid ent 
haltenden Polyesterlösung in A bhängigkeit von der R eaktionszeit

schem  Ü berschuß  bezogen  a u f  Z inko x id  vorliegen , gelangen , in  G egenw art 
von  W asser, infolge d e r D issozia tion  d e r C arboxy lg ruppen , W assersto ffionen  
in  das S ystem . E s e rfo lg t ein  te ilw eiser A u s tau sch  der g eb ild e ten  S alzkom plexe 
m it den  P ro to n e n , eine R eak tio n , die zum  G leichgew icht fü h r t .

D ie Lage des G leichgew ichts is t von  d er D issoziation  d e r  C O O H -G rup- 
p en , folglich vom  W asse rg eh a lt ab h än g ig . J e  w eniger W asser im  S ystem  v o r­
lieg t, desto  hö h er is t  die K o n z e n tra tio n  des K om plexes bei d e r s ich  das Gleich-

Л  .0

H*

V  V

и

- c f  ♦ - < /
OH OZn+

gew ich t e in ste llt, d . h . desto  h ö h er is t die V isk o sitä t beim  G le ichgew ich t. Im  
u n te rsu c h te n  F a ll v e r lä u f t , allen  A nzeichen  n ach , au ß er dem  V erb in d en  der

A cta  Chim . (B u d a p e s t )  8 3 , 1974



e n d s tä n d ig e n  C O O H -G ruppen , ke in e rle i sek u n d ä re  k o o rd in a tiv e  R e a k tio n  
m it  d e n  E ste rg ru p p en .

E rg e b n is se  ab w eichenden  C h arak te rs  w urden  b e i e rh ö h tem  Z in k o x id ­
v e r h ä l tn is  e rh a lten .

1 Ä q u iv a le n t COOH zu  2 ,1 Ä q u iva len ten  ZnO

H ie r  w urde die W irk u n g  d es  W assergehalts a u f  d ie  V isk ositä t in  e inem  
b re i te r e n  B ereich  u n te rsu c h t. D ie  bei 45° C g ew o n n en en  E rgebnisse  s ind  in  
A b b . 6 d a rg este llt.
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Abb. 6. W irkung des W assergehalts a u f  die Viskosität des R eaktionsgem isches aus Polyester­
lösung  und Zinkoxid

W ie  ersichtlich , w irk t d ie  S teigerung  des W a sse rg e h a lts  ä u ß e rt g ü n stig  
a u f  d ie  V isk o sitä tszu n ah m e. S o g a r  durch  5%  W asse r w ird  die V isk ositä t n ic h t 
h e ra b g e s e tz t ,  im  G egensatz  z u  unseren  V ersuchen  m it  M agnesium oxid , wo 
g e r in g e  W asserm engen zw ar p o s it iv  w irk ten , je d o c h  W asse r über 1%  b e re its  
d ie  e rre ic h b a re  m axim ale V is k o s itä t  v errin g erte . D ie  E rsche inung  k a n n  fo l­
g e n d e rm a ß e n  e rk lä rt w e rd e n : W ie  bere its  gesagt w u rd e , is t die G egenw art e in er 
g e r in g e n  W asserm enge z u r  S a lzb ild u n g  u n e rlä ß lic h , da  n u r  du rch  sie die 
D isso z ia tio n  der C O O H -G ru p p en  erfolgen k an n . A us d en  V ersuchen fo lg e rten  
w ird , d a ß  im  Fall von Z in k o x id  eine größere W asse rm en g e  als bei M agnesium ­
o x id  n ö t ig  is t, um  die R e a k t io n  m it dem  P o ly es te r h e rv o rz u ru fen . A n d ererse its  
i s t  a b e r  M agnesium  als Z e n tra la to m  viel m ehr zu r B ild u n g  von  A quokom plexen  
g e n e ig t  a ls Zink. Es k a n n  d e m g e m ä ß  angenom m en w e rd e n , daß  das k o o rd in ie rte
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W asser in  b e s tim m te n  F ä llen  die M ag n esiu m v erb in d u n g  b lo ck ie rt, so d aß  keine 
w eite ren  K o m p lex b in d u n g en  m it den im  S y stem  vo rliegenden  so n stig en  L ig an ­
den  z u s ta n d e  k o m m en  können . H öhere  M engen an  W asser (o b erh a lb  1% ) h in ­
dern  d em n ach  die B ild u n g  von  M ag n esiu m -P o ly este r P o ly m eren k o m p lex en , 
fö rd e rn  dagegen  die B ildung  von Z in k -C arb o x y la t-K o m p lex en . D a  n u n  die 
Z in k -C arb o x y la t-K o m p lex e  w enig oder ü b e rh a u p t n ic h t zu r B ild u n g  von

Abb. 7. Zeitliche V eränderung der V iskosität des Reaktionsgem isches aus Polyesterlösung und 
Zinkoxid bei verschiedenen T em peraturen

A q u okom plexen  ne igen , s tö r t  das anw esende  W asser die w eitere  K o o rd in ie ­
ru n g  in  k e in e r W eise.

Die W irk u n g  d e r T e m p e ra tu r  in  G eg en w art von  0 ,20%  W asser a u f  die 
Z unahm e d er V isk o s itä t is t in  A bb. 7 d a rg e s te llt . W ie e rs ich tlich , is t  die 
B eak tio n  des Z in k o x id s  m it saurem  P o ly e s te r  s ta rk  te m p e ra tu ra b h ä n g ig .

Die V isk o s itä t w urde  auch  bei v e rsch ied en en  U m dreh u n g szah len  gem es­
sen. D abei w u rd e  be i hohen  V isk o sitä tsw erten  (20 000 cP) eine m äß ige  T h ixo- 
tro p ie  fe s tg e s te llt.

H erstellung von polymeren Kom plexverbindungen  
aus neutralem Polyester

U m  den  K o m p lex b ild n er u n a b h ä n g ig  von  den  k e tte n e n d s tä n d ig e n  
C a rb o x y lg ru p p en  he rzu ste llen , w urden  fo lgende V ersuche d u rc h g e fü h rt: in  die 
L ösung des n e u tra le n  P o lyeste rs  (m it a lkoho lischen  O H -G ruppen  an  beiden

A cta  Chim . ( B u d a p est)  83 , 1974
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E n d e n  d e r  K e tte )  w u rd en  E ss ig säu re  u n d  eine d a m it äq u iv a len te  M enge 
Z in k o x id  e in g e rü h rt. D as V e rh ä ltn is  d er R eagenz ien  b e tru g  4 Ä q u iv a le n te  
E ss ig sä u re  bzw . Z inkox id  p ro  M olekül P o ly e s te r . E in  P o lyester-M olekü l e n t ­
h ie lt d u rc h sc h n ittlic h  11,2 E s te rg ru p p e n . W asser w a r  im  S ystem  n u r  in  S p u ren  
a n w esen d . N ach  dem  M ischen d e r  R eag en z ien  w ird  das S ystem  s te h e n  ge­
lassen  u n d  v o n  Z eit zu Z eit eine P ro b e  e n tn o m m e n , deren  V isk o sitä t m it e inem

Abb. 8. T hixo trope H ysteresekurven bei einer neu tralen  Polyesterlösung in  Gegenwart der aus 
Essigsäure und  Zinkoxid im  Reaktionsgem isch entstandenen Ionen

R o ta tio n sv isk o s im e te r  be i 50°C u n d  v e rsch ied en en  U m d reh u n g szah len  ge­
m essen  w u rd e . Die E rg eb n isse  w aren  ü b e rra sc h e n d : es w urde  eine s ta rk e  
T h ix o tro p ie  des System s b e o b a c h te t. A us den  K u rv e n  in  A bb . 8 k a n n  fe s t­
g e s te llt  w erd en , daß  —  n a c h  77 S tu n d en  d a u e rn d e m  S tehen  —  die V isk o s itä t, 
in  A b h ä n g ig k e it von  d e r U m d reh u n g szah l, W e rte  zw ischen )> 100 c P  u n d  
22 000 cP  aufw ies. G egenüber d iesem  ä u ß e rs t s ta rk e n  E ffek t w u rd e , w en n  die 
S a lz b ild u n g  m it den en d s tä n d ig e n  C O O H -G ruppen  des O ligoesters (P o ly es te rs) 
e rfo lg t, zw ar eine b e d e u te n d e  Z u n ah m e d e r V isk o s itä t b e o b a c h te t, je d o c h  
t r a t  T h io x tro p ie  in  einem  u n v e rg le ic h b a r geringeren  A usm aß au f. D er U n te r ­
sch ied  s te h t  u n b ed in g t m it dem  U n te rsch ied  in  d er M o le k u la rs tru k tu r d e r  
zw ei v e rsc h ie d e n artig e n  K o m p lex e  in  Z u sam m en h an g .
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W ird  das Z in k a c e ta t n ic h t in  situ  im  S ystem  g eb ild e t, sondern  in  Salz­
fo rm  zur L ösung  des n e u tra le n  P o ly es te rs  zu g efü g t, so b le ib t die u rsp rü n g lich e  
V isk o sitä t d er L ö su n g  se lb st n ach  län g erem  E rw ärm en  (48 S tu n d en ) u n d  
in ten s iv em  R ü h re n  u n v e rä n d e r t .

Z u sam m en fassu n g  d er E rgebnisse

E s w urde  die W e ite rp o ly m e risa tio n  v o n  P o ly es te rn  m it fre ien  k e tte n  - 
en d stän d ig en  C O O H -G ruppen  sowie v o n  n e u tra le n  P o ly es te rn  d u rch  k o o rd i­
n a tiv e  B in d u n g en  u n te rs u c h t. D as z e n tra le  M e ta lla to m  w ar dabei Z ink . D er 
P o ly e s te r  als m eh rzah n ig e r gem isch te r L ig an d  is t  zu  v ersch ied en en  R e a k tio n e n  
m it  Z in k v erb in d u n g en  fäh ig . G elang t das Z in k a to m  in  O xidfo rm  in  das S y stem , 
so re a g ie rt es in fo lge seiner B a se n a n h y d rid -N a tu r  z u n ä c h s t d e ra r t  m it  den 
fre ien  C O O H -G ruppen , d aß  ion ische B in d u n g en  e n ts te h e n . D er a u f d iese W eise 
geb ild e te  C a rb o x y la tk o m p lex  b ild e t d a n n  w eite re  k o o rd in a tiv e  B in d u n g en . 
D e r R eak tio n sm ech an ism u s w ird  u n te r  an d e rem  d u rch  das M en genverhä ltn is  
d e r  R e a k tio n sp a rtn e r  b e s tim m t. Ü b e rsc h re ite t die M enge d er Z in k a to m e  die 
äq u iv a le n te  M enge im  V ergleich  zu  den  C O O H -G ruppen  n ic h t, so w erd en  die 
P o ly este rm o lek ü le  paarw eise  ü b e r d ie  C O O H -G ruppen  du rch  das M e ta lla to m  
v e rb u n d e n . O b erh a lb  d er äq u iv a le n te n  Z inkox idm enge  t r i t t  jed o ch  die e n t ­
s teh en d e , k o o rd in a tiv  v e rm u tlic h  n ic h t g e sä ttig te  C a rb o x y la tv e rb in d u n g  offen­
sich tlich  m it den  C arb o n y lg ru p p en  d er E s te rb in d u n g e n  in  W echselw irkung . 
D e ra r t  w erden n u n  die P o ly este rm o lek ü le  n ic h t m eh r p aarw eise , so n d ern  zu 
P o ly m eren  m it re c h t  hohem  M oleku largew ich t v e rb u n d e n . E rg eb n isse  von  
M odellversuchen  m it Z inkoxyd  hzw . Z in k ch lo rid  u n d  D ica rh o n säu ren  k o n n te n  
m it den hei sau ren  P o ly e s te rn  e rh a lten en  E rg eb n issen  in  K o rre la tio n  g eb ra c h t 
w erden .

Bei n e u tra le m  P o ly es te r , an  dessen  b e id en  E n d e n  alkoho lische O H - 
G ru p p cn  s teh en , erg ab  sich aus den  V isk o sitä tsm essu n g en , d aß  eine aus E ss ig ­
säu re  u n d  Z inkoxyd  in  situ  g eb ilde te  V erb in d u n g  h in sich tlich  einer w e ite ren  
k o o rd in a tiv e n  R e a k tio n  w irksam  is t . D iese R e a k tio n  fü h r t  zu ä u ß e rs t th ix o ­
tro p e n  L ösungen  des e n ts te h e n d e n  P o ly m eren .
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The unripe fru its of Solanum oleraceum  were found to contain  solasonine and 
solam argine; a th ird  unidentified steroid glycoside was also detected in trace  amounts.

Introduction

D u rin g  ou r search  for new  sources o f  s te ro id  horm on p re c u rso rs  o f new 
S o lan u m  species, th e  N a tio n a l A g ro b o tan ica l In s t i tu te  of T áp ió sze le , H u n g a ry , 
se n t us a So lanum  p la n t  w hich th e y  id e n tif ie d  as Solanum  oleraceum . U pon 
rev iew in g  th e  l i te ra tu re , i t  was fo u n d  t h a t  no  s tu d y  had  been m ad e  concern ing  
th is  p a r t ic u la r  species. I t  has been  o f in te re s t  to  ca rry  ou t p h y to c h e m ic a l s tu d y  
of th is  p la n t w hich  m ig h t prove to  c o n ta in  v a lu a b le  stero idal c o n s titu e n ts .

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 83 (1), pp. 91 — 94 (1974)

Experim ental

All m .p.’s were determ ined w ith a Boetius appara tu s , and were uncorrected. The follow­
ing solvent system s were used for chrom atography:

a) chloroform -m ethanol-w ater (65 : 35 : 10) [1],
b) benzene—m ethanol (9 : 1) [2],
c) n-butanol pyridine—w ater ( 6 : 4 : 3 )  [3],
d) n-butanol—ethanol—w ater ( 8 : 1 : 2 )  [2],
e) n-butanol acetic acid -e ther-w ater (9 : 6 : 3 : 1) [4],
f )  e thyl acetate-isopropanol-w ater (65 : 23 : 12) [5].
The glycoalkaloids and aglycones were detec ted  w ith antim ony trichloride [6] (25% 

solution in chloroform), while the sugars were detec ted  w ith aniline p litha la te  [6], triphenyl- 
tetrazolium  chloride [6] or anisaldehyde-sulphuric acid [6]. For GLC a G asofract 400 C-type 
(Dr. V ir u s  K. G.) was used.

Isolation of the steroidal glycoalkaloids

The fresh im m ature fruits (4 kg) of S. oleraceum were minced in m ethanol, the m ixture 
was stirred  a t room tem perature  three tim es, each for 1 hour. The com bined ex trac t was 
evaporated  to give a syrup (350 g), which was shown on chrom atoplates (solvent a) to  consist 
of th ree antim ony trichloride positive products; these, according to their decreasing order of 
R evalues, were m arked by A , B , and C.

The syrupy p roduct was extracted  w ith 1 1 of absolute m ethanol th ree  tim es a t the 
boiling po in t. The combined ex tract gave on concentration  in vacuum 145 g of a th ick  residue, 
which was trea ted  w ith 5%  acetic acid (1 1). The defa tted  acidic extract was heated  to  60 °C, 
ad justed  w ith am m onia to pH  9, then allowed to  stand  overnight. The dried  precip itate

* P a rt V III : A cta Chim. (Budapest) 73, 361 (1972)
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(97.5 g) was extracted by boiling w ith  methanol 2 x  500 m l w hich rem oved 64.3 g of greenish 
basic glycoside m ixture.

A colum n 5.5 cm in d iam eter was prepared from  1.5 kg o f neu tra l Brockmann grade I I  
a lum ina in  a m ixture of benzene—isopropanol-w ater ( 5 : 1 :  1). 40 g of the glycoside m ix ture  
(slurried w ith  suitable w eight of adsorbent in the sam e solvent) was introduced into the 
colum n and  eluted w ith th e  sam e solvent mixture. F rac tions o f 15 ml were collected. The 
chrom atographic results are sum m arized in Table I.

Table I

F r a c l io n a t io  n  o f  th e  g ly c o s id e  m ix tu r e  o n  a n  a lu m in a  co lu m n

Fraction no.
Weight of the 

evaporated 
residue 

(g)

Components
according

to
TLC

1 -1 1 0 0.6 —

1 1 1 -2 5 0 20.2 A

251 — 285 4.2 A  +  (B)
2 8 6 -5 8 0 3.8 A  +  В

581 — 720 8.1 В

7 2 1 -8 0 0 0.5 В  +  (С)

Glycoside A

A  was isolated by  rep ea ted  crystallization of th e  residue obtained after evaporation  
of fractions 111—250 from  aqueous methanol, as colourless needless, m.p. 295—300 °C, 
(a ) i? — 109° (pyridine); repo rted  for solamargine [7]: m .p. 301 °C, (ot)u‘ -  114° in  pyridine.

F o r analysis the sam ples w ere dried a t 110 °C in  v acuum  for 48 hrs.
C«H730 16N • V* H „0 Calc. C 61.6; H  8.5; N 1.6;

Found C 62.4; H  8.6; N 1.7%.

Glycoside В

Fractions containing com ponent В  were com bined and  evaporated; recrystallization 
from  m ethanol yielded the pure glycoside В  as needles, m .p. 282— 286 °C, (a)j>5 — 91° (pyridine) 
and  (a)f>5 —70° (m ethanol); repo rted  for solasonine [8]: m .p. 284.5 °C, (a)n5—68.7° in m e th a ­
nol.

F or analysis, sam ples w ere dried a t 110° over P20 5 in  vacuum  for 48 hrs.
C45H730 1GN Calc. C 61.1; H  8.3; N 1.60;

Found C 60.8; H  8.4; N 1.52%.

Fraction C

This was found to  be p resen t in m inute am ounts. Iso la tion  was difficult b u t fu rth er 
w ork is in progress.

Total hydrolysis [5] of glycosides A and B: 0.5 g o f A  and  B .  respectively was refluxed 
w ith  25 m l of 3 N HC1 in 50%  ethano l for 3.5 hrs.

Exam ination  of the aglycone

This m ixture was left stand ing  in a refrigerator, th e  p rec ip ita te  filtered off, w ashed w ith  
cold w ater and dissolved in  80%  h o t m ethanol. The free base was precipitated w ith am m onia 
w hich gave two spots on TLC (solvent b). A fter v isualization  w ith antim ony trichloride the 
R j  of th e  m ain spot (0.34) w as th e  same as th a t of au th en tic  solasodine, and the R j  value of
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th e  trace spot (0.70) agreed w ith th a t  of solasodiene. Purification of the crude p roduc t on an 
alum ina column followed by crystallization from  aqueous methanol gave long plates of sola- 
sodinc, m .p. 199 — 201 °C, (а)о3 —99° (m ethanol). R eported: [9] m.p. 201 °C, ( a ) o — 100° 
(m ethanol).

Co7H430 2N Calc. C 78.40; H  10.48; N 3.39;
Found C 77.10; H 10.20; N 3.15% .

Examination of sugar moiety

The acid hydrolysates from A  and В , respectively were tested for sugars on W hatm ann 
No. 1 filter paper and on silica gel or K ieselguhr chrom atoplates. The results of th e  com parative 
run  made w ith au then tic  sugars showed th a t the aqueous hydrolyzate from glycoside A  contained 
glucose and rham nose, and th a t from glycoside В  contained glucose, galactose an d  rham nose.

Quantitative estimation of sugars

60 mg of glycosides A  and В  were separately  refluxed with 5% hydrogen chloride in 
absolute m ethanol for 5 hrs. The methylglycoside m ixtures were then  analyzed by  GLC accord­
ing to W u l f f ’s m ethod [1 0 ] .

D e te c to r :  Flam e ionization; g a s  c a r r ie r :  hydrogen; c o lu m n :  2.4 m, ID 4 m m ; s ta t io n a r y  
p h a s e :  apiezon L; s o l id  s u p p o r t :  supertherm olite fire-brick powder (0.25 — 0.3 m esh); c o lu m n  
t e m p . :  200 °C; de tec to r t e m p . :  220 °C; g a s  f l o w  r a te :  60 m l/m in; ch a r t ra te :  0.5 cm /m in.

R esu lts  o f  GLC in d ica te  th a t  in glycoside A  th e  ra tio  o f D-glucose to  L -rhainnose  is 
1 : 2, while in glycoside B , D-glucose, D -galactose a n d  L -rham nose were fo u n d  in  equ im olar 
q u a n titie s .

N-nitroso-glycosi<le A

100 mg of A  was dissolved in 1 m l of acetic acid and mixed w ith a sa tu ra te d  aqueous 
solution of 50 mg sodium n itrite . A fter a few m inutes a white precipitate was ob ta ined  [11].

A fter two crystallizations from  ho t aqueous ethanol, white needless o f th e  nitroso 
derivative (32 mg) were obtained, m .p. 260 °C. R eported  [12] m.p. for nitroso-solam argine 
259—261 °C; m ixture m .p. undepressed.

N-nitroso-glycoside В

The derivative was "prepared as above. 38 mg of the pure N-nitroso В  w as obtained, 
m .p. 250 °C; reported  [13] m.p. 251 °C; no depression of the m ixture m.p. was observed.

R esu lts

I t  w as p ro v ed  th a t  th e  im m a tu re  fru its  o f S . oleraceum  c o n ta in e d  tw o 
m ain  so lasodine g lycosides, so lam arg in e  a n d  solasonine. The id e n tif ic a tio n  of 
th e  iso la ted  g lycoalkalo ids w as m ade a p a r t  from  d irec t co m p ariso n , on th e  
basis of th e  p re p a ra tio n  of th e ir  N -n itro so  d e riv a tiv es , th e ir  b e h a v io u r  on 
c h ro m a to p la te s , an d  acid  h y d ro ly sis , w hich  a ffo rded  th e  sam e ag ly co n e  so la­
sodine [14], (25 R)-22oc-N-spirosol-5-en-3/?-ol, m .p . 198—200°C, (a )^  —  99° (in 
m e th an o l) from  b o th . T he sugars in  th e  aq u eo u s h y d ro ly za tes  from  b o th  iso­
la te d  g lycoalkalo ids w ere also s tu d ied  b y  PC , TLC  and  GC. G lycoside A  was 
fo u n d  to  co n ta in  glucose an d  rh am n o se  in  a ra tio  o f 1 : 2 as in  so lam arg in e , 
w hile glycoside В  w as found  to  co n ta in  glucose, galactose an d  rh a m n o se  in  
eq u im o la r q u a n tit ie s  as in so lasonine.

*
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P Y R IM ID IN E  D E R IV A T IV E S, I I P
SOME REACTIONS OBSERVED D U R IN G  T H E  SY NTHESIS OF C ER TA IN  

2-[2-(2,6-D I-R-PH EN O X Y )ETH Y LA M IN O ]-5-M ETIIY L-PY R IM ID IN -4(3H )-O N ES**

J .  R e i t e r  and L . T o l d y  

(Research Institute fo r  Pharmaceutical Chemistry, Budapest)

Received O ctober 9, 1973

2-A lkylthio-5-m ethyl-pyrim idin-4(3Ii)-one and its 1- and 3-N -m ethyl derivatives, 
previously applied in the synthesis of 2-[2-(2,6-di-R-phenoxy)ethylam ino]-5-m ethyl- 
pyrim idin-4(3H)-ones, were allowed to  react w ith the appropriate 2-(2,6-di-R-phenoxy)- 
ethylam ine a t tem peratures higher th an  200 °C. The structures of p roducts 8 and 14 
ob tained  were determ ined by means of MS, IR , UV and NMR spectroscopy, and  also 
proved by preparative methods. In  the course of the structure-proving experim ents 
com pounds 7 and 19 being the isomers of 8 and 14, respectively, as well as th e ir  dem ethyl- 
(20) and m onosubstituted dem ethyl derivatives (21) were also prepared.

In  th e  f irs t tw o  p a r ts  of th is  series [1,2] we re p o rte d  t h a t  th e  reac tio n  
of 2 -m e th y lth io -5 -m e th y l-p y rim id in -4 (3 ii)-o n e  (la ) [3] w ith  2 -(2 ,6 -d im cthy l- 
p h e n o x y )e th y la m in e  (2a) [4] a t  low  te m p e ra tu re  (160°C) g av e  2-[2-(2,6- 
d im e th y lp h en o x y )e th y lam in o ]-5 -m e th y l-p y rim id in -4 (3 R )-o n e  (3a), as ex p ec ted . 
W hen  th is  reac tio n  w as ca rried  o u t a t  h ig h e r te m p e ra tu re  (200°C), o r w hen 
3a w as h e a te d  to  th is  te m p e ra tu re , one m olecule o f 2 ,6 -d im eth y lp h en o l(6 a ) 
w as e lim in a te d , re su ltin g  in  tw o  p ro d u c ts ; 2 ,3 -d ih y d ro -6 -m eth y lim id azo (l,2 -o )- 
p y rim id in -7 ( lH )-o n e  (4) an d  2 ,3 -d ih y d ro -6 -m e th y lim id azo (l,2 -a )p y rim id in - 
5 (Ш )-о п е  (5).

A nalogously , w hen  l a  w as allow ed to  re a c t w ith  2 -(2 ,6 -d ich lo rophenoxy)- 
e th y la m in e  (2b) [5] a t  low te m p e ra tu re  (135°C), 3b w as fo rm ed . H e a tin g  th is  
p ro d u c t to  150°C, o r c a rry in g  o u t th e  re a c tio n  a t  160—180°C y ie ld e d  com ­
p o u n d s 4 an d  5, in  ad d itio n  to  2 ,6 -d ich lo ropheno l (6b).

W h en , how ever, l a  w as m ade to  re a c t w ith  2b a t  220°C, an d  th e  reac tio n  
m ix tu re  w as se p a ra te d  on a c h ro m a to g rap h ic  co lum n, an  a d d itio n a l com p o u n d  
E  cou ld  also  be iso la ted  [6], w hich h a d  th e  m olecular fo rm id a  C12H 13N 50 2, 
as d e te rm in e d  from  its  m ass sp ec tru m .

S ince th e  m o lecu la r fo rm ula  o f E  d iffers from  th a t  of 4 or 5 b y  ju s t  one 
5 -m eth y l-4 -o x o -p y rim id in y I g roup , i t  w as reaso n ab le  to  assum e t h a t  E  was 
th e  p ro d u c t  o f th e  reac tio n  o f 4 or 5 w ith  an  ad d itio n a l m olecule o f  th e  s ta r tin g  
m a te r ia l  l a .  A ccord ing ly , E  should  be rep re sen ted  b y  one o f  th e  s tru c tu re s , 
7 or 8.

* P a rt I I :  Ref. [2].
** Prelim inary papers on this topic: Refs [6] and [8].
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T he IR  sp ec tru m  o f E  h as  on ly  one p C = 0  b a n d  (1685 c m -1 ), w hich 
can  be  b ro u g h t in  ag reem en t w ith  s tru c tu re  8, while s tru c tu re  7 is excluded, 
since i t  co n ta in s  tw o  d iffe ren t c a rb o n y l groups.

T h e  UY sp ec tru m  o f E ,  be ing  ana logous to  th a t  o f 9, is a lso  in  ag reem en t 
w ith  s tru c tu re  8..

In  th e  N M R  sp ec tru m  o f E ,  th e  m e th y l an d  m e th y len e  p ro to n s  ap p ear 
as s in g le ts , th e ir  in te n s i ty  ra tio s  b e ing  3 : 2 or 6 : 4, as p re d ic ta b le  on th e  basis 
o f  s tru c tu re  8.

CH3 

8 =  E

T h e spec tro scop ica lly  e s tab lish ed  s tru c tu re  of E  w as a lso  v e rified  by 
p re p a ra tiv e  m eth o d s. F o r  th is  p u rp o se , 4 an d  5, re sp ec tiv e ly , w as m ade to  
re a c t  w ith  2 -e th y lth io -5 -m eth y lp y rim id in -4 (3 H )-o n e  (lb ) [7], a n d  th e  p ro d u c ts  
w ere co m p ared  w ith  E . T he  su b stan ce  o b ta in e d  from  5 w as id e n tic a l  w ith  E .

T he reac tions o f 2 -e th y lth io -3 ,5 -d im e th y lp y rim id in -4 (3 f/)-o n e  (9) and  
l ,5 -d im e th y l-2 -e th y lth io p y rim id in -4 ( lf i)-o n e  (10) w ith  2 -(2 ,6 -d ich lo rophen- 
o x y )e th y lam in e  (2b) [8] led  to  fu r th e r  in te re s tin g  resu lts . (C o m p o u n d s 9 and  
10 w ere  p rep a red  b y  th e  m e th y la tio n  of lb  [2]).

W hen 9 was fused  w ith  2b a t  170°C, 2 -[2 -(2 ,6 -d ich lo ro p h en o x y )c th y l- 
am in o ]-3 ,5 -d im eth y lp y rim id in -4 (3 1 i)-o n e  (11) w as form ed, as e x p e c te d . E ffec t­
ing  th e  reac tio n  a t  220°C, how ever, re su lte d  in  tra n s fo rm a tio n  o f  th e  in te r ­
m e d ia te  11, and  co lum n c h ro m a to g rap h ic  sep a ra tio n  of th e  re a c tio n  m ix tu re  
y ie ld ed  2 ,3 -d ih y d ro -6 ,8 -d im e th y lim id azo (l,2 -a )p y rim id in -7 (8 H )-o n e  (12) [2], 
3 -m e th y lth y m in e  (13), 2 ,6 -d ich lo ropheno l (6b) and  an a d d itio n a l p ro d u c t F  
h av in g  th e  m olecular fo rm u la  Ci6H 22N e0 2, on th e  basis o f its  m ass  sp ec tru m .
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In  th e  N M R  spectrum  of F , in  a d d itio n  to  th e  s in g le ts  o f  th e  tw o  m eth y l g roups 
a n d  p y rim id o n e  p ro to n , a n o th e r  sing let was fo u n d  a t  d =  3.3 ppm , th e  in ­
te n s i ty  r a t io s  being C H 3 : C H 3 :_Hr : X  =  3 : 3 : l : 4 o r 6 : 6 : 2 : 8 .  This re su lt 
c an  w ell b e  explained  b y  a ssu m in g  th e  e lim ination  o f th e  te rm in a l 2 ,6-dichloro- 
p h en o ls  (6b) from  tw o m olecu les o f  11, followed b y  an  in te rm o lecu la r  N -alky la- 
tio n  y ie ld in g  th e  p iperazine  d e r iv a tiv e  14..

T h e  appearance  of one sin g le  carbonyl b a n d  (rC  =  0  1665 cm -1 ) in  th e  
I R  s p e c tru m , as well as th e  an a lo g o u s  UV sp ec tru m  o f  F  to  t h a t  of 9 su p p o rts  
also th e  p rop o sed  s tru c tu re  14.

T h e  s tru c tu re  of F  as re p re se n te d  by  fo rm u la  14 w as la te r  also p ro v ed  
in  a  p re p a ra t iv e  w ay b y  a llo w in g  9 to  reac t w ith  p ip e ra z in e .

C o m p o u n d  16 p re su m a b ly  p resen t as an  in te rm e d ia te  in  th e  reac tio n  
o f  th e  iso m e r 10 w ith  2b a t  170°C  could no t be iso la te d  fro m  th e  reac tio n  m ix ­
tu r e ,  b u t  2 ,3 -d ih y d ro -6 ,8 -d im eth y lim id azo (l,2 -a )p y rim id in -5 (8 1 i)-o n e  (17), 
p re p a re d  a lread y  earlier [2], a n d  1 -m eth y lth y m in e  (18) w ere d irec tly  o b ta in ed . 
T h e  p ip e ra z in e  d eriv a tiv e  19 ex p ec ted  in th e  re a c tio n  m ix tu re  could n o t be 
is o la te d  e ith e r , therefo re  th is  com pound  was sy n th e s ise d  b y  th e  reac tio n  of 
10 w ith  15.

A n alogously  to  th e  a b o v e  procedures, th e  d e m e th y l analogue (20) of 
c o m p o u n d s  14 and 19 w as p re p a re d  in the  reac tio n  o f  lb  w ith  15; th is  com pound  
w as n o t  fo rm ed  in th e  re a c tio n  o f  e ith er l a  an d  2a or l a  an d  2b, re spec tive ly , 
n o r  d u r in g  th e  th e rm al d eco m p o sitio n  of th e  re a c tio n  p ro d u c ts  3a or 3b. T he 
b y -p ro d u c t  o f the  re a c tio n  is th e  m o n o su b s titu te d  d e riv a tiv e  21, iso la ted  
ch ro m a to g ra p h ica lly  fro m  t h e  reac tio n  m ix tu re .
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C om pounds 20 an d  21 w ere also p rep a red  b y  an  in d e p e n d e n t syn thesis , 
t h a t  is, in  th e  re a c tio n  o f d igu an y lp ip eraz in e  (23) [9] w ith  e th y l sodio-2- 
fo rm y lp ro p io n a te  (22) o b ta in ed  b y  th e  Claisen co n d en sa tio n  o f e th y l fo rm ate  
an d  e th y l p ro p io n a te  [7].

О

Н зС , ,C' H2N r ~ —-у NH
С OC2 H5 \  / \  //
II + C—N N—C

hcu // \ /  \
ONa HN n h 2

22 23

E xperim en ta l

M.p.’s were determ ined on a Kofler-Boetius m elting po in t appara tu s (Franz K üstner 
Nachf. K B, Dresden). In  the MS m easurem ents, a single-focussed instrum en t of type MX-1303 
was used. The samples were in troduced into the ion source by  direct evaporation  a t 5—100 °C. 
The IR  spectra were recorded w ith a Zeiss UR-10 and w ith a P erk in—E lm er 457 spectrophotom ­
eter, in K Br pellets. The UV spectra were obtained w ith a U nicam  SP 700 instrum ent. 
In  the NMR studies a Jeol C-60 (a t 23 °C) and V arian A-60D instrum en t (a t 36 °C) were used 
w ith tetram ethylsilane and sodium 2,2-dim ethyl-2-silapentanesulfonate in ternal standards.

The thin-layer chrom atographic tests were made on plates coated w ith silica gel. The 
so-called chlorination technique [10] was used for the detection of th e  spots. The composition 
of the developing m ixture No. 9 was the following: ethyl ace tate  (60 ml), pyridine (20 ml), 
w ater (11 ml), acetic acid (6 ml).

Reaction of 2-(2,6-dichloroplienoxy)-ethylam ine w ith 
2-m ethylthio-5-m ethylpyrim idin-4(3H )-one a t 220 °C

A m ixture of 2-(2,6-dichlorophenoxy)-ethylamine (2b) [5] (16.4 g; 0.0795 mole) and 
2-m ethylthio-5-m ethylpyrim idin-4(31i)-one (la ) [3] (12.2 g; 0.078 mole) was refluxed on an oil 
h a th  a t 220 °C for 6 hrs. A fter cooling, the half-crystallized honey-like product was rubbed 
w ith absolute ethanol (25 ml), cooled in salted ice, filtered off and washed w ith ice-cold absolute 
ethanol (15 ml). In  this w ay 5.4 g (45.8% ) of 2,3-dihydro-6-m ethylim idazo(l,2-a)pyrim idin- 
7 (lli)-o n e  was obtained. A fter recrystallization from absolute ethanol, m .p. 299—300 °C; the 
IR  spectrum  was identical w ith  th a t  of 4 obtained earlier [2].

W hen 16% HC1 in absolute ethanol (35 ml) was added to  the alcoholic m other liquor 
of the raw  product, 2,3-dihydro-l-[5-m ethyl-4(3/7)-oxo-pyrim idinyl-2]-6-m ethylim idazo(l,2-a) 
pyrim idin-5(lH )-one hydrochloride (8 • HC1) (2.2 g; 9 .5% ) separated , m.p. 242—244 °C; 
R t  =  0.65 (in solvent system  No. 9).

C12H I4CIN50 ,  (295.73). Calcd. C 48.74; H  4.77; N  23.68; Cl 11.99. Found C 48.81; 
H  4.92; N 23.56; Cl 12.13%.

Recrystallization of 8 • HC1 from  w ater yielded th e  sem ihydrochloride of 8 (1.6 g; 
7.4% ), m.p. 276—277 °C. IR : j-C = 0  1715 c m "1.

C12H 13N50 ,  • - i -  HC1 (277.50). Calcd. C 51.93; H  4.90; N  25.24; Cl 6.39. Found 

C 51.76; H 5.04; N 25.31; Cl 6.52.
This sem ihydrochloride was recrystallized from cone, am m onium  hydroxide solution 

(15 ml) to obtain th e  base, 2,3-dihydro-l-[5-m ethyl-4(3H)-oxo-pyrim idinyl-2]-6-m ethyliinidazo- 
(l,2-a)pyrim id in-5(lli)-one (8=2J) (1.0 g; 5.0%), m.p. 280—281 °C.

IR : r C = 0  1685 cm-1 . UV (in ethanol): Amax 245 nm  (log e — 4.18) and 301 nm (loge =  
=  4.26); 223 nm  (log e =  3.94) and 266 nm (log e =  3.92); Л log e [11] =  +  0.08.
NMR: <5CH3 =  2.05 s (6H), áCH„ =  3.30 s (4H), <5ArH =  7.60 s (2H).

C,2H 13N60 2 (259.26). Calcd“ C 55.63; H  5.05; N 27.01. Found C 55.68; H  5.15; N 27.20%.
The ethanolic m other liquor of 8 • HC1 was evaporated to dryness in vacuum  and the 

residue subjected to chrom atographic separation on a silica gel colum n in solvent m ixture No.9.
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2,6-D ichlorophenol (6b) (7.2 g; 55.4% ) was obtained first, m.p. 66—67 °C; nex t 2,3-dihydro-6- 
-m ethylim idazo(l,2-a)pyrim idin-5(lH V one (5) (2.3 g; 19.5%) was elu ted , m .p. 299—300 °C 
(from  m ethanol). Its  IR  spectrum  w as identical w ith th a t of com pound 5 obtained earlier [2].

2 ,3 -D ihydro-1-[5-m ethyl-4(3ii ) -oxo-pyrim idinyl-2] -6-m ethylim idazo(l, 2-u)pyrim idin-
7 (Ш )-о п е  (7)

A m ix ture  of 2,3-dihydro-6-m ethylim idazo(l,2-a)pyrim idin-7(lli)-one (4) [2] (0.453 g; 
0.003 m ole) and 2-ethylthio-5-m ethylpyrim idin-4(3ii)-one (lb ) [7] (0.511 g; 0.003 mole) was 
refluxed  on an oil bath  at 210—215 °C for 3 hrs. The m ixture m elted first during the reaction, 
th en  solidified while ethanethiol w as form ed. The reaction m ixture was dissolved, while still 
w arm , in ho t 80%  ethanol (50 ml^, filtered , and allowed to  crystallize. 2,3-D ihydro-l-[5- 
m ethyl-4(3H )-oxo-pyrim idinyl-2]-6-m ethylim idazo(l,2-a)pyrim idin-7(lH )-one (7) (0.710 g;
91.5% ) w as obtained, m.p. 368— 370 °C (from  dim ethyl sulfoxide); R j =  0.62 (in solvent 
m ix tu re  No. 9). According to  the m ass spectrum , the molecular weight of the product was 
259, th e  molecular formula being c 12h 13n 5o 2.

IR : v C = 0  1660 cm 1 and 1680 cm *. UV (ethanol): Amax 225 nm  (log s =  4.35), 
235 nm  (log e =  4.33) shoulder, 277 nm  (log e =  4.18) and 302 nm  (log s =  3.99) shoulder; 
Amin 263 nm  (log e =  4.16).

2 ,3 -D ihydro-1-[5-m elhyl-4(3íf)-oxo-pyrim idinyl-2]-6-m ethylim i<lazo(l,2-íi)pyrim iclin-
5 (1Я )-опе (8)

A m ix ture  of 2,3-dihydro-6-m ethylim idazo(l,2-a)pyrim idin-5(lli)-one (5) [2] (0.230 g;
l ,  52 m m ole) and 2-ethylthio-5-m ethylpyrim idin-4(3H)-one (lb ) [7] (0.272 g; 1.6 mmole) was 
refluxed  on an oil bath  at 230 °C for 2 hrs. D uring th is time the reaction m ixture m elted with 
the  fo rm ation  of ethanethiol. The still ho t reaction m ixture was dissolved in ho t absolute 
e thano l (50 ml), filtered and allowed to  crystallize. 2,3-D ihydro-l-[5-m ethyl-4(31i)-oxo-pyri- 
m idinyl-2]-6-m ethylim idazo(l,2-a)pyrim idin-5(l H)-one (8) (0.390 g; 80.6% ) was obtained;
m . p. 280— 281 °C; the IR  spectrum  w as identical w ith th a t of E.

2-[2-(2,6-D ichlorophenoxy)-ethylaim no]-3,5-diiiiethylpyrim idin-4(3H )-one

sem i-(2 ,6 -d ich lo ro )p lien o la te  | l l .  £ C6H4C120 j

A m ixture of 2-(2,6-dichlorophenoxy)ethylam ine (2b) [5] (10.3 g; 0.05 mole) and 
2-ethylthio-3,5-dim ethylpyrim idin-4(3ff)-one (9) [2] (9.2 g; 0.05 mole) was refluxed a t 170 °C 
on an  oil b a th  for 13 hrs. D uring th is  tim e the reaction m ixture m elted w ith the form ation of 
e thane th io l. Absolute ethanol (10 m l) was added to the still warm reaction  m ixture, then it 
was filte red  and allowed to stand  to  crystallize. The product which separated  was filtered off, 
w ashed w ith  absolute ethanol to o b ta in  2-[2-(2,6-dichlorophenoxy)-ethylam ino]-3,5-dim ethyl-

pyrim idin-4(3H )-one semi-(2,6-dichloro)phenolate (11 • — CGH4C120 )  (8.90 g; 72,3% ), m.p.

137— 137.5 °C (from absolute e thanol); R j =  0.1 (in solvent m ixture No. 9).
IR : i’C = 0  1680 cm-1  (base) and  1708 cm-1  (salt). On the basis of the IR  spectrum, 

the substance  is a molecular adduct form ed from  the base and dichlorophenolate in 1 : 1 ratio. 
NM R: <5CCH3 =  1.86 s (3H), <5NCH3 =  3.35 s (3H), ÓCH2 =  3.90 s (4H), óArH =  6 .4 -7 .2 5  m

(3 -f- 1.5H ) (phenoxy 4— — phenolate), <5ArH =  7.5 s (1H) (pyrim idinone).

C14H I5N3C120 2 • l-  C6H4C120  (409.70). Cald. C 49.83; H 4.18; N 10.26; Cl 25.97. Found 

C 49.69; H  4.56; N 10.10; Cl 25.86% .

Reaction of 2-ethylthio-3,5-diinethylpyrim idin-4(31i)-one (9) 
with 2-(2,6-dichlorophenoxy)ethylam ine (2b) at 220 °C

A m ixture of 2-ethylthio-3,5-dim ethylpyrim idin-4(3H )-one (9) [2] (5.53 g; 0.03 mole) 
and  2-(2,6-dichlorophenoxy)ethylam ine (2b) [5] (6.4 g; 0.0311 mole) was refluxed on an oil 
b a th  a t  220 °C for 8 hrs. During th is  tim e the reaction m ixture m elted w ith  the form ation of
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ethanethiol. The residual dark  brown honey-like reaction  m ixture was dissolved in solvent 
m ixture No. 9 and subjected to  chrom atographic separation  on a silica gel column. The follow­
ing compounds were eluted subsequently from the colum n:
(1) 2,6-Dichlorophenol (6b) (4.2 g; 85.8%), m.p. 65—66 °C (from gasoline) (Ref. [12] in.p. 

66—67 °C). R f — 0.95 (in solvent m ixture No. 9).
(2) 3 ,5-D im ethylpyrim idin-2 ,4(l/i, 3H)-dione (3-inethylthym ine, 13) (1.2 g; 28.6% ), m.p. 

210—211 °C (from ethanol) (Ref. [13] m.p. 202—203 °C). R j  0.7 (in solvent m ixture No. 9).
IR : r C = 0  1670 and 1720 cm-1 .

(3) l,4-Bis-[3,5-dim ethyl-4(3J/)-oxo-pyrim idinyl-2]-piperazine (14 F ) (1.8 g; 36.4%), m.p. 
316—316.5 °C (from diinethylform am ide); R t 0.6 (in solvent m ixture No. 9).

IR: vC= О 1665 cm- 1 ; UV (in dim ethylform am ide): Amax- 296 nm  (log e =  4.27). 
NMR: ŐCCH3 = 2.00 s(6H),<5NCH3 3.50 s ( 6H ), dCCH0 -  3.30 s (8H),<5ArH =  7.55 s
(2H). ClfiH22Ne0 2 (330.38). Calcd. C 58.16; H 6.71; N 25.44. Found C 57.92; 116.98; 
N 25.50%. MS: m olecular weight: 330, molecular form ula: C16H22Nc0 2; the fragm enta­
tion pattern  is consistent w ith structure 14 given.

(4) 2,3-I)ihydrc-6,8-dim ethylim idazo(l,2-a)pyrim idin-7(8if)-one hydrochloride (12 • HCl) (0.8g; 
14.2%), m.p. 280—284 °C, R f =  0.15 (in solvent m ix tu re  No. 9).
W hen the hydrochloride was dissolved in a m ixture of chloroform and aqueous N aOH  and, 
after the separation of the phases, the chloroform solution was dried, the solvent rem oved, and 
the residual solid p roduct re crystallized from ethy l acetate , base 12, m .p. 130— 131 °C, 
was obtained; its IR  spectrum  was identical w ith th a t  o f 12 prepared earlier [2].

1 .4- B is-[3,5-(lim ethyl-4(3//)-oxo-pyrim idinyl-2] -piperazine (14)

A m ixture of freshly distilled anhydrous p iparazine (15) (1.70 g; 8.75 mmole) and 2- 
ethylthio-3,5-dim ethylpyrim idin-4(3fi)-one (9) [2] (3.12 g; 17.5 mmole) was refluxed on an 
oil bath  at 240 °C for 11 hrs. The warm reaction m ix ture  was dissolved in absolute ethanol 
(10 ml), filtered and allowed to  crystallize. The procedure yielded l,4-bis-(3,5-dim ethyl-4(3fi)- 
oxo-pyrim idinyl-2]-piperazine (14) (0.62 g; 21.9%), m .p. 316—317 °C (from dim ethylform ­
amide). The IR  spectrum  of the product was identical w ith  th a t of F  obtained in the previous 
experim ent.

R eaction of l,5-dim ethy l-2-ethy lth iopyrim id in-4(l//)-one (10) 
w ith 2-(2,6-dichlorophenoxy)ethylainine (2b)

A m ixture of l,5-diinethyl-2-ethylth iopyrim idin-4(lH )-one (10) [2] (9.21 g; 0.05 mole) 
and 2-(2,6-dichlorophenoxy)ethylam ine (2b) [5] (11.33 g; 0.055 mole) was refluxed on an oil 
b a th  a t 170 °C for 6 hrs. D uring this period, the reaction m ixture melted w ith the evolution 
o f ethanethiol. The brow n-red m elt was dissolved in solvent m ixture No. 9 and  subjected to 
chrom atographic separation  on a silica gel column. The following compounds were eluted 
from  the column in the order given:
(1) 2,6-Dichlorophenol (6b) (7.5 g; 92.1%), m.p. 65 — 67 °C (from gasoline) (Ref. [12], m .p. 66— 

67 °C); R t =  0.95 (in solvent m ixture No. 9).
(2) 1,5-Dimethylpyrimidin-2,4(1. ff, 3H)-dione (1-m ethylthym ine, 18) (1.7 g; 24.3%), m .p. 

278—280 °C (from dim ethylform am ide) (Ref. [13], m .p. 280—282 °C); R j  =  0.65 (in sol­
vent m ixture N. 9).

IR : 1670 and 1730 cm-1 .
(3) 2 ,3-D ihydro-6,8-diinethylim idazo(l,2-a)pyrim idin-5(8//)one (17) (1.5 g; 18.4%), m.p. 

134—135 °C (from  w ater); R j  =  0.05 (in solvent m ix tu re  No. 9). The IR  spectrum  of the 
substance was identical w ith th a t of 17 obtained earlier [2].

1 .4- B is-[l,5-clim ethyl-4(lH )-oxo-pyrim idinyl-2]-piperazine (19)

A m ixture of anhydrous, freshly distilled piperazine (15) (1.15 g; 5.9 mmole) and 1,5- 
dim ethyl-2-ethylthiopyrim idin-4(lH )-one (10) |2] (2.18 g; 11.8 mmole) was refluxed on an oil 
b a th  a t 240 —260 °C for 6 hrs. D uring this tim e, the reaction  m ixture fused with the evolution 
of ethanethiol. A bsolute e thanol (100 ml) was then added to  the still warm reaction m ixture, 
it was brought to boiling, and filtered while hot. l,4-B is-[l,5-diinethyl-4(l//)-oxo-pyrim idinyl- 
2J-piperazine (19) (1.50 g; 81.1% ) was obtained, m.p. 368 — 370 °C (from dim ethyl sulfoxide).

IR : r C = 0  1665 cm-1 .
C .ßH ^N A  (330.38). Cald. C 58.16; H 6.71; N 25.44. Found C 58.02; II 7.07; N 25.35%.
MS: molecular weight: 330, molecular form ula: CIr>H 22Nj50 2; the fragm entation pa tte rn  

is consistent with s truc tu re  19.
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P re p a ra tio n  of I - 15-niet l i \  1 -1(37 /)-oxo-pyriiiin linyl-2] -p iperazine (2 1 ) an d
l,4 -b is-[3 -m cth y l-4 (3 7 7 )-o x o -p y rim id in y l-2 ]-p ip e raz in e  (2 0 ) fro m  p ip eraz in e

A m ixture  of piperazine hexahydrate  (4.85 g; 0.025 mole) and 2-ethylthio-5-m ethyl- 
pyrim idin-4(3H )-one ( lb )  [7] (8.5 g; 0.05 mole) xvas refluxed in a distillation app ara tu s on an 
oil b a th  a t  160—170 °C for 6 hrs. D uring the  reaction the m ixture m elted, while w ater and 
e th an e th io l distilled off. The p roduct was rubbed  w ith  ho t absolute ethanol; in  th is w ay 1,4- 
bis-[5-m ethyl-4(3H )-oxo-pyrim idinyl-2]-piperazine (20) (6.2 g; 82.3%) was ob tained , m.p. 
>  380 °C (from  dim ethyl sulfoxide); R r — 0.1 (in solvent m ixture No. 9).

IR : r C = 0  1670 cm“ 1.
C)4H 18N A  (302.34). Cald. C 55.61; H  6.00; N  27.80. Found C 55.58; H  6.24; N  28.03%.
MS: molecular weight: 302, m olecular form ula: C14H 18N60 2; the fragm entation  pa tte rn  

is consisten t w ith structure 20.
T he alcoholic filtra te  of 20 was evaporated  to  dryness and the residue subjected  to 

ch rom atographic  separation on a silica gel colum n in solvent m ixture No. 9, to  yield l-[5- 
m ethyl-4(3ii)-oxo-pyrim idinyl-2]-piperazine (21) (0.5 g; 10.6%), m.p. 207—208 °C (from 
ethano l). R r =  0.5 (in solvent m ix ture  No. 9).

IR : r C = 0  1685 cm“ 1; NM R: ÓCCH3 =  1.85 s (3H), <5CH2 =  3.75 m (8H ), <5ArH =  
=  7.65 s (1H ), <5NH =  8.15 s (1H).

C9H 14N40  (194.23). Calcd. C 55.65; H  7.27; N  28.85. Found C 55.70; H  7.56; N  29.03%.
MS: molecular weight: 194, molecular form ula: C9H 14N40 ;  the fragm entation  pa tte rn  

s consisten t w ith structure 21.

Preparation of l-[5-m ethyl-4(3H )-oxo-pyrim idinyl-2]-piperazine (21) and
l,4-bis-[5-m ethyl-4(3H )-oxo-pyrim idinyl-2]-piperazine (20) from diguanylpiperazine

M etallic sodium (11.2 g; 0.488 g-atom ) was dissolved in absolute e thanol (240 ml), 
th e n  th e  solution was evaporated to  dryness in  vacuum  on an oil b a th  a t 220 °C. A fter cooling, 
th e  alcoholate was ground, absolute e ther (200 ml) was added, and an ester m ix ture  prepared 
from  e th y l form ate (32.0 g; 0.432 mole) and ethy l propionate (40.8 g; 0.400 mole) was slowly 
added  b y  drops, under stirring and cooling in salted ice; the m ixture was then  allowed to  stand 
overn ig h t. On the nex t day, the reaction  m ixture was decomposed by the add ition  of w ater 
(100 m l), separated , and a solution of diguanylpiperazin sulfate (23) [9] (26.8 g; 0.1 mole) in 
w ate r (50 m l) was added to th e  aqueous phase, and th e  solution was allowed to stand  overnight. 
The so lu tion  was then  refluxed on a w ater b a th  for 2 hrs., acidified w ith cone. HC1 and evap­
o ra ted  to  dryness in vacuum . The residue was subjected to  chrom atographic separation  in 
so lven t m ix tu re  No. 9 on a silica gel colum n. F irs t, l-[5-m ethyl-4(3H )-oxo-pyrim idinyl-2]- 
p iperazine (21) (6.8 g; 35.1% ) was obtained, m .p. 207— 208 °C (from ethanol). The IR  spectrum  
of th e  substance xvas identical w ith  th a t  of 21 prepared earlier.

C ontinuing the chrom atographic separation, l,4-bis-[5-m ethyl-4(3H )-oxo-pyrim idinyl- 
2]piperazine (20) (2.8 g; 9.3% ) was eluted, m .p. >  380 °C (from dim ethyl sulfoxide). The IR  
spec trum  of the product was identical w ith th a t  of 20 prepared earlier.

*

T he au tors’ thanks are due to  Dr. J . T amás (Center for Studies on Chemical S tructure  of 
th e  H u n g arian  Academy of Sciences) for th e  MS spectra; to  Dr. P. Sohá r  for recording the 
IR  an d  N M R  spectra; to D r. L. L á n g  (D epartm en t for Nuclear Physics of th e  Technical 
U n iv e rs ity , B udapest) and D r. J .  L ip t á k  for the TTV spectra and their valuable help in  the 
in te rp re ta tio n .
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D irect trity la tio n  of ethanolam ine (I) affords N -tritylethanolam ine (II) as the 
sole product. In boiling pyridine, however, th e  tr ity la tion  gives a m ixture of N -trity l- 
ethanolam ine (II), O -tritylethanolainine (III), N ,0-d itrity lethanolam ine (IV) and tri- 
phenylcarbinol (V) under the conditions of B u cku s  et al. [1], who isolated only 
com pound II. The II • HC1 and III • HC1 sa lts  form  alkyl tr ity l ethers w ith prim ary 
alcohols in interm olecular N -► О and О —► O ’ tran s tr ity la tio n  reactions.

W ith te r tia ry  alcohols, such as f-butyl alcohol, II  • HC1 or III • HC1 does not 
en ter either interm olecular or intram olecular tran strity la tio n  reaction, thus the alkyl 
tr ity l ether or N ,0 -d itrity l derivative (IV) is no t formed. The proton-catalyzed tra n s­
form ation of II and II I  to IV can be achieved in the presence of te rtia ry  bases (e.g. 
pyridine), which are suitable for tr ity l transfer.

T h e tr i ty la t io n  o f am ino  alcohols is a re a c tio n  o f in te re s t; som e d e riv a tiv e s  
p roved  to  he im p o r ta n t  in  th e  p re p a ra tio n  o f  b io logically  ac tiv e  m olecules. 
T hey  also offer a good m odel to  exam ine th e  tw o  know n ty p es of tr i ty la t io n , 
d irec t t r i ty la t io n  and  t r a n s tr i ty la t io n . T h e  l a t te r  process m igh t in v o lv e  th e  
fo llow ing cases:

N — N’ О — O’
N -*■ О О — N
N -*• С О -► С, etc.

T he t r i ty la t io n  o f e th an o lam in e  (I) is h e re in  described , p a r tic u la r ly  in 
view  o f th e  p a p e r  p u b lish ed  by  B u c k u s  et al. [1]. T hese au th o rs  re p o rte d  th a t  
I  was se lec tive ly  N -tr i ty la te d  w ith  t r i ty l  ch lo rid e  in boiling  p y rid in e  to  give 
N -tr ity le th a n o la m in e  (II) as th e  sole p ro d u c t. T h e  fo rm atio n  of O -tr ity le th a n o l-  
am ine (III) an d  o th e r  p ro d u c ts  w ere n o t n o te d  by  these  au th o rs .

W e re p e a te d  th e  w ork  o f B u c k u s  [1]; th e  p ro d u c t so o b ta in ed  w as a 
m ix tu re  of I I , I I I ,  N ,0 -d itr ity l-e th a n o la m in e  (IV ), an d  trip h e n y lc a rb in o l (V)*** 
fo rm ed  in 8 5 % , 4 .8 3 % , 6 %  an d  4 .1 7 % , re sp ec tiv e ly .

* Some of the m aterial of this paper had been the subject of a lecture, held a t the Con­
ference of Organic Chem istry of the H ungarian Chemical Society, Pecs, August 22 24, 1973.

*** The form ation of V can presum ably be due to  e ith e r hydrolysis of TrCl or IV during 
m anipulation.
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N H , N H —Tr NH , N H -T r

CH, TrCI CH, + CH, + CH, +  (C6H5)3COH
1 Py 1 1 1

CH2 CH, CH, CH,

OH OH OTr OTr
I H III IV V

T h in - la y e r  ch ro m a to g ra p h y  o f th e  re a c tio n  m ix tu re  show ed 4 sp o ts : 
i R j  0 .6 4 ; i i  R j  0.08 an d  Hi R f  0 .84, w hich  co rresp o n d ed  to  com pounds I I ,  I I I  
a n d  IV , re sp ec tiv e ly . T he fo u r th  sp o t h a d  R j  0.77 o f tr ip h e n y lc a rb in o l (Y). T he 
s t r u c tu r e  o f  each com pound  w as ex am in ed  b y  I R  spectro scopy  a n d  m ic ro ­
a n a ly s is .

T h e  iso la tion  of th e  co m p o u n d s fro m  th e  m ix tu re  acco rd ing  to  th e  
m e th o d  o f  B u c k u s  w as fo u n d  r a th e r  te d io u s  in  our ex p erim en ts , th e re fo re  
w e t r i e d  to  m odify  th e  p ro ced u re  in  an  a t te m p t  to  m inim ize th e  fo rm a tio n  of 
b y -p ro d u c ts .  Thus pu re  N -tr i ty le th a n o la m in e  (II; y ie ld : 99 .6% ) w as o b ta in e d  
w h e n  th e  re a c tio n  was ca rried  o u t  in  e th a n o la m in e  used  in  a large excess (1 m ole 
t r i t y l  ch lo rid e  in  60 m oles e th a n o la m in e , a t  room  te m p e ra tu re ) . U n d e r such  
c o n d itio n s  d irec t N -tr i ty la tio n  of I  to o k  p lace , no  tra n s tr i ty la t io n  b e in g  in ­
v o lv e d . U sin g  1 : 30 m o la r ra t io  o f th e  re a c ta n ts  in  ch loroform  so lu tio n , a 
m ix tu re  o f  I I ,  I I I , IV an d  V w as o b ta in e d  aga in .

W h ile  th e  d irec t N - tr i ty la t io n  o f am ino  alcohols is possib le, se lec tive
O - t r i ty la t io n  can only be  ach iev ed  th ro u g h  special syn theses:

(a) R eac tio n  of ca rb o b en zo x y  ch lo ride  w ith  I  affo rded  N -ca rb o b en zo x y - 
e th a n o la m in e  (VI). T r ity la tio n  o f  th e  la t te r ,  e ith e r  a t  room  te m p e ra tu re  or in  
b o ilin g  p y rid in e  gave O -tr ity l-N -ca rb o b en zo x y e th an o lam in e  (VII). H y d ro - 
g en o ly s is  o f V II e ith er in  e th y l  a c e ta te  or in  d im eth y lfo rm am id e  y ie ld ed  III .

(b) C hem ically  hom ogeneous O -tr ity le th a n o la m in e  (III) can  also  he 
o b ta in e d  b y  th e  hyd raz in o ly sis  o f co -trity lo x y e th y lp h th a lim id e  (V III).

(a )  I I'hCH2OCOC1 PhCH2OCO -N H -C H 2 CH2 -O H TrCI
Pv

VI

PhCH2OCO -N H  -  CH2CH2 -  OTr 

VII

о

H2
Pd/C

H2N -C H 2CH2-OTr III

N; H,
EtOH

A c ta  C h im . (B u d a p est) 83, 1974



K Ö RM EN D Y  c t al.: TRITY LA TIO N  AND TRA N ST R ITY LA TIO N  REACTIONS 109

The p u r i ty  o f О- an d  N -tr ity le th a n o la m in e , th e ir  s tru c tu re  an d  th e  
s ta b ility  o f th e  isom ers w ere checked  b y  m ass sp ec tro sco p y  (F ig. 1). T he m olec­
u la r  ion of b o th  isom ers has th e  m ass n u m b e r 303. In  th e  course of th e  fra g ­
m en ta tio n , th e  С—C b o n d  in  /З-position  b o th  to  th e  oxygen  and  n itro g en , sp lits  
h om oly tica lly , th o u g h  th e  m ass num bers o f  th e  ions d iffer b y  one u n it.

0
0 ~  C® 

0
m/e 243

TrNH 

m/e 258

MS 902 M ass.spectrom eter 
70 eV MSO °C direct inlet system

0  - 

8 
6 
4 
2 

230 250

^ 2 0 HI 8 N

Tr-NH = CH,
m/e 272I
270

-CH,0H

290

C2iH21N0
Tr-NH-CHjCHj-OH 
m/e 303

m/e

I t

Fig. 1

+
N -tr ity l co m pounds h av e  a c h a ra c te ris tic  f ra g m e n t (T rN H ) a t  th e  m ass 

n u m b er 258. T he la t te r  is com plete ly  m issing fro m  th e  sp ec tru m  of th e  O -tr ity l 
com pound , w hich  m eans th a t  th is  com pound  is q u ite  p u re , an d  th a t  th e  isom ers 
do n o t tra n sfo rm  in to  each  o th e r as bases. E v e n  p ro longed  h ea tin g  o f th e se  
com pounds (II an d  III) (20 h rs a t  100°C) p ro d u c e d  no change.

T rity lam in o  alcohols called ou r a tte n tio n  to  t r i ty l  m ig ra tio n , a p ro b lem  
sim ilar to  th e  acy l m ig ra tio n  of acy lam ino  alcohols w hich la t te r  has been  
s tu d ied  in g rea t d e ta il. T he  m ain  p roblem  is w h e th e r th e  d iffe ren t w ays of 
fo rm atio n  and  th e  d iffe ren t m odes o f cleavage o f  th e  N- an d  O -tr ity l com pounds
[2] correspond to  a reversib le  intram olecular t r a n s tr i ty la t io n  (“ tr i ty l  m ig ra ­
t io n ” ), or tr ity le th a n o la m in e  is capab le  o f u n d erg o in g  only  interm olecular 
tra n s tr i ty la t io n  re a c tio n . A n N —*• 0  t r i ty l  m ig ra tio n  can  be expec ted  in  acid ic  
m ed ium , w hile О —»- N  t r i ty l  m ig ra tio n  m ig h t ta k e  p lace in  basic  m edium  w ith  
th ese  com pounds.

T rity l m ig ra tio n  has only been described  fo r a ry l t r i ty l  e thers an  fo r 
N -tr ity la ry lam in es . T he p ro to n -ca ta ly zed  re a c tio n  ta k e s  p lace as an  in t r a ­
m olecular 0  —*■ C o r N —*■ C m ig ra tio n , a cco m p an ied  b y  in te rm o lecu la r t r a n s ­
tr i ty la tio n  [3,4] (e.g., CeII5O Tr —*■ p-T r-C uI I4O H , or CeH sN H T r —*• p -T r-
CeH 4N H 2).
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T h e  h y d ro ch lo rid e  of N - tr ity le th a n o la m in e  (II • HCl) is a v e ry  re ac tiv e  
c o m p o u n d , an d  th e  h e te ro ly sis  a ss is ted  b y  p ro to n  ca ta ly sis  can  easily  tak e  
p lace . T h e  cleavage of th e  t r i ty l  g roup  in  th e  isom eric sa lt (III  • HC1) is m ore 
d if f ic u lt , because  th e  oxygen a to m  is n o t easily  p ro to n a te d  even in  th e  p resence  
o f eq u im o lecu la r  hyd roch lo ric  acid . H ow ever, BuCKUS rep o rted  t h a t  th e  0 -  
t r i ty l  b o n d  in  th e  N ,0 -d itr i ty l  co m p o u n d  (IV) can  he cleaved easily  w hen  th is  
c o m p o u n d  (IV) is tre a te d  w ith  a g re a t excess of hydrogen  ch lo ride gas in  d ry  
b e n z e n e , to  afford  th e  h y d ro ch lo rid e  o f II .

I t  is p robab le  th a t  th e  p ro to n -c a ta ly z e d  t r a n s tr i ty la t io n  o f I I  • HC1 
can  e a s ily  ta k e  p lace if  th e  s a lt is b o iled  in  a so lv en t in d iffe ren t to  tr i ty la t io n , 
e.g. t-b u ta n o l, as th e  m o n o tr ity l co m p o u n d  can  he tran sfo rm ed  in to  th e  co r­
re sp o n d in g  d itr i ty l  d e riv a tiv e . A fte r  bo iling  fo r several ho u rs , I I  • HC1 show ed 
no  re m a rk a b le  change. As th e  h y d ro ch lo rid e  of I I  qu ick ly  tr a n s tr i ty la te s  e th a ­
nol ( I I  ■ HC1 — IX),  th e  absence  of tra n s tr i ty la t io n  in  th e  fo rm er case can  he
e x p la in e d  b y  steric  h in d ran ce , o r a lte rn a tiv e ly , as p ro b ab ly  due  to  th e  electro-

+
s ta t ic  e ffec t of th e  T r-N H 2-g roup .

T h e  bo iling  of II  • HC1 w ith  t-b u ta n o l fo r 20 hours, u n d e r s t r ic t ly  a n ­
h y d ro u s  co n d itions afforded  on ly  tr ip h e n y lc a rb in o l (V) in  83%  y ie ld , to g e th e r  
w ith  u n c h a n g e d  s ta r tin g  m a te r ia l. T h e  fo rm a tio n  of tr ip h e n y lc a rb in o l m igh t 
be e x p la in e d  as a re su lt of d e h y d ra ta t io n  o f t-b u tan o l.

O n acco u n t of th e  reaso n s m e n tio n e d  above, th e  O -tr ity le th a n o la m in e  
sa lt ( I I I  • HC1) reac ts  w ith  p r im a ry  alcohols m ore slowly, an d  its  b e h av io u r 
w ith  t-b u ta n o l is also d iffe ren t because  h ere  we could observe a s tra n g e  reac ­
t io n ;  n a m e ly  th e  fo rm atio n  o f /5 -trip h en y le th y l t r i ty l  e th e r  (X); th e  m echan ism  
o f th is  re a c tio n  will he s tu d ie d  la te r .
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+
T r— N H 2CH2CH2— 

II  • HC1
OH

EtOH

T r— 0 — CH„CH,— N H 3 
II I  • HC1 “

t -  BuOH  !
20л i

EtOH
T rO E t 1 t-BuOJti

1 hr. < 10h j. 20*
(93%) IX (49% )

V (83% )
I  ■ HC1

II  • HC1 (17%)

V
I • HC1

III • HC1 (54% ) 
T r - C H 2—0 —T r (10% ) 

X

I t  is t ru e  th a t ,  in  th e  cases o f I I  • HC1 an d  I I I  • HC1 d e riv a tiv e s , in  t- 
b u ty l  a lco h o l, th e  reac tio n  o n ly  goes as fa r  as th e  tr i ty la t io n  of w a te r  fo rm ed  
b y  d e h y d ra tio n  of th e  te r t ia ry  a lcoho l, and  n e ith e r  t r i ty l  m ig ra tio n  n o r  in te r-  
m o lecu la r  tra n s tr i ty la t io n  re a c tio n  (i.e. th e  fo rm a tio n  of N ,0 -d itr i ty lc tl ia n o l-  
am ine) co u ld  he observed.

T h is  m ig h t he ascribed  to  th e  fa c t t h a t  th e  m o n o trity le th a n o la m in e s  II  
an d  I I I  a re  in cap ab le  of t r i ty l  m ig ra tio n  u n d e r th e  app lied  ex p e rim en ta l co n d i­
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tio n s . So th e y  c a n n o t be t r a n s tr i ty la te d  (N  —► О or О —» N) in tra m o le c u la r ly , 
ow ing to  ste ric  reaso n s. B u t th e  sa lts  I I  • HC1 and  III  • HC1 show ed  d ifferen t 
b e h a v io u r  in  th e  p resence  of te r t ia ry  b ase s  capab le  of tra n s fe r r in g  a t r i ty l  
g ro u p . T hus bo iling  th ese  sa lts in  a b so lu te  p y rid in e  converted  th e m  to  N ,0 - 
d itr i ty le th a n o l-a m in e  (IV). T ra n s tr i ty la t io n  can  occur only  in  th e  presence 
o f  a su itab le  tra n s fe r r in g  m ate ria l, e.g. p y r id in e , w hich assists th e  fo rm atio n  
o f  a  tra n s it io n  com plex  and  in  th is  w ay  also  th e  tra n s ie n t h e te ro ly s is  o f the 
N - tr i ty l  or O - tr i ty l  bonds.

I I  ■ HC1 or I I I  HC1 T rN H  —CH2CH2— O T r
pyridine “ *

E x p e rim en ta l

All melting points were determined on a Boetius micro melting po in t ap p ara tu s. The 
infrared  spectra were obtained with an UR-10 (Zeiss, Jena) spectrometer in K B r pellets, the 
m ass spectra were recorded with an A EI MS 902 m ass spectrometer. The elem ental composition 
of the molecular ions was determined by exact m ass measurements.

Conditions of th in-layer chrom atography: silica gel; solvent systems: benzene—m ethanol 
95 : 5 v /v  (Solvent a), or benzene-ether 10 : 90 v /v  (Solvent 6); detection w ith m ethanol-conc. 
H 2S 0 4 3 : 1 ;  yellow spots appear after w arm ing the plates.

P rep ara tio n  of N -tr ity le th an o lan iin e

N -T rity le th an o lam in e  ( I I )

(a )  E thanolam ine (7.33 g; 0.12 mole) and tr ity l chloride (0.55 g; 0.002 mole) were 
shaken (30 min) a t room tem perature till dissolution. Excess ethanolam ine (6.35 g) was 
recovered a t 68 — 70°/0.4 mm. The product (0.6 g; 96% ), in.p. 71 — 88 °C* (from  ethanol) 
gave one spot on TLC in Solvent a, R j 0.64. The I R  spectrum  of II showed peaks a t  3500—3150 
cm - 1 : vOH, and 3362 cm - 1 : vNH.  R ecrystallization  from 96% ethanol, aqueous acetone, 
benzene-ligroin or ethanol, gave feathery needles, m .p. 71 — 88 °C (dried over P 20 5 in vacuum 
a t room tem perature). The molecular weight, determ ined by mass spectrom eter, was 303. 
T he m aterial contained no accompanying contam inations.

C21H21NO • H20  (312.4). Calcd. C 80.7: II 7.1; N 4.5; О 7.7. Found  C 81.1, 81.1;

H 7.2, 7.4; N 3.9, 4.2; О 7.6, 7.7%.
BUCKUS et al. [1] reported m.p. 75—76 °C for compound II.
(b) E thanolam ine (2.4 g; 0.039 mole) and  tr ity l chloride (5.6 g; 0.02 mole) were refluxed 

in abs. pyridine (15 ml). The reaction m ixture was poured in water, the solid filte red  off and 
air-dried, as described by B u c k u s  ei al. [1]. The crude product (6.0 g; m .p . 110— 135 °C) 
gave 4 spots on TLC; R j  0.08, R j 0.64, R j 0.77 and  R j 0.84.

The solid was boiled w ith abs. ethanol, and  filtered to yield 0.36 g (6% ) of a substance, 
m .p. 169— 170 °C, R j  0.84. Its IR  spectrum  showed a stretching v ibrational band  a t 3320 
cm - 1 : vNH.

C40H35NO (545.7). Calcd. C 88.1; H 6.4; N 2.6. Found C 88.2, 88.3; H 6.3, 6.5; N 2.5, 2.6%.
This com pound is N ,0-d itrity lethanolam ine (IV), reported by B u c k u s  et al. [1] with 

m .p. 148—150 °C.
The above alcoholic filtra te  was m ixed w ith w ater, when feathery  needles separated. 

Y ield: 5.1 g (85% ), m .p. 71 — 88 °C, R j  0.64 (in Solvent a). The IR  spectrum  was similar to 
th a t  of com pound I I  prepared as described u nder (a ).

C21H2lNO •-*  H ,0  (312.4). Calcd. C 80.7; II 7.1; N 4.5; О 7.7. Found  C 80.1, 80.6; 

II 7.5, 7.4; N 4.4, 4.6; О 8.1, 8.1%.

* The wide range of this melting po in t is no t due, most likely, to  a chem ical change, 
because heating th is m aterial for 20 hrs. a t  100 °C left the starting m ateria l unchanged, as 
dem onstrated  by TLC and mass spectroscopy.
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T he alcoholic m other liquor from  the above f iltra te  was evaporated to  leave a  pale 
yellow gum . T his was treated  w ith d ry  ether (3 X 10 ml), and  th e  e ther extract was concentrated  
a t th e  p u m p . The solid [(0.25 g; 4 .1% ), m.p. 163—164 °C (from  ethanol), R j  0.77 (in Solvent 
a)] show ed in  the IR  spectrum  a p eak  a t 3478 cm- 1 : rO H . T his was triphenylcarbinol (У). 
The rem ain in g  gum crystallized w ell from  abs. acetone (0.29 g; 4.83%), m.p. 180— 181 °C, 

+
R t 0.08. I R  spectrum : rN H 3 a t 3150— 2200 cm-1  and vC— О — C a t 1048 cm-1 .

C22H 23N 0 4 (365.4). Calcd. C 72.3; H 6.3: N 3.8. F ound  C 71.6; H 6.6; N 4.3% .
T h is  com pound is a hydrogen carbonate derivative o f  O -tritylethanolam ine (III). The 

tendency  o f am inoethanol to absorb carbon dioxide on exposure to  the air is known [6]. The 
base, (m .p . 91 — 91.5 °C, undepressed upon adm ixture w ith  an  au then tic  sample) was ob tained  
by w arm ing  th e  above salt w ith aqueous potassium hydroxide solution: R f 0.08 (in Solvent a).

(c )  E thanolam ine (3.75 g; 0.06 mole) and tr ity l chloride (0.55 g; 0.002 mole) were 
dissolved in  d ry  chloroform (10 ml) and  allowed to s tand  a t  room  tem perature for 30 m in. 
Sim ilar re su lts  as described under (b )  were obtained.

P repara tion  of O -tritylethanolam ine

Method A

co-Trityloxyethylphthalimide (V III)

A  solution  of eo-hydroxyethylphthalimide (18.1 g; 0.1 mole) and trity l chloride (31.0 
g; 0.11 m ole) in abs. pyridine (200 ml) was heated a t 50 °C for 1 h r., then  kept a t room tem pera­
tu re  (24 h rs .). The product which separa ted  upon the add ition  of w ater (1000 ml) was dried, 
and e x tra c te d  w ith alcohol in a Soxhlet apparatus. The insoluble residue was recrystallized 
from  ace to n e  to  yield 34.2 g (78.9% ), m .p. 163—164 °C.

I R  spectrum : rCO at 1770 cm - 1 ; vsCO a t 1712 cm- 1 ; vA r  a t  1615, 1600 and 1495 cm- 1 ; 
vC—О — C a t  1085 cm- 1 ; 1 ,2-disubstitu ted  aromatic ring a t  720, 728 cm- 1 ; m onosubstituted 
arom atic  r in g  a t  768, 755, 710, 701 cm - 1 .

O -T rity lethanolam ine (III)

T he  above phthalim ide derivative  (VIII) (4.33 g; 0.01 mole) was dissolved in  e thanol 
(25 ml) an d  refluxed w ith 72%  hydrazine hydrate (5 ml) for 5 hrs. The phthalazine-l,4-dione 
was filte red  o ff and the filtrate was m ixed w ith 10% hydrochloric acid adjusting pH  7, w here­
upon th e  O -tritylethanolam ine salt (I II  • HC1) separated; y ield  2.9 g (85%), m.p. 197—199 °C 
(after w ash ing  w ith dry ether).

C21H 22C1N0 (339.9). Calcd. C 74.2; H  6.5: N 4.1; Cl 10.4. Found 74.4; H  6.8; N  4.3;
Cl 10.1%.

T he base  (HI) was prepared from  1.0 g of the above sa lt (I II  • HC1), by mixing it  w ith  
aqueous p o tassiu m  hydroxide (30% , 20 ml). Yield: 0.7 g, m .p . 91 — 91.5 °C (from aqueous 
ethanol).

C21H 21NO (303.4). Calcd. C 83.2; H  6.6; N 4.6. Found  C 83.0; H  6.5; N 4.7%.

Method В

N-Carbobenzoxyethanolam ine (V I)

To fresh ly  distilled ethanolam ine (21 ml; 20.6 g; 0.336 mole), carbobenzoxy chloride 
(7.5 g; 0.044 m ole) was added by drops, w ith  cooling and stirring . The white crystalline p roduct 
(from cold d ry  petroleum  ether) was 8.3 g (97.6%, calcd. for th e  benzyl ester); m.p. 45—50 °C. 

C10H 13N O 3 (195.2). Calcd. N 7.2. Found N 7.3, 7.4% .
IR  spectrum : rN H  a t 3327 cm - 1 ; rO H  a t 3500—3150 cm - 1 ; гСдг—H a t 3064—3036 

cm- 1 . rC H 2 a t  2942, 2888 cm- 1 ; rCO a t  1696 cm- 1 ; ŐNH a t 1532, 1540 cm- 1 ; гСдг—О—C a t 
1278 cm “ 1; vC—О at 1040 cm- 1 ; m ono-substitution a t 748, 698 cm-1 .

N -C arbobenzoxy-O -tritylethanolam inc (V II)

A  w ell-dried  sample of VI (0.5 g; 0.0025 mole) and tr i ty l  chloride (0.8 g; 0.0028 mole) 
were re flu x ed  for 2 hrs in abs. pyrid ine (10 ml). The p ro d u c t separated  after dilution w ith  
water; 0.95 g (87% ); m.p. 75—76 °C (from  abs. ethanol).
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IR  spectrum : rN H  a t 3352 cm 1; m ono-arom atic substitu tion  a t 768, 702 cm 1. 
C29H27N 0 3 (437.5). Calcd. C 79.6; H 6.2; N 3.2; О 11.0. Found С 79.9, 80.8, H  6.3, 6.4: 

N 3.0, 3.1; О 10.9, 11.0%.

O -Tritylethanolam ine (I II)

The above com pound (VII) (2.0 g; 0.0045 mole) was shaken w ith hydrogen in the pres­
ence of 10%  palladium -on-carbon catalyst a t room  tem peratu re  and atm ospheric pressure 
in abs. ethy l acetate  (100 ml); about 100 ml hydrogen was absorbed. The solvent was evaporated  
a t the pum p; on the addition  of dry ether (20 ml) a solid (0.5 g; 31.7%) separated . This was 
the hydrogen carbonate derivative of III. The base (III) was liberated by the addition  of aqueous 
potassium  hydroxide solution; m .p. 91 91.5 °C.

N-Benzoyl derivative of III

O -Tritylethanolam ine (III) (0.10 g) was acy la ted  w ith benzoyl chloride (0.10 ml) in 
abs. pyridine (3 ml). A fter a short tim e the solution was d ilu ted  w ith w ater w hereupon a gum 
separated. This gum  slowly crystallized from a m ix tu re  of chloroform and petro leum  ether to 
give a colourless pow der, m .p. 135—136 °C.

IR  spectrum : t>NH 3296 cm- 1 ; j»CO (am ide) 1635 cm- 1 ; áNH (am ide) 1552 cm- 1 ; 
t>C—О 1068 cm- 1 ; m onosubstitu ted  Ar ring a t 763, 750, 710, 702 cm-1 .

C28H 25N 0 2 (407.5). Calcd. C 82.6: H 6.1; N 3.4. Found  C 82.4, 82.7; H 6.3, 6.2; N 3.5, 3.5%

Ditritylation of ethanolamine, O-tritylation of II, 
and intcrmolccular transtritylation of II • 1IC1 and III ■ HC1

N, 0 - D itrilylethanolam ine (IV)

(a )  E thanolam ine (2.4 g; 0.039 mole) and tr ity l chloride (33.6 g; 0.12 mole) were allowed
to react in abs. pyridine (55 ml) under the conditions used by B uckus et at. The p roduct was 
17 g (80% ), m .p. 168 169 °C (from ethanol), R r 0.84 (in Solvent a).

IR  spectrum : rN H  a t 3320 cm-1 .
C40H 35NO (545.7). Calcd. N 2.6. Found N 2.6, 2.7% .
(b) N -Tritylethanolam ine (II) (2.5 g; 0.008 mole) and tr ity l chloride (3.4 g; 0.012 mole) 

were refluxed in abs. pyrid ine (20 ml) under the conditions given by Bu ck u s  et al. Y ield: 4.0 g 
(91 .7% ); m.p. 168— 169 °C (from ethanol or acetone), undepressed in adm ixture w ith a sample 
of the product m ade according to  (a ). Rr 0.84 (in Solvent a).

(c) The hydrochloride (П • HC1 or III • HC1: 1.0 g; 0.003 mole) and abs. pyridine (15 
ml) were refluxed for 7 hrs., th en  kept a t room tem pera tu re  for 24 hrs. The solvent was evap­
orated in vacuum  to leave a pale yellow syrup. This crystallized from abs. e thanol to  yield
O. 95 g (57.9% ) of a substance, m.p. 168—169 °C R» 0.84. I t  was identical w ith th e  products 
described under (a )  and (b).

Dctritylation of IV. N-Tritylethnnolaiiiinr hydrochloride (I I  • HC1)

The above d itrity l com pound (IV) (1.4 g; 0.0025 mole) was dissolved in d ry  benzene 
(30 ml) and cooled in ice-w ater, then treated  w ith d ry  hydrogen chloride gas. The product was 
0.80 g (94.1% ), m .p. 180— 181 °C (B uckus et al. [1] reported  m.p. 167— 168 °C). Rf  0.80 
(in Solvent b).

+
IR  spectrum : vN H 2 a t  3102—2500 cm- 1 ; rO H  a t 3360 cm-1 .
C21H21C1N0 (339.9). Calcd. N 4.1; Cl 10.5. Found  N 4.1; Cl 10.6%.

Reactions of the isomeric nionotrityletlianolamine salts with primary alcohols

Reaction of ethanol with II  ■ HC1 (a) and III ■ HC1 (b)

(a )  N -Tritylethanolam ine hydrochloride (II • HC1) (1.0 g; 0.003 mole) and  abs. ethanol 
(30 ml) were refluxed for 40 min. Removal of the solvent and the addition of w ater gave 0.76 g 
(88% ) of colourless cubes, m .p. 82—83 °C (from 96%  ethanol), R j 0.36 (in Solvent a). Mixed

8 A d a  Chim . ( B u d a p e s t)  83 , 1974



114 KÖRMENDY e t al.t T R IT Y L A T IO N  AND TR A N ST R ITY LA TIO N  REACTIONS

m .p. w ith  an authentic sam ple [5] was 82—83 °C. W hen th is experim ent was repeated  w ith
1-hr. re f lu x , the yield was 0.80 g (93% ) of tr ity l ethy l e ther.

(b )  The isomeric salt ( I I I  • HC1) (1.0 g) was refluxed for 10 hrs. w ith abs. e thano l 
(30 m l); w ork-up according to  (a )  gave 0.42 g (49% ) of tr ity l e thy l ether [5], m .p. and  m ixed 
m .p. 82— 83 °C.

R e a c tio n  o f  t-b u tan o l w ith  I I  • HC1 ( a )  an d  III-H C 1 (b )

(a )  t-Butanol (100 ml) and  N -trity lethanolam ine hydrochloride (II  • HC1) (1.0 g; 0.003 
m ole) w ere heated  a t the boiling tem pera tu re  under stric tly  anhydrous conditions for 20 hrs. 
The so lv en t was removed a t the pum p to  leave a solid (0.85 g), m.p. 135—180 °C. T his was 
ta k e n  u p  in  d ry  ether (40 ml). T he insoluble m aterial, a fte r recrystallization from  ethanol, 
was 0.14 g (14% ), m.p. 174— 176 °C (unchanged I I  • HC1). The ether filtra te  was evapora ted  
a t  th e  p u m p  to leave a solid, 0.65 g (83% ), m .p. 163— 164 °C (from ethanol), which proved  to 
be tripheny lcarb ino l, its IR  spectrum  showing a peak a t 3478 cm- 1 ; I’O lI. The m other liquor 
co n ta in ed  no d itrity l derivative.

(b )  1.0 g (0.003 mole) O -trity lethanolam ine hydrochloride (I I I  • HC1) was refluxed  in 
abs. t-b u ta n o l (100 ml) for 20 hrs. T he solid left behind a fter evaporation of the solvent, was 
su spended  in  abs. ether (40 ml) and  filte red  to  yield 0.64 g, consisting of a m ixture of unchanged 
I I I  • H C l, X  and I  • HC1. This m ix tu re  was shaken w ith 10 m l 25%  aqueous K O H  solution 
and  a f te r  3 hrs. the solid was filte red  off and washed w ith  ho t ethanol. On the filte r paper 
th ere  rem ain ed  0.10 g of a g leam ing, crystal-like pow der, which was recrystallized from  a 
m ix tu re  o f dioxan and ethanol; m .p . 185— 186 °C. The analy tica l da ta  showed the p ro d u c t to 
be /S -triphenylethyl trity l ether (X).

M olecular weight (from m ass spectrum ): 516. Most im p o rtan t bands of the IR  spectrum : 
rO H : — ; j-Ar 1605, 1498, 1453 c m - 1; rCH : 772, 759, 704 cm4 ; vC—О 1038 (979?) cm “ 1.

T he  compound could no t be acy la ted  w ith acetic anhydride in pyridine.
C39H 320  (516.6). Calcd. C 90.5; H  6.2, Found C 90.9, 90.4; H 6.4, 6.1% .

W e wish to  thank Dr. F. R u f f  for the infrared spectra , P . B ruck, for the mass spectra, 
Dr. H . M e d z ih r a d szk y  and the m em bers of the m icroanalytical laboratory, and Gy. K o r o n - 
CZAY te ch n ica l assistant for the th in -lay er chrom atography.
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A cylations of the title compound (2) tak e  place a t  N-3 under m igration o f the 
endocyclic double bond between N-3 and C-4 in to  the semicyclic position.

In  co n n ec tio n  w ith  a n o th e r re sea rch  p ro je c t we becam e in te re s te d  in  
th e  acy la tions o f  th e  t i t le  com pound (2). T h e  l a t te r  has been p rep a red  essen ­
tia lly  accord ing  to  a H u n g a ria n  p a te n t  [ l ] b y  re a c tin g  l-(3 ,4 -d im eth o x y p h en y l)- 
-4 -e th y l-6 ,7 -d im eth o x y -3 -m eth y l-2 -b en zo p y ry liu m  chloride (1) w ith  h y d ra z in e  
h y d ra te .*  B o th  th e  IR  an d  N M R sp ec tra  (w h ich  do n o t ex h ib it N H  b an d s  an d  
signals, re sp ec tiv e ly ) are  in  ag reem en t w ith  th e  assum ed  ta u to m e ric  s tru c tu re  
o f  th e  s ta r tin g  co m p o u n d .

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 83 (1), pp. 115—117 (1974)

W hen 2 w as allow ed to  reac t w ith  p -n itro b e n z o y l chloride in  p y rid in e  
an d  w ith  ace tic  a n h y d rid e , sm ooth  acy la tio n s  to o k  place. The p o sitions o f th e  
ca rb o n y l b an d s  in  th e  IR  sp ec tra  of th e  re su ltin g  acy l d e riv a tiv e s  c learly  
d e m o n s tra te d  t h a t  th e y  w ere N -su b s titu te d  p ro d u c ts . The p ro to n , lo s t in  ex ­
change fo r th e  acy l g roups, cam e in b o th  cases from  th e  4 -m eth y l g ro u p  of 
2, since th e  sig n a l o f th is  group d isap p eared  fro m  th e  N M R sp ec tra  as a re su lt 
o f  th e  acy la tio n  an d  becam e rep laced  b y  th e  AB d o u b le t of a new ly  fo rm ed

* Originally the l-(3,4-dim ethoxyphenyl)-4-ethyl-6,7-dim cthoxy-3-m ethylisoquinolinio- 
amide structure  3 has been assigned to the p roduct in Ref. [1], bu t in an addendum  to the 
p a ten t this s truc tu re  assignm ent has been revised [2].

8 * A cta Chim . ( B u d a p est)  8 3 , 1974
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te rm in a l  m eth y len e  g roup . T h e  s tru c tu re s  o f th e  acy l d e riv a tiv e s  a re  th e re fo re  
r e p re s e n te d  b y  th e  g enera l fo rm u la  4.

4 5 6

A n  analogous iV -acylation  u n d e r  m ig ra tio n  of th e  endocyclic  C =  N 
d o u b le  b o n d  in to  th e  sem icyclic p o sitio n  h as  b een  observed  in  th e  re a c tio n  of
l-m e th y l-3 ,4 'd ih y d ro iso q u in o lin e  w ith  a ry l iso cy an a tes  [3].

S y n th es is  of th e  isom eric  iso q u in o lin io am id a tes  5 b y  acy la tio n  o f th e  
iso q u in o lin io am id e  3 could  n o t  be c a rr ie d  o u t since iV -am ination  o f th e  iso ­
q u in o lin e  6 to  yield 3 could  n o t  be p e rfo rm ed  [4] even w ith  th e  p o w erfu l a n i­
m a tio n  re a g e n t 0 -(2 ,4 ,6 -tr im e th y lp h en y lsu lfo n y l)-h y d ro x y lam in e  [5].

7

E x p erim en ta l

N M R  and IR  spectra were obtained a t 60 MHz in CDC13 solution w ith TMS as in ternal 
reference and  in K Br pellets, respectively, w ith  th e  aid of a Perkin—Elm er spectrom eter, 
Type R-12 and  a Carl Zeiss spectrom eter, Type U R-10, respectively.

NMR spectrum of l-(3,4-dimethoxyphenyl)-5-ethyl-7,8-dim ethoxy-4-m ethyl-5H-2,3-benzo- 
diazepine (2 )

8 1.1 ppm , t , J  =  7.3 Hz, 3H , CH2-  CH3; 8 2.0 ppm , s, 3H, 4-Me; 8 2.15 ppm , m , 2H, 
CH —CH2— CH3; Ő 2.8 ppm , t ,  J  =  7.3 Hz. 1H , C H - C H 2; 8 3.75, 3.91, 3.93, 3.97 ppm , s, 
3H, each, (CH 30 )4; 8 6.7—7.7 ppm , m, 5H, A rH.

Acta Chim. ( Budapest) 83, 1974
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3-A cetyl-l-(3,4-diniethoxyphenyl)-5-ethyl-7,8-diinethoxy-4-niethylene-4,5-dihydro-3H -2,3- 
-benzodiazepine (4, R  =  Me)

A m ixture of 2 (0.38 g; 1 mmole), pyridine (3 cm 3) and acetic anhydride (0.6 cm3) was 
allowed to stand overnight in a refrigerator and for a day  a t room  tem perature. The solution 
was poured into ice-water, the  product was extracted  w ith  e ther and the e ther solution was 
washed w ith w ater and evaporated  to dryness. The residue was recrystallized from  ethanol to 
yield 0.28 g (67%) of 4 (R  =  Me), m .p. 151 — 153 °C.

C24H29N ,05 (425.5). Calcd. C 67.74; II  6.87; N 6.59. Found C 68.10: H  6.92; N  6.79%.
IR : j>CO 1680 cm- 1 .
NMR: 8 0.95«ppm, t ,  J  =  7.5 Hz, 3H, CH2- C H 3; 8 1.8 ppm , m, 2H, C H —CH2—CH3; 

8 2.5 ppm , s, 3H , Ac; <5 3.55 ppm , t, J  =  7.5 Hz, I I I ,  C H —CH2; 8 3.70, 3.90, 3.95, 3.98
ppm , s, 3H, each, (СН30 )4; 8 5.1 and 5.25, s, I I I ,  each, = C H 2; <5 6.7—7.45 ppm , m , 5H (A rH ).

3-A cetyl-l-(3,4-diniethoxyphenyl)-5-ethyl-7,8-dim ethoxy-4-nicthyI-4,5-dihydro-3H -2,3-benzo- 
diazcpine (7)

The above p roduct was reduced in ethyl acetate  solution a t room  tem peratu re  and 
atm ospheric pressure in th e  presence of a Pd/C cata lyst to yield 62% of com pound 7, m.p. 
174— 175 °C (EtO H ).

C,4H 31N.>0 5 (427.5). Calcd. C 67.42; H  7.31; N  6.56. Found C 67.73; II  7.32; N 6.49%. 
IR : vCO 1640 cm“ 1.
NMR: 8 0.85 ppm , d, J  =  6 Hz, 3H, 4-Me; 8 1.05 ppm , t ,  J  — 7 Hz, 3H , CH2—CH3; 

<5 1.9 ppm , m, 411, CH— CH2—CH3, 4H -j- 5H ; <5 2.4 ppm , s, 3H, Ac; <5 3.70, 3.85, 3.90,
3.95 ppm , s, 3H, each, (CH30 )4; 8 6.7—7.4 ppm , m, 5H (ArH).

l-(3,4-Diniethoxyphenyl)-5-ethyl-7.8-diniclhoxy-4-inethylene-3-(p-nitrobciizoyl)-4,5-dihydro- 
-3H-2,3-benzodiazepine (4, R  =  p —O2NC0H4)

p-N itrobenzoyl chloride (0.4 g, 100% excess) was added to a solution of 2 (0.4 g) in 
py rid ine  (3 cm3). H eat was evolved and the crystalline p roduct started  to  precip ita te  within 
a few minutes. The m ix ture  was allowed to stand for a couple of hours and poured into water. 
The lemon yellow crystalline crude product was recrystallized from ethy l acetate—ethanol to  
yield 0.2 g (38% ) of 4 (R  =  p —0 2NC„H4), m.p. 222—223 °C.

C,9H ,9N30 7 (531.6). Calcd. C 65.53; II 5.50; N 7.91. Found C 65.35: H  5.75; N 7.90%.
IR : vCO 1670 cm“ 1.
NMR: Ő 1.08 ppm , t .  J  =  7.5 Hz, 3H, CH2 — CH3; 6 1.9 ppm , m, 2H , C H —С Н ,—CH3; 

ő 3.6 ppm, t, J  8 Hz, 1H , /  CH—C1I2; <5 3.7, 3.75, 3.9, 4.0 ppm , s, 3H , each, (CH30 )4; 
8 5.15 and 5.4, s, 1H, each, = C H 2; 8 6.6—7.4 ppm , m , 5H, A rH , benzodiazepine: 8 7.65 and 
8.23 ppm , AA’BB ’ quadrup le t, J  =  8.5 Hz, 4H, p-nitrobenzoyl.

The au tho r’s th an k s  are due to Dr. H. Me d z ih r a d s z k y — Sc h w e ig e r  for the micro­
analyses, to Dr. F. R u f f  for the IR  and to Dr. P. K o lo n its  (Technical U niversity , B udapest) 
for the NMR spectra.
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РЕЗЮМЕ

Исследование отечественных и иностранных летучих масел, III
К. РЕТИ-БЕЛАФИ, Э. КЕРЕНИ и Р. КОЛЬТА

Был исследован качественный и количественный состав летучего масла отечествен­
ного растения укропа с помощью совокупности методов эффективного разделения и спек­
трометрической идентификации. В летучем масле было обнаружено 14 компонентов (в 
количестве, превышающем 0,01 вес.%), из которых 3 компонента (ое-фелландрен, лимонен и 
карвон) вместе составляют 90 вес.%, а с дальнейшими 8 компонентами уже — 99,9 вес.%. 
Помимо трех основных компонентов в образцах летучего масла заграничного укропа были 
обнаружены а-пинен, дигидрокарвон и п-цимол, которые присутствуют и в летучем масле 
отечественного укропа. Терпены и их производные, которые согласно специальной литера­
туре являются компонентами масел, не были найдены в исследованном летучем масле в ко­
личествах, заслуживающих упоминания. Однако, было доказано, что присутствуют а-туен, 
/3-мирцен, /?-фелландрен, 1-метил-4-изопропенил-бензол и карвотанацетон. Наконец, уда­
лось обнаружить два новых компонента, до сих пор не известных в литературе для укроп­
ного масла и для летучих масел вообще.

Исследование молекулярной структуры производных 4Н- пиридо (1,2-а) 
пиримидин-4-она с помощью УФ спектроскопии

Г. ХОРВАТ, А. И. КИШ, 3. МЕСАРОШ и И. ХЕРМЕЦ

Были сняты электронные спектры производных 4Н-пиридо [1,2-а] пиримидин-4-она. 
На основе эффекта заместителей были изучены молекулярное строение и, в особенности, 
сопряжение в ненасыщенных и частично насыщенных молекулах. На основе эффекта иони­
зации было установлено, что атом азота в положении 1 протонируется в кислых средах. 
Исходя из изменения спектров с pH, были рассчитаны константы ионизации протонирова­
ния.

Эффект энтропии обычной дестилляции и дестилляции со «ступенчатым
переносом» тепла

Ж. ФОНЕ и п . ф Ел ь д е ш

Было введено и определено понятие кпд нетто эффекта энтропии процесса разделе­
ния, и приводится его изменение в случае обычной дестилляции и дестилляции со ступен­
чатым переносом тепла (ДСПТ) при различных параметрах процесса. Результаты анализа 
находятся в согласии с литературными величинами термодинамических кпд, получен­
ными на основе промышленных измерений. Было указано, что стоимость работы ДСПТ, осу­
ществленной с помощью теплоносителей с изменяющимся уровнем температур, может быть 
приблизительно рассчитана непосредственно из продукции энтропии.

Новые достижения в области катализа на металлах
П. TETEHH, л . ГУЦИ и 3. ПААЛ

Принимая в учет взаимодействие между металлическим катализатором и реагирую­
щим субстратом, авторами рассматриваются некоторые вопросы адсорбции, гидрогенолиза, 
изомеризации и дегидроциклизации. На основе собственных и литературных данных была



обсуждена, в первую очередь, роль водорода в некоторых каталитических реакциях угле­
водородов, принимая во нимание его эффект на характер и меру взаимодействия углеводо­
рода с металлом. Было сделано заключение, что для интерпретации каталитического влия­
ния недостаточно знание различных характерных параметров металла, т. к. каталитичес­
кое влияние оказывает каталитическая система, образующаяся в результате взаимодей­
ствия между реагирующим субстратом и металлом.

На этой остнове дискутируется заключение, сделанное одним из авторов несколько 
лет тому назад, согласно которому между каталитическими свойствами металлов и их окис­
лов нет принципиальной разницы.

Свойства смесей аминов со спиртами, IV
Ф. РАТКОВИЧ, Т. ШАЛАМОН и Л. ДОМОНКОШ

Исследуя первичные спирты, а также некоторые первичные, вторичные и третич­
ные амины, была найдена зависимость между средней степенью ассоциации перечисленных 
компонентов и их вязкостью. Был разработан метод приближенного расчета средней сте­
пени ассоциации, исходя из данных вязкости. Было показано, что порядок констант ас­
социации, рассчитанных из средней степени ассоциации, находится в согласии с равновес­
ными константами, определенными другими способами. Для исследования средней сте­
пени ассоциации смеси н-бутиламин — 1-бутанол был использован метод, основанный на 
измерении вязкости. Было установлено, что результаты, полученные при образовании сме­
шанных ассоциатов, исключают всякое такое предположение, которое на основе отрица­
тельной энтропии смешения системы и экзотермической теплоты смешения ассоциатов А,- 
и В, объясняет образование смешанных ассоциатов А,- By со средней степенью ассоциации, 
превышающей исходную.

Свойства смесей аминев со спиртами, V
Ф. РАТКОВИЧ, и Ж. ГУТИ

Была измерена теплота смешения ди-н-бутиламина с нормальными первичными 
спиртами при температуре 20 +  1°С. Было установлено, что при эквимолярном составе из­
меряемая экзотермическая теплота смешения практически совпадает с результатами, по­
лученными в подобных смесях с н-бутиламином. Было доказано, что экзотермический теп­
ловой эффект взаимодействия спирта с амином не зависит, в хорошем приближении, от того, 
что с молекулой спирта взаимодействует превичный или вторичный амин. Из данных, полу­
ченных в смесях с небольшим содержанием амина, вытекает, что те различия, которые на­
блюдаются между свойствами смесей спирт- ди-н-бутиламин и спирт — н-бутиламин, могут 
быть приписаны различной степени самоассоциации первичных и вторичных аминов. Это 
подтверждается расхождением целого порядка между величинами эндотермической тепло­
ты смешения смесей н-бутиламин — н-гексадекан и ди-н-бутиламин — н-гексадекан.

Свойства смесей, содержащих амины и спирты, VI
Ф. РАТКОВИЧ, Т. ШАЛАМОН и Л. ДОМОНКОШ

Вязкость нормальных первичных спиртов, нормальных углеводородов и третичных 
ароматических аминов была исследована в интервале 233—353 °К. Была определена эн­
тальпия активации вязкого потока. В случае нормальных углеводородов и третичных ами­
нов она является линейной функцией молекулярного веса и практически не зависит от 
данной гомологической серии. Используя эту кривую в качестве калибровочной кривой, 
был рассчитан молекулярный вес неассоциированного компонента, имеющего ту же самую 
энтальпию активации. Этот молекулярный вес полагался средним молекулярным весом ас­



социированных частиц спирта. Было найдено, что — в согласий с нашими более ранними 
результатами в этой области — средняя степень ассоциации равна приблизительно 4 в 
жидких спиртах и лишь слегка зависит от температуры. Этот результат может быть объяс­
нен совместным появлением циклических полимеров и ассоциации цепей, т. к. в этом случае 
мак симальная величина степени ассоциации лишь слегка отличается от 4. Было определено, 
что в ряду метанол — 1-гептанол наблюдается уменьшение ассоциации.

Получение металлосодержащих, координационно-связанных полимеров из 
конденсационных олигомеров

И. СМЕРЧАНИ-ВАНЧО и П. ХИРШБЕРГ

Была исследована полимеризация по координационным связям нейтральных олиго­
эфиров, содержащих свободные концевые группы СООН. Центральным атомом металла в 
данном случае являлся атом цинка.

Если атом цинка включен в систему в форме окиси, то, соответственно его природе 
щелочного ангидрида, он реагирует с группами СООН, уже на первой стадии, по ионному 
механизму. Однако, в зависимости от количества цинка, по всей вероятности, следует счи­
таться и с другими механизмами реакций.

Согласно результатам исследований, ион, образующийся в самой системе из уксус­
ной кислоты и окиси цинка, является активным с точки зрения дальнейшей реакции ко­
ординационного характера, однако, данные условия не способствуют достаточной диссоци­
ации ацетата цинка и дальнейшей координационной реакции.

SOLANUM Гликозиды, IX
П. БИТЕ и М. М. ШАБАНА

Было найдено, что незрелые фрукты Solanum oleraceum содержат соласонин 
и соламаргин. Были обнаружены также следы третьего неидентифицированного стероид­
ного гликозида.

Некоторые прочие реакции, наблюдаемые при синтезе отдельных 
2-[2-(2,6-ди-К-фенокси)-этиламино]-5-метил-пиримидин-4(ЗН)-онов

Й. РЕЙТЕР и Л. ТОЛЬДИ

2-Алкилтио-5-метилпиримидин-4(ЗН)-он, а также его 1- и З-Ц-метил-замещенные 
производные, используемые в синтезе 2-[2-(2,6-ди-Ц-фенокси)-этильамино]-5-метил-пирими- 
дин-4(ЗН)-онов, реагируя при температуре выше 200°С с соответствующими 2-(2,6-ди-Я- 
фенокси)-этиламинами, дают 8 и 14. Строение этих соединений было определено с помощью 
MC, ИК, УФ и ЯМР исследований, а также подтверждено препаративным путем. В ходе 
этих исследований были получены 7, изомер соединения 8, 19, изомер соединения 14, а 
также его демегилированные (20) и монозамещенные деметилированные производные (21).

Реакции тритилирования и транстритилирования этаноламина
К. КЁРМЕНДИ и М. М. ЭЛЬ-САВИ

Тригилирование аминоспиртов представляет интерес, т. к. некоторые из них оказа­
лись важными в приготовлении биологически активных молекул. Они также могут слу­
жить исходным пунктом при проверке двух известных типов тритилирования, а именно,



непосредственное тритилирование и транстритилирование. Последний процесс может вклю­
чать следующие превращения:

Тритилирование этаноламина (I), в частности, описывается здесь в связи с работой 
Бакуса и сотр. [1]. Этими авторами утверждается, что (I) был селективно N-тритилирован 
с помощью хлористого тритила в кипящем пиридине, давая в качестве единственного 
продукта N-тритилэтаноламин (II). Однако, образование О-тритилэтаноламина (III) и 
других продуктов не отмечалось этими авторами.

Работа Бакуса была повторена и была получена смесь следующих продуктов: 
II (85%), III (4,83%), М,0-дитритилэтаноламин (6%) и трифенилкарбинол (4,17%).

N — N 
N -  О 
N -  С

или
0 — 0 ’
О — N
О — С и т. д.
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DIELECTRIC PROPERTIES AND POLYMERIZATION OF
ALLYL ALCOHOL, I

D IE LE C TR IC  P R O PE R T IE S  O F M ONOM ERIC ALLYL ALCOHOL 

J .  LlSZI and  Zs.  H a RTYÁNI
(E le c tr o c h e m ic a l  R e s e a r c h  G r o u p  o f  th e  H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , D e p a r tm e n t  o f  P h y s i c a l  

C h e m is tr y ,  o f  C h e m ic a l  I n d u s t r i e s ,  V e s z p r é m )

Received O ctober 22, 1973

The com plex relative perm ittiv ity  of m onom eric allyl alcohol has been de te r­
mined as a function  of tem perature and  frequency. The Cole-Davidson equation  was 
used to describe th e  results. The activation  en th a lp y  of the dielectric re laxation  was 
calculated and com pared w ith the viscous energy. Comparison of the resu lts fo r allyl 
alcohol and 1-propanol show th a t the double bond does no t appreciably change the 
properties studied.

1. In tro d u c tio n

T he p re se n t p a p e r  deals w ith  th e  s tu d y  o f  som e dielectric p ro p e rtie s  o f 
a lly l alcohol. T he com plex  re la tiv e  p e rm it t iv i ty  o f  m onom eric a lly l a lcoho l 
h as  been d e te rm in ed  as a fu nc tion  o f  te m p e ra tu re  an d  frequency . T h e  Cole — 
D av id so n  e q u a tio n  is used  for th e  d e sc rip tio n  o f  th e  resu lts. The a c tiv a tio n  
energy  o f d ie lec tric  re la x a tio n  is ca lcu la ted  a n d  com pared  w ith  th e  v isco u s 
energy . A fter po lym eriz in g  th e  alcohol to  a m o lecu la r w eight o f a b o u t 400, 
th e  sam e s tud ies h a v e  been  carried  o u t w ith  th e  re su ltin g  liqu id -p h ase  o ligo­
m er as w ith  th e  m onom eric  alcohol. T h e  p o ly m e riz a tio n  leads to  la rge  ch an g es 
in  th e  d ielectric  p ro p e rtie s  exam ined . T he f i r s t  p a r t  o f th is  series d ea ls  w ith  
m onom eric liq u id  a lly l alcohol.

2. E x p erim en ta l

T he n o rm a l bo iling  p o in t of th e  ally l a lco h o l used  was 97°C, its  d e n s ity  
a t  20°C 0.855 g c m -3  an d  its  re frac tiv e  in d ex  n 2D° =  1.4132. The sp ec ifica tio n s  
o f th e  in s tru m e n ts  u sed  for th e  d e te rm in a tio n  o f  th e  com plex re la tiv e  p e r m it t iv ­
i ty  are  g iven in  T ab le  I .

C y lindrical, d ire c t-c o n tac t cells m ade fro m  a com bination  o f s ta in le ss  
stee l and  te flo n  w ere used  for th e  m easu rem en ts . T h e  double-w alled cells w ere 
th e rm o s ta te d  in  a m ix tu re  o f m e th an o l an d  e th a n o l. T he liquid  in  th e  cell w as 
p ro te c te d  from  a tm o sp h e ric  m oistu re  b y  a te f lo n  cap . The ex p erim en ta l re su lts  
are  p resen ted  in  T ab les  I I  an d  I I I ,  a n d  F igs 1 a n d  2.

F o r th e  c a lcu la tio n  o f th e  v iscous en e rg y , th e  v iscosity  of a lly l a lcoho l 
w as m easured  as a fu n c tio n  of te m p e ra tu re . T h e  in s tru m e n t used w as a R heo-
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Table I

Specifications o f the instruments used for the determination o f  the complex relative perm ittivity

Specification Frequency range

SIEMENS Scheinwiderstandsmess­
brücke, Rel. 3R. 277 <  1 MHz

RADELKIS, Universal Dielectrometer, 
Type OH-301 =  3 MHz

WAYNE K ER R  V. H. F. Admittance 
bridge, Type В 901 5 0 -2 5 0  MHz

Table II

Low-frequency relative perm ittivity o f allyl alcohol (e0) as a function o f temperature (i °C)

<(°C) Bo

30 18.3
20 19.7
10 21.2
0 22.6

- 1 0 24.1
- 2 0 25.6
- 3 0 27.0
- 4 0 28.5
- 5 0 29.9
- 6 0 31.4

V isco sim e te r (R heo-V iscosim eter n ach  H ö p p le r , G D R , P a te n t  N o. 210). F o r 
te c h n ic a l  reasons th e  v isco s ity  m easu rem en ts  could  n o t he p e rfo rm ed  in  th e  
sam e  w id e  te m p e ra tu re  ra n g e  as th e  d ie lec tric  m easurem ents. T he re su lts  are  
l is te d  in  T ab le  IV .

3. D iscussion

F o r  th e  d escrip tio n  o f  th e  com plex  re la t iv e  p e rm ittiv ity  o f su b s ta n c e s  
c h a ra c te r iz e d  b y  an  asy m m etrica l Cole-Cole d iag ram  [1], Cole a n d  D a v id ­
so n  [2] proposed  th e  follow ing eq u a tio n :

£* —  n2 _  1

e 0 — n 2 ( l + j c o r )01
( 1 )
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Tabic III

Real (s ') and imaginary (t") parts o f the relative perm ittivity o f  allyl alcohol as functions o f temperature
and frequency

(»C)
50 MHz 75 MHz 100 MHz 150 MHz 200 MHz

e ' e* e' e * e' e* e* e" e ' E*

- 6 0 10.3 9.6 7.2 8.5 6.3 7.4 5.8 4.3 4.3 5.3

- 5 5 13.7 11.7 9.2 10.1 8.3 9.0 6.0 7.3 4.6 6.3

- 5 0 16.5 11.6 11.4 11.0 9.1 10.7 6.7 8.6 5.1 7.5

- 4 5 18.8 11.2 13.9 12.6 11.2 11.5 7.9 10.3 5.8 8.8

- 4 0 20.4 9.7 16.4 12.0 13.5 13.0 9.5 12.1 6.6 10.3

- 3 5 21.6 8.3 18.3 10.6 15.6 13.4 11.5 13.5 7.8 12.0

- 3 0 22.0 6.9 19.9 9.1 17.5 12.7 14.0 14.2 9.5 13.7

- 2 5 22.2 5.7 20.7 7.8 19.2 11.4 16.5 14.1 11.7 15.4

- 2 0 22.1 4.6 21.3 6.4 20.5 9.8 18.6 13.4 14.3 16.4

- 1 5 21.8 3.6 21.0 5.2 21.5 8.2 20.3 11.9 17.1 16.3

- 1 0 21.3 2.9 20.5 4.2 21.8 6.8 21.4 10.1 19.7 15.5

- 5 20.7 2.3 19.9 3.4 21.2 5.6 22.0 8.4 21.6 14.0

0 20.0 1.9 19.4 2.8 20.5 4.6 21.9 6.9 22.7 12.1

5 19.4 1.6 18.9 2.4 19.8 3.7 21.6 5.6 23.0 10.2

10 18.8 1.3 18.3 2.1 19.3 3.1 21.0 4.6 22.9 8.5

15 18.1 1.1 17.8 1.9 18.4 2.7 20.2 3.8 22.6 6.9

20 17.4 0.9 17.3 1.8 17.8 2.3 19.5 3.2 22.0 5.7

25 17.1 0.8 16.6 1.6 17.0 2.0 18.8 2.7 21.2 4.7

30 16.2 0.6 16.0 1.5 16.4 1.8 18.0 2.3 20.1 4.3

where e* — com plex relative p erm ittiv ity;

£o — static  relative perm ittivity;
n — ‘internal’ refractive indei: [3];
CO — angular frequency;
T — m acroscopic relaxation tim e;

j — the im aginary unity; and
oc — an em pirical constant: 0 <  a  <  1.

I f  « =  
[4].

1, the Cole — D avidson  equation (1) sim plifies the D e b y e  equation

R a tio n a liz a tio n  o f E q . (1) gives th e  fo llow ing  re la tio n s:

=  cosa (cor) cos (acor) (2)

=  cosa (cor) sin (acor). (3)
f-'o —  n2
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F ig. 1. R eal p a rt of the re lative p e rm ittiv ity  of allyl alcohol as a function of tem pera tu re  and
frequency

Fig. 2. Im ag inary  p art of th e  re la tive  perm ittiv ity  of allyl alcohol as a function of tem pera tu re
and frequency

Table IV

Viscosity o f allyl alcohol as a function  o f temperature

,  (°C) „ (cP)

15 1 .4 0 1

20 1 .1 9 1

25 0 .9 6 5

30 0 .8 5 2

40 0 .6 3 2
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In  la t te r  e q u a tio n s  e' is tl ie  rea l p a r t  an d  e" th e  im ag in a ry  p a r t  o f th e  
com plex  re la tiv e  p e rm ittiv ity . I n  th e  £"/(£„ — n 2) vs. (e’ — w2)/(e0 — n 2) d ia ­
g ram  “ deform ed sem icircles”  a re  o b ta in ed , th e  e x te n t  o f  th e  ‘d e fo rm a tio n ’ 
dep en d in g  on th e  v a lu e  o f a; if  a  =  1, th e  d iag ram  gives th e  D eby e  sem icircle
[4]. F rom  th e  d a ta  o f  T ab le  I I I  th e  va lu e  o f th e  c o n s ta n t «  in  th e  Cole D a ­
v id s o n  eq u a tio n  is 0 .8 ^ 0 .1 .  T he co rrespond ing  d ia g ra m  is show n in  F ig u re  3. 
W ith  th e  use o f th e  know n  v a lu e  o f  a  an d  e q u a tio n s  (2) an d  (3), th e  m ac ro ­
scopic  re lax a tio n  tim e  o f ally l alcoho l w as ca lc u la ted  as a fu n c tio n  o f  te m p e ra ­
tu re .  The resu lts  a re  lis ted  in  T ab le  V.

Table V
Macroscopic relaxation time o f  allyl alcohol as a function  o f temperature

< (°C) ГХНР»

0 2.5
- 2 0 7.5
- 4 0 12.4
- 6 0 14.3

D ielectric re la x a tio n  is a p rocess req u irin g  a c tiv a tio n  energy . T he te m ­
p e ra tu re -d ep en d en ce  o f  th e  re la x a tio n  tim e  can  b e  described  to  a good a p ­
p ro x im a tio n  b y  th e  A rrhen ius e q u a tio n :

r  =  A  exp
A H * ( t )

R T
w here  A is a c o n s ta n t;

A H * (t) — th e  ac tiv a tio n  e n th a lp y ;
R  — th e  gas c o n s ta n t;  and
T  — th e  abso lu te  te m p e ra tu re .

(4)

I f n i
Fig. 3. Reduced Co le— D a v id so n  diagram  of allyl alcohol
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F ig u ra  4 depicts a n  A rrh e n iu s  re p re se n ta tio n  o f th e  d a ta  in  T ab le  V. 
I t  c a n  b e  seen th a t  th e  m acro sco p ic  re la x a tio n  tim e  of a lly l a lcoho l can  be 
r e a d i ly  described  by  E q . (4). O n th e  above basis , th e  a c tiv a tio n  e n th a lp y  of 
th e  d ie le c tr ic  re lax a tio n  o f a lly l alcohol is 5.05 k ca l m o l-1 . T h is is n a tu ra lly  
to  b e  re g a rd e d  as th e  av e ra g e  v a lu e  fo r th e  te m p e ra tu re  ran g e  in  eq u a tio n .

T h e  ac tiv a tio n  e n th a lp y  o f  th e  d ie lec tric  re la x a tio n  o f th e  co rrespond ing  
s a tu r a te d  alcohol, 1 -p ro p an o l, is 5.54 kca l m o l-1  [5] an d  acco rd in g  to  th a t  
w o rk  c a n  he regarded  as e sse n tia lly  c o n s ta n t in  th e  te m p e ra tu re  ran g e  180 — 
300 °K . T he only s ig n ifican t d e v ia tio n  from  th e  given v a lu e  is o b serv ed  n ear 
th e  freez in g  p o in t (120 °K ) (in  t h a t  reg ion  A H * ( t ) =  6.3 k ca l m o l-1 ). This 
sh o w s t h a t  th e  double b o n d  in  a lly l alcohol gives rise  to  change in  th e  a c ti­
v a t io n  e n th a lp y  of o n ly  a b o u t  1 0 % , w hile a t  th e  sam e tim e  i t  a p p e a rs  to  con­
f irm  th e  calcu lation  m e th o d  u sed  to  d e te rm in e  A H * (x )  from  th e  ex p e rim en ta l 
d a ta  in  a re la tive ly  b ro a d  te m p e ra tu re  ran g e .

D ie lec tric  re la x a tio n  is f re q u e n tly  c o rre la ted  w ith  th e  v isc o s ity  of th e  
l iq u id .  A ccording to  th e  e a r ly  th e o ry  of D e b y e  [6]

x =
4ят3

k T
V (5)

w h e re  r 
к  

V

— radius o f th e  m olecu le  reg a rd ed  as a rig id  sphere ;
— the  B o ltz m a n n  c o n s ta n t;  an d
— viscosity  o f  th e  liq u id .

I f  th e  m olecule c a n n o t be  reg a rd ed  as sph erica l, th e n  i t  c an  b e  m odelled  
w ith  a n  ellipsoid w ith  sem i-ax es a, b and  c, th e  re la x a tio n  tim e  re fe rred  to  th e  
g iv e n  ax is  [7] is

4 я Yj 

~ kT
abc s t ( 6)
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w here  a ‘form  fa c to r ’ d e p e n d e n t on th e  ra tio  o f  th e  sem i-axes, h as  been ta b ­
u la te d  [8]. O ften , th e  v a r ia tio n  o f th e  v isco s ity  w ith  te m p e ra tu re  can sim i­
la r ly  be  described  w ith  an  A rrh en iu s-ty p e  e q u a tio n :

г] =  A  (rj) exp  {A H *(r])IR T }  (7)

w here A is a c o n s ta n t;  and
AH*(rj) — th e  a c tiv a tio n  en th a lp y  o f v iscous flow .

AH*(ri)  and  A H * (r )  a re  n o t id en tica l, b u t  u su a lly  th e  d ifference is w ith in  one

Fig. 5. log t] as a function of 1/T

o rd er o f m agn itu d e  [9]. ( I t  can  be  m en tio n ed  t h a t  re la tiv e ly  few  AH*{rj) and  
A H * ( t) d a ta  can be fo u n d  for p u re  liqu ids, m o st o f  th e  l i te ra tu re  d a ta  referring  
to  solu tions.)

F rom  E q . (7) an d  th e  d a ta  o f  T ab le  IV , fo r a lly l a lcohol AH*(r/) — 5.75 
k ca l m o l-1 . The A rrh en iu s  p lo t o f th e  d a ta  in  T ab le  IV  is show n in  F igure 5. 
F o r  th e  system  s tu d ie d , th e re fo re , АН*(т)/АН*(г]) ^  0 .88. I n  th e  ev a lu a tio n  
o f  th e  la t te r  v a lu e  i t  m u s t also be ta k e n  in to  acco u n t th a t  AH*(rf) was d e te r­
m ined  from  d a ta  re la tin g  to  a co m p ara tiv e ly  n a rro w  te m p e ra tu re  range. F o r 
1 -p ropano l AH*(ri) =  4.3 kcal m o l-1 and th u s  AH*(T)/AH*(ri)  1.28.

C om parison o f th e  a c tiv a tio n  en th a lp ies  o f  1 -p ropano l an d  ally l alcohol 
show s th a t  th e  doub le  b o n d  does n o t  ap p rec iab ly  change th e  p ro p e rtie s  stud ied . 
T he d ielectric  re la x a tio n  o f th e  tw o  alcohols in  th e  liq u id  p h ase  p resum ab ly  
occurs b y  sim ilar m echan ism s.

P a r t  I I  of th is  series w ill exam ine th e  e ffec t o f p o ly m eriza tio n  on dielec­
tr ic  re lax a tio n .
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Liquid polyallyl alcohol w ith  a molecular weight of approxim ately  400 was 
prepared. The complex relative p erm ittiv ity  of the polym erization p ro d u c t was deter­
mined as a function of tem perature  and  frequency, as was the tem perature-dependence 
of its viscosity.The dielectric data  and  th e  viscosity values show th a t  th e  polym erization 
causes an extrem ely strong change in  th e  properties of allyl alcohol. The resu lts indicate 
th a t a new relaxation  range appears as a consequence of polym erization.

1. Introduction

T he f irs t  p a r t  o f  th is  series d e a lt  w ith  th e  d ie lec tric  p ro p e rtie s  o f  m ono­
m eric  liqu id  ally l a lcoho l. T he p re s e n t p a p e r  describes th e  p re p a ra t io n  o f the  
liq u id -p h ase  po ly m er. T h e  com plex  re la tiv e  p e rm itt iv i ty  o f th e  re su ltin g  m a­
te r ia l  is d e te rm in ed  as a fu n c tio n  o f  te m p e ra tu re  an d  freq u en cy . T h e  resu lts  
a re  e v a lu a ted  b y  com parison  w ith  th e  v iscous energy .

2. The polym erization o f allyl alcohol

On th e  ac tio n  o f m olecu lar ox y g en , u ltra v io le t  lig h t o r p e ro x id es , to ­
g e th e r w ith  th e rm a l tre a tm e n t, a lly l a lcoho l an d  /З-a lk y l-su b s titu te d  a lly l a l­
cohols slowly po lym erize  to  give a v isco u s p ro d u c t oligom er w ith  a low  degree 
o f p o ly m eriza tio n  [1]. F o r exam ple , in  th e  presence, o f 2.8  u)/w°/0 d ibenzoy l 
p e ro x id e  a t  80°C, 4 .2 %  po lyally l a lcoho l is fo rm ed  in  an  e v a c u a te d  am poule 
in  240 h rs [2]. In  o rd e r to  a tta in  a b e t te r  conversion , fresh  d ib en zo y l perox ide  
m u s t be  added  d u rin g  th e  p o ly m eriza tio n , to  rep lace  th e  in i t ia to r  ra p id ly  con­
sum ed  as a consequence o f  chain  te rm in a tio n  steps. T he l i te r a tu r e  in d ica tes
[3] th a t  p o lya lly l a lcohol is form ed in  8 7%  yield  a t  100°C if  1.3 w/w°/0 h y d ro ­
gen perox ide  is ad d ed  to  th e  system  in itia lly , an d  again  a t  in te rv a ls  d u rin g  the  
p o ly m eriza tio n . W hen  p u rified  from  th e  u n re a c te d  m onom er th e  p o ly m er has 
a honey-like co n sis ten cy ; its  re fra c tiv e  in d ex  n “  =  1.5143, w hile  accord ing  
to  th e  l ite ra tu re  [2, 4] i ts  average degree o f  p o ly m eriza tio n  is a b o u t 5.

T he p o ly m eriza tio n  o f ally l a lcoho l w as ca rried  o u t in to  tw o  w ay s : photo- 
c a ta ly tic a lly  an d  in  th e  presence o f  a n  in it ia to r , to g e th e r  w ith  th e rm a l t r e a t ­
m e n t. A llyl alcohol w as d e h y d ra te d  w ith  CaCL2 an d  p laced  in  a q u a r tz  vessel,
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a n d  b u lk -p o ly m eriza tio n  w as effected  u n d er an  A K  02 UV lam p  a t  25°C, in 
th e  ab sen ce  of so lv en t a n d  chem ical in itia to r . I n  th e  o th e r  m e th o d  th e  p o ly ­
m e r iz a tio n  was carried  o u t  a t  th e  no rm al b o ilin g  p o in t o f a lly l alcohol in  a 
tw o -n eck ed  flask  f i t te d  w ith  a re flu x  co ndenser a n d  an  in itia to r-d isp en se r. 
1 w /w °/0 o f s tab ilized  3 3 %  h y d ro g en  p e rox ide  w as used  as in it ia to r  in  th e

Fig. 1. Yield o f th e  polym erization p roduct as a function  of tim e

F ig. 2. Molecular w eight of th e  product as a function  of the polym erization tim e

th e rm o c a ta ly tic  p rocess. S ince  th e  free rad ica ls  w ere fa ir ly  ra p id ly  consum ed 
b e c a u se  o f rap id  c h a in - te rm in a tio n , th e  in it ia to r  co nsum ed  w as rep laced  a f te r  
e ach  sam pling .

T h e  un reac ted  m o n o m e r and  th e  p o ly m er w ere  se p a ra te d  b y  d is tilla tio n  
a t  25°C an d  35 T orr. T h e  p ro d u c ts  o b ta in ed  w ere v iscous, tra n s lu c id  m a te ria ls  
w ith  a honey-like c o n s is te n c y , th e y  were so lub le  in  m e th an o l an d  com m on 
o rg an ic  so lven ts, b u t  on  th e  a c tio n  of acetone th e y  se p a ra te d  from  th e  m onom er 
in  th e  fo rm  of a p re c ip ita te . T he yield of th e  p o ly m er in  w eigh t p er c en t is 
sh o w n  in  F ig . 1 as a fu n c tio n  of tim e.

T h e  m olecular w e ig h ts  o f  th e  p o ly m eriza tio n  p ro d u c ts  w ere d e te rm in ed  
w ith  a  K n a u e r v a p o u r  p re ssu re  osm om eter. T he m easu rem en ts  w ere m ade a t  
45°C , w ith  fresh ly  d is tille d  m e th an o l as so lv en t. T h e  ca lib ra tio n  curve  w as 
o b ta in e d  using a series o f  d in o n y l p h th a la te  so lu tio n s  of know n  co n cen tra tio n . 
F ig u re  2 shows th e  m o le c u la r  w eights of th e  p o ly m eriza tio n  p ro d u c ts  as a 
fu n c tio n  of the  p o ly m e riz a tio n  tim e. The d a ta  re la tin g  to  th e  p ro d u c ts  ob-
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ta in e d  b y  m eans of th e  tw o  d iffe re n t p o ly m eriza tio n  m eth o d s  a re  lis ted  in 
T ab le  I .

In  th e  T ab le  t is th e  p o ly m e riz a tio n  tim e  in hours, M  is th e  m olecu lar 
w e ig h t o f th e  p ro d u c t, P  is th e  degree o f  p o ly m eriza tio n  and  Y  is th e  p e r  cen t 
y ie ld . T h e  d a ta  show  th a t  th e  tw o  m e th o d s  give p rac tica lly  th e  sa m e  degree 
o f  p o ly m eriza tio n  a f te r  p o ly m e riz a tio n  fo r 50 h rs. The p ro d u c ts  p ro v e d  to  he 
s tab le .

Table I
Properties o f polymerization products

Photocatalytic polymerization Thermocatalytic polymerization

M P ^  <%) t M P Y  (%)

2.5 223 4.55 11.7 3 301 5.18 11.1

5 275 4.90 12.5 5 338 5.80 11.5

15 324 5.80 14.0 15 340 5.85 13.9

20 332 5.72 14.7 20 342 5.90 14.3

25 354 6.10 15.1 30 390 6.71 14.8
50 388 6.68 15.7 50 400 6.90 16.0

3. R esults

T h e com plex  re la tiv e  p e rm itt iv i ty  o f th e  p ro d u c t of th e  50 h o u r  p o ly ­
m e riz a tio n  w as d e te rm in ed  b y  th e  fo llow ing m ethods:
a t  a freq u en cy  less th a n  1 M H z: S IE M E N S  S ch e in w id erstan d sm essb rü ck e, 

R el. 3R . 277;
a t  a freq u en cy  of 3 M H z: R A D E L K IS  U n iv ersa l D ie lec tro m eter, T y p e  O H -301.

T he ex p e rim en ta l re su lts  a re  p re se n te d  in T ab le s  I I  an d  I I I ,  a n d  F igures 
3 an d  4.

Table II
Real part o f the complex relative permittivity o f the polymerization product as a function  o f  temperature

and frequency

< (°C)
e'

100 kHz 300 kHz 1 MHz 3 MHz

- 3 0 7.1 5.4 4.9 4.1

- 2 0 9.6 7.1 6.2 4.8

- 1 0 12.0 9.1 8.5 6.0
0 14.0 11.2 10.2 7.6

10 15.0 12.9 12.5 9.5

20 15.4 13.9 13.3 11.2

30 15.5 14.3 13.8 12.4

40 15.6 14 5 14.1 12.8
50 15.5 14.6 14.3 13.1
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Table III
Im aginary part o f the complex relative permittivity o f the polymerization product as a function  o f

temperature and frequency

‘ (°C)
10 e"

100 kHz 500 kHz 1 MHz 3 MHz

- 3 0 17.6 10.2 9.8 5.3

- 2 0 25.0 16.5 16.3 9.1

- 1 0 28.7 21.9 21.6 13.2

0 26.0 25.0 24.8 17.7

10 21.2 23.1 23.6 20.6

20 16.5 19.6 20.3 21.4

30 17.6 17.0 17.2 18.8

40 21.1 15.5 15.2 15.9

50 26.6 15.1 14.0 13.9

Fig. 3. Real p art of the com plex re lative perm ittiv ity  as a function  of tem perature and fre­
quency

-30 -20  -10 0 10 20 30 A0 50
t [°C]

Fig. 4. Im aginary p art of th e  com plex relative p e rm ittiv ity  as a  function  of tem perature and
frequency
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T he v iscosity  o f th e  po lym er w as d e te rm in ed  as a fu n c tio n  o f  te m p e ra ­
tu re  fo r th e  ca lcu la tio n  of th e  v isco u s en erg y ; a “ R heo-V iscosim eter nach 
H ö p p le r, G D R , P a te n t  N o. 210”  w as u sed . T h e  resu lts  are  g iven  in  T ab le  IV.

Table IV

Viscosity o f the polymerization product as a function o f temperature

,  (°C) V M

20 17815

25 9768

30 7126

40 2969

4. D iscussion

T he d ielec tric  p ro p erties  w as e v a lu a te d  as in  th e  case o f  m onom eric  allyl 
a lcoho l. The Cole — D avidson  e q u a tio n  [5] was used for th e  d e sc rip tio n  of 
th e  com plex  re la tiv e  p e rm ittiv ity :

£ * — 71“ 1

£ o —  r 2  ( 1  +  J ö ) t ) “

w here  s*

£o
n

j
u>
r
a

com plex  re la tiv e  p e rm it t iv i ty ;
- s ta tic  re la tiv e  p e rm it t iv i ty ;

— ‘in te rn a l’ re frac tiv e  in d e x ;
— th e  im ag in a ry  u n it ;
— th e  an g u la r freq u en cy ;
— th e  m acroscopic r e la x a tio n  tim e ; and
— an  em pirica l c o n s ta n t:  0 <  q  <C 1.

B y  ra tio n a liz a tio n  o f E q . (1):

---- =  cosa(cor) cos (acor) (2)
fo —

tt
П“

---- =  cosa (ют) sin(xft)r) .
7l2

(3)
£0

T he Cole —D a v id s o n d ia g ra m , (e' — n 2)/(e0 — n 2) vs. e"/(e0 - 712),
fo r th e  p o ly m eriza tio n  p ro d u c t is d ep ic ted  in  Fig. 5. F ro m  E q s . (2) and  (3), 
an d  th e  d a ta  o f T ab les 2 and  3, a  =  0 .2 Í 0 .1 .  F o r m onom eric  a lly l alcohol 
th is  v a lu e  was 0 .8 ± 0 .1 .  I t  can  be seen  th a t  po lym eriza tion  lead s to  a n  ex trem e­
ly  s tro n g  “ d e fo rm a tio n ”  of th e  red u ced  Cole —D a v id s o n  d ia g ra m . In  the
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Table V
Macroscopic relaxation time o f  the polymerization product as a function o f temperature

t (-C) TXlO4 (s)

0 8.4
10 8.1
20 7.3
30 6.4

£0-П2 
0.5 

04 
03 
0.2 

0.1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Fig. 5. Reduced C o l e — D a v i d s o n  diagram of th e  polvm erization product

k n o w led g e  of a , the  m acro sco p ic  re lax a tio n  tim e  o f th e  po ly m eriza tio n  p ro d u c t 
w as d e te rm in ed  as a fu n c tio n  o f  tem p era tu re . T he re su lts  a re  listed in  T ab le  V.

T h e  d a ta  in th e  T a b le  in d ic a te  th a t  th e  r e la x a tio n  tim e  of the  p o ly m eri­
z a tio n  p ro d u c t is ab o u t six  o rd e rs  of m agn itude  la rg e r  th a n  th a t  for m onom eric 
a lly l a lcoho l.

T h e  ac tiv a tio n  e n th a lp y  o f d ielectric r e la x a tio n  w as ca lcu la ted  w ith  
th e  A rrh en iu s  eq u a tio n :

w h e re  A  is a c o n s ta n t;

г  =  A  exp
Л Н * ( т )  1

R T
(4)

ДН*(т) — th e  a c t iv a t io n  en th a lp y ;
R  — th e  gas c o n s ta n t ;  and
T  — th e  a b s o lu te  tem p era tu re .

T h e  ac tiv a tio n  e n th a lp y  o f th e  dielectric  re la x a tio n  of th e  p o ly m eriza ­
tio n  p ro d u c t  was found  to  be  2.1 kcal m o l-1 . T h is is su b s ta n tia lly  sm aller th a n  
th e  v a lu e  of 5.05 kcal m o l-1  ob ta ined  for m o n o m eric  ally l alcohol. A t th e  
sam e  tim e  th e  viscous e n e rg y  increased co n sid e rab ly  d u rin g  p o lym eriza tion . 
T h e  a c tiv a tio n  en th a lp y  o f  v isco u s  flow was s im ila rly  ca lcu la ted  w ith  an  A r- 
rh e n iu s - ty p e  equation :

rj =  A(rj)  exp (AH*(ri)/RT  (5)
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w here  A(rj) is a c o n s ta n t and  AH*{rj) is the- ac tiv a tio n  e n th a lp y  o f v iscous 
flow . F rom  E q . (5) and  the  d a ta  o f  T ab le  IV , AH*(rj) =  16.2 kca l m o l-1 . T he 
q u o tie n t o f th e  tw o  ac tiv a tio n  e n th a lp ie s , AH*(x)jAH*(r])  ^  0.13. T h is  is a l­
m o st one o rd e r o f  m agn itu d e  less th a n  th e  v a lu e  for m onom eric a lly l a lcohol. 
F o r com parison , fo r glycerine [6] A H * (r )  =  32 kcal m o l-1  an d  AH*(r}) — 
— 21.4 kcal m o l-1  a t  ab o u t 210 a n d  234 °K . T h e  ex trem ely  la rg e  d ifference  
o f th e  A H * ( r)  a n d  A H *(i]) v a lu es  fo r  po ly a lly l alcohol ind ica tes t h a t  th e  m ech ­
an ism  of re la x a tio n  is d iffe ren t h e re  th a n  fo r th e  m onom er. A s re g a rd s  th e  
d ie lec tric  re la x a tio n  of alcohols, th re e  ranges can  be d is tin g u ish ed  [7]. T h e  
f ir s t  range  is co n n ec ted  w ith  th e  m o tio n  of th e  alcohol a ssoc ia tions; th e  second  
m a y  be due to  th e  ro ta tio n  o f th e  m onom er m olecules, o r th e  —O R  g ro u p  
(w here R  is an  a lk y l group); a n d  th e  th ird  ran g e  m ay  re su lt from  th e  ro ta t io n  
o f th e  —O H  g ro u p  around th e  С —О b o n d . In  th e  case of p o lym eric  m olecules 
i t  is also n ecessary  to  reckon w ith  th e  ro ta t io n  o f th e  in d iv id u a l p a r ts  ‘se g m e n ts ’ 
o f th e  p o lym er [8]. W ith  m onom eric  allyl alcohol i t  is p re su m a b ly  th e  f irs t 
re la x a tio n  ran g e  w hich  is d e te rm in e d , fo r th e  o th e r tw o ranges sh o u ld  a p p e a r  
a t  essen tia lly  h ig h e r frequencies [9, 10]. O u r re su lts  for p o ly a lly l a lcoho l do 
n o t  p e rm it a decision  as to  w h ich  re la x a tio n  ran g e  appears in  th e  f re q u e n c y  
an d  te m p e ra tu re  in te rv a ls  e x a m in e d ; i t  can  be concluded th a t  th e  f i r s t  re ­
la x a tio n  ran g e  (for th e  low est frequenc ies) is n o t involved . T h is conclusion  
is confirm ed b y  th e  curve belo n g in g  to  a freq u en cy  of 100 k H z  (F ig . 4). T he 
ris in g  section  a t  te m p e ra tu re s  h ig h e r  th a n  20°C po in ts  to  a new  re la x a tio n , 
assoc ia ted  w ith  low er frequencies . F u r th e r  s tu d ies  are n ecessa ry  to  c la rify  
th e  p h en o m en o n : i t  appears d e s irab le  to  s tu d y  th e  d ielectric  d isp e rs io n  o f  th e  
p o ly m eriza tio n  p ro d u c t a t  freq u en c ies  low er th a n  100 k H z , an d  th e  e ffec t of 
d ilu tio n  w ith  an  in e rt so lven t.
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The effects of a small am ount o f p la tin u m  or palladium on th e  behaviours of 
various ca ta ly st supports in aqueous-phase ca ta ly tic  hydrogenation were investigated .

The ra te  o f th e  hydrogenation reac tio n  was exam ined in the case o f tw o model 
compounds, p -n itro -phenol and maleic acid, using alum inium  oxide, tungsten  trioxide, 
active carbon, tan ta lu m  and tungsten  carb ide supports, and support-free palladium  
or noble-m etal-free hydrogen tungsten  bronze

In  con trast w ith  literature findings, i t  was concluded th a t  tungsten  oxide can­
n o t be regarded as an active support.

I t  was found  th a t  in the absence of noble m etal hydrogen tungsten  bronze is not 
able to ac tiva te  m olecular hydrogen.

T ungsten carbide containing 0.1%  noble m etal is well applicable as a ca ta lyst 
in the hydrogenation  of unsaturated  com pounds.

In  a p rev io u s com m unication  [1] i t  h a s  been  described  t h a t  tu n g s te n  
ca rb id e  can be w ell u tiliz e d  as a c a ta ly s t  in  th e  h y d ro g en a tio n  o f  co m pounds 
co n ta in in g  a n itro  o r a quinoidal g ro u p , i.e. ion ically  reducib le  co m p o u n d s.

L ite ra tu re  d a ta  led  to  th e  a s su m p tio n  th a t  th e  reac tio n  is c a ta ly z e d  b y  
tu n g s te n  b ronze fo rm e d  on th e  su rface  o f  th e  tu n g s te n  ca rb id e . H y d ro g en  
tu n g s te n  bronze w as p rep a red  from  tu n g s te n  oxide in  th e  p resence  o f  a  sm all 
a m o u n t of noble m e ta l,  and  its  c a ta ly t ic  a c t iv i ty  was in v e s tig a te d . O u r ex ­
p e rim e n ts  show ed t h a t  th e  tu n g sten  b lu e  th u s  o b ta in ed  m ay  serve as a  c a ta ly s t  
in  h y d ro g en a tio n  re a c tio n s . This r e s u lt  seem ed  to  su p p o rt th e  f a c t  t h a t  also 
in  th e  case of tu n g s te n  carb ide tu n g s te n  b ro n z e  w as ca ta ly tic a lly  a c tiv e . I n  th e  
h y d ro g en a tio n  o f  u n s a tu ra te d  co m p o u n d s  on  tu n g s te n  b lue , h o w ev e r, th e  
noble  m e ta l p re se n t in  th e  system  c a n n o t  be  ignored , fo r th is  m a y  w ell ta k e  
p a r t  d irec tly  in  th e  reac tio n . S im ila rly , a n  ex p lan a tio n  is re q u ire d  fo r th e  
fa c t t h a t  th e  specific  a c tiv ity , re fe rred  to  u n i t  w eigh t, of th e  c a ta ly s t  co n ta in in g  
h y d ro g en  tu n g s te n  b ro n ze  in  its e n tire  m ass  p rac tica lly  agrees w ith  t h a t  of 
tu n g s te n  carb ide , fo r  w hich  i t  is assu m ed  t h a t  th e  tu n g s te n  b ronze  is co n ta in ed  
on ly  on p a r t  of th e  su rface . In  th e  p re s e n t  p a p e r  we wish to  dea l w ith  a  m ore 
d e ta ile d  analysis o f  th is  question , a n d  also  to  show  possib ilities w h ich  m ay  
th e  c o m p a ra tiv e ly  low  ra te s  of h y d ro g e n a tio n  ach ieved  on tu n g s te n  carb id e .

E x p e rim e n ta l

The experim ents were performed in  tw o types of hydrogenation appara tu s. On was a 
100 cm 3, therm ostatab le  vessel, fitted  w ith a m agnetic  stirrer, which was connected by  a glass 
tube to  a gas bu rette . T he m ajority  of the experim en ts were carried ou t in a simple, therm osta t-
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able hydrogenation  bulb (70 cm 3), connected by  thick-w alled rubber tubing to  a gas b u re tte . 
W e found  th a t  the diffusion of hydrogen through th e  walls of the rubber tubing was less th a n  
1 cm 3 p e r hour, and thus loss in  hydrogen in th is w ay during the measurem ents could be neg­
lected .

In  th e  deposition of the noble m etal, the procedure generally followed was to  sa tu ra te  
1 g su p p o rt in 2 IV H 2S 04 solution in  the hydrogenation bulb  w ith hydrogen and then  H 2P tC l6 
of PdC l2 solution was added in appropriate  am ount and  concentration.

M easurem ents were perform ed a t 80°C. The tem p era tu re  of the w ater circulating in  th e  
th e rm o sta tin g  jacke t was therm osta ted  w ithin + 0 .1°C .

2 N  H 2S 04 used as a stock solution was prepared from  sulfuric acid of p.a. grada (Apolda). 
T he tu n g s ten  carbide support w as a M urex product, tungsten  oxide, alum inium  oxide an d  
ac tiv e  carbon  were Merck products, and tan ta lum  w as a B D H  product. Aqueous solutions 
o f P dC l2 or H 2PtC l6 (Reanal, analy tical purity ) were used for the activation of the ca ta ly sts , 
genera lly  in  a concentration of 1 m g m etal/I cm3 solution. The substances to be hydrogenated  
w ere o f p .a . or puriss. grada. P rio r to  use the hydrogen w as carefully freed from oxygen.

The specific surface of th e  supports exhibiting m etallic conductivity, was determ ined 
by  th e  B E T  m ethod.* The following values were ob ta ined  from  K r isotherm s taken  a t  — 
—196°C: active carbon: 1100 m 2/g; tungsten  carbide: 1.0 m !/g; tan talum : 0.2 m 2/g.

T u n g sten  carb ide as a  c a ta ly s t support

F ro m  earlier s tud ies o n  th e  c a ta ly tic  p ro p e rtie s  of tu n g s te n  ca rb id e
[1 ]— [4] i t  has been concluded  th a t  th e  ra te -d e te rm in in g  step  in th e  h y d ro g e n ­
a tio n  re a c tio n  w as th e  a c tiv a tio n  o f h y d ro g en . I f  o u r aim  is to  acce lera te  th e  
h y d ro g e n a tio n  reac tio n , th e n  th e  ra te  of th is  s te p  should  be increased in  som e 
w a y . T h e  a d so rp tio n  of h y d ro g en  on noble m e ta ls  is know n to  p roceed  a t  a 
c o m p a ra tiv e ly  h igh  ra te . W e assum e, th e re fo re , t h a t  in  th e  presence o f a sm all 
a m o u n t  o f  noble m e ta l th e  r a te  of h y d ro g e n a tio n  is sign ifican t.

T h is  is su p p o rted  b y  th e  resu lts  o f M u n d  et al. [5], who added  s ilv e r to  
tu n g s te n  carb ide  (in an  a m o u n t of ca. 20% ) a n d  th u s  o b ta in ed  h ig h er h y d ro ­
g e n a tio n  ra te s . B i n d e r  et al.  [6 ]— [7] in  th e ir  in v es tig a tio n s  on fuel e lem en ts  
m ix e d  p la tin u m  pow der in to  tu n g s te n  carb ide  or tu n g s te n  dioxide and  (u n d e r 
c e r ta in  cond itions) o b ta in e d  electrodes m ore  ac tiv e  th a n  p la tin u m .

I n  a p re lim in a ry  e x p e rim e n t we too  m ix ed  p la tin u m  pow der (1% ) w ith  
tu n g s te n  carb ide  pow der. A s can  be seen from  F ig . 1, a ra te  increase o f 150%  
w as th e n  observed  in  th e  re d u c tio n  o f  th e  F e ( I I I )  ion  a t  70°C. H ow ever, H o b b s  
a n d  T s e u n g  [8] show ed t h a t  m uch  m ore e ffec tive  th a n  sim ply  to  m ix  th e  p o w ­
d e rs  is to  red u ce  th e  noble m e ta l from  so lu tion  d ire c tly  on to  th e  surface o f  th e  
s u p p o r t .  A ccord ingly , in  th e  ex perim en ts described  below  we follow ed th is  
p ro c e d u re  fo r th e  d ep osition  o f th e  noble m e ta l.

F o r  a given tu n g s te n  ca rb id e  pow der, on w hich  a ra te  of 12 cm 3/h o u r 
w as re a c h e d  w ith o u t noble  m e ta l, ad d itio n  o f 0 .1 %  p a llad ium  re su lted  in  an  
in i t ia l  h y d ro g e h -u p ta k e  ra te  o f  320 cm 3/h o u r (F ig . 2). T his ra te  is a lre a d y  in  
th e  ra n g e  o f tho se  ach ieved  w ith  p la tin u m  p o w d er. H ow ever, th e  increase  o f

* The authors wish to  express their thanks to J . K ir á l y  for the careful perform ance of 
the m easurem ents.
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th e  ca ta ly tic  a c tiv ity  in  th is  w ay  also b rings a b o u t a change in  th e  se lec tiv ity  
o f th e  c a ta ly s t. A lthough  th ree  m oles o f h y d ro g en  w ere still consum ed in  th e  
h y d ro g en a tio n  o f  a ro m atic  n itro  com pounds, i.e. th e  a ro m atic  ring  w as n o t 
h y d ro g en a ted , com pounds co n ta in in g  double  b o n d s  could  be reduced  b y  th e  
p la tin ized  o r p a llad ized  tu n g s te n  carb ide . F o r ex am p le  (see T ab le  I I ) ,  th e  h y ­
d rogen a tio n  o f m aleic  acid proceeded  a t  a ra te  o f 300 cm 3/h o u r on tu n g s te n  
carb ide  co n ta in in g  0 .1 %  p a llad iu m . In  c o n tra s t  w ith  o th e r su p p o rts  to  be

Fig. 1. Effect of p la tinum  powder on cata ly tic  
activ ity  of tungsten  carbide, (a) tungsten  car­
bide; b) tungsten  carbide + 1 %  platinum  

powder

Fig. 2. H ydrogen-uptake of p -nitrophenol in  
2 N  H 2S 0 4 solution a t  80°C, in  presence of 
tungsten  carbide or tungsten carbide con­

tain ing 0.1% palladium

discussed la te r , th e  use of a tu n g s te n  carb id e  su p p o r t in  th e  h y d ro g e n a tio n  
o f doub le-b o n d -co n ta in in g  com pounds w as n o t  accom pan ied  b y  th e  ra p id  
decrease in  a c t iv i ty  o f th e  c a ta ly s t.

The co n d itio n s o f d ep osition  of th e  noble  m e ta l can  affect th e  p ro p e rtie s  
o f th e  c a ta ly s t . In  ou r experience th is  is p r im a rily  to  be observed  in  th e  d e ­
position  o f  p la tin u m . In  th e  case of p a llad iu m  ch lo ride , w hich can  be easily  
reduced  w ith  h y d ro g en  th e  a c tiv ity  o f th e  c a ta ly s t  depends only  s lig h tly  on 
th e  cond itions o f deposition . O u r ex p erim en ts  show ed th a t  a m ore ac tiv e  c a ta ­
ly s t  can  be o b ta in e d  if  th e  so lu tio n  co n ta in in g  th e  nob le  m e ta l is m ixed  w ith  
h y d ro g e n -sa tu ra te d  tu n g s te n  ca rb id e , th a n  if  th e  noble  m e ta l so lu tio n  is ad d ed  
to  th e  p o w d er in  c o n ta c t w ith  th e  a ir  and  red u ced  su b seq u en tly . As show n in 
F ig . 3, a h y d ro g e n -u p ta k e  ra te  o f a b o u t 30 cm 3/h o u r  could  be ach ieved  in  th e  
red u c tio n  o f p -n itro p h e n o l in  th e  presence o f  0 .0 1 %  p la tin u m  in  th e  fo rm er 
case, w hile in  th e  la t te r  case th e  ra te  of a b o u t 12 cm 3/h o u r a tta in e d  w ith  pu re
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tu n g s te n  carb ide  could  be  in creased  on ly  to  20 cm 3/hour. H ow ever, th e  b e s t 
r e s u l t ,  300 cm 3/hour, w as o b ta in e d  b y  ad d in g  th e  ch lo rop la tin ic  ac id  so lu tion  
to  th e  sy s tem  w hen th e  n itro  com pound  w as a lre a d y  p re se n t a n d  i ts  h y d ro g e­
n a t io n  w as u n d e r w ay. As m e n tio n e d  ab o v e , th is  phenom enon  is h a rd ly  observ ­
a b le  w ith  p a llad iu m , th e  d ifferences b e tw een  th e  c a ta ly s ts  p re p a re d  in  v a rious 
w a y s  b a re ly  exceeding th e  d ifferences o f 10 %  o ften  found  even  b e tw een  sam ­
p le s  p re p a re d  in  th e  sam e w ay .

I n  th e  case o f a p a lla d iu m  a d d itiv e  th e  ca ta ly tic  a c tiv ity  o f  tu n g s te n  
c a rb id e  w as stud ied  as a fu n c tio n  of th e  q u a n t i ty  of th e  a d d itiv e . T h e  re su lts

V

Fig. 3. H ydrogenation curve for p-nitro- Fig. 4. E ffect of the am ount of palladium  on 
pheno l in  2 N  H 2S04 solution a t 80°C in th e  th e  ca ta ly tic  activ ity  of tungsten  carbide in  
presence o f tungsten carbide tre a ted  in  dif- th e  hydrogenation of p -nitrophenol in 2 N  

ferent ways H 2S 0 4 solution a t 80°C on 1 g tu n g sten  carbide

a re  d e p ic te d  in  Fig. 4. I t  c a n  be seen t h a t  u p  to  a b o u t 100 p p m  th e  increase 
in  th e  r a te  o f h y d ro g en a tio n  is n o t  to o  s ig n if ican t. A fte r th is  a n  a lm o s t lin ear 
ra n g e  fo llow s, b u t  a t  a p a lla d iu m  c o n te n t o f  1 %  i t  a lread y  ap p ro ach es a lim it­
in g  v a lu e , w hich is p re su m a b ly  co n n ec ted  w ith  th e  tra n s p o r t  o f h y d ro g en  
( th e  d iffu sio n  or ab so rp tio n  lim itin g  ra te  u n d e r  th e  g iven  cond itions).

M etallic conductors as catalyst supports

A  s tu d y  was m ade on th e  c a ta ly tic  p ro p e rtie s  o f sm all a m o u n ts  o f  noble 
m e ta l  d ep o sited  on su p p o rts  o f  v a rio u s ty p e s , in  th e  case of th e  liq u id -p h ase  
h y d ro g e n a tio n  of com pounds red u ced  b y  b o th  ionic an d  rad ica l m echan ism s.

W ith  m etallic  c o n d u c to rs  as c a ta ly s t  su p p o rts  u n d e r th e  g en era lly  a p ­
p lie d  co n d itio n , tw o basic  d ifferences can  arise  com pared  w ith  in su la to rs . F o r
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n o b le -m eta l deposition  as describ ed  above in  th e  case o f m e ta llic a lly  co n d u c t­
in g  su p p o rts , th e  en tire  su rface  is a t  a p p ro x im a te ly  th e  sam e e lec trode  p o te n ­
t ia l ,  w hile for th e  in su la to rs  th is  is n o t so. T h e  o th e r  d ifference m ay  ap p ear 
in  th e  course of th e  h y d ro g e n a tio n , w hen, a lth o u g h  th e  a c tiv a tio n  o f hydrogen  
ta k e s  p lace only  on th e  n o b le -m e ta l su rface , e le c tro n -u p tak e  b y  th e  ionically  
re a c tin g  com pounds can  o ccu r on th e  en tire  su rface , since in  th is  case too  th e  
w hole surface m ay  be fo u n d  to  be a t  ro u g h ly  th e  sam e p o te n tia l.

O ur in v estig a tio n s w ere  s ta r te d  w ith  th e  com m only -used  su p p o rt, th e  
ac tiv e  carbon . T he h y d ro g e n a tio n  o f  th e  n itro  g roup  on  ac tiv e  ca rb o n  co n ta in ­
ing  0 .1 %  p a llad ium  p ro ceed s w ith  a v e ry  h ig h  r a te ,  o f a b o u t 800 cm 3/hour. 
F ro m  th e  am o u n t o f h y d ro g e n  abso rbed  i t  could  be estab lish ed  th a t  on ly  th e  
n itro  group w as red u ced , a n d  n o t th e  a ro m a tic  rin g , or if  th e  la t te rs  w as re ­
d u ced , th e n  th e  re d u c tio n  p roceeded  a t  a ra te  o f a t  le a s t tw o  o rd e rs  low er th a n  
th e  red u c tio n  of th e  n itro  g ro u p . T he h y d ro g e n a tio n  o f u n s a tu ra te d  com pounds 
also ta k e s  place a t  a r e la tiv e ly  h igh  ra te  in itia lly  on th is  c a ta ly s t .  I t  can  be 
seen from  Fig. 5b, t h a t  as th e  reac tio n  progresses th e  r a te  o f  th e  process de­
creases to  ab o u t one fo u r th  o f  th e  in itia l ra te . E x p erien ce  show s t h a t  th e  a c tiv ­
i ty  o f  c a ta ly s ts  co n ta in in g  su ch  a sm all q u a n ti ty  o f  noble  m e ta l is n o t  c o n stan t; 
i t  is affected  co n sid e rab ly  b y  tra c e  c o n ta m in a n ts . I t  ap p ea rs  p ro b ab le  th a t ,  
s im ila rly  to  th e  p h en o m en o n  observed  w ith  tu n g s te n  ox ide , h e re  too  i t  is a 
m a t te r  o f th e  po isoning  o f  th e  sm all a m o u n t o f nob le  m e ta l, an d  th e  g rad u a l 
decrease of its  surface. T h is  is su p p o rted  b y  th e  e x p e rim e n t in  w hich p -n itro - 
ph en o l was added  to  th e  sy s tem  a fte r  th e  re d u c tio n  o f  m ale ic  acid  (Fig. 5c); 
th e  ra te  a tta in e d  on th e  c lean  surface could n o t be ap p ro ach ed  th e n , n o r even 
th e  in itia l ra te  o f re d u c tio n  o f  m aleic acid.

S im ilar ex p e rim en ts  w ere also carried  o u t in  th e  p resence  o f  ca ta ly tica lly  
com plete ly  in ac tiv e  ta n ta lu m  pow der. A lth o u g h  th e  specific  surface o f th is  
su p p o rt was a lm o st fo u r o rd e rs  less th a n  th a t  o f ac tiv e  ca rb o n , th e re  was no 
s ig n ifican t d ifference b e tw e e n  th e  ra te s  o f re d u c tio n  o f th e  n itro  group on th e  
tw o ty p es  o f su p p o rt in  th e  presence o f 0 .1 %  p a llad iu m . T h e  h y d ro g en a tio n  
o f  m aleic acid s im ila rly  p roceeds on a ta n ta lu m -su p p o r te d  c a ta ly s t , and  here 
to o  a considerable r a te  decrease  w as observed  d u rin g  th e  re a c tio n . T he poison­
ing  o f th e  surface is in d ic a te d  b y  th e  fac t t h a t  in  th is  case to o  th e  ra te  of h y d ro ­
g en a tio n  of th e  n itro  c o m p o u n d  added  a fte r  h y d ro g e n a tio n  o f  m aleic acid did 
n o t a t ta in  th e  v a lu e  fo u n d  on  th e  clean surface.

In s u la to r  as a  ca ta ly s t su p p o rt

A120 3 w as used  in  o u r  in v es tig a tio n s ; u n d e r  o th e r  co n d itio n s i t  is fre ­
q u e n tly  used as a s u p p o r t. T he cond itions fo r n o b le -m e ta l d ep osition  were 
e x a c tly  th e  sam e as d esc rib ed  above. T he c a ta ly s t  th u s  o b ta in e d  can  he em ­
p loyed  for th e  h y d ro g e n a tio n  of b o th  n itro  com pounds a n d  u n s a tu ra te d  bonds.
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I t  m a y  b e  seen from  T ab le  I I  th a t ,  s im ilarly  to  th e  p rev io u s o b se rv a tio n s , th e  
r a te  o f  h y d ro g en a tio n  of n itro  co m pounds exceeds th a t  m easu red  for m aleic 
ac id , b u t  a f te r  th e  h y d ro g e n a tio n  o f  an  u n sa tu ra te d  com p o u n d  i t  is no longer 
p o ssib le  to  a tta in  th e  ra te  re fe rr in g  to  th e  clean su rface  in  th is  case e ith e r .

A s reg a rd s th e  ra te  o f h y d ro g e n a tio n , th is  sec tion  also inc ludes tu n g s te n  
o x id e , w h ich  was d e a lt w ith  in  d e ta il  in  th e  p reced ing  p u b lic a tio n . T h is draw s 
a t te n t io n  to  th e  fac t th a t  u n d e r  th e  p re sen t cond itions tu n g s te n  b lu e , w hich 
can  o th e rw ise  be well used  as a n  e lec trode , shows s im ila r p ro p e rtie s  to  in su la ­
to rs ;  th u s ,  i t  is a p p a re n tly  n o t  th e  e lec tric  p ro p ertie s  o f th e  p re p a re d  c a ta ly s t  
w h ich  d e te rm in e  the  ra te  o f th e  reac tio n .

I n  a co m p ara tiv e ly  n a rro w  co n cen tra tio n  in te rv a l, a s tu d y  w as m ade 
o f th e  e ffe c t of the  q u a n tity  o f  p la tin u m  on th e  ra te  o f h y d ro g e n a tio n  on  tu n g ­
s te n  o x id e . T he ex p erim en ta l d a ta  a n d  th e  ra te s  ca lcu la ted  from  th ese  and  
re fe r r in g  to  1 mg p la tin u m  a re  g iven  in  T able  1.

T h e  ra te  values o b ta in e d  in  th e  presence of 1 m g p a llad iu m  a c tiv a to r  
fo r th e  d iffe ren t sup p o rts  a re  lis ted  in  T able I I .

Table I
Effect o f  the amount o f platinum deposited on 1 g tungsten oxide on the rale o f hydrogenation Oj

p-nitrophenol in 2 N  H2SOt at 80 °C

Pt
mg

Rate
n cm3 H2/hour

Rate
n  cm3 H2/hour/ 

mg Pt

0.3 8 27
l 30 30
4 130 32

10 180 18

Table II
In itia l hydrogenation rates, in n  cm3/hour, measured in 2 N  H 2SOt  solution at 80 °C, on 1 g support,

in  the presence o f  1 mg palladium

Support N 02a c= cs N 0 2c

Active carbon 800 180 100
Та 300 60 60
A1,03 60 20 20
wo3 50 20 20
wc 320 300
W ithout support 20 10

° ra te  of hydrogenation of p-nitrophenol 
0 ra te  of hydrogenation of m aleic acid
c ra te  of hydrogenation achieved in the presence of p-nitrophenol. after complete hydro­

genation o f maleic acid.
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Som e su p p lem en tary  h y d ro g en a tio n  experim ents

Hydrogenation on 1 mg pa llad ium , without a support

W ith  th e  a im  to  fa c ilita te  th e  e v a lu a tio n  of th e  p rev ious e x p e rim e n ts , 
i t  ap p ea red  n ecessary  in  th e  in te re s t o f b o th  th e  in te rp re ta tio n  o f th e  d ep o sitio n  
co n d itio n s and  th e  com parison  o f c a ta ly s ts  o b ta in e d  u n d er given e x p e rim e n ta l 
co n d itio n s, to  c a r ry  o u t ex p erim en ts  w ith o u t su p p o rts , w here o n ly  th e  noble 
m e ta l w as p re sen t.

In  th e  p re p a ra tio n  o f th e  c a ta ly s t, 20 cm 3 2 N  H 2S 0 4 so lu tio n  w as s a tu ­
ra te d  w ith  h y d ro g en  a t  80°C in  a h y d ro g e n a tio n  b u lb , and  th e n  a P d C l2 so lu tio n  
(1 cm 3) co n ta in in g  1 m g P d /c m 3 was ad d ed . T h e  c a ta ly s t form ed in it ia lly  f lo a te d  
in  th e  so lu tion  as a fin e  p ow der, b u t  a f te r  one o r tw o m inu tes i t  b ecam e  s a tu ­
ra te d  w ith  h y d ro g en  an d  coag u la ted , an d  th e  b u lk  of i t  s e ttle d  to  th e  b o tto m  
o f th e  bu lb .

O ur ex p erim en ts  show ed (с/. T ab le  I I )  th a t ,  even th o u g h  a t  n o t  to o  high 
a r a te ,  th e  c a ta ly s t  p re p a re d  u n d e r such  co n d itio n s ca ta ly zed  th e  h y d ro g e n ­
a tio n  of b o th  n itro  com pounds an d  co m p o u n d s con ta in ing  a n  u n s a tu ra te d  
b o n d . O n com parison  o f th e  reac tio n  ra te s  w ith  those  m easu red  in  th e  case of 
A120 3 or W 0 3 su p p o rts , th e  d ifferences w ere  n o t considerable, a n d  th u s , as 
re g a rd s  th e  r a te , th is  c a ta ly s t  can  be c lassified  to g e th e r w ith  th o se  c a ta ly s ts  
dep o sited  on th e  in su la to rs .

Experim en ts  with tungsten blue not containing noble metal

Glemser et al. [9] e lab o ra ted  m e th o d s  fo r th e  p re p a ra tio n  o f  h y d ro g en  
tu n g s te n  b ronze w ith o u t th e  use o f noble  m e ta ls . For our p u rp o ses , th e  m ost 
fav o u rab le  of th e se  a p p ea red  to  be th e  one in  w hich tu n g s te n  o x ide  w as re ­
d u ced  w ith  zinc d u s t  in  an  acid so lu tion . I n  th is  case, a t  th e  end  o f  th e  re d u c ­
tio n  th e  residua l r e d u c ta n t  dissolves in  th e  excess acid and  can  p la y  no  p a r t  
a t  a ll la te r  d u rin g  th e  h y d ro g en a tio n  re a c tio n . In  add itio n  to  th e  h y d ro g en  
tu n g s te n  b ronze th u s  fo rm ed , th e  sy s tem  c o n ta in s  only  d issolved zinc  su lfa te , 
w h ich  is p resum ed  n o t to  in te rfe re  in  th e  h y d ro g en a tio n  re a c tio n . A  fu r th e r  
p o ss ib ility  is t h a t  zinc is in co rp o ra ted  in to  th e  tu n g s te n  oxide d u r in g  th e  re ­
d u c tio n , w ith  th e  possib le  fo rm a tio n  o f a b ro n ze , b u t  Glemser et al.  fo u n d  no 
ev idence  for t h a t  in  th e ir  X -ra y  m easu rem en ts .

In  ou r e x p e rim e n t, 1 g tu n g s te n  ox ide  w as suspended in  2 N  H 2S 0 4 in 
a h y d ro g en a tio n  b u lb , an d  1 g zinc d u s t w as ad d ed  a t  80°C. A fte r  one o r tw o 
m in u te s  th e  sy s tem  becam e blue, in d ic a tin g  th e  reduc tion  o f  th e  tu n g s te n  
ox id e . T he com ple tion  o f th e  d isso lu tion  o f  a ll th e  zinc was in d ic a te d  b y  th e  
cessa tio n  of gas ev o lu tio n . p -N itro p h en o l w as th e n  added to  th e  sy s te m . S im i­
la r ly  to  p la tin ized  tu n g s te n  oxide, th e  co lour o f th e  suspension in it ia lly  becam e 
g rey ish -b lue , an d  th e n  g reenish , b u t  in  th is  case hydrogen  u p ta k e  w as n o t
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o b se rv ed . The o x id a tio n  o f  th e  h y d rogen  tu n g s te n  b ronze n o t co n ta in in g  a 
n o b le  m e ta l is fa ir ly  conv in c in g ly  in d ica ted  b y  th e  colour change, a lth o u g h  
co m p le te  o x id a tio n  co u ld  n o t  be ach ieved  ev en  in  fo u r hours. T his cou ld  be 
e s tab lish ed  from  th e  fa c ts  t h a t  th e  suspension  re m a in e d  green, w hile on  a d d i­
t io n  o f  p o tassiu m  d ic h ro m a te  i t  in s ta n ta n e o u s ly  tu rn e d  yellow . H ow ever, 
h y d ro g e n  w as n o t a d so rb e d  in  th e  p resence o f K 2Cr20 7 e ither.

Fig. 5. Dependence of hydrogenation  ra te  on Fig. 6. E ffect of addition of palladium  
th e  am oun t of hydrogen absorbed, on 1 g chloride on rate  of hydrogenation
active  carbon containing 0.1%  palladium , in 
2 N  H 2S 0 4 solution a t 80°C. (ny{.Jns =  moles 
of hydrogen adsorbed/moles o f substance 
tak en .) a) p-nitrophenol; b) m aleic a c id ;c )p - 
n itrophenol after com plete hydrogenation of 

maleic acid

Some examples o f  practica l application

I n  ou r earlier in v e s tig a tio n  [1—4] i t  w as fo u n d  th a t  tu n g s te n  c a rb id e  
is e x ce llen tly  ap p licab le  to  th e  selective re d u c tio n  o f  quinones and  a ro m a tic  
n i tro  com pounds. T h e  r a te  o f  th e  reac tio n  is fa ir ly  low , how ever, an d  th u s  th e  
possib ilities  for p ra c tic a l a p p lica tio n s  are r a th e r  lim ite d . A m ethod  w as ea rlie r 
p re se n te d  w hich w as su ita b le  to  enhance th e  c a ta ly t ic  ac tiv ity . In  th e  fo llow ­
in g  we sha ll illu s tra te  th e  ap p licab ility  of th e  c a ta ly s t  th u s  p repared .

1 g 4 -am in o -3 -n itro b en zo p h en o n e  (4.03 m m ole) was h y d ro g en a ted  a t  
60°C in  a m ix tu re  o f 6 cm 3 2 N  HC1 and  14 cm 3 2 -p ro p an o l. I t  can  be  seen  in  
F ig . 6 th a t  in  th e  p resen ce  o f  1 g tu n g s te n  c a rb id e  th e  in itia l ra te  of th e  re a c ­
t io n  is fa ir ly  low. A fte r  th e  ad d itio n  of a P dC l2 so lu tio n  con ta in ing  1 m g p a lla ­
d iu m  (a fte r  12 m in u te s ) , th e  reac tio n  ra te  in c reases  considerab ly . A fte r  th e  
a b so rp tio n  of ab o u t 280 n  cm 3 hydrogen  (12.5 m m ole) th e  ra te  of th e  re a c tio n  
dec reased  b y  m ore th a n  one o rd er, and  th u s  th e  h y d ro g e n a tio n  can be re g a rd e d
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as com pleted . O n cooling o f  th e  so lu tion  f ilte re d  from  th e  c a ta ly s t , 0.70 g 
p a le -b ro w n  m a te r ia l se p a ra te s ; a f te r  ev ap o ra tio n  o f  th e  m o th e r  liqu id  and  
c ry s ta lliz a tio n  from  2 -p ro p an o l, an  ad d itio n a l 0.23 g o f 3 ,4-di-am inobenzo- 
p h en o n e  m onohy d ro ch lo rid e  can  be o b ta in ed  (y ield : 9 1 % ; m .p . 220°C).

I t  can  be seen from  th e  above  exam ple t h a t  on a  tu n g s te n  carb ide  c a ta ­
ly s t  co n ta in in g  0 .1 %  p a lla d iu m  th e  n itro  group  can  be h y d ro g e n a te d  w ith o u t 
a n  a t ta c k  on th e  oxo g roup  an d  th e  a ro m atic  nu c leu s; in  th is  sense, therefo re , 
th e  se lec tiv ity  is fu r th e r  u p h e ld .

Fig. 7. H ydrogenation of lg 2,6-dinitro-4-ace- 
tato-hydroquinone (4.7 mmole) in  30 cm3 2 N  
HC1 a t  80°C in the presence of 1 g tungsten 
carbide. After 15 m inutes a palladium  chloride 
solution containing 2 mg palladium  was tran s­

ferred into th e  bulb

Fig. 8. H ydrogenation of 1 g 2,5-dimethoxy- 
1,4-benzoquinone in  30 cm 3 75% acetic acid 
at 80°C in the presence of 1 g tungsten car­

bide containing 0.1% platinum

F ig . 7 show s th e  h y d ro g en a tio n  of 2 ,6 -d in itro -4 -a c e ta to -l,4 -h y d ro - 
q u inone  a t 80°C in  2 N  HC1. T he F igure  again  c learly  illu s tra te s  th e  sign ifican t 
r a te  increase acco m p an y in g  th e  a d d itio n  o f p a llad iu m . A fte r  th e  absorp tion  
o f 10 %  of th e  a m o u n t of h y d ro g en  ca lcu la ted  as re q u ire d  fo r com plete  h y d ro ­
g en a tio n , no vo lum e change w as observed , and  th u s  th e  a ro m a tic  nucleus re ­
m ain ed  u n ch an g ed  h ere  to o . C ry sta lliza tio n  a fte r  f i l t ra t io n  o f  th e  c a ta ly s t and  
e v a p o ra tio n  o f th e  so lu tio n  lead s to  pale-b row n, lig h t- an d  a ir-sen sitiv e  crysta ls  
o f 2 ,6 -d iam in o -4 -ace ta to h y d ro q u in o n e  m o n o clilo ro h y d ra te  in  a y ield  of 80%  
(th e  p ro d u c t sub lim es a t  190°C).

F ig . 8 show s th e  ra te  o f h y d ro g en a tio n  o f 2 ,5 -d im eth o x y -l,4 -b en zo - 
qu in o n e  in  75%  ace tic  acid a t  80°C in th e  p resence o f a tu n g s te n  carb ide  c a ta ­
ly s t  co n ta in in g  0 .1 %  p la tin u m , as a fu n c tio n  o f th e  n u m b e r o f m oles of h y d ro ­
gen adsorbed  p e r m ole o f m a te ria l. O n th e  com p le tio n  o f  th e  h y d ro g en a tio n ,
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th e  r a t e  decreases sudden ly  h e re  to o . W ith  e v a p o ra tio n  o f th e  so lu tio n  and  
re c ry s ta l l iz a t io n , 2 ,5 -d im e th o x y h y d ro q u in o n e  (w hich ra p id ly  tu rn s  brow n 
in  th e  a ir )  is ob tained  in  a y ie ld  o f  a b o u t 85%  (m .p . 161°C).

T h e  above exam ples w ere  p re se n te d  to  show  th a t  tu n g s te n  ca rb id e  con­
ta in in g  a sm all am oun t of n o b le  m e ta l p reserves its  se lec tive  c a ta ly tic  p ro p ­
e r tie s , a s  regards th e  a ro m a tic  nucleus and  th e  oxo g ro u p , ca ta ly z in g  only 
th e  h y d ro g e n a tio n  of th e  n i t ro  g ro u p  and quinones. T h is fa c t is also proved  
b y  th e  id e n tif ic a tio n  of th e  p ro d u c t ,  over and  above th e  a m o u n t of hyd rogen  
a b s o rb e d .

Discussion

H ydrog en a tio n  on inactive su p p o rt

T h e  experim en ta l re su lts  in  T ab le  I I  show  t h a t  in  all th e  cases s tu d ied , 
w h en  n o b le  m eta l too w as p re s e n t  in  th e  system  i t  w as possib le  to  h y d ro g en a te  
b o th  c o m p o u n d s  con ta in ing  th e  n itro  group and  co m p o u n d s c o n ta in in g  double 
b o n d s . T h e  hydro g en a tio n  o f  u n s a tu ra te d  com pounds is assu m ed  to  proceed 
o n ly  i f  th e  double bond  is f i r s t  chem isorbed  on th e  su rface . A c tiv a te d  ad so rp ­
tio n  o f  su c h  ty p e  has n o t b een  o b se rv ed  so fa r on th e  su p p o rts  ex am ined .

T h e  presence of a sm all n u m b e r  of ca ta ly tica lly  ac tiv e  sites is ind ica ted  
b y  th e  a g e in g  observed in  th e  h y d ro g e n a tio n  of m aleic  ac id , an d  b y  th e  fac t 
t h a t  in  th e  hyd rogenation  o f  n i t ro  com pounds on such a po isoned  su rface  it 
is n o t  e v e n  possible to  a t ta in  th e  re a c tio n  ra te  found  on th e  p u re  su rface . Since 
b o th  th e  chem isorp tion  o f th e  d o u b le  bond and  th e  su rface  decrease a t  tim es 
c o n n e c te d  w ith  th is can  p r im a r i ly  be conceived on th e  su rface  o f th e  noble 
m e ta l, i t  m a y  be assum ed t h a t ,  a t  le a s t in th e  h y d ro g e n a tio n  o f m aleic acid, 
th e  r e a c t io n  ra te  observed is d u e  com pletely  to  th e  re a c tio n  on th e  surface 
of th e  p la t in u m  or p a llad iu m .

I f  th e  hyd rogenation  r a te s  observed  in  th e  case o f  p a llad iu m  w ith o u t 
a s u p p o r t  are com pared w ith  th e  d a ta  ob ta ined  w ith  a sm all a m o u n t of p a l­
la d iu m  d ep o sited  on an  a lu m in iu m  oxide or tu n g s te n  ox ide  su p p o rt, i t  can  
he seen  t h a t  th e  difference is n o t  to o  sign ifican t, an d  can  easily  be exp la ined  
in t h a t  th e  surface of th e  p a lla d iu m  w ith o u t su p p o rt is so m ew h a t sm aller as 
a r e s u l t  o f  coagulation , an d  th u s  in  th e  case of th e  sam e su rface  th e  sam e ra te  
m a y  a r is e , w hich again s u p p o r ts  th e  above find ing .

F o r  th e  ca ta ly sts  e x a m in e d , w ith  th e  ex cep tion  o f tu n g s te n  carb ide , i t  
w as fo u n d  th a t  the ra te s  of h y d ro g e n a tio n  of n itro  co m p o u n d s a re  a b o u t th ree  
to  fo u r  t im e s  larger th a n  th a t  o f  m ale ic  acid. Since a s im ila r d ifference was also 
o b ta in e d  in  th e  experim en ts w ith  p a llad ium  pow der w ith o u t a su p p o rt, it  
m a y  b e  assum ed  to  a f ir s t  a p p ro x im a tio n  th a t  in  th e  h y d ro g e n a tio n  of n itro  
c o m p o u n d s  th e  reaction  s im ila rly  ta k e s  place on th e  su rface  o f th e  noble m eta l.

A  s ig n ifican t d ifference o f  n e a r ly  one o rder o f m a g n itu d e  w as observed 
in  th e  h y d ro g e n a tio n  of th e  tw o  ty p e s  of com pound, d ep en d in g  on w h e th e r th e
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su p p o rt was e lec trica lly  an  in su la to r  or a co n d u c to r. D iffe ren t, ion ically  re a c t­
ing  com pounds a re  fo u n d  to  un d erg o  red u c tio n  a t  a lm o st th e  sam e ra te  in  th e  
case of a given su p p o r t,  an d  th u s  th e  ra te -d e te rm in in g  s tep  of th e  process is 
to  be  sough t on th e  side  o f th e  hyd ro g en . A dso rbed  h y d ro g en  can  be conceived 
o n ly  on th e  su rface  o f  th e  noble  m e ta l, h o w ever, an d  th u s  th e  o th e r  surface 
p a r ts  o f th e  c a ta ly s t  do n o t p la y  a role in  th e  fo rm a tio n  o f th e  h y d ro g en  ion. 
I t  is in  va in , th e re fo re , fo r a p o te n tia l id en tica l to  t h a t  m easu rab le  on  th e  noble 
m e ta l to  develop on  th e  surface o f th e  e lec trica lly  co n d u c tin g  su p p o rt, an d  it  
is in  v a in  for th e  co m p o u n d  to  he reduced  to  b e  ab le  to  ionize on  th e  w hole 
o f th e  c a ta ly s t su rfa c e , fo r i t  is n o t th e  ra te -d e te rm in in g  s tep  o f th e  reac tio n  
w hich is ‘acce le ra ted ’ in  th is  w ay . A ccord ing ly ,the  cause o f  th e  above-m en tioned  
d ifference m u st be  so u g h t n o t in  th e  elec tric  p ro p e rtie s  o f th e  c a ta ly s t  con­
ta in in g  th e  sm all a m o u n t o f  noble m e ta l, b u t  in  th e  c o n d u c tiv ity  o f th e  original 
su p p o rt.

W e have ex p erien ced  th a t  th e  red u c tio n  o f  th e  noble  m e ta l in th e  ho­
m ogeneous p h ase  is a slow process. T he m e ta l dep o sitio n  can  be  conceived in 
t h a t  th e  m eta l p a r tic le s  sep a ra tin g  in  th e  so lu tio n  s a tu ra te d  w ith  hydrogen  
are  them selves s a tu ra te d  w ith  h y d rogen  re la tiv e ly  qu ick ly , an d  in  th e  v ic in ity  
o f 0 mV th e  e lec tro ch em ica l red u c tio n  of th e  nob le  m e ta l is a lread y  a fa s t 
p rocess. T hus, th e  slow ly  com m encing  d ep osition  o f m e ta l acce lera tes  on m eta l 
su rfaces p resen t o r fo rm in g  in  th e  so lu tion . I f  th e  p o te n tia l o f a ro u n d  0 mV 
develops only on th e  fo rm ing  noble m e ta l in  th e  so lu tio n , th e  fu r th e r  m etal 
deposition  too  w ill ta k e  p lace on these sites. In  c o n tra s t , if  th e  noble m eta l 
sep a ra te s  o u t on  som e m e ta llica lly  co n d u c tin g  su b s ta n c e , th e n  th e  rap id  elec­
tro ch em ica l re d u c tio n  m ay  co n tin u e  on th e  e n tire  su rface  o f th is  p artic le , 
an d  so th e  noble m e ta l  m a y  form  in a su b s ta n tia lly  g re a te r  d isp e rs ity . H ence, 
th e  ra te  d ifference o b se rv ed  for th e  d iffe ren t su p p o rts  m a y  be ascribed  to  th e  
d ifference in th e  su rface  o f th e  noble m eta l.

T he difference b e tw een  th e  c a ta ly s ts  c o n ta in in g  p la tin u m  an d  pallad ium  
can  be exp lained  in  a  sim ilar w ay. The hom ogeneous re d u c tio n  o f  p la tin u m  
in  an  acid so lu tion  is fo u n d  to  be an  essen tia lly  slow process, w hich  m eans th a t  
th e  nucleus fo rm a tio n  is slow. O n a m e ta llica lly  co n d u c tin g  su p p o rt, in th e  
p resence of a re d o x  sy stem  (w hich estab lishes th e  p o te n tia l a t  a va lue  m ore 
n eg a tiv e  th a n  + 1 -2  V , th e  s ta n d a rd  p o te n tia l o f P t /P t2+), th e  m e ta l deposi­
tio n  m ay proceed  on  th e  en tire  surface an d  th e  c a ta ly tic  a c tiv ity  of the  
finely  div ided p la tin u m  th u s  form ed n ea rly  agrees w ith  th a t  observed  for 
pa llad ium .

T he above co n cep tio n  re la tin g  to  m e ta l dep o sitio n  is n o t d irec tly  ap p li­
cable to  th e  e lec trica lly  w ell-conducting  h y d ro g en  tu n g s te n  b ronze , and  in  th e  
case o f tu n g s te n  ca rb id e  to o  i t  is s trik in g  th a t  th e  ra te  o f h y d ro g en a tio n  of 
m aleic  acid agrees w ith  tho se  observed  fo r n itro  com pounds. T hese tw o su p ­
p o rts  are d ea lt w ith  in  th e  follow ing section .
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R e su lts  relating to tungsten oxide

T u n g s te n  oxide is d e a lt  w ith  sep a ra te ly  p rim a rily  b ecause , acco rd in g  to  
H o b b s  a n d  T seung  [10], i t  c a n n o t b e  reg a rd ed  as an  in a c tiv e  su p p o rt. T hey  
in v e s t ig a te d  th e  o x id a tio n  o f  h y d ro g e n  on tu n g s te n  ox ide  e lec trodes c o n ta in ­
in g  v a r io u s  am ounts o f  p la t in u m . T h e y  found th a t  th e  o x id a tio n  o f  h y d ro g en  
c a n  p ro c e e d  p a r tly  b y  th e  ‘n o rm a l’ m echanism :

H 2 +  P t ^ P t 2 ( H ) ads (1)
P t2 (H )ads^ P t  +  2H  + +  2e (2)

a n d  p a r t l y  b y  a ‘b ronze ro u te ’:

P tx ( H ) ads +  W 0 3 ->  H xW 0 3 +  P t  (3)
H xW O s ->  x H +  +  W 0 3 +  xe . (4)

R e fe rr in g  to  B enson et al. [11, 12], th e y  conceive process (3) in  t h a t  th e  h y ­
d ro g e n  a to m s  form ing on th e  p la t in u m  e n te r  th e  tu n g s te n  oxide la t t ic e , w here 
th e y  r a p id ly  a tta in  a u n ifo rm  d is tr ib u tio n .

A  r a te  increase co m p a re d  to  p la tin u m , how ever, o r in  o th e r  w ords an  
a c tiv e  ro le  of th e  su p p o rt, c a n  b e  ex p ec ted  only  if  th e  ra te s  o f re a c tio n s  (3) 
a n d  (4) u n d e r  th e  given c o n d itio n s  are  a t  le a s t co m p arab le  w ith  th o se  o f th e  
p a ra l le l  p rocess (2), an d  if  th e  ra te -d e te rm in in g  s tep  on th e  p la tin u m  is n o t 
th e  d isso c ia tiv e  adso rp tio n  o f  h y d ro g en , b u t  th e  io n iza tio n . R e liab le  ex p e ri­
m e n ta l  d a ta  regard ing  th is  l a t t e r  co n d itio n  are  n o t ava ilab le , an d  u n d e r  such 
c o n d itio n s  th e  adso rp tio n  c a n  genera lly  be reg a rd ed  as ra te -d e te rm in in g , 
in  s p ite  o f  th e  fac t th a t  n e ith e r  p o ss ib ility  can  be excluded .

N ev erth e less , i t  is d iff ic u lt to  conceive th a t  in  th e  g iven  case e ith e r  th e  
so lid -p h a se  reaction  (3), fo llow ed  b y  solid-phase d iffusion , or th e  e lec tro ch em ­
ica l re a c t io n  (4), w ould re su lt  in  a h ig h er ra te  th a n  th a t  o f h y d ro g en  io n iza tio n  
w ith  la rg e  exchange c u rre n t. R e a c tio n  (4) is in  e ffec t a  rev e rs ib le  process, 
since  h y d ro g e n  tu n g sten  b ro n z e  can  also be p rep a red  b y  re d u c tio n  w ith  tin ( I I )  
c h lo r id e , fo r  instance  [9]. S ince  th e  s ta n d a rd  p o te n tia l  o f S n2+/S n 4+ is —(—150 
m V , i t  is obvious th a t  th e  s ta n d a rd  p o te n tia l of th e  red o x  sy stem  H xW 0 3/W 0 3 
is m u c h  m ore  positive th a n  0 m V . T h is is also p ro v ed  b y  th e  fa c t t h a t  in  th e  
p re se n c e  o f  noble m e ta l i t  c a n  also be p rep ared  w ith  h y d ro g en  a t  a p ressu re  
lo w er t h a n  1 a tm  [11]. I f  i t  is  n o t  assum ed  th a t  th e  exchange c u r re n t o f th e  
e q u ilib r iu m  corresponding to  e q u a tio n  (4) is severa l o rders h ig h er th a n  th e  
e x c h a n g e  c u rre n t of h y d ro g e n  on  p la tin u m , th e n  a t  a p o te n tia l  m ore  p ositive  
th a n  0 m V  i t  is inconceivab le  t h a t  th e  ra te  o f re a c tio n  (4) exceeds th e  r a te  of 
r e a c tio n  (2).

T h e  slowness of th e  d iffu s io n  o f hyd ro g en  in  th e  solid p h ase , an d  also 
t h a t  o f  th e  estab lish m en t o f  th e  re d o x  equ ilib riu m  H xW 0 3/W 0 3, a re  show n
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b y  th e  fa c t t h a t  on tu n g s te n  oxide co n ta in in g  noble  m e ta l th e  h y d ro g e n a tio n  
ra te  p ra c tic a lly  agrees w ith  those  found  fo r c a ta ly s ts  deposited  on  in su la to rs . 
T h e  f ir s t  n o b le -m eta l pa rtic le s  se p a ra tin g  fro m  th e  so lu tion  a re  cap ab le  of 
rech arg in g  th e  e n tire  surface o f m e ta llic a lly  co n d u c tin g  su p p o rts  to  a b o u t 
0 m V , even  befo re  m e ta l deposition  can  co n tin u e  on these  few  n uc le i. T his 
m eans t h a t  th e  ch arg ing  of th e  su rface , i.e. th e  p e n e tra tio n  o f th e  h y d ro g en  
a to m  in to  th e  ox ide la ttic e  and  th e  d e v e lo p m en t o f redox  eq u ilib riu m  (4), 
is slow er th a n  th e  r a te  o f nob le -m eta l n uc leus fo rm atio n , w hich h a s  b een  seen 
ab o v e  to  be low er th a n  th e  ra te  o f io n iza tio n  o f  hydrogen .

O n th is  basis , we feel th a t  th e  im p o rta n c e  o f th e  para lle l ro u te  co n sisting  
o f  reac tio n s  (3) a n d  (4) is negligible in  p ra c tic e  in  com parison  w ith  re a c tio n  (2).

T he c a ta ly tic  a c tiv ity  of tu n g s te n  oxide in  th e  presence of a sm all a m o u n t 
o f noble  m e ta l h a s  re c e n tly  been  confirm ed  b y  H o b b s  and  T s e u n g  [10] in 
t h a t  th e  specific  r a te  re fe rred  to  th e  noble  m e ta l decreases h y p e rb o lica lly  a fte r  
a m ax im u m  a t  a p la tin u m  c o n te n t o f a b o u t 0 .4 % . The decrease o f th e  specific 
r a te  in  th is  sense on th e  increase of th e  q u a n t i ty  o f noble m e ta l is w ell know n 
in  th e  l i te ra tu re  on c a ta ly tic  processes, an d  h a s  been  observed  in  cases w hen  
i t  is n o t possib le to  speak  o f th e  ac tiv e  ro le o f  th e  su p p o rt. In  m a n y  in s tan ces  
th e  ex p e rim en ta l cu rves could be w ell ex p la in ed , fo r exam ple b y  th e  geom etrica l 
th eo ry  o f K o b o z je v . In  our ow n e x p e rim e n ts  i t  w ould be so m ew h at a rtific ia l 
to  speak  of a m ax im u m  in connection  w ith  th e  h y d ro g en a tio n  o f  p -n itro p lie n o l 
(T able  I I ) ;  here  i t  is r a th e r  a m a tte r  o f  a c o n s ta n t specific a c tiv ity .

I t  m ay  be  s ta te d  on  th e  basis o f o u r e x am in a tio n s  th a t  tu n g s te n  oxide 
c a n n o t be  reg a rd ed  as an  ac tiv e  su p p o rt in  c a ta ly tic  h y d ro g e n a tio n  in  th e  
p resence  o f a sm all a m o u n t o f nob le  m e ta l (an d  p resu m ab ly  in  th e  io n iza tio n  
o f  h y d ro g en , w hich  com prises th e  ra te -d e te rm in in g  p a r tia l  p rocess o f th is). 
A m ong th e  in ac tiv e  su p p o rts  i t  m a y  be  c lassified  w ith  th e  c a ta ly s ts  dep o sited  
on in su la to rs , since u n d e r th e  co n d itio n s o f deposition  n o t even  its  e lec tric  
co n d u c tiv ity  is su ffic ien t for th e  m e ta l d ep o sitio n  to  tak e  p lace on  th e  en tire  
su rface .

R esults relating to tungsten carbide

In  ou r ea rlie r p a p e r we assum ed  on th e  basis  o f th e  w orks o f  H o b b s  [8] 
an d  Sa n d s t e d e  [13] t h a t  th e  tu n g s te n  oxide fo rm ed  on th e  o x id a tio n  o f h y d ro ­
gen tu n g s te n  b ronze  is id en tica l w ith  th e  assu m ed  oxide w hich, w h en  d ev e lo p ­
ing on th e  su rface  o f tu n g s te n  ca rb id e , gives rise  to  th e  c a ta ly tic  a c t iv i ty  o f 
th e  la t te r .  I t  p ro v ed  in  ou r ex p erim en ts  t h a t  th e  oxide fo rm ing  on  th e  p a r tia l  
or to ta l  o x id a tio n  o f hyd ro g en  tu n g s te n  b ro n ze  p rep ared  w ith o u t n ob le  m e ta l 
is n o t  ab le to  a c tiv a te  m olecular h y d ro g en ; th u s ,  th e  ca ta ly tic  a c t iv i ty  o f  tu n g ­
s ten  carb id e  in  such  a sense c a n n o t be a t t r ib u te d  to  tu n g s te n  ox ides o r tu n g ­
s te n  bronzes fo rm in g  on  its  surface.
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A s can  be seen from  T ab le  I I ,  tu n g s te n  c a rb id e  can be classified  am ong 
th e  e le c tr ic a lly  w ell-conducting  su p p o rts . H o w ev er, in  sp ite  of th e  fa c t th a t  
th e  s u p p o r t  too  is c a ta ly tic a lly  ac tiv e , its  c a ta ly tic  a c tiv ity  is n o t o u ts ta n d in g ly  
h ig h . T h is  fu r th e r  su p p o rts  o u r find ing  th a t  th e  n o b le  m e ta l does n o t  a c tiv a te  
th e  s u p p o r t ;  th e  noble m e ta l is c a ta ly tic a lly  a c tiv e  an d  th e  a c tiv ity  o f th e  
s u p p o r t ,  i f  i t  has an y , is s im p ly  ad d ed  to  t h a t  o f  th e  form er.

E x a m in a tio n  of th e  d a ta  in  T ab le  I I  re v e a ls  t h a t  n itro  com pounds are 
h y d ro g e n a te d  a t  a s ig n ifican tly  h igher ra te  th a n  u n sa tu ra te d  com pounds on 
every  s u p p o r t, w ith  th e  ex cep tio n  o f tu n g s te n  ca rb id e . F o r th e  u n s a tu ra te d  
c o m p o u n d s  th e  h ig h es t ra te  w as a tta in e d  in  fa c t  w ith  tu n g s te n  ca rb id e . T h u s , 
th e  p e c u lia r  case arose th a t  w hile  tu n g s te n  c a rb id e  can  be fav o u rab ly  em ployed  
as a c a ta ly s t  jirim arily  for th e  h y d ro g e n a tio n  o f  n i tro  com pounds, as a su p p o rt 
i t  h a s  a d v a n ta g e s  over o th e r  su p p o rts  in  th e  h y d ro g en a tio n  of u n s a tu ra te d  
c o m p o u n d s . A fu r th e r  a d v a n ta g e  of th is  su p p o rt is th a t ,  as a lready  m en tio n ed , 
th e  r e a c tio n  ra te  decrease g en era lly  observed  as a consequence o f th e  sm all 
n o b le -m e ta l c o n te n t occurs to  th e  low est e x te n t  in  th is  case, and  th u s  a p o s­
s ib ility  a rises for th e  p ra c tic a l u tiliz a tio n  o f th e  c a ta ly s t .

T h e  ex p la n a tio n  of th e  considerab le  r a te s  ach iev ed  for u n s a tu ra te d  com ­
p o u n d s  cou ld  he g iven if  th e  a d so rp tio n  co n d itio n s  on th e  surface o f th e  tu n g ­
s te n  c a rb id e  w ere know n. I t  is conceivable t h a t  u n sa tu ra te d  com pounds are  
a d so rb e d  on  tu n g s te n  ca rb id e , b u t  th a t  th e  s tre n g th  is such th a t  h y d ro g en a tio n  
c a n n o t ta k e  p lace in  th e  absence of noble m e ta l. Som e e x te n t of a d so rp tio n  
of o rg a n ic  m a te ria ls  is in d ic a te d  b y  those  e x p e rim e n ts  in  w hich th e  e le c tro ­
ch em ica l o x id a tio n  o f fo rm ald eh y d e  and  m e th a n o l w as achieved on a tu n g s te n  
c a rb id e  e lec tro d e . I t  m ay  be assum ed  th a t ,  as o b se rv ed  b y  B agotzky et al. [14] 
in  th e  case  o f p la tin ized  p y ro g ra p h ite , th e  nob le  m e ta l deposited  on tu n g s te n  
c a rb id e  chan g es th e  energetic  co n d itions o f th e  su rface  to  such an  e x te n t  th a t  
th e  c o m p o u n d  adso rbed  on th e  tu n g s te n  ca rb id e  w ill undergo  h y d ro g e n a tio n  
too .

A  s tu d y  of th e  a d so rp tio n  p ro p ertie s  of tu n g s te n  carb id e  does n o t  seem  
u n c o n d itio n a lly  necessary  fo r an  in te rp re ta tio n  o f th e  phenom enon . A m ore 
d e ta ile d  e x am in a tio n  o f th is  q u estio n  will be t r e a te d  in  th e  follow ing p u b li­
ca tio n .
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T h e -у— v s . f ~ 112 relationship (where I  is the  disc current of the ro ta ting  ring-disc

electrode, I h th e  lim iting current of th e  in term ediate  measurable a t the ring electrode, 
a n d /  the speed of the electrode) has been rived for anodic m etal dissolution proceeding 
via  the reactions M  M zi -\-zte; M zi ^  M zt  -|- (z2 — z,)e; M  ^  M zt  -(- z2e. The reac­
tion routes are given in the case of w hich th e  relationship obtained is suitable for es­
tablishing th e  m echanism  of the process.

As has been  show n in  our earlie r co m m u n ica tio n s, sh o rt-liv ed  in te rm e  
d ia te s  fo rm ed  in  th e  anod ic  d isso lu tion  o f  m e ta ls  can  he d e tec ted  w ith  th e  aid 
o f  th e  ro ta tin g  ring-d isc  e lectrode [1]. A tte n tio n  has been d raw n  to  th e  p os­
sib ilities p ro v id ed  b y  th is  e lectrode sy s tem  in  th e  s tu d y  o f th e  m echan ism s 
o f  e lectrode process [1, 2].

O n th e  basis  o f  re su lts  o b ta in ed  w ith  th e  ro ta tin g  ring-d isc  e lec tro d e  
D a m ja n o v ic , G e n s h a w  an d  B o c k r is  [3] h a v e  d iscussed  th e  p rocesses

A  - > C  

A  В  

B - + C

( I )

( H )

( I I I )

g iv ing  those  c rite r ia  w hich p e rm it f in d in g  th e  reac tio n  ro u te  th ro u g h  w hich

p ro d u c t C is fo rm ed from  s ta r tin g  m a te r ia l A .  U pon  p lo ttin g  th e  v a lu e  o f  ------
Ih

as a func tion  o f ( " w h e r e  I  is th e  c u r re n t  passing  th ro u g h  th e  d isc , f /( th e

lim iting  c u rre n t m easu red  fo r in te rm e d ia te  В  a t  th e  ring  e lec trode , an d  f  th e  
speed o f ro ta tio n  o f  th e  elec trode), s tr a ig h t  lines are  o b ta in ed  a t  a c o n s ta n t 
d isc  e lectrode p o te n tia l, from  th e  course  a n d  m u tu a l position  o f w h ich  con­
clusions can  be d raw n  on th e  reac tio n  ro u te . T h e  considera tions of th e  a u th o rs  
m en tio n ed  concern  tho se  cases in  w hich  re a c tio n s  (I) — ( I I I )  p roceed  on ly  in 
one d irec tion , ow ing to  th e  large o v erv o ltag e  o f th e  electrode processes.
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A  sim ilar relationship has been found b y  B agotskii, Tarasevitch  and  
F il in o v s k ii [4] for the reduction  o f oxygen  according to  the following schem e:

0 2 ^  H 20 2 - Л  H 20 .  (IV )

T h e  re la tio n sh ip  deduced  p e rm its  also to  d e te rm in e  th e  ra te  co n s ta n ts  o f  th e  
in d iv id u a l  steps.

I n  som e cases th e  c r ite r ia  re le v a n t to  re a c tio n s  (I) — ( I I I )  h av e  b een  a p ­
p lied  w ith o u t  a sound ju s t if ic a t io n  to  th e  an a ly sis  o f  d a ta  o b ta in ed  in  th e  ano d ic  
d is so lu tio n  o f m etals. [5 , 6]

T h ere fo re , our p re se n t w ork  w as u n d e r ta k e n  w ith  th e  aim  to  in v e s tig a te  
th e  c o n d itio n s  u n d er w hich  conclusions can  be  d raw n  from  th e  shape  o f  th e

---- vs . f ~ 112 p lo to n  th e  m ech an ism  of th e  stepw ise  anod ic  d isso lu tion  of m e ta ls .
-*Л
F o r  th e  sake  of s im p lic ity , le t  us assum e t h a t  th e  ion iza tion  of m e ta l M  p ro ­
ceed s in  tw o  steps, i.e. th e  fo llow ing p rocesses m a y  ta k e  p lace:

M  M z+1 +  z t e (V)
kkt

M z+i +  (z2 -  Zi) e (V I)
Kk%

M ^ M z t +  z2e (V II)
kk,

w h e re  M zt  and  M zt  a re  m e ta l  ions w ith  ch a rg e  zx an d  z2, re sp ec tiv e ly , a n d  k ai 
a n d  k kl (i — 1, 2, 3) a re  r a te  c o n s ta n ts  d ep en d in g  on th e  electrode p o te n tia l .

A s can  be seen fro m  th e  schem es w r it te n  fo r reac tio n s (V) — (V II) , i t  
is a s su m e d  in  th is  case t h a t  th e  processes can  p roceed  in  th e  d irec tio n s o f  b o th  
th e  u p p e r  an d  th e  low er a rrow s. T his a s su m p tio n  is ju s tif ied  in  th e  an o d ic  
d is s o lu tio n  of m etals an d  in  th e  n e u tra liz a tio n  o f m e ta l ions, because  th e se  
p ro c e sse s  o ften  p roceed  a t  a  low  o v erv o ltag e . T h is  is a su b s ta n tia l d iffe rence  
as c o m p a re d  to  processes ( I ) —(V I).

I n  o rd e r to  derive  th e  expression  f o r ---- as a fu n c tio n  of f~~112, f i r s t  th e
1 h

p o la r iz a t io n  curve d esc rib in g  processes (Y) — (Y II) m u s t be d e te rm in e d , and  
th e  lim itin g  cu rren t in te rm e d ia te  M zt ,  to  be m easu red  a t  th e  ring  e le c tro d e , 
m u s t  b e  know n.

F o r  th e  s tead y  s ta te ,  w h en  th e  slow  d iffu sion  o f th e  co m p o n en ts  p a r ­
t ic ip a t in g  in  th e  re a c tio n  a ffec ts  also th e  r a te  o f  th e  process, th e  e q u a tio n  o f  
th e  p o la r iz a tio n  curve  can  be  w ritte n  as follow s:

j  =  K t +  K ,  +  K 2 Сю —  kkl c10 —  к кг c20 —  kk3 c20 (1)
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w here  j  is th e  c u r re n t  d en sity  passin g  th ro u g h  th e  d isc  e lectrode, c10 a n d  c„0 
is th e  c o n cen tra tio n  a t  th e  surface o f  th e  d isc  e lec tro d e  o f th e  ions M zi an d  
M zi , respective ly .

A ssum ing t h a t  n o  M zÍ ions are  p re se n t in  th e  h u lk  o f th e  so lu tio n , th e  
lim itin g  c u rre n t ( I h) o f  th e  o x id a tio n  o f th e  M zi ions to  M z2 ions a t  th e  rin g  
e lec trode  is:

I h =  r\ n ( z 2 z1) X 1 iV c10 (2 )

w here  r x is th e  ra d iu s  o f th e  disc e lec trode , X x =  0.62 F D 2'acoll2v 1/e, F  b e in g
2 л

F a ra d a y ’s n u m b e r a n d  D x th e  d iffusion  coeffic ien t o f  th e  M z 1 ion, CO =

/ b e i n g  th e  speed o f  ro ta t io n  of th e  e lec trode , m in -1 , v is th e  k in em atic  v isc o s ity  
o f  th e  solu tion , an d  N  is th e  geom etric  fa c to r  o f  th e  e lec trode .

The u n k n o w n  co n cen tra tio n s  c10 an d  c20 n eed ed  fo r solving th e  ta s k ,  
c a n  be d e te rm in ed  fro m  th e  follow ing re la tio n sh ip s  derived  from  th e  m ass  
b a lan ce , u n d er th e  a ssu m p tio n  th a t  th e  c o n c e n tra tio n  o f  th e  M ions in  th e  
h u lk  of th e  so lu tio n  is also p ra c tic a lly  zero:

cio +
xk2

ZI
hn.

(z2 Zi) (z2 Zi)
C20 —  ■X'i  c

+ v/i 3 2

( 2 2 Zl ) ( Z2 2 l )

10

C20 —  ^ 2  C2(l

(3)

(4)

w here  th e  m ean ing  o f  X 2 is com plete ly  analogous to  t h a t  o f X v
F rom  re la tio n sh ip s  (1) — (4), th e  fo llow ing  ex p ressio n  can  be o b ta in e d

f o r —  ( I  — jn r \)  :
l h

I h  ( z 2 z l ) N z i (z2 z i) x 2 H____^ ___ b —

x 2

x 2 +
Ч 2 +  ■*k3

+
a  2 "b ■ +

'A:i

62
+

Z2(Z2 —  Zl)

+

( 5 )

A s can  be seen, in  th e  genera l case, w hen  th e  p rocess occurs th ro u g h  re a c tio n s

(V) — (V II), —  as a fu n c tio n  o f / -1 /- docs n o t g ive a s tr a ig h t  line, and  n e ith e r  
Ih

ca n  i t  be linearized .
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T h e  conceivable re a c tio n  ro u te s  fo r anod ic  m eta l d isso lu tio n  a n d  th e

p e r t in e n t  re la tio n sh ip s  for —  are  lis te d  in T ab le  I. F o r sim pler t r e a tm e n t ,  th e
Ifi

d iffu s io n  coefficients of th e  ions M z 1 an d  M z2 h av e  been ta k e n  as id e n tic a l in  
th e  ta b le ,  so th a t  X j =  X 2 =  X . T h e  fo llow ing  sym bols h av e  b een  u sed :

_  A .
k ,  -  A '

к
í i - =  В ; * k  2

z í X

kg2

{Zl —  z2) X

(z 2 —  Z j ) X
=  E ;  y  =

=  C ;

1

к к  з

Z „ X
D

(z2 —  zt ) N

A s c a n  b e  seen from  th e  ta b le , w hen  a ll th re e  processes [(V) — (V II)] ta k e  p lace,

th e  p lo t  of-— v s . f ^ 112 gives a s tr a ig h t  line  only in  tw o cases (ad  an d  ag). In  
I  h

b o th  cases , th e  slope an d  th e  in te rc e p t  o f  th e  s tra ig h t lines, d e te rm in e d  a t  
v a r io u s  e lec trode  p o te n tia ls , in crease  w h en  th e  electrode p o te n tia l  becom es 
m o re  p o s itiv e . Case ad  co rresp o n d s to  th e  process described b y  E q . (IV ) [4], 
p ro v id e d  th a t  th e  in te rm e d ia te  does n o t  decom pose sp o n tan eo u sly , w hile case 
n g  h a s  b e e n  discussed b y  D a m j a n o v i c , G e n s h a w  and  B o c k r i s  [3] as a general 
case .

I n  th e  tab le , th e  stepw ise  m ech an ism  is realized  in  th e  p rocesses o f th e  b

series . A s show n by  th e  re la tio n sh ip s  and  as can  he seen from  F ig . 1, t h e ----vs.
1h

y - 1/2 p l0t  does n o t give s tra ig h t  lines in  cases b and  ba b u t  th e  cu rv es  deflec t 
in  th e  d irec tio n  of th e  abscissa . H o w ev er, a t  a su ffic ien tly  h ig h  sp eed  o f th e  
r o ta t in g  e lec trode  an d  a t  a su ffic ie n tly  h ig h  anod ic  p o la riza tio n , an  a p p ro x im a te ­
ly  s t r a ig h t  line is o b ta in e d , an d  th e  s tr a ig h t  lines belonging  to  d iffe re n t p o ­
te n t ia ls  o f  th e  disc e lec tro d e  re a c h  th e  o rd in a te  a t  th e  sam e p o in t (see solid 
c u rv e s  in  F ig . 1). I t  shou ld  be  m e n tio n e d  th a t  w hen th e  p rocess occurs v ia  
re a c tio n s  b and  ba, and w h en , acco rd in g  to  c u rre n t p rac tice  in  th e  l i te ra tu re  
t h e  se c tio n  of th e  cu rve  b e tw een  p o in ts  and  / 2_112 is e x tra p o la te d  as a
s t r a ig h t  line to  th e  o rd in a te  ax is, th e  d ia g ra m  corresponding  to  th e  ad  and  ag 
m e c h a n ism s  is ob ta in ed  (see F ig . 1). T h is m ay  lead  to  erroneous conclusions 
c o n c e rn in g  th e  m echan ism .

I n  cases bb an d  be, th e  p lo t o f ----vs. f ~ 112 gives s tra ig h t lines. T h e  slope
1 h

o f  th e  s tra ig h t  lines belong ing  to  d iffe re n t p o te n tia ls  increases w ith  increasing  
p o te n t ia l  o f th e  disc e lec tro d e , a n d  th e  s tra ig h t  lines reach  th e  o rd in a te  axis 
a t  th e  sam e po in t.

I n  cases bd and  be th e  p lo t o f — vs. f ~ 12 gives a s tra ig h t line p a ra lle l to

th e  ab sc issa ; th e  p o sitio n  o f  th is  lin e  is in d e p e n d e n t of th e  e lec tro d e  p o te n tia l.
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Table I

Processes proceeding 
during anodic dissolution Relationship obtuined for the value of —

Ih

a) M  г  M2Í  +  *i<>
M z i г  М Ч  +  (z ,- z ,)e  

M  ä  M 2Í  4  z„e

I
X +  B +  Я(1 +  1 »

z«E 1 1 (1 4  C 4  D)
In У 1 ( 1  4  c 4  D) 4  —  C 

A  z2

aa) M  —f M 2Í 4  zte
;Vi2r  Ä M 22 г  (z2— *,)e 

ЛГ г  JVf22 +  z2e

I
,  , £ ( i + D )

z2E  1 1 4 C 4 Ű
In v l  +  C +  D  - J - ( *  4 C 4 ö )  +  - CЛ z2

-

ab) M  г  M2Í  +  г,е
M 2i —  M 22 +  (z2—z,)e 
M  ä  M 22 -f- z2e i - A

z„E 4  -4(1 +  В  4  E )  1 
.** +  1 + D  \

ас) M  z z  M2i  4  z,e
M 2i" г  M 22 +  (z2- z , ) e  
M  -»■ M 2t  4- z2e

I
~ r  =  v

к- 1 +  5 4  1 , r  z2E  1 +  C

” + i + c + i ( I + c > + ^

ad ) M  zz  M zt  4  zte
M zt  —  M 22 +  (z2 -s ,)e  
M  - .M Z2 4  z2e

i - A
Z l  + A  + z„ E  +  A (B  4  É )J

ae) M  -► M 2i 4
м г1 zz M 22+ 4  (z2 —z,)e 
4Г — Mz2 4  s2e

I
1 +  c E

z, E  1 4 C
J  — У  
J h "  ' 1 +  c  J J - a  +  Q + i c

Л  Z 0

af) M  M 2Í  2le

M 2/  —► M Z2 —j— (г2—z,)<? 
M  it MZ2 -f- z2e

i = v
r , Z2E  4  A ( \  +  E )  1
Г  +  1 + D  J

ag) M -* M zi 4  z,e
M 2f  -* M 22 4  (z2—z,)e 
M  — M22 4  z2e

(z, +  A )  4  E (z2 4  A )  j
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T ab le  I  co n tin u e d

Processes proceeding 
during anodio dissolution Relationship obtained for the value of-^-

Ih

b )  M s  M zí  4  zte
M zí  s  M z 2  +  (z2 -z ,)e

I  ( zsE  \
h  “ U - +  l  +  c )

Ь а) M  M z l 4- zte
M zÍ  s  M z 2  4- (z2 - z,)e / ,  “ Ф +  i + c )

b b )  M  Ä M zi  4  *!«
M 2i  M z2 4  ( z j -  Z ,)e

- F “ =  У (*1 +  *2#)1h

be) M  M zr  4  zte

M zí  — M z 2  4  (z2— z,)e

I
j h — У (z 1 4- z2-E)

b d )  M  s  M zí  4  z,e

be) M  -*■ M z Í  4  zte
I

— У  zi 
l h

c) M s  M zi  4  zie 
M  s  M z 2  4  z2e

I  Г Ж 1  +  В ) I
y L 1 ' H D  J

ca) M  =£ M zi - f  zxe 

M  —► M 2 2 4- -Z2e
~ ~  =  У [(*1 4  л )  +  4 в ]

cb ) M  — M zi  4  z1e
M  s  M z 2  4  z2e

ее) M  -v  M Zi  4  2l8 

M  — M z 2  4  z2e
4 -  =  y(2i  +  л )
l h

cd ) M  M z 2  4  z2e 
or

M  M z 2  4 - z 3e
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Table I  continued

Processes proceeding 
during anodic dissolution Relationship obtained for the values of -

d) M zt  x  г 
M  x  M

\e  I
h  ~ V zi +

, I E ( l  +  P )
zJE ^  1 +  .7 +  D

1 +  C +  D + ■

L _i

da) M zi ■*- M zt  +  (z2 — z,) e 
M  «  M zi  +  z.e

II

,г ‘ +  ár)

db) M zt  x  M zt  -f- (z2 — z,)e 
M  —■ M zt  + z 2e

II

E
z2E  1 +  1 +  C 

■ + 1 + C +  i c  
*2

dc) M zt  ■*- M zt  -f- (z2 — z t) e 
M  -  м Ч  +  z2e s^

i1" II

- + й )

In  th e  case o f  th e  processes l is te d  in  th e  ta b le  u n d e r  re a c tio n  series c, 
th e  anod ic  process occurs accord ing  to  a so-called p a ra lle l m ech an ism . As can 
be  seen , in  case ca a s tra ig h t line s im ila r  to  those  for ad  o r ag  is o b ta in ed  for

th e  p lo t o f —-v s . In  case cc, th e  p lo t of th is  re la tio n sh ip  g ives a stra ig h t

line p a ra lle l to  th e  absc issa ; th e  p o s itio n  of th is  line d ep en d s o n  th e  p o ten tia l 
o f th e  disc e lectrode.
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R e a c tio n  series d o f  th e  ta b le  rep resen ts a re a c tio n  ty p e , w hich is p ro b ­
a b ly  se ld o m  realized in  p ra c t ic e .  I n  th is case, th e  s ta b le  ion  o f h igher charge 
n u m b e r  is form ed in  one s te p , a n d  th e  ion of low er ch a rg e  n u m b er is p roduced  
b y  th e  re d u c tio n  of th is  io n , i.e . p rocess (V) does n o t  ta k e  p lace . As can be seen,

o f  -—  vs.
h

f 1' 2 g ives in  n o n e  of the  cases a s t r a ig h t  line. H ow ever, w henth e  p lo t

u n d e r  co n d itions da an d  dc
I

th e  va lu e  of y — is p lo tte d  as a fu nc tion Of / + 1 '2 ,

a s t r a ig h t  line is o b ta in ed .
I t  should  be m e n tio n e d  t h a t  in  th e ir  d iscussion  D am janovic , Genshaw  

a n d  B ockris [3] reg a rd ed  case  ag as general, re a c tio n  ro u te s  m ark ed  w ith  be, 
be a n d  cc in  our tab le  b e in g  sp ec ia l cases.

T h u s  i t  can he e s ta b l is h e d  1i s . / -1 '2 re la tio n sh ip  c a n n o t alw ays be used
I h

fo r  th e  in v estig a tio n  o f th e  a n o d ic  d issolution o f m e ta ls  a n d  u n eq u iv o ca l con­
c lu s io n s  on th e  reac tio n  r o u te  c a n  be draw n on ly  in  c e r ta in  cases. In  th o se  
cases  w h e re  th e  e x tra p o la te d  cu rv es  belonging to  d if fe re n t disc e lectrode p o ­
te n t ia ls  do no t in te rsec t th e  o rd in a te  in the  sam e p o in t  conclusions m u s t he 
d ra w n  w ith  extrem e care  (see F ig . 1).
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STEREOCHEMICAL STUDIES, XIX*
CYCLIC AMINOALCOHOLS AND R ELA TED  COM POUNDS, X I* 

INVESTIGATION O F C IS- AND TR^lN S-2-H YD RO X YM ETHY LCY CLO HEX YLA M IN E
BY NMR SPECTROSCOPY**

Zs. MÉHESFALVY-Va JNA, G. B e RNATH*** and P . SOHAR
( Research Institute fo r  Pharmaceutical Chemistry, Budapest and Institute o f Organic Chemistry,

A . József University, Szeged***)

Received December 14, 1973

The NMR spectra  of N-acyl derivatives of cis- and trans-2-hydroxym ethylcyclo- 
hexylam ines were studied to  obtain  inform ation concerning the s truc tu re  of the tra n ­
sition s ta te  of the N  —>- О acyl m igration reaction. The m ost advantageous conformation 
of the bicyclic tran sition  sta te  of the Irans- and cis-isomers has been established. In  the 
trans-isomers the original diequatorial conformation rem ains in tac t on pro tonation , while 
the cyclohexane ring  of the cis-isomers is present probably  in the tw ist form  in which 
the acylamide and the hydroxym ethyl groups are forced into quasi-equatorial position.

W e stu d ied  ea rlie r th e  N —► О acyl m ig ra tio n  in  N -benzoy l d e riv a tiv es  
o f  cis- and  tran s-2 -h y d ro x y m eth y lcy c lo h ex y lam in e  an d  cis- an d  tr<m s-2-am ino- 
in e th y lcy c lo h ex an o l [1 — 3], as well as in  th e  co rrespond ing  cy c lo p en tan e  [4, 5] 
an d  cy c lohep tane  [6] d e riv a tiv e s . In  cyclohexane an d  cy c lo h ep tan e  d e riv a tiv e s , 
th e  irons-isom ers u n d erg o  N  —*■ О acyl m ig ra tio n  fa s te r  th a n  th e  cis-isom ers, 
w hereas for th e  cy c lo h ep tan e  d e riv a tiv es  th e  re a c tio n  ra te  is rev e rsed . The 
re a c tio n  ra te  dep en d s u p o n  th e  s ta b ili ty  of th e  b icyclic  tra n s it io n  s ta te , w hich, 
in  th e  case o f th e  cis- an d  Irtm s-cvclohexane d e riv a tiv e s , resem bles m onoaza- 
m onooxa cis- an d  irons-deca line , respective ly .

Cis- and  íran s-2 -am in o m eth y lcy clo h ex an o l an d  cis- an d  Iran s-2 -h y d ro x y - 
m c th y lcy c lo h ex y lam in e  w ere co n v erted  to  te tra h y d ro o x a z in e s  [7] re la te d  to 
th e  bicyclic  tra n s it io n  s ta te  o f th e  N —v О acy l m ig ra tio n  reac tio n  o f N -benzoyl 
d e riv a tiv e s  of th ese  am inoalcoho ls. IR  an d  N M R  ana lyses o f th e  te tra m e th y -  
len c te trah y d ro -l,3 -o x az in e -2 -o n es  derived  from  th ese  am inoalcoho ls an d  those 
o f th e  re la te d  p e n ta m e th y le n e  analogues derived  from  th e  co rrespond ing  
cy c lo h ep tan e  d e riv a tiv e s  w ere also d iscussed  [8, 9].

T he p re fe rred  co n fo rm atio n s o f th e  above p e rh y d ro h e te ro cy c le s  p roved  
to  he analogous to  th o se  suggested  b y  us fo r th e  m o st p ro b ab le  tra n s it io n  s ta te  
o f th e  acyl m ig ra tio n  reac tio n s . N am ely , th e  c is-d e riv a tiv es  m ay  e x is t in th e  
tr a n s it io n  s ta te s  o f acy l m ig ra tio n s  as well as in th e  above p e rh y d ro h e te ro cy c le s  
in  tw o  co n fo rm atio n s, d iffering  in  th e  equatorial or axia l o r ie n ta tio n  o f th e

* P a rt X V III (X ): B e r n á t h , G., G ö nd ö s, Gy ., Ge b a , L., T ö b ö k , M., K ovács, К ., 
S o h á b , P .: Acta Phys. c t Chem. Szeged, 19, 147 (1973).

** Presented in p a rt a t the X V II. Colloquium Spectroscopicum In ternationale , Firenze, 
Sept. 17, 1973. See: P roceedings, A cta Vol. I I I .  p. 123.

A cta  C h im . ( B u d a p e s t)  8 3 , 1974



160 VÁJNÁ—M ÉH E SFA L V Y  e t al.: STEREOCHEM ICAL STU D IE S, X IX

m e th y le n e  group and of th e  o x y g e n  a tom  (or N H  g ro u p ), re sp ec tiv e ly . O f these  
c o n fo rm a tio n s  those w ith  th e  m e th y len e  g roup  in  equatorial an d  th e  h e te ro  
a to m  in  axia l position  a re  th e  m ore  stab le .

I n  o rder to  get a d e e p e r  in s ig h t in to  th e  fo rm a tio n  o f th e  b icyclic  t r a n ­
s it io n  s ta te  of the  N —> О a c y l m ig ra tio n  re a c tio n , we in v e s tig a te d  th e  N M R  
s p e c tra  o f  th e  N -acyl d e r iv a tiv e s  o f th e  above cyclic  1 ,3 -am inoalcohols. E sp e ­
c ia lly  th e  N M R sp ec tra  o f  th e  N -о-, m- an d  p -m e th y lb e n z o y l d e riv a tiv e s  of 
cis- a n d  trans-2-h y d ro x y m eth y lcy c lo h ex y lam in e  m easu red  in  deu te roch lo ro - 
fo rm  a n d  triflu o ro ace tic  ac id  (T FA ) solutions p ro v ed  to  be h ig h ly  in fo rm ativ e . 
I n  th is  p a p e r these in v e s tig a tio n s  are rep o rted .

I a — с I I  a c

a : о — СНз
b: m —СНз 
c :  - C H 3

T h e  stru c tu res  o f th e  signals co rrespond ing  to  th e  h y d ro x y m e th y l p ro ­
to n s  in  N -о-, N-m- a n d  N -p -m eth y lb en zo y l-c is- a n d  írares-2 -hydroxym ethy l- 
cy c lo h ex y lam in e  ( la  — c, I l a  — c) differ s ig n ifican tly  in  th e  case of th e  cis- and  
tra n s-iso m e rs  in  CDC13 so lu tio n . T he cis-isom ers g ive a d o u b le t, w hereas th e  
co rre sp o n d in g  signal o f th e  trans-isom ers ap p ea rs  as an  AB p a r t  o f one A B X  
m u lt ip le t  (Table). T h is m a y  be  exp lained  b y  th e  a ssu m p tio n  th a t  in  th e  case 
o f  c is-isom ers th e  A B X  sp in  system  of th e  m e th y len e  p ro to n s  an d  th e ir  
a d ja c e n t  ring  h y d ro g en  a p p ro a c h  th e  A2X  p a t te rn .  T he A an d  В p ro to n s  
a re  p ra c tic a lly  isochron ic  (<5A ~  <5B).

T h is  difference is d u e  to  th e  an iso trop ic  e ffec t o f th e  acy lam ido  g roup , 
c a u s in g  an  opposite sh if t o f  th e  tw o m eth y len e  p ro to n s  in  th e  trans-isom ers 
as  co m p ared  w ith  th e  cis-isom ers.

T h e  chem ical sh if t o f  th e  ring  p ro to n  a d ja c e n t to  th e  acy lam ino  group 
d iffe rs  sign ifican tly  in  th e  co rrespond ing  cis- an d  trans-isom ers. F ro m  th is  i t  
c o u ld  he  concluded t h a t  th is  rin g  p ro to n  is a x ia l in  th e  trans-, and  equatorial 
in  th e  cis-isom ers.

T h e  changes of th e  s p e c tru m  p a ra m e te rs  in  T F A  a re  due to  p ro to n a tio n  
o n  th e  n itrogen  a to m , c a u s in g  a d ram a tic  decrease  in  th e  e lec tro n  d e n s ity  of 
th e  a d ja c e n t ring  ca rb o n  a to m . T he signal o f th e  m e th in e  p ro to n  a d ja c e n t to  
th e  n itro g e n  is p a ra m a g n e tic a lly  sh ifted  in  th e  tra n s-isom ers b y  0.7 p p m . T he
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Table
PM R D ata  of compounds l a —c and  H a—c

<5CHj ppm
Ad

<5CH ppm*
AdCompound

CDCl, T F A C D C l, T F A

o rth o  (a) 3.35** 3.9 0.55 4.4 4.6 0.2

m eta  (b) c is  (I) 3.45** 4.0 0.55 4.4 4.6 0.2

p a r a  (c) 3.47** 3.9 0.45 4.4 4.6 0.2

ortho  (a) 3.65 3.25 3.9 0.45 3.8 4.5 0.7

m eta  (b) tr a n s  (II) 3.67 3.33 3.9 0.45 3.8 4.5 0.7

p a r a  (c) 3.70 3.25 4.0 0.50 3.8 4.5 0.7

* Signal of the CH(NHAc) group.
** <5A  ~  dB  (A B X  — ~  А гХ )

/10 =  chemical sh ift difference between CDC13 and TFA  solvents.

su p p o sitio n  th a t  th is  sh if t is caused b y  p ro to n a tio n  is su p p o rte d  b y  th e  fac t 
t h a t  th e  m eth y len e  p ro to n s  o f th e  h y d ro x y m e th y l g roup  are  sim ila rly  sh ifted  
in  b o th  isom ers. T h u s  i t  m ay  be ta k e n  fo r g ra n te d  th a t  in  th e  trans  isom ers 
th e  orig inal diequatorial co n fo rm atio n  rem ain s in ta c t  on p ro to n a tio n . O bv io u s­
ly , th is  co n fo rm atio n  is th e  m o st a d v an tag eo u s  fo r th e  fo rm a tio n  o f th e  bi- 
cyclic  tra n s itio n  s ta te  o f th e  acy l m ig ra tion .

In  th e  cis-isom ers, on  p ro to n a tio n  th e  s igna l o f th e  m etliine  p ro to n  a d ­
ja c e n t  to  th e  n itro g en  is sh ifted  only b y  0.2 p p m .

T his can  he ex p la in ed  b y  a change in  th e  co n fo rm atio n  occu rring  d u rin g  
p ro to n a tio n . A ccord ing ly , th e  ring  p io to n  o rig in a lly  equatorial in  th e  basic 
s ta te , becom es quasi-axia l a n d  m ore shielded in  th e  p ro to n a te d  tra n s it io n  s ta te . 
T h e  re su lt of th is  sh ie ld ing  and  of th e  so m ew h at s tro n g e r desh ie ld ing  caused 
b y  th e  p ro to n a tio n  is a sm all dow nfield sh ift.

The quasi-axia l o r ie n ta tio n  of th e  m e th in e  p ro to n  in  th e  p ro to n a te d  cis- 
isom ers suggests a tw is t  co n fo rm atio n  for th e  cyc lohexane  rin g  due  to  w hich 
th e  acy lam ide an d  th e  h y d ro x y lm e th y l g roup  a re  fo rced  in to  quasi-equatorial 
positio n . N everth e less , th is  a rra n g e m en t is fa v o u ra b le  for th e  N  —у О acyl 
m ig ra tio n  enab ling  th e  fo rm a tio n  of th e  en e rg e tica lly  p re fe rred  ch a ir con­
fo rm a tio n  of th e  second r in g  o f th e  h y p o th e tic a l in te rm ed ie r.

O f th e  four m o st p ro b ab le  conform ers I l i a —d, I llb  an d  H id  p ro b a b ly  
do n o t p la y  an  im p o r ta n t  ro le  in  th e  con fo rm er d is tr ib u tio n  o f th e  tra n s itio n  
s ta te  because of th e  a x ia l o r ie n ta tio n  of th e  p h e n y l g roup . M oreover, even  th e  
tw o  d iastereom ers I l ia  an d  II Ic  are en e rg e tica lly  d iffe ren t; accord ing ly , I l ia  
c an  he ta k e n  as th e  p re fe rred  co n fo rm ation . I n  th is  s te ric  a rra n g e m en t only
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one h y d ro g e n  and  one h y d ro x y l g roup  is in v o lved  in  a 1,3-d iaxia l in te ra c tio n , 
w h e reas  in  II Ic  th e  h y d ro x y l g roup  an d  a C-C  bo n d  are s itu a te d  d iax ia lly .

OH

T h e  fo rm ation  o f t r a n s i t io n  s ta te  I l i a  o f th e  acy l m ig ra tio n  re a c tio n  is 
in  a c c o rd a n ce  w ith  th e  c o n fo rm a tio n  deduced  from  th e  N M R  sp e c tra  o f th e  
u n p ro to n a te d  N -acyl d e r iv a tiv e s . N am ely , as show n above, in  c is-N -acy l de­
r iv a t iv e s  th e  h y d ro x y m e th y l g ro u p  is equatorial, w hile th e  acy lam in o  group 
is a x ia l.  A fte r p ro to n a tio n , as th e  cy clohexane rin g  tak es  u p  th e  tw is t  form , 
an  e v e n  m ore  favourab le  c o n d itio n  fo r th e  fo rm a tio n  of th e  b icyclic  tra n s it io n  
s ta te  is o b ta ined .

S um m ing  up , i t  can  be s ta te d  th a t  th e se  in v es tig a tio n s  su p p o rt th e  con­
fo rm a tio n  deduced earlie r fo r  th e  b icyclic  tr a n s it io n  s ta te  o f th e  N  —*■ О acyl 
m ig ra t io n  reaction  of c is -d e riv a tiv e s , w hich is also analogous w ith  t h a t  found 
in  th e  case  of the  re la te d  p e rh y d ro o x az in es  an d  p e rh y d ro o x az in o n es . I t  can  be 
c o n c lu d e d  th a t  on p ro to n a tio n  th e  u n fav o u rab le  s te ric  in te ra c tio n s  ap p earin g  
in  th e  fo rm a tio n  of th e  b icy c lic  tra n s itio n  s ta te  are  fu r th e r  d im in ish ed  b y  th e  
m o re  ad v an tag eo u s  tw is t c h a ir  fo rm  o f th e  cy clohexane ring .
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The anodic dissolution of copper has been studied in acetic acid solutions contain­
ing LiCl. I t  has been established th a t  copper is oxidized practically  only to  Cu(I), and 
th e  transfer and diffusion overvoltages are comparable. Cu(I) ions form  chloride com­
plexes of the type  CuClr. Calculation of th e  transfer coefficient gave a va lue  of 0.65 ±  
0.05.

In  our p rev ious co m m u n ica tio n  [1], th e  anodic d isso lu tion  o f  copper has 
b een  s tu d ied  in  ace tic  acid an d  in  ace tic  ac id—w ate r m ix tu re s  c o n ta in in g  p e r­
c h lo ra te  ions. I t  h a s  been  e stab lish ed  th a t  th e  ra te -d e te rm in in g  s te p  o f  m e ta l 
d isso lu tio n  in  a n h y d ro u s  ace tic  acid  so lu tions is th e  d iffusion  o f  C u + ions. 
H o w ev er, in  aqueous acetic  acid  th e  r a te  o f fu r th e r  o x id a tio n  o f  Cu + ions a t 
th e  e lec trode  p lay s also  a considerab le  ro le  in  ad d itio n  to  th e  d iffu sion  o f  Cu + 
ions.

In  th is  com m u n ica tio n  we re p o r t  on in v estiga tions of th e  an o d ic  d isso lu ­
tio n  o f  copper in  ace tic  acid so lu tions co n ta in in g  ch lo ride .

R esu lts  an d  discussion

T he ex p e rim en ta l eq u ip m en t an d  th e  p re p a ra tio n  of th e  e lec tro d e  were 
th e  sam e as described  earlie r [1]. LiCl o f a n a ly tic a l grade used  in  th e  m easu re ­
m e n ts  w as dried  a t  160°C, an d  th e  re s id u a l w a te r co n te n t w as d e te rm in e d  by  
p re p a rin g  a stock  so lu tio n  in  m e th a n o l. T he so lven t was d rie d  in  th e  usual 
w ay  [2]. T he acetic  acid calom el e lec tro d e  described  in  o u r e a rlie r  co m m u n i­
c a tio n s  w as used  as reference  e lec trode  [2]. T he ex perim en ts w ere ca rried  ou t 
a t  room  te m p e ra tu re  u n d e r oxygen-free n itrogen .

In  p re lim in ary  ex p erim en ts , th e  a p p a re n t  charge n u m b er o f  c o p p e r  (Ne) 
in  a 0.5 m ol/dm 3 so lu tio n  o f LiCl in  ace tic  acid  has been d e te rm in e d . T h e  v alue  
o f  N e 1 is in d ic a tiv e  o f th e  fa c t t h a t  in  th e  anodic d isso lu tio n  copper is 
ox id ized  only to  C u(I), s im ilarly  to  th e  ex p erim en ta l resu lts  o b ta in e d  in  p e r­
ch lo ric  acid so lu tio n .

F ig . 1 show s th e  g a lv a n o s ta tic  cu rves (<p—lg j ) ,  d e te rm in e d  fo r th e  
co p p er ro ta tin g  disc e lec trode  a t  th re e  d iffe ren t speeds o f ro ta t io n  o f  th e  elec­
tro d e . As com pared  to  curves reco rd ed  in  pe rch lo ra te  m edia  th e  p o la riza tio n
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cu rves a re  sh ifted  co n sid e rab ly  in  th e  n eg a tiv e  d ire c tio n  and  m oreover, th e  
<p—lgjr fu n c tio n  is n o t  a  s tra ig h t  line. T hough  p o la r iz a tio n  curves are  sh ifted  
w ith  in c rea s in g  speed  o f  ro ta t io n  o f th e  e lec trode  to w a rd s  m ore n eg a tiv e  p o ­
te n tia ls , on  p lo ttin g  t h e j  — f 112 fu n c tio n  no s tr a ig h t  line  is o b ta ined . T he a n a ­
lysis  o f th e se  d a ta  in  c o m b in a tio n  w ith  th e  fin d in g  t h a t  th e  a p p a re n t v a len cy  
o f co p p e r in  LiCl so lu tio n  is <~1, p e rm its  th e  conclusion  th a t  copper is oxidized

Fig. 1. R elationship betw een the po ten tia l of 
the ro ta tin g  disc electrode and the logarithm  
of th e  anodic current density  in  0.5 mol/dm 3 
LiCl solu tion  in  acetic acid. Speed of ro tation  
of th t electrode: 1. / =  160 m in -1 ; 2. f  =  

=  610 m in -1 ; 3• f  =  3070 m in -1

Fig. 2. L im iting  oxidation current m easurable 
a t the  ring electrode as a function of the ano­
dic cu rren t m easured a t  the disc electrode in 
0.5 m ol/dm 3 LiCl solution in acetic acid. 
Speed of ro ta tio n  of the electrode: +  /  =  
=  160 m in -1 ; X / =  610 m in-1 ; О / =  3070 

m in -1

in  th is  so lu tio n  p ra c tic a lly  to  C u(I), and  th e  tra n s fe r  an d  diffusion overvo ltages 
are  co m p arab le . T h e  conclusion  th a t  only Cu(I) ions a re  fo rm ed  in  th e  so lu tio n  

is su p p o rte d  also b y  m e a su re m e n ts  w ith  th e  ro ta t in g  ring-d isc  electrode. A c­
co rd ing  to  d a ta  show n in  P ig . 2, th e  lim iting  c u r re n t  o f th e  Cu(I) ions, fo rm ed  
b y  th e  ano d ic  d isso lu tio n  of th e  copper disc, w h ich  can  be m easured  a t  th e  rin g , 
is in d e p e n d e n t o f th e  speed  o f  ro ta tio n  of th e  e lec tro d e  an d  is p ro p o rtio n a l to  
th e  c u r re n t  passin g  th ro u g h  th e  disc [3, 5].

T h e  genera l re la tio n sh ip  describ ing th e  p o la r iz a tio n  curve  for a tw o -step  
p rocess, w hen  th e  c o n c e n tra tio n  of th e  ions p a r tic ip a tin g  in  th e  reac tio n  is zero 
in  th e  b u lk  of th e  so lu tio n  [3] is

X i

j  =  k t

2 k a2

1 +  Ы -
X 2

ai k
X 1 +  k kl +  - 02

l  +  ^s-
X,

( 1 )
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w here  k a , кA,_ каг an d  к кг a re  th e  r a te  c o n s ta n ts  o f th e  co rresp o n d in g  processes, 
d ep en d in g  on th e  e lec tro d e  p o te n tia l. In  th e  case of th e  ro ta t in g  disc electrode 
X j  an d  X 2 m ean  th e  fo llow ing e x p re ss io n :

X t =  0.62 FD ?l3 v - ll6 (o1,2 i  =  1, 2 (2)

w here  F  is F a ra d a y ’s n u m b e r, D ( is th e  d iffusion  coeffic ien t o f  C u + an d  C u2 +
2л

ions, re sp ec tiv e ly , со is th e  an g u la r v e lo c ity  o f th e  ro ta tin g  e lec tro d e , со = ---- / ,
60

i f f  is th e  speed o f ro ta t io n  in  m in  ',  an d  v is th e  k in em atic  v isc o s ity  o f th e  so­
lu tio n .

A ccording to  th e  ab o v e , in  th e  p re se n t case th e  r a te  c o n s ta n ts  of Cu(I) 
fo rm a tio n  and  re d u c tio n  (kai an d  k k)  are  com parab le  w ith  re sp e c t to  th e ir  
o rd e r o f m ag n itu d e  w ith  th e  ‘ra te  c o n s ta n t’ of th e  d iffu sion  o f  th e  com plex 
co n ta in in g  th e  C u(I) ions (X j) an d , as com pared  to  th ese  q u a n ti t ie s , th e  ra te  
c o n s ta n t of th e  o x id a tio n  o f Cu(I) to  C u(II) (kaf  is neg lig ib le . T h u s , th e  fol­
low ing  cond ition  is fu lfilled :

kai ^  ^ki ^  ■X'l ^  kai . (3 )

W ith  th is  cond itio n , re la tio n sh ip  (1) can  be w ritte n  in th e  fo llow ing fo rm :

1   1 !
j  К  kai -̂ -1

(4)

or u n d e r  co n sid e ra tio n  o f th e  dependence  o f ka_ and  k ki on th e  e lec trode  po ­
te n tia l  (3):

oq Fcp 

R T
+  M J _ exp

K i X x
(5)

w here  ka', and  k k ar e r a te  c o n s ta n ts  in d e p e n d e n t of th e  e lec tro d e  p o ten tia l.
T h u s , w hen  co n d itio n  [3] is fu lfilled , j _1 is a lin ea r fu n c tio n  of / _1/2. 

T h e  p lo t o f ji-1 vs. f ~ 113 is show n in  F ig . 3 fo r a c o n s ta n t p o te n tia l .  T he p lo t 
is a c tu a lly  a s tra ig h t lin e , w hich  su p p o rts  th e  co rrec tness o f  a ssu m p tio n  [3].

I f  th e  d iffusion  te rm  is e lim in a ted  from  re la tio n sh ip  [5], th e  d e te rm in a ­
tio n  o f  th e  v alue  o f a x becom es possib le . J ohn an d  V ielstich  [4] used  th is 
m e th o d  in  th e  case o f  th e  red o x  sy stem  F e3+/F e 2+ fo r th e  d e te rm in a tio n  of 
th e  tra n s fe r  coeffic ien t.

F o r th e  case o f-— - =  0 re la tio n sh ip  [5] can  he w ritte n  in  th e  following 
X i

fo rm :

Jo =  K i  exp
a j Fcp 

R T
(6)
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I f  th e  <p—lg j ’o re la tionsh ip  is  p lo t te d  on th e  basis  o f  th e  j 0 1 va lu es  belonging  

t o ------=  0, th e  value o f ж1 c a n  b e  ca lcu la ted  from  th e  slope o f th e  s tra ig h t line.
■^l

T h e  cp—l g j ’o p lo t is show n in  F ig . 4. The value o f  <x1 c a lcu la ted  on th e  basis 
o f th e s e  d a ta  is 0.65 +  0.05.

I t  c a n  he estab lished  o n  th e  basis o f these  d a ta  t h a t  in  th e  anod ic  d is­
s o lu tio n  o f  copper in  ace tic  a c id  so lu tion  c o n ta in in g  L iC l, on ly  Cu(I) ions are

Fig. 3. T he  relationship j ~ 1 — _f-1 / 2 in  0.5 
m ol/dm 3 LiCl solution in acetic acid  a t  con­
s ta n t po ten tia l. 1. q> — — 230 m V ; 2. q> — 
— 215 m V ; 3. =  —200 mV; 4. <p =  —185 mV

Fig. 4. The relationship  <p— l g j 0 in 0.5 
mol/dm3 LiCl solution in  acetic acid j 0 is the 

current density  belonging t o / _1'2 =  0

fo rm e d  b u t ,  in c o n tra s t to  re s u lts  ob tained  in ace tic  acid  so lu tion  con ta in in g  
p e rc h lo ra te  ions, in  LiCl th e  d iffu s io n  and  tra n sfe r  o v erv o ltag es  are com parab le .

I t  is know n from  o u r e a r lie r  investig a tio n s [5] as w ell as from  o th e r 
so u rc e s  [6, 7] th a t  in  aq u eo u s c h lo rid e  solutions c o p p e r(I)  com plexes are  fo rm ed , 
a n d  th e  p o te n tia l of th e  c o p p e r  e lectrode is d e te rm in ed  b y  th e  co n cen tra tio n  
o f  th e s e  com plexes. In  th e  g e n e ra l cases, th e  p o te n tia l  o f  th e  m e ta l e lectrode 
in  th e  presence  of a co m p lex in g  ag en t is [8]

<p =  у 0' +  —  (7)
z F  c4

w h e re  cp0’ is th e  form al p o te n t ia l  o f  th e  e lectrode, cx is th e  in itia l co n cen tra tio n  
o f  th e  lig a n d , cMz+ is th e  m e ta l  io n  co n cen tra tio n  o f  th e  so lu tio n , n  is th e  coo r­
d in a t io n  nu m b er, and  th e  c o n d itio n s  are fu lfilled  t h a t  cx cMz+, an d  p re d o m ­
in a n t ly  o n ly  com plexes o f l ig a n d  n u m b er n are fo rm ed .
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F rom  E q . [7], th e  coo rd ina tion  n u m b e r o f  th e  ion or n e u tra l m olecu le  
b o u n d  in  th e  co m p lex  can  be de te rm ined . U sing  th is  eq u a tio n , i t  w as o u r o b je c t 
to  d e te rm in e  th e  n u m b e r  o f chloride ion b o u n d  in  th e  com plex  in  ace tic  acid  
m ed ium . W ith  th is  a im , i t  was f irs t in v e s tig a te d , w h e th e r th e  N e rn s t r e la t io n ­
sh ip  is va lid . A t a re la tiv e ly  high foreign  io n  c o n c e n tra tio n  (0.2 m o l d m -3  
LiC104) and  a t  a c o n s ta n t chloride ion  c o n c e n tra tio n  (0.3 m ol d m “ 3 LiC l),

Fig. 5. The relationship  (p — lg ccu+ in 0.3 
mol/dm3 LiCl -f- 0.2 m ol/dm 3 LiCIO, solution 

in  acetic acid

Fig. 6. The relationship q> — lg rci— in  rx  
m ol/dm 3 LiCl +  (0.5 — x) mol/dm3 LiCIO,, so­
lu tion  in  acetic acid a t constant Cu+ ion  con­

cen tration . Ccu+ =  2 x l 0 -4 m ol/dm 3

th e  re la tio n sh ip  cp vs. lg cCu+ has been  d e te rm in e d , changing th e  CuCl con­
c e n tra tio n  in  th e  reg io n  from  10“ 5 to  6 x l 0 —4 m o l d m -3 . T he re su lts  o f  th e se  
m easu rem en ts  a re  show n in Fig. 5. As can  be  seen, N e rn s t’s re la tio n sh ip  is 
fu lfilled , th e  slope o f  th e  s tra ig h t line being  59 m V  p e r decade.

F o r th e  d e te rm in a tio n  of th e  c o o rd in a tio n  n u m b er, a c o n c e n tra tio n  o f 
2 X 10 _4 m ol d m -3  w as selected  for C u(I), w hile  th e  chloride ion c o n c e n tra tio n  
w as changed  b e tw e e n  0.025 and 0.3 m ol d m -3 , an d  re la tionsh ip  cp — lg  ccl_ 
w as d e te rm in ed  a t  c o n s ta n t ionic s tre n g th . A s c a n  he seen from  F ig . 6, th e  
slope o f th e  s t r a ig h t  line is 114 mV p e r d ecad e , i.e. n  =  2. A ccord ing ly , C u(I) 
ion  form s ch lo ride  com plexes of th e  ty p e  CuCl^~.
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Various norm a] and cyclic alkenes w ith  different molecular sizes were irrad ia ted  
in liquid phase w ith  a eoCo y-radiation source. On the basis of the yields of С,-С5 frag­
m ents it has been concluded th a t in spite of th e  very  high prim ary energy, the  prim ary 
decomposition of th e  molecules occurs a t  bonds which are loosened. Owing to  the de- 
localization of я  electrons in the alkenes, cr-bonds in /(-position have th e  sm allest energy 
of dissociation, how ever, o ther effects such as chain ends or unpaired  electrons of free 
radicals, as well as th e  strain  energy of th e  molecula m ay also influence the product 
composition.

Introduction

D ehydiogc n a tio n  o f  alkenes u n d e r  ir ra d ia tio n  was tre a te d  in  o u r prev ious 
p a p e rs  [1, 2] an d  я -bonds w ere e stab lish ed  to  p lay  a p re d o m in a n t ro le in  de­
te rm in in g  h y d ro g en  y ie ld s. In  ad d itio n  to  hyd ro g en  y ields u su a lly  sm alle r b y  
an  o rd e r of a lk an es, p re fe rred  sp littin g  o f  in d iv id u a l С—H  b o n d s  is observed: 
in  genera l, h y d ro g en  a to m s in  allylic p o sitio n s sp lit off w ith  h ig h e r p ro b ab ilitie s  
th a n  o thers. A s tro n g  a n t ib a t  co rre la tio n  is observed  be tw een  th e  p ro b a b ility  
o f  h y d ro g en  rem o v a l an d  th e  bo n d  d isso c ia tio n  energy

T his p ap e r deals w ith  th e  rad io ly sis  o f  u n b ran ch ed  a lip h a tic  an d  cyclic 
C5—С]о alkenes, t h a t  is w ith  th e  in flu en ce  o f я -bonds on th e  p o s itio n  o f de­
com position .

1. Literature survey

In  com parison  w ith  th e  l i te ra tu re  on rad ia tio n -in d u ced  p o ly m eriza tio n , 
few  p ap ers  deal w ith  th e  fra g m e n ta tio n  o f a lkenes. This m ay  be  a t t r ib u te d  to  
th e  g rea t n u m b er o f frag m en ts  as w ell as tq  exp erim en ta l d ifficu lties  due  to  
th e  v e ry  low y ie ld s — an d , la s t b u t  n o t  le a s t , to  the  fa c t t h a t  p o ly m eriza tio n  
is a m uch  m ore im p o r ta n t  process in  p ra c tic e .

O f open ch a in  alkenes, th e  rad io ly sis  o f p ropene w as s tu d ie d  b y  W a g n e r

[3] b u t  only  th e  y ie ld s  o f  p ro d u c ts  h ig h e r th a n  C3 w ere e v a lu a te d , re-butenes 
w ere in v es tig a ted  b y  K a u f m a n  [4] b o th  in  th e  gas and  liqu id  p h ases ; a lthough  
m o re  a tte n tio n  w as p a id  to  p ro d u c ts  o f h ig h e r m olecular w e ig h t, th e  G -values

* Ref. [2] is regarded as P a r t I of the series.
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of f ra g m e n ta tio n  p ro d u c ts  w ere  found  to  be m u ch  h ig h e r w ith  the  ir ra d ia tio n  
c a rr ie d  o u t in  th e  gas p h a se . T hough  no conclusions h a v e  been d raw n  b y  th e  
a u th o r  on  th e  m echan ism  o f f ra g m e n t fo rm atio n , th e  im p o rtan ce  of ion-m olecule 
co m b in a tio n  in  th e  fo rm a tio n  of h igher m o lecu la r w e ig h t p ro d u c ts  h a s  been  
p o in te d  o u t. R ad io lysis o f  c is-2 -bu tenc  was in v e s tig a te d  b y  H atano et al. [5] 
in  th e  liq u id  phase. T h e ir  re su lts  differ co n sid e rab ly  from  those of K aufm an  
(T ab le  I ) ;  according to  th e ir  ex perim en ts in  th e  p resen ce  of add itives, th e  p ro d -

ТаЫе I

Fragmentation products o f the radiolysis o f  liquid cis-2-butene [4, 5]

Product
G(molecule/100 eV)

Ref. [5] Ref. [4]

M ethane 0.21 0.13
E th an e 0.03 0.09
E th y len e 0.08 0.26
A cetylene 0.11 0.26
P ropane - 0.22
Propene 0.13 0.26

u c ts  w ere form ed p a r t ly  b y  rad ica l and p a r t ly  b y  m o lecu lar m echanism s. No 
in te rp re ta t io n  has b een  g iv en  fo r th e  fac t of w h y  th e  carbon  skele ton  sp lits  
a t  p a r t ic u la r  positions. T h e  d im eric  p ro d u c ts  fo rm ed  d u rin g  rad io lysis o f  1- 
p e n te n e  w ere d e te rm in ed  b y  W agner [6] in  th e  p resence  of various ad d itiv e s  
b u t  no  d a ta  on th e  fra g m e n ts  w ere rep o rted . T h e  ra d ia tio n  chem istry  o f n- 
h ex en es  w as in v es tig a ted  b y  Chang  et al. [7], B rash  an d  Golub [8] an d  th a t  
o f 1 -octene  b y  K ourim [9]. T hese in v estig a tio n s in c lu d ed  th e  d e te rm in a tio n  
o f G (H )2 as well as y ie ld s  o f  d im ers  an d  te lom ers. O f h ig h e r n-alltenes, Co llin- 
son  an d  cow orkers s tu d ie d  th e  rad io lysis o f  1 -hexadecene [10]. T h ey  h a v e  
d ra w n  conclusions on th e  m ech an ism  of H„ fo rm a tio n  an d  po lym eriza tio n  a n d , 
in  a d d itio n , rep o rted  d a ta  on  th e  overall y ields o f som e lig h t h y d ro c a rb o n  
f ra g m e n ts .

O f cyclic m onoalkenes, cyclohexene w as s tu d ie d  in  d e ta il by  F reem an  
[11], w ith  considerable a t te n t io n  to  p ro d u c ts  o f h ig h e r y ields and  of h ig h er 
m o lecu la r w eight. In d iv id u a l y ields of m e th an e  an d  e th y len e  and  th e  o v era ll 
y ie ld  o f th e  C4 frac tio n  w ere d e te rm in ed . E th y le n e  w as found  to  have th e  h ig h ­
e s t y ie ld .

F reeman  assum es tw o kinds of decom position, nam ely:

CaH.t +  С Д

( la )

( lb )
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W e have  n o t fo u n d  a n y  in fo rm atio n  a b o u t th e  rad io ly sis  o f  cyclic mo- 
n o a lk en es of h igher m o lecu la r w eigh t.

2. E xperim en ta l

E xperim ents were carried o u t according to a technique described earlier [2]. H ydrocar­
bons to  be irradiated  were supplied by  FLU K A ; their pu rity  was, as a ru le, 98 — 99% . Cyclo- 
decene was synthesized in  th is In s titu te . All hydrocarbons were purified prior to  irradiation. 
Irrad ia tio n s took place a t  room  tem peratu re , using a 80 000 Ci nom inal ac tiv ity  60Co y-radiation 
source, w ith  a dose ra te  of 3 — 5 m 2 s -3 (1.0 —1.5 M rad h -1); th e  to ta l doses were as high as 
4 — 8 101 m 2 s-2 (4—8 Mrad). F ragm en ta tion  products were analyzed b y  gas chrom atography.

3. R esu lts  and  discussion

D iffe ren t no rm al te rm in a l an d  in te rn a l alkenes as w ell as cycloalkenes 
o f d iffe ren t ring  sizes w ith o u t side chains w ere ir ra d ia te d . T h e  yields 
o b ta in e d  are  lis ted  in  T ab les  I I  — IY . T he values g iven  are  av e rag es o f a t  least 
th re e  p a ra lle l ex p erim en ts . I n  a ll cases, m ore frag m en ts  w ere o bserved  th a n  
th o se  show n in th e  T ab les; h ow ever, th e  p ro d u c ts  w hose y ie ld s  w ere too  low 
to  p e rm it an  accu ra te  d e te rm in a tio n  were o m itted .

3.1. Open chain alkenes

3.1.1. n - H e x e n e  i s o m e r s

T ab le  I I  co n ta in s  d a ta  fo r lig h t h y d ro carb o n s p ro d u ced  from  differen t 
n -h ex en es.

T h e  y ield  of m e th an e  increases s ign ifican tly  w ith  th e  sh if t o f th e  я -bond 
to w a rd s  th e  m iddle  of th e  ch a in . A sim ilar v a r ia tio n  o f th e  h y d ro g e n  yield  was 
o b serv ed  in  ou r p rev ious w ork  [2]. A ssum ing th a t  m e th a n e  is p r im a rily  p ro ­
d uced  from  m e th y l g roups o f  th e  m olecule, th e  increase  o f m e th a n e  y ield  from  
in te rn a l hexenes m ay  be a t t r ib u te d  to  th e  re la tiv e  p o sitio n  o f th e  m e th y l groups 
an d  th e  я -bond , on th e  o th e r  h a n d , to  th e  fac t t h a t  th e  n u m b e r o f m ethy l 
g ro u p s is tw ice as h igh  in  in te rn a l hexenes th a n  in  te rm in a l 1-hexene. The 
h ig h e s t m e th an e  y ield  w as observed  in  the  case of 3 -hexene h av in g  b o th  of its 
m e th y l g roups in  /З-position  w ith  respect to  th e  я -bond . M ore m e th a n e  was 
fo rm ed  from  2-hexene th a n  ex p ec ted ; th is m ay  be d u e  to  th e  fo rm a tio n  of a 
tra n s i t io n  s ta te  p rio r to  d ecom position  w hich is s im ilar to  th e  one form ed from
3-hexene. T he fa c t th a t  th is  com plex  is m ore sim ilar to  3 -hexene th a n  to  1- 
liexene  m ay  be ex p la in ed  in  te rm s  of the  secondary  ally lic  C—H  b o n d  having  
a low er bond  energy  a n d , hence , a sm aller s ta b ility . O ur a ssu m p tio n  is su p ­
p o r te d  b y  s tud ies o f n -hexene  isom ers iu  th e  m ass sp e c tro m e te r  w here  m igra tion  
o f th e  я -bond also m an ifests  itse lf  [12]. In  ad d itio n  to  th e  h ig h e r m e th an e  yield 
o f  2 -hexene, th e  fo rm a tio n  o f p ro p en e  from  3-hexene also suggests an  iso­
m eriza tio n  p rio r to  decom position .
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Table II

У ields o f  light hydrocarbons from  n-hexene isomers*

Product
с=с-с-г-с-с-с c-c= c-c-;-c -c с-г-с-с=с-с-г-с

G (molecule/100 eV)

c 0 .030 0.132 0 .233

C-C 0 .028 0 .107 0 .160

c = c 0 .133 0.122 0.073

c = c 0.091 0 .049 0.045

c - c - c 0 .043 0 .003 0 .008

C=C-C 0 .113 0 .063 0.035

/ c \ 0.015 0 .003 0 .004c----C
c = c = c 0.031 0.003 0 .004

c = c - c 0 .006 0.027 0 .004

C -C -C -C 0 .035 0 .008 0 .002

C=C-C-C 0 .044 0 .022 0 .074

C-C=C-C 0 .005 0 .006 0 .002

C=C—c = c 0 .003 0.003 0 .004

C - C -C -C -C 0.001 0.001 0.002

c = c - c - c - c 0 .003 0.003 0.002

C -C = C -C -C 0 .004 0.001 0 .040

* H -atom s were om itted from  the formulae for the sake of clarity  
- i— denotes the position of allyl-interaction

T h e  varia tio n  o f th e  y ie ld  o f  e th an e  w ith  th e  p o sitio n  o f th e  71-bond is 
s im ila r  to  th a t  of m e th a n e , w h ile  no such p h en o m en o n  can  he observed  for 
th e  e th y le n e  and acety lene  y ie ld s . As expected , m u ch  less e th a n e  w as produced  
f ro m  1-hexene th a n  from  2 -h e x e n e , since e th an e  (an d  also  m uch  o f th e  e th y l­
ene) is form ed from  2 -h ex en e  v ia  ru p tu re  o f a lly lic  С—C bon d s w hose bond 
d is so c ia tio n  energy is low er b y  a b o u t 54 k J  m o l_1th a n  th o se  of o th e r  C-C bonds, 
o w in g  to  in terac tions w ith  th e  я -bond:

C H 3C H = C H C H 2— CHgCHg -л/W W  C H 3C H = C H C H 2 +  C2H 5 (2)

2 C2H 5 — C2H 6 C2H 4 . (3)

T h e  large am o u n t o f  e th a n e  p roduced  from  3 -hexene m ay  be  explained , 
in  a d d it io n  to  co m b in a tio n  o f  m e th y l rad icals, b y  th e  ru p tu re  o f  C-C bonds 
in  а -p o s itio n  to  the  я -bond  (as su p p o rted  by  th e  fo rm a tio n  of ace ty lene  in  the 
case  o f  b o th  2- and 3-hexene) as w ell as by  th e  iso m eriza tio n  m en tio n ed  before.
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F u r th e r  s tud ies w ill be n ecessa ry  to  clear f in a lly  th e  p rob lem  o f e th an e  fo r­
m a tio n  from  3-hexene.

The doub le  b o n d  in  1-hexene fav o u rs  th e  fo rm a tio n  of C3 p ro d u c ts  in ­
s te a d  o f  e th y l g roup  e lim in a tio n  b u t  s till th e  G -va lue  o f e th y len e  is re m a rk a b ly  
h igh . One m a y  assum e t h a t  th is  is due to  loosen ing  effect of th e  end o f th e  
s a tu ra te d  ch a in  w h ich  fav o u rs  th e  sp littin g  o f  th e  m olecule in to  frag m en ts  
w ith  tw o ca rb o n  a to m s each  (e.g. e thy lene). T h e  u n p a ire d  e lec tron  of a lk y l r a d ­
icals ex e rts  an  effect s im ila r to  th a t  o f th e  я -b o n d , viz. favours th e  sp littin g  
o f  а -bonds in  ^ -p o sitio n . T h is m ay  ex p la in  th e  p resen ce  o f  som e e th y len e  am ong  
th e  rad io lysis p ro d u c ts  o f  ev ery  h y d ro ca rb o n :

C = C — C— C— C— 0  •— Wr—«- C = C —  С— С +  С— C (4)

C = C — С— C ---------- C = C  +  C = C  (5)

2 С— C -------- -- C— C + C = C  (6)

C = C  ’ ---------- C = C  + H (7)

The assu m p tio n  o f  re a c tio n  (4) is ju s tif ie d  b y  th e  fa c t th a t  th e  second 
w eak est bond  o f th e  m olecule  is b e tw een  th e  fo u r th  an d  f if th  carbon  a to m s o f 
th e  1-hexene ch a in :

391 299 342 354c = C— C— C— C— c
N um bers above th e  b o n d s  d en o te  d issoc ia tio n  energ ies (in  k J  m o l-1 ) ca lcu ­
la te d  from  li te ra tu re  d a ta  [13]. A ltho u g h  th e  fo rm a tio n  o f b o th  e th y le n e  an d  
acety lene  can  be ex p la in ed  b y  reac tio n s (4) —(7), in  ag reem en t w ith  t h e  ex ­
p e rim e n ta l d a ta ,  re a c tio n  (8) c a n n o t be ex c lu d ed  e ith e r :

C =  C —С —-С —С —С -ЛЛЛЛ— ► 3 C = C . (8)

T his re a c tio n  invo lves th e  decom position  o f  a 1-hexene rad ica l ion, e.g. 
accord ing  to  reac tio n s  (9) — (11):

(9)

(10)

<U>

O f n -hexene isom ers, 1-hexene p roduces th e  m ost C3 p ro d u c ts . T he n a ­
tu re  of these  C3 frag m en ts  suggests th a t  th e y  h a v e  been  form ed via  fission o f 
th e  loosened С—C bo n d  b e tw een  th e  th ird  an d  fo u r th  carb o n  a tom s. T he G-

c = c — c — c — c — c - c — c — c —

C - C - ^ C -4-—
о -------- С— С— С—I

с — с — с — c  — 2  C = C
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v a lu e  o f  p ro p e n e  is th ree  tim es  h ig h e r th a n  th a t  of p ro p an e , w h ich  m a y  be 
d u e  to  se v e ra l reasons. One m a y  be  an  in te rn a l re a rra n g em e n t in  th e  tr a n s i­
t io n  s ta te  invo lv ing  H -a to m  tra n s fe r  s im u ltan eo u sly  w ith  th e  ru p tu re  of the  
С—C b o n d  in  /З-position  in  p a r t  o f th e  decom posing  ions or ex c ited  m olecules 
re a c tio n  (1 2 ):

Н з С Ш Т ) ^ с ш

ш а)^ ;сн
x r
H i

OH3 CH- СНз
II + I
CHi fZ

Ib C

( 12 )

A s im ila r  re a r ra n g e m e n t has b een  describ ed  in  m ass sp e c tro m e try  a n d , ac ­
co rd in g  to  W a g n e r  [6], i t  m ay  ta k e  p lace  in  th e  liq u id  p h ase  to o .

A n o th e r  ex p lan a tio n  m a y  in v o lv e  fu r th e r  reac tions o f p ro p y l rad ica ls  
le a d in g  to  low er p ro p an e  an d  h ig h e r p ro p en e  y ie ld s:

2 C3H 7 - > C3H 6 +  C3H 8 (13)

C3H 7 - > C2H 4 +  C H 3 . (14)

F ra g m e n ts  o f p rim ary  deco m p o sitio n  possess considerab le  en erg y  an d  th e  
d e c o m p o s itio n  of p ropy l rad ica ls  acco rd in g  to  E q . (14) req u ires  an  en erg y  as 
low  as 108 k J  mol""1, i.e. 1 eV /partic le . Since th e  d isp ro p o rtio n a tio n  of 
a lly l ra d ic a ls  is un fav o u rab le  e n e rg e tic a lly  th is  has no ap p rec iab le  in flu en ce  
on th e  p ro p e n e  yield.

A s a ru le , low y ields o f C4 p ro d u c ts  w ere observed  a lth o u g h  b o th  2- 
h ex en e  a n d  3-hexene co n ta in  cr-bonds in  /З-position  w ith  re sp ec t to  th e  Ti-bond, 
w hose r u p tu r e  could re su lt in  th e  fo rm a tio n  o f C4 p ro d u c ts . T he v e ry  low  yield 
of b u te n e s  from  2-hexene in d ic a te s  seco n d ary  reac tio n s of th e  1 -m eth y la lly l 
ra d ic a ls  o r  ions form ed v ia  rem o v a l o f an  e th y l g roup  from  hexene . T h e  m eth y l- 
a lly l in te rm e d ia te s  are reso n an ce  s tab iliz ed , therefo re , th e y  h a v e  lo n g er life­
tim e s  t h a n  e.g. th e  a lky l and  a lk en y l rad ica ls  to  in te ra c t w ith  re a c tiv e  rad ica ls 
a n d  o th e r  in te rm ed ia te s  p re se n t in  th e  system . The fo rm atio n  of C4 p ro d u c ts  
fro m  3 -h ex en e  w ould involve (assu m in g  a d irec ting  effect o f th e  тт-bond) a 
s im u lta n e o u s  elim ination  of tw o  m e th y l g roups; th e  v e ry  low  y ie ld  o f b u ta d ie n e  
in d ic a te s  t h a t  th e  p ro b a b ility  o f such  a s im u ltaneous decom p o sitio n  is very  
low . I t  is re m ark ab le  th a t ,  of C4 p ro d u c ts , 1 -bu tene  is p ro d u ced  w ith  th e  h ighest 
y ie ld  f ro m  a ll hexenes ir ra d ia te d . T h is  phenom enon  m ay  be  in te rp re te d  by  
r e a r ra n g e m e n t  or by  th e  sp lit t in g  o f th e  о -bond in  cx-position to  th e  тг-bond; 
а - s p lit t in g  le a d s  to  th e  fo rm a tio n  o f ace ty len e , n -b u tan e  an d  1 -b u ten e  from  
1 -hexene [reac tio n s  (15) — (17)], an d  e th a n e , e th y len e  an d  1 -b u ten e  from  3- 
h ex en e  [re a c tio n s  (18) — (20)]:

Acta Chirn. ( Budapest) 83, 1974
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СНг—СН(СНа)зСНа — WV-»- СН2= С Н  + CIH2(CH2)2CH3 (15)

C'H2=Ö H  ------- ► Н- + ОН=С'Н (16)

2 СН3(СН2)2СН2 ------- -- СН2=С Н С Н 2ОН3 + СНзСН2СН2СНз (17)

СНзСН гСН =СН  0Н 2( 'Нз
СН2= С Н 2 + СН2=СН СН 2СНз 

СНзСН2 •+ СН=СН СН 2ОНз

(18а)

(18Ь)

2 СНзС'Нг С'Н2= С Н 2 + СНзОНз (19)

СН3СН2С Н = С Н  +  RH СН3СН2С Н = С Н 2 + R" ( 20 )

T he y ie ld  o f С5 p ro d u c ts  is even  low er th a n  those of th e  C4 frag m en ts . 
T he on ly  C5 com pound  w o rth  m e n tio n in g  is 2 -pen tene  from  3-hexene, in d ic a t­
ing  th e  sp littin g  of a o-hond in  /З-positio n  w ith  resp ec t to  a я -bond .

3 .1 .2 . n - O c t e n e  i s o m e r s

T he d a ta  on th e  decom position  o f n -o c ten e  isom ers (T able  I I I )  p erm it 
to  d raw  sim ila r conclusions as in  th e  case o f hexenes, a lth o u g h , ow ing  to  th e  
longer carb o n  ch a in , th e  frac tio n  of fra g m e n ts  n o t connected  w ith  th e  d ire c t­
ing  effect o f th e  я -bond increases in  co m p ariso n  w ith  th e  a m o u n t o f fragm en ts 
w here th is  d irec tin g  effect m an ifests  itse lf; hence, i t  is s till m ore  d ifficu lt to  
d is tin g u ish  b e tw een  various effects.

T he m e th a n e  y ields show  an  id e n tic a l v a ria tio n  to  tho se  o b serv ed  w ith  
hexenes: th e  G -values increase in  th e  fo llow ing o rder: 1-octene <  2 -octene <  
<  4 -octene  <  3 -octene. T he sm allest v a lu e  correspond ing  to  1 -octene is due 
to  th e  p resence  o f on ly  a single m e th y l g roup  in  th is  h y d ro ca rb o n . T h e  h ighest 
G (CH 4) va lu e  is observed  w ith  3 -octene; th e  loosening effect o f th e  я -bond in 
/З-position  w ith  re sp ec t to  one of th e  m e th y l g roups causes an  en h a n c e m en t as 
h igh as 20% .

T h e  y ie ld  o f e th an e  -|- e th y len e  is th e  h ig h est from  4 -oc tene . T h is m ay 
he exp la ined  b y  th e  sy m m etrica l loosening  effect of th e  я -bond  in  th e  m iddle 
o f th e  ch a in  on b o th  te rm in a l e th y l g ro u p s:

С— С— С— C = C — С— С— С— C — Wv-*- С— С + С—C = C —С— 0 — C (21)

2 С— C ---------- C = C  + С— C (22)

T his p h enom enon  is analogous to  t h a t  observed  for th e  m e th a n e  yield 
o f  3-hexene.

T h e  conclusions th a t  can  be d ra w n  from  th e  G -values o f e th a n e  a re  a n a l­
ogous to  th o se  o b ta in ed  on th e  h asis  o f m e th a n e  fo rm atio n . T h e  G -value of 
e th a n e  from  2-octene is tw ice as h igh  as t h a t  from  1-octene in  sp ite  o f th e  fact 
th a t  b o th  isom ers co n ta in  only  one e th y l g roup . This m ay  be in te rp re te d  in 
te rm s of a cu m u la tiv e  loosening e ffec t o f  th e  я -bond and  ch a in  en d  on th e  a- 
bonds in  /З-positio n  w ith  re sp ec t to  b o th .

A cta  Chim . ( B u d a p e s t)  8 3 , 1974
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Table III

Yields o f light hydrocarbons from  n-octene isomers*

Product
C = C -C -b C -C -C -C -C c—C=C—C-K—C—c—c с-г-с—c=c—c-*-c-c-c c—c-2-c—c=c—с-г-с—c

G (molecule/100 eV)

c 0.015 0.058 0.077 0.055

c - c 0.016 0.031 0.047 0.115

c = c 0.081 0.066 0.056 0.111

CJIII 0.031 0.010 0.008 0.010

c - c - c 0.013 0.020 0.055 0.067

и1иIIи

0.051 0.056 0.052 0 .028

C - C - C - C 0.009 0.048 0.035 0.005

C = C — C - C 0.018 0.036 0.041 0.013

C - C - C - C - C 0.029 0.030 0.003 0.002

C = C - C - C - C 0.029 0.022 0.013 0.045

C - C = C - C - C 0.002 0.017 0.420 0.066

* H-atoms were om itted from the formulae for the 'заке of clarity 
denotes the position of allyl-interaction
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T he G -values o f e th y len e  d ecrease  in  th e  following o rd e r :  4 -octene  >  
>  1-octene >  2 -octene  >• 3-octene; th e  le n g th  of th e  s a tu ra te d  p a r ts  o f the 
m olecules becom es sh o rte r  in  th e  sam e  o rd e r, except th e  4 -o c te n e . T h is  can he 
in te rp re te d  b y  b re a k in g  u p  th e  lo n g er a lk y l or alkenyl ra d ic a ls  b y  u n its  of 
tw o  carb o n  a to m s. Id e n tic a l G -values o f  e thy lene  and  e th a n e  w ere  observed 
in  th e  case o f 4 -oc tene . T h is m ay  b e  a t t r ib u te d  to  th e  d isp ro p o r tio n a tio n  of 
e th y l rad ica ls  w ith  one a n o th e r [re a c tio n  (22)] or w ith  o th e r  a lk y l radicals.

T he ace ty len e  y ie lds from  o c ten es a re  analogous to  th o s e  o f  hexenes; 
ace ty len e  is p ro d u ced  in  h igher y ie ld  fro m  te rm in a l th a n  from  in te rn a l  alkenes.

T here  are  on ly  sm all d ifferences b e tw een  th e  yields o f C3 f ra g m e n ts  pro­
d u ced  from  oc tene  isom ers u n d e r  ir ra d ia t io n . G(C3) is h ig h e s t f ro m  3-octene; 
th is  is in  good ag reem en t w ith  th e  lo o sen in g  effect of th e  я -b o n d ; a t  th e  same 
tim e  th e  low (p ropene  -(- p ro p an e) y ie ld  from  1-octene is u n e x p e c te d . This 
m a y  p e rh ap s be in te rp re te d  in  a n a lo g y  to  hexenes, i.e. b y  th e  a b i l i ty  o f allyl 
rad ica ls  to  fo rm  n o t on ly  p ropene b u t  also  h igher h y d ro ca rb o n s . C3 fo rm ation  
from  2- and  4 -octene is on ly  possib le  v ia  fission  of the  u-bond in  а -p o sitio n  w ith 
re sp e c t to  th e  я -b ond , e v en tu a lly  a f te r  rea rran g em en t of th e  en e rg y -rich  ac­
t iv a te d  com plex.

O f all oc tenes, 2 -octene  p ro d u ces th e  m ost C4 p ro d u c ts , a lth o u g h  their 
a m o u n t is n o t as h igh  as one w ould  e x p e c t from  the  know n  lo o sen in g  effect 
o f  th e  я -bond:

c — c = c —c —C— C— C— C —1VW—  C— C = C —C .+ С—C— C— C (23)

2 C -C —Q-C --------— С— С— С—C +  C=C—C—C (24)

In  o rder to  ex p la in  th is  a p p a re n t  d isc rep an cy , it  has to  b e  assu m ed  th a t  
p a r t  o f th e  m e th y la lly l rad ica ls  is tra n s fo rm e d  in to  h igher m o le c u la r  w eight 
p ro d u c ts . O n th e  basis  o f y ields fro m  3- an d  4-octene, i t  m ay  b e  assu m ed  th a t  
s im u ltan eo u s ru p tu re  o f tw o a lly lic  С—C b o nds has a v e ry  lo w  p ro b a b ility , 
since on ly  trace s  o f  1 ,3 -b u tad ien e  a re  fo rm ed .

O w ing to  th e  d irec tin g  effect o f  th e  я -bond, th e  rad io ly s is  o f  3-octene 
p ro d u ces th e  la rg e s t a m o u n t o f C5 f ra g m e n ts . A t the  sam e tim e , th e  re la tiv e ly  
h igh  y ie ld  of C5 p ro d u c ts  from  4 -o c ten e  c a n  be explained in  a  w a y  analogous 
to  th e  ex p la n a tio n  offered  for C3 p ro d u c ts  fro m  2- and  4-octene .

3.2. Cycloalkenes

T h e h y d ro g en  y ie ld s observed  d u rin g  th e  radiolysis o f a lk e n e s  show  th a t 
cyclic com pounds are  c h a ra c te ris tic a lly  d iffe re n t from  open c h a in  ones [1, 2]. 
S im ila rly , th e  y ie ld s o f  lig h t (Cj—1C5) h y d ro c a rb o n  frag m en ts  p ro d u c e d  via 
f ra g m e n ta tio n  o f th e  m olecule also in d ic a te  t h a t  there  is a d iffe ren ce  betw een  
th e  cyclic and th e  co rrespond ing  open  c h a in  hydrocarbons (T ab le  IV ).

A cta  Chim . ( B u d a p e s t )  8 3 , 1974



180 C S E R É P , F Ö L D IÁ K : RADIOLYSIS OF A L K E N E S , I I

Table IV

Yields o f  light hydrocarbons from  cycloalkenes

Product

Cyclo-
pentene

Cyclo-
hexene

Cyclo-
heptene

Cyclo-
octene

Cyclo-
decene

Cyclo-
dodecene

G (molecule/100 eV)

M ethane 0.008 0.005 0.007 0.004 0.002 0.002

E thane 0.001 0.001 0.001 0.001 0.002 0.001

E thy lene 0.15 0.14 0.07 0.054 0.035 0.02

A cetylene 0.06 0.021 0.01 0.006 0.009 0.005

Propane 0.01 0.001 - — 0.004 0.001

Propene
1 0.05

0.005 0.01 0.006 0.017 0.002

Cyclopropane I — 0.007 0.002 — 0.001

Propadiene 0.10 - 0.002 0.001 0.001 0.001

ra-butane — 0.001 — — 0.002 0.001

B utenes — 0.006 0.003 0.005 0.011 0.002

1,3-butadiene — 0.06 0.015 0.009 0.014 0.005

C5 frac tio n — — 0.017 0.007 0.006 —

T h e  s tab iliza tion  o f f ra g m e n ts  form ed d u rin g  r in g  fission  of cyclopeittene 
le a d s  m a in ly  to  e th y len e  a n d  p ropadiene (C3H 4):

P resu m ab ly , th e  f i r s t  b o n d  to  be sp lit is o n e  o f  th e  allylic C-C b o n d s ; 
th e  fo rm a tio n  of th e  tw o  en d -p ro d u c ts  involves re a rra n g e m e n t of e lec trons 
a n d  one  H -atom . T he f i r s t  o f  th e  two su b se q u e n t b o n d  ru p tu re s  is fav o u red  
b y  a lly l-in te rac tio n , a n d  th e  seco n d  one by  th e  p a ir in g  te n d e n c y  of th e  u n p a ire d  
e le c tro n  of the  a c tiv a te d  co m p lex  no t p a r t ic ip a tin g  in  th e  a lly l-in te rac tio n . 
A n o th e r  process also ta k in g  p lace  w ith a p ro b a b il i ty  o f  ab o u t 0.5 in  c o m p a r­
ison  w ith  th a t  of re a c tio n  (25) is:

C = c  +  c :—— - c (26a)

C = C  +  c = c — c (26b)

A c ta  Chim . ( Budapest)  83 , 1974
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The y ield  o f  th e  h igher one o f  th e  tw o co m p le m e n ta ry  frag m en ts  is low er, 
h u t  th e  d ifference is n o t too  g re a t  in  th e  case o f  th is  p a re n t cycloalkene.

On co m p arin g  th e  p ro d u c ts  o f ra d ia tio n -c h em ica l and  th e rm a l decom ­
positio n , it h a s  b e e n  found t h a t  an y  an a lo g y  b e tw een  th e  p ro d u c ts  depends 
m a in ly  on th e  co n d itio n s of p y ro ly s is . T he p ro d u c ts  o b ta in ed  u p o n  p y ro ly sis  
o f  sh o rt c o n ta c t tim e  and  h igh te m p e ra tu re  [14] a re  a lm o st th e  sam e as th o se  
observed  in th e  case o f rad io lysis  (a lthough  th e re  is less C3H , am ong th e  p ro d ­
u c ts  of p y ro ly sis), w hereas py ro ly sis  a t  low er te m p e ra tu re s  (4 7 9 —520°C) 
carried  ou t in  a s ta t ic  system  gives e th y len e  a n d  p ro p en e  as th e  m a in  p ro d ­
u c ts  [15]. T he la t t e r  ph en o m en o n  m ay be e x p la in e d  b y  fu r th e r  conversion  
o f C3H , in to  p ro p e n e , since — in  co rrespondence  w ith  th e  a c tiv a tio n  energies 
o f ind iv idual p rocesses — a t low er te m p e ra tu re s  ch a in  in itia tio n  is less e x te n ­
sive th a n  chain  p ro p a g a tio n , w h ereas  th is  ra t io  is rev e rsed  a t  h ig h er te m p e ra ­
tu re s .

The f ra g m e n t com position  from  cyclohexene w as in v e s tig a te d  in  m ore 
d e ta il (Table IV ) th a n  b y  F r e e m a n . W e h av e  show n  th a t  th e  C4 f ra c tio n  co n ­
sists  m ain ly  o f  1 ,3 -bu tad iene . T h u s , th e  re a c tio n  m ech an ism  assum ed  in  sec­
tio n  ( lb )  has b e e n  verified . T h e  e th y len e  y ie ld  is 2.3 tim es h igher th a n  t h a t  of 
b u ta d ie n e ; a p a r t  from  reac tio n  ( la ) ,  th is  m a y  b e  ex p la in ed  b y  th e  fa c t th a t  
w hile e thy lene is s tab le , b u ta d ie n e  m ay r e a c t  easily ; e.g. th e  a d d itio n  o f  Id- 
a to m s [16,17] an d  m e th y l rad ica ls  [18] is, re sp e c tiv e ly , a b o u t one an d  tw o o rders 
o f m agn itu d e  f a s te r  fo r b u tad ien es  th a n  for m o n o alk en es. In  ad d itio n  — ow ing 
to  th e  ra th e r  h ig h  energies ap p lied  rad io lysis invo lv es  decom position  o f b o th  
ionic and ex c ited  s ta te s . As h as  b een  estab lished  in  m ass-sp ec tro m etric  s tu d ies  
o f cyclohexene [19], th e  m ain  d irec tio n  of cyc lohexene  ion  decom position  leads 
to  th e  fo rm atio n  o f  a stab le  e th y le n e  m olecule an d  a b u tad ien e  io n -rad ica l

1 0

T h e  b u tad ien e  io n -rad ica l p ro d u ced  during  th e  rad io ly sis  of cyclohexene is a 
v e ry  reac tive  a c t iv a te d  com plex — b o th  as a ra d ic a l an d  an  ion — stab ilized  
b y  resonance [23], th u s  it  m ay  r e a c t  in  p rocesses re q u ir in g  h a rd ly  a n y  energy  
o f  ac tiv a tio n .

The d a ta  in d ic a te  th a t  w hile  in  py ro ly sis  th e  difference b e tw een  th e  
y ie ld s of c o m p le m e n ta ry  p ro d u c ts  — i.e. b u ta d ie n e  and  e th y len e  — is n o t 
h ig h e r th a n  5 — 2 0 %  [20,21], in  o u r rad io lysis e x p e rim en ts , th e  y ie ld  o f 1,3- 
b u ta d ie n e  is h a rd ly  exceeds 1/3 o f  th e  y ie ld  o f  e th y len e . P re su m ab ly , th is  
difference m ay be  a t tr ib u te d  to  reac tions o f io n -rad ica ls  w hich are  p roduced  
d u rin g  rad io lysis b u t  n o t d u rin g  pyro lysis.

The p re fe rred  sp littin g  o f С—C bonds in  ^ -p o sitio n  w ith  re sp ec t to  th e  
doub le  bond ca n  s till be observed  in  th e  rad io ly s is  o f  cyclo h ep ten e . T h is  is
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s u p p o r te d  b y  th e  G -values o f  b u ta d ie n e , p ro p en e  an d  cy c lop ropane . B ecause 
o f  th is  ty p e  o f sp littin g , b u ta d ie n e  is also fo rm ed  from  cyclooctene, cyclodecene 
an d  cyclododecene b u t  th e  sm all y ie ld s an d  num ero u s o th e r f ra g m e n ts  m ake 
th e  d ire c tin g  effect r a th e r  am b ig u o u s.

O n  th e  basis o f o u r ex p e rim en ts  w ith  u n b ra n c h e d  cycloalkene hom ologues 
b e tw e e n  5 an d  12 ca rb o n  a to m s, i t  can  be e stab lish ed  th a t  th e  y ie ld  o f  lig h t 
h y d ro c a rb o n  frag m en ts  p ro d u ced  v ia  С—C b o n d  ru p tu re  decreases w ith  in ­
c re a s in g  carb o n  a to m  n u m b e r, i.e. th e  f ra g m e n ta tio n  of la rg e r rin g s  is less 
lik e ly  th e n  th a t  of sm aller cycles. W e assum e t h a t  th is  m ay  h a v e  energetic  
re a so n s ; one of th e  fac to rs  o f  im p o rtan ce  m a y  be t h a t  th e  s tra in  en e rg y  o f th e  
ra t io  o f  th e  com ponen ts o f s tra in  energy  ( th e  com pression o f v a n  d e r W aals 
ra d ii ,  th e  d isto rsion  o f b o n d  angles an d  b o n d  opposition  forces) v a r ie s  w ith  
in c re a s in g  rin g  d im ensions [22]. A n o th e r fa c to r  m a y  be th e  in c reas in g  im p o r­
ta n c e  o f  energy  d iss ip a tio n  w ith o u t decom position . This m ay  be a t t r ib u te d  to  
th e  f a c t  t h a t  in  la rg e r m olecules th e  a m o u n t o f surp lus energy  p e r  b o n d  is 
sm a lle r , there fo re , th e  p ro b a b ili ty  t h a t  a su ffic ien tly  h igh  a m o u n t o f  energy  
m a y  b e  co n cen tra ted  on  a g iven  b o n d , to  cause d issociation  b efo re  d e a c ti­
v a t io n  w ith o u t reac tio n , becom es low er a n d  low er.

Conclusions

O w ing to  th e  h igh  energ ies absorbed  b y  th e  system  d u rin g  ir ra d ia tio n , 
a n y  o f  th e  o-bonds o f  th e  m olecules a c tiv a te d  (excited  an d /o r ion ized) b y  r a ­
d ia t io n  energy  m ay  sp lit. In  sp ite  o f th is , a c e r ta in  se lec tiv ity  is c h a ra c te r is tic  
o f  th e  decom position , especia lly  in  th e  case o f low er m olecular w e ig h t p a re n t 
c o m p o u n d s , i.e. th e  ru p tu re  o f  som e bonds m a y  occur w ith  a h ig h e r p ro b a b ility  
t h a t  o f  o th ers . This m a y  be co rre la ted  w ith  energetic  fac to rs . D ou b le  bonds 
(тг-b o n d s) h av e  a loosening  e ffec t on  o th e r b o n d s in  /З-position  w ith  re sp e c t to  
th e m ; th is  effect m ay  be  o bserved  in  th e  case o f b o th  open ch a in  a n d  cyclic 
a lk en es . A sim ilar b u t  sm alle r loosening effect is caused b y  th e  u n p a ire d  elec­
tro n s  o f  free rad ica ls a n d  c h a in  ends on th e  cr-bond in  /З-position  to  th e m . The 
e ffec t o f  s tra in  energy in  cyclic a lkenes, w hose e x te n t is a fu n c tio n  o f  th e  ring  
d im en sio n s , m an ifests i tse lf  m a in ly  in  th e  case o f sm aller rin g s, re su ltin g  in 
th e ir  en h an ced  decom position  in to  sm aller frag m en ts .
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RADIOLYSIS OF ALKENES, III
LIGHT HYDROCARBON PRODUCTS FROM SOME BRANCHED ALIPHATIC AND

CYCLIC ALKENES
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(Institute o f Isotopes o f the H ungarian Academy o f Sciences, Budapest)

Received December 27, 1973

Various branched-chain aliphatic and side-substituted cyclic alkenes were ir­
radiated in liquid phase with a 60Co '/-radiation source. The yields of light hydrocarbons 
produced show that branching, i.e. the presence of tertiary carbon atoms also has a 
significant influence upon the decomposition of these hydrocarbons. The loosening effect 
of tertiary carbon atoms competes in some cases with that caused by the я -bond in 
/^-position, in other cases the two effects are cumulative. Chain ends as well as secondary 
processes may also influence the product composition.

Introduction

I t  was found in  earlie r ex p e rim en ts  th a t  я -bonds m ay  co n sid e rab ly  
in flu en ce  th e  com position  of rad io ly sis  p ro d u c ts  since th e y  e x e r t a d irec tin g  
e ffec t on th e  ru p tu re  o f  b o th  C -H  a n d  C-C bo n d s, m ak ing  th e  d ecom position  
se lec tiv e  [1, 2, 3].

In  o rder to  fu r th e r  e lucidate  th e  co rre la tio n  be tw een  m o lecu la r s tru c tu re  
an d  rad ia tio n -ch em ica l d ecom position , b ran ch ed -ch a in  a lip h a tic  a n d  cyclic  
a lkenes w ere also inc luded  in to  our e x p e rim e n ta l p ro g ram . T h is h as  th e  a d v a n ­
ta g e  th a t  th e  m e th y l g roup  leads to  a ‘pseudo-labelling’ o f one o r a n o th e r  
c a rb o n  a to m  of th e  p a re n t  m olecule, th u s  p e rm ittin g  to  d e te rm in e  th e  p o sitio n  
o f  m o lecu lar decom position  w ith  g re a te r  c e r ta in ty  on th e  basis o f th e  p ro d u c ts . 
I n  ad d itio n , one m ay  o b ta in  d a ta  on th e  rad io lysis o f bon d s lin k ed  to  te r t ia ry  
ca rb o n  a tom s. In  th e  p re se n t p ap e r, re su lts  on th is  su b jec t a re  re p o rte d .

1. Experim ental

Experiments were carried out by the method described earlier [2]. Hydrocarbons for 
irradiation were supplied by FLUKA; their purity was, as a rule, 98 99%, and they were
further purified prior to irradiation.

Irradiations took place at room temperature, using 80 000 Ci nominal activity eoCo y- 
radiation source, with a dose rate of 5 m 2 s~ 3 (1.5 Mrad h -1) in the dose range of 4 — 8X10* 
m 2 s ~ 2 (4 — 8 Mrad). The products were analyzed by gas chromatography.

2. Results and discussion

2.1 . Open-chain branched alkenes

T he d a ta  from  th e  ev a lu a tio n  o f  gas ch ro m ato g ram s are  lis ted  in  T ab le  I .

5* A cta  C him . (B u d a p e s t)  8 3 , 1974
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Table I

Yield o f light hydrocarbons in the radiolysis o f methylhexene isomers*

Product

C = C - C ? C - C - C
1c

2M1H

C = C -C -* -C -C -C
-l-c
3M1H

c=c-c-г-с-с-с 
1c

4M1H

c=c—с-г-с—c—c 
1c

5M1H

с-г-с-с=с-с-к:
1c

2M3H

G (molecule/100 eV)

c 0.06 0.12 0.07 0.15 0.27

c - c 0.025 0.025 0.065 0.005 0.057

c = c 0.079 0.140 0.158 0.087 0.032

c ^ c 0.012 0.110 0.060 0.056 0.015

C -C -C 0.035 0.120 0.003 0.022 0.073
c = c - c 0.101 0.110 0.238 0.202 0.060
C - C - C - c 0.029 0.010 0.075 0.002 0.001
c = c - c - c 0.022 0.020 0.102 0.095 0.056

C -C = C -C 0.042 0.146

C = C -C = C 0.035
A - C 0.025
C -C -C 0.000 0.000 0.001 0.112 0.001

c
c - c = c 0.060 0.000 0.000 0.125 0.000

c

* The И -atoms were om itted from most of the formulae for the sake of clarity 
—I— denotes the position of allyl interaction 

A — C =  methylcyclopropane
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I t  can  be seen th a t  one of th e  m a in  effects o f m e th y l g ro u p s is t h a t  the  
m e th a n e  y ields becom e h igher as co m p a re d  w ith  n-hexenes [3]. T h is  re su lt 
verifies our ea rlie r s ta te m e n t th a t  m e th a n e  is derived  from  m e th y l g ro u p s  sp lit 
o ff from  th e  m olecule.

A lthough  all m eth y lh ex en es in  T a b le  I  con ta in  only one b ra n c h in g , th e  
v a lu es  of G(CH4) are  neverthe less d if fe re n t:  th e y  increase in  th e  follow ing 
o rd e r : 2M1 H < ;4 M 1 H < ;3 M 1 H < 5 M 1 H  < 2 M 3 H . This order m ay  be  a t t r ib u te d  
to  tw o  fac to rs : th e  loosening effect o f  я -b o n d s ex erted  on th e  (T-bond in  ß- 
p o s itio n  and  th a t  o f th e  te r t ia ry  ca rb o n  a to m  on th e  u-bond in  а -p o s itio n . The 
d irec tin g  effect o f th e  я -bond , due  to  i ts  te n d e n c y  to  d e lo ca liza tio n , on th e  
(T-bond in  ^-(allylic) p o s itio n  m an ifests  i ts e lf  m ain ly  in  th e  case o f  3M 1H  and  
2M 3H : in  3M 1H one, w hereas in  2M 3H  th re e  m e th y l groups are  lo o sen ed , th u s , 
th e  correspond ing  m e th a n e  y ields [G (C H 4)] a re  in  th e  ra tio  o f 1 : 3.

Loosening b y  th e  te r t ia ry  ca rb o n  a to m  increases f irs t  o f a ll th e  m e th an e  
y ie ld  from  5M 1H, since b o th  m e th y l g ro u p s o f  th is  m olecule a re  lin k e d  to  a 
te r t ia ry  carbon  a to m . T h is is th e  re a so n  w h y  its  m ethane  y ie ld  is tw ice  as 
h ig h  as th a t  o f 4M 1H .

T he w eakening  effect of te r t ia ry  c a rb o n  a tom s is also s u p p o r te d  b y  th e  
G (e th an e) va lues. T he o rd e r is reverse  in  th is  case : th e  G (ethane) v a lu e  o f  4M 1H  
is h ig h er b y  m ore th a n  one o rder of m a g n itu d e  th a n  th a t  of 5M 1H , a n d  is a b o u t 
th re e  tim es as h igh  as th o se  of 2M 1H  a n d  3M 1H . The sm all e th a n e  y ie ld  of 
5M 1H  m ay  be due  to  th e  fa c t th a t ,  a t  th e  dose ra te s  applied , e th a n e  is fo rm ed  
m a in ly  v ia  e th y l g roup  e lim ina tion  r a th e r  th a n  com bination  of m e th y l rad ica ls .

T he yield  o f  e th y le n e  from  m e th y l- l-h e x e n e s  has a m ax im u m  as a  fu n c ­
tio n  o f th e  position  o f th e  m e th y l s u b s t i tu e n t  w ith  respect to  th e  я -b o n d . I t  is 
n o t  c lear w hy th e  e th y len e  yields from  3M 1H  a n d  4M 1H  are as h ig h  as m eas­
u re d , b u t  i t  can  be assum ed  th a t  C4 fra g m e n ts  p roduced  v ia  ^ -s p lit t in g  in  th e  
m id d le  o f th e  m olecule, b reak in g  in to  tw o  frag m en ts , m ay p a r t ly  decom pose  
in to  h y d ro ca rb o n  frag m en ts  w ith  tw o c a rb o n  a to m s. The G -values o f  ace ty len e  
a re  obv iously  s tro n g ly  d ep en d en t on th e  p o s itio n  o f th e  я -bond an d  th e  b ra n c h ­
ing  w ith  respect to  each  o th e r. The sm a lle s t a ce ty len e  yield was m e a su re d  w ith  
2M 1H , and th e  h ig h es t w ith  3M 1H. T h e  G (acety lene) values fro m  4 M 1H  and 
5M 1H  are id en tica l, an d  again , t h a t  fro m  2M 3H  is v e ry  sm all. T h u s , i t  m ay  
he concluded  th a t  ace ty len e  is derived  a lm o s t com plete ly  from  th e  b rid g eh ead  
c a rb o n  atom s o f th e  o rig inal double b o n d  a n d  its  fo rm atio n  is p ro m o te d  b y  th e  
te r t ia r y  carbon  a to m  in  th e  case o f 3M 1H . T h e  low  G -value o f a c e ty le n e  from  
2M 3H  supp o rts  o u r ea rlie r concep t on th e  h ig h e r acety lene y ield  fro m  te rm in a l 
a lkenes as com pared  w ith  in te rn a l ones [3].

As a consequence o f ‘labelling’ w ith  a m e th y l group, it  m ay  be  ex p ec ted  
t h a t  th e  e lim ina tion  o f th e  group c o n ta in in g  th e  double bond  f ro m  2M 1H  
(C = C  —) will re su lt in  th e  fo rm atio n  o f  m a in ly  C3 p ro d u c ts  (p ro p en e , p ro p y n e

I
C
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a n d  propad iene) in s te a d  o f  acety lene. A c tu a l d a ta  are  in  good a g re e m e n t 
w ith  o u r assum ption : G (p ro p y n e ) =  0.027, G (p ro p ad ien e) =  0.024. P ro p y n e  
a n d  p ropad iene  w ere fo rm e d  only  in  neglig ib le a m o u n ts  from  o th e r m e th y l-  
h e x e n e s , therefore, th e se  d a ta  were n o t in c lu d ed  in to  T able I.

T h e  propane a n d  p ro p e n c  yields from  m e th y l- l-h e x e n e  isom ers show  th e  
lo o sen in g  effect of th e  тг-b o n d  in  /5-position. O w ing  to  a lly l-in te rac tio n , one o f  
th e  m a in  products o f  d eco m p o sitio n  of th ese  m o lecu les alw ays co n ta in s  th re e  
c a rb o n  atom s:

C =  С— С— С— С— C
I
c

С =  С— С— С— С— C -Л/WW 
I
c

С =  С— С— С— С— С -ЛЛЛЛ— у 
\

c
C =  С— С— С— С— C JW V W

I
c

C =  C—C +  C—c—c

c

C =  С—C +  C—C—c
I

c
C =  C—Ö +  c—c—c

I
c

C =  C -C  +  C—C— c.
I
c

( 1 )

( 2)

(3)

(4)

T h e  re a c tio n  m ech an ism  ou tlined  shows t h a t  th e  in te rm ed ia te  c o n ta in in g  
th re e  carbon  atom s is s a tu r a te d  in  th e  case o f 2 M 1H  an d  3M 1H, w hereas i t  is 
u n s a tu ra te d  w ith  4M 1H  a n d  5M 1H. In  co rre sp o n d en ce  w ith  th is , o f m e th y l- l-  
h e x e n e  isom ers 2M 1H  a n d  3M 1H  produce m o re  p ro p a n e , w hereas 4 M 1 H  a n d  
5 M 1H  produce m ore p ro p e n e . The considerab le  a m o u n t of p ropene o b se rv ed  
w ith  2M 1H and  3M 1H  isom ers orig inates f ro m  th e  d isp ro p o rtio n a tio n  o f 
p ro p y l rad icals; th is  g iv es  p rac tica lly  all p ro p e n e  fro m  3M 1H and  a b o u t 1/3 o f 
i t  f ro m  2M 1H:

2 C — С —C — C = C —С +  C —С —C (5)

P ropane  from  5M 1H  a n d  2M 3H o rig in a tes  n o t  from  th e  sp littin g  o f  th e  
c -b o n d  loosened b y  th e  a lly lic  in te rac tio n  b u t  fro m  th e  fission of th e  b o n d  loo s­
en ed  b y  the  te r t ia ry  c a rb o n  a tom :

С— С— С =  С— С— С -ЛАЛЛ—у С— С +  С =  С— С— C (6)
I I
c c

С =  С— С — С— С— C JV W W  с  =  С— С— С +  С—C (7 )
I I
c c

2 C - C - C  - >  C - C - C  +  C = C - C  (8)

A c ta  Chim . ( B udapest)  8 3 , 1 9 7 4
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T his a ssu m p tio n  is su p p o rte d  b y  th e  fa c ts  th a t  th e  G -v a lu e  o f  p ro p an e  
p ro d u ced  from  2M 3H  is n ea rly  id e n tic a l w ith  t h a t  of p ropene , a n d  t h a t  only 
tra c e s  o f p ro p an e  are fo rm ed  from  4M 1H  w here  n e ith e r sp li t t in g  o f  th e  ff-bond 
in  /З-position  w ith  re sp ec t to  th e  тг-b o n d , n o r  fission o f th e  ff-hond in  the  
v ic in ity  o f  th e  te r t ia ry  ca rb o n  a to m  p ro d u ce  p ro p y l rad icals.

T he C4 p ro d u c ts  m ay  be  d iv id ed  in to  groups since th e  sec -b u ty l- and  
m e th y la lly l-rad ica ls  p ro d u ced  in  p r im a ry  p rocesses m ay tra n s fo rm  in to  v a rious 
p ro d u c ts , e.g. v ia  d isp ro p o rtio n a tio n  o r r in g  closure reac tio n s.

T he G -value o f n -b u ta n e  is u su a lly  v e ry  sm all: 4M 1H  is th e  o n ly  h y d ro ­
ca rb o n  p ro duc ing  som ew hat m ore га-b u ta n e . T h is is due to  th e  f a c t  t h a t  the  
loosening  effect o f b o th  th e  yt-bond an d  th e  te r t ia ry  carbon  a to m  p ro m o tes  
th e  fo rm a tio n  of sec-buty l rad ica ls . T h e  com p ariso n  of th e  G -values o f  n -b u ta n e s  
p ro d u ced  from  v ario u s  m e th y lh ex en e  isom ers also ind icates t h a t  th e re  is no , or 
h a rd ly  an y , co m b in a tio n  be tw een  tw o  e th y l  rad icals in  th e  sy s te m s  in v e s ti­
g a te d , u n d e r th e  cond itions o f  th e  ex p e rim en ts , i.e. upon  ir ra d ia tio n  in  th e  liqu id  
p h ase . T he h ig h es t y ie ld  of n -b u ten es  w as observed  w ith  4M 1H , su g g estin g  th e  
im p o rta n c e  of sec -b u ty l rad ica ls  fo rm ed  u n d e r  th e  com bined  d ire c tin g  effect 
o f  th e  jr-bond  an d  th e  te r t ia ry  ca rb o n  a to m , like in  th e  case o f  n -b u ta n e . In  
ag reem en t w ith  th e  re a c tiv itie s  of p r im a ry  an d  secondary  C -H  b o n d s , m ore
2 -b u ten e  w as found  th a n  1 -b u ten e . T h o u g h  on ly  th e  sum  o f cis- a n d  trans-2- 
b u te n e  w as inc luded  in to  th e  T ab le  th e ir  s e p a ra te  d e te rm in a tio n  re v e a le d  th a t  
th e  a m o u n t of th e  tran s-iso m er w as 2.5 tim es  h igher th a n  th a t  o f  th e  cis-isom er 
fro m  b o th  3M 1H and  4M 1H . Since th e  free  en tha lp ies of fo rm a tio n  o f  th e  tw o 
isom ers show  th e  tran s-iso m er to  be m ore  stab le , its  fo rm a tio n  in  h igher 
p ro p o rtio n  is due  to  th e rm o d y n am ic  reasons.

C4 p ro d u c ts  w ere fo rm ed  in  m uch  low er p ro p o rtio n  from  3 M IH  th a n  from  
4M 1H , a lth o u g h  th e  m ain  d ecom position  o f  th e  m olecule [E q . (3)] sh o u ld  have 
p ro d u c e d  one fra g m e n t w ith  fou r ca rb o n  a to m s. This m e th y la lly l  rad ica l, 
h o w ev er, has severa l possib ilities fo r s ta b iliz a tio n , as is a c tu a lly  sh o w n  b y  th e  
p ro d u c t sp ec tru m :

C = C —C - C  C = C - C - C  +  R  (9)

1 ^
C - C = C - C  — ► C - C = C - C  +  R  (10)

^  C =  C - C = C  +  C = C - C - C  (11a)

2 C = C - C - C  4  c  =  c _ c  =  c  +  c _ c _ c  ( l i b )

\  /c
T he sum  o f th e  G -values o f a ll th e se  products', how ever, is h a rd ly  equal 

to  one h a lf  of th a t  o f th e  c o m p le m e n ta ry  p ro d u c ts , i.e. p ro p an e  a n d  p ro p en e . 
T h e  difference b e tw een  th e  y ields o f co m p lem en ta ry  C3 an d  C4 p ro d u c ts  from
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3M 1H , i.e. th e  C4 d e f ic it, c a n  be  in te rp re ted  in  te rm s  o f  acety lene and  e th y len e  
p ro d u c tio n  v ia  fu r th e r  d ecom position  of th e  C4 h y d ro c a rb o n  as w ell as b y  
re a c tio n s  of th e  m e th y la lly l  rad ica l w ith  o th e r  re a c tiv e  in te rm ed ia tes  (e.g. 
co m b in a tio n ).

B ran ch ed -ch a in  C4 frag m en ts  are fo rm ed  o n ly  from  2M 1H and  5M 1H , 
d e m o n s tra tin g  c learly  th e  d irec tin g  effect of th e  тг-b o n d . These b ran ch ed -ch a in  
fra g m e n ts  form  on ly  in  th o se  cases w here a lly l in te ra c tio n  prom otes th e  fo r­
m a tio n  o f isobu ty l a n d  2 -m eth y la lly l rad ica ls . A s show n in  T able I ,  2M 1H  
p ro d u ces  only iso b u ten e , w h ereas  5M1H gives b o th  iso b u ta n e  and iso b u ten e  in  
n e a r ly  id en tica l a m o u n ts . T h is  ind icates t h a t  — in  th e  case of 5M 1H — th e se  
p ro d u c ts  m ay  have  b e e n  fo rm ed  in th e  d isp ro p o rtio n a tio n  of isobu ty l ra d ic a ls  
fo rm ed  in reac tio n  (4):

2 С— С— С ->  С— С— С +  С =  С— C (12)
I I I
c c c

T h e s tru c tu re  o f  th e  2M 1H  m olecule e x p la in s  w hy  no iso b u ta n e  is 
p ro d u c e d  to g e th e r w ith  iso b u ten e . Isobu tene  fo rm a tio n  m ay  have o ccu rred  in 
th is  case via  h y d ro g e n  a b s tra c tio n  b y  th e  2 -m e th y la lly l rad ica l, p ro d u ced  
p r im a rily  in  reac tio n  (1) fro m  an o th e r m olecule, or v ia  in te rm o lecu la r h y d ro g en  
m ig ra tio n  in a u n im o le c u la r  process. The la t t e r  p o ss ib ility  m ay also ex p la in  
w h y  th e  propene y ie ld  fro m  2M 1H is h igher th a n  t h a t  o f p ropane:

0 = C —C—C—C— C —wv—- c—c —c—c—c—c (13)

(14)

2.2. Cycloalkenes w ith  side chains

T h e b ra n c h e d -ch a in  cycloalkenes w ith  s ix -m em b ered  rings lis ted  in 
T a b le  I I  can  be d iv id ed  in to  th re e  groups acco rd in g  to  th e ir  тг-bonds: 
th e  f ir s t  group co n ta in s  m ethy lcyclohexenes w ith  one  тг-bond in  the  rin g  (1MC, 
3MC, 4MC);
4-v iny lcyclohexene (4VC) rep resen ts  th e  second g ro u p  w ith  tw o тг-bonds, one in  
th e  rin g  and  one in  th e  side  chain :
m eth y len ecy clo h ex an e  w ith  a semicyclic jr-b o n d  is th e  only m em ber o f th e  
th ird  group .
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Tabic II

Yield o f light hydrocarbons in the radiolysis o f branched-chain cycloalkenes

Product
l-methyl-

cyclohexene
3-methyl-

cyclohexene
4-inethyl-

cyclohexenc
4-vinyI-

cyclohexene
methylene-
cyclohexane

G (moIccule/100 eV)

Methane 0.016 0.059 0.038 0.002 0.033
E thane 0.003 0.002 0.002 — 0.001
Ethylene 0.17 0.16 0.03 0.044 0.05
Acetylene 0.02 0.03 0.03 0.023 0.005
Propane 0.005 0.001 0.002 — 0.005
Propene 0.02 0.02 0.15 0.001 0.001
Cyclopropane - - — — 0.003
Propadiene — — — — 0.007
Butanes 0.004 0.001 0.002 0.001
1-butene 0.003 0.006 0.005 0.001 0.002
2-butene 0.005 0.008 0.002 0.001 0.001
1,3-butadiene 0.002 0.007 0.06 0.163 0.001
Isoprene 0.05 0.002 — 0.001
1,3-pentadiene 0.077 — —
C5-fraction 0.004 0.007 0.005 0.002 0.007

denotes the position of allyl interaction

T he m e th a n e  y ie ld s from  m eth y lcy c lo h ex en e  isom ers c o n ta in in g  one 
m eth y l grotip p e r m olecule are n ev erth e less  d iffe ren t: th e  low est m e th a n e  
y ield  w as found  from  th e  m eth y l g roup  in  а -po sitio n  w ith  resp ec t to  th e  я:-bond 
(1MC) and  th e  h ig h e s t v a lu e  was observed  w ith  a m e th y l group in  /3-position 
(3MC). In  th e  f ir s t  case, h y p e rco n ju g a tio n  w hile in  th e  second case, ally l- 
in te rac tio n  can  be recognized .

M ethy lcyclohexenes to g e th e r w ith  4 -v iny lcyc lohexene  — in sp ite  o f th e  
tw o я -bonds o f th e  la t te r  — decom pose in  a w ay  sim ilar to  cyc lohexene, d is­
cussed earlie r [3], acco rd ing  to  a reverse  D iels-A lder reac tio n . T h e  m ain  
p ro d u c ts  o f d ecom position  of m e th y lcy c lo h ex en e  isom ers are d iffe re n t, in 
co rrespondence w ith  th e  position  of th e  m e th y l ‘lab e l’; these  are e th y le n e  and
2 -m e th y l- l,3 -b u ta d ie n es  (isoprene) from  1MC, e th y len e  an d  1 ,3 -pen tad ienes 
from  3MC, an d  p ro p en e  an d  1 ,3 -b u tad ien e  from  4MC:

O f th e  co m p lem en ta ry  p ro d u c ts  o f th e se  m ain  decom position  processes, 
th e  yield  of th e  one w ith  th e  h igher m o lecu la r w eigh t is low er in  th e  case of 
m e thy lcyc lohexenes, to o , s im ilarly  to  th e  rad io ly sis  o f cyclohexene [3, 4 ]. O ur 
d a ta  give, how ever, ev idence , th a t  th is  d ifference m ay  n o t be a t t r ib u te d  to  th e  
decom position  of th e  m olecule in to  th ree  p a r ts  as suggested  by  F reem an  for
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cy c lo h e x e n e  [4], h u t  ra th e r  to  fu r th e r  re a c tio n s  of th e  h igher m o lecu la r 
w e ig h t f ra g m e n t, i.e. 1 ,3 -p en tad ien e  and  2 -m e th y l- l,3 -b u ta d ie n e . I f  th e  d if­
fe ren ce  w ere  due to  s im u ltan eo u s fra g m e n ta tio n  in to  th ree  p a r ts , th e n  e.g. th e  
G -v a lu e  o f  p ropene p ro d u ced  fro m  4MC in re a c tio n  (17) w ould h av e  to  be  low er 
th a n  t h a t  o f  e thy lene in  th e  rad io ly sis  o f cyclohexene [3, 4 ], since th e  deco m p o ­
s itio n  o f  th e  o th e r p a r t  o f th e  m olecule w ould  give e th y len e  an d  ace ty len e  an d  
n o t  p ro p y le n e . Since e th y len e  y ie ld s from  cy c lohexene  [3] as well as fro m  1MC 
a n d  3M C are  com parab le  w ith  th a t  of p ro p y len e  from  4MC, and  fu r th e r , since 
th e  G -v a lu e s  of e thy lene  a n d  ace ty lene  from  4MC are  as low  as 0.03, a n d  th e  
y ie ld  o f  p ro p y len e  from  1MC a n d  3MC is a s im ila rly  low  v alue  (0.02), i t  c an  be 
s ta te d  t h a t  th e  d ifference b e tw een  th e  y ie ld s o f co m p lem en ta ry  p ro d u c ts  m ay  
be  a t t r ib u te d  to  the  fission  o f th e  m olecule in to  th re e  p a r ts  only  to  a v e ry  low  
e x te n t ,  n o t  m ore th a n  G =  0.02 — 0.03. T h e  g re a te r  p a r t  o f th e  d isc rep an cy  
m u s t  b e  a t tr ib u te d  to  reac tio n s  of th e  re so n an ce  s tab ilized  rad ica l-io n  a n d /o r 
b ira d ic a l  con ta in in g  th e  o rig in a l double  b o n d  as w ell as stab le  c o n ju g a te d  
p ro d u c ts  w ith  n e u tra l m olecules an d  ac tiv e  in te rm e d ia te s  in  th e  sy s tem , in  a 
s im ila r  w a y , as i t  w as sugg ested  in  th e  case o f  cyclohexene [3].

I n  t h e  rad io lysis of 4YC — as ex p ec ted  — on ly  one m ain  p ro d u c t is 
fo rm e d  w h e n  th e  carbon  sk e le to n  suffers decom p o sitio n , and  th is  is b u ta d ie n e . 
T h e  m o s t  im p o r ta n t  decom p o sitio n  process invo lves th e  re a rra n g e m e n t of 
u n p a ir e d  e lec tro n s  fo rm ed  u p o n  th e  s p littin g  o f allylic С—C bon d s to g e th e r  
w ith  t h e  71 -e lectrons o f th e  doub le  b o n d s, re su ltin g  in  th e  fo rm a tio n  o f  new  
d o u b le  b o n d s  a t  th e  expense  o f th e  cr-bonds c leaved :
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T h e a m o u n t o f ace ty lene  and  e th y le n e  is to  be m e n tio n e d  am ong  the 
f ra g m e n ta tio n  p ro d u c ts , too , e th y len e  b e in g , how ever, tw ice as m u c h  as ace ty ­
lene. T h e  difference m ay  be due to  th e  e lim in a tio n  of a v in y l g ro u p , w hich is 
p ro m o te d  b y  th e  loosening effect o f th e  te r t ia ry  carbon a to m . T h is  m ay  lead 
to  e th y len e  in  reac tio n  (19):

.H.

or m a y  he  e lim in a ted  as a v in y l ra d ic a l in te rac tin g  w ith  o th e r  m olecules in 
h y d ro g en  a b s tra c tio n  reac tio n s re su ltin g  also in e th y len e . S ince b o th  the 
s im u ltan eo u s f ra g m e n ta tio n  o f th e  r in g  in to  th ree  p a r ts  (20):

an d  th e  decom position  of b u ta d ie n e  (21):

1,3 —C4H * — C2H 2 -f- C2H , (21)

give e th y len e  an d  ace ty len e  in  eq u a l a m o u n ts , the  surplus e th y le n e  m u s t have 
fo rm ed  in  o th e r  processes [e.g. in  re a c tio n  (19)].

T he rad io ly sis  o f  m eth y len ecy c lo h ex an e  contain ing  a sem icyclic  double 
b o n d  is v e ry  d iffe ren t from  those  o f  cyclohexene and  s u b s titu te d  cyclohexene. 
T h  is m an ifests  itse lf  f ir s t  o f a ll in  th e  v e ry  low  С4—C5 yields. T h is  b e h av io u r is 
s im ila r to  t h a t  observed  in. th e  p h o to ly s is  of m e th y len ecy c lo p en tan e  [5], 
w here on ly  tra c e s  o f  p ro d u c ts  w ere o b se rv ed  a p a r t from  a sm a ll a m o u n t of 
h y d ro g en . O f th e  fra g m e n ta tio n  p ro d u c ts  o f  m e th y len ecy clo h ex an e , we have 
found  th a t  e th y len e  an d  p ro p ad ien e  w ere p roduced  in  th e  h ig h e s t y ie ld s; the ir 
fo rm a tio n  is rep re sen ted  in  Schem e (22):

q'  ч Г
I I —УЛ——

у -

a L j '  
r e f
' iic c:

O n energetic  g rounds, f i r s t  th e  ru p tu re  of one of th e  a lly lic  С—C bond 
shou ld  occur, th e re a f te r  th e  u n p a ire d  e le c tro n  of th e  b irad ica l fo rm e d , which 
does n o t  ta k e  p a r t  in  a lly l in te ra c tio n  w ill d ire c t the  d ecom position . W e assum e 
t h a t  th e  large  d ifference be tw een  th e  y ie ld s  of e thy lene a n d  p ro p a d ie n e  is 
m a in ly  due  to  th e  h igh  re a c tiv ity  o f  p ro p ad ien e .
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Sum m ary

T h e  rad io lysis o f b ra n c h e d -c h a in  alkenes — s im ila rly  to  th a t  o f u n - 
b ra n c h e d  ones [3] — is se lec tiv e  in  spite  of th e  ra n d o m  ‘b ack g ro u n d ’ m o lecu lar 
sp li t t in g  because of th e  h ig h  energ ies absorbed b y  th e  sy s tem : th e  G -values of 
p ro d u c ts  orig inating  from  th e  ru p tu re  of bonds w ith  low er bond energies are  
g en e ra lly  h igher. The тг-b o n d  o f  alkenes considerab ly  decreases th e  d issociation  
en e rg y  o f  cr-bonds in  /5-position  w ith  respect to  i t .  T h e  effect o f chain  en d s is 
sm a lle r  b u t  has th e  sam e c h a ra c te r . T e rtia ry  c a rb o n  a to m s  of b ran ch ed -ch a in  
a lk en es e x h ib it a s im ila r e ffe c t. ,

T h e  rad io lysis of th e  b ra n c h e d  open chain  a n d  s id e -su b s titu ted  cyclic a l­
k en es in v es tig a ted  do n o t  d iffe r considerab ly  fro m  each  o th e r . The p ro d u c t sp ec ­
t ru m  o f  open-chain  species is m o re  com plicated , w h ich  m a y  be a ttr ib u te d  — in  
a d d it io n  to  th e  effect o f th e  c h a in  end — to  th e  fo rm a tio n  of b iradicals fro m  
cyclic  a lkenes w hen b o n d  s p li t t in g  occurs. T hese b ira d ic a ls  m ay be stab ilized  
in  u n im o le c u la r  re a rra n g e m e n ts  and  thus give a sm a lle r  num ber of p ro d u c ts  
th a n  do  th e  tran s itio n  species fro m  aliphatic  a lk en es .

R EFE R E N C E S

[1] Cs e r é p , Gy ., F ö ld iák , G .: In t .  R ad . Phys. Chem., 5, 235 (1973)
[2] Cs e r é p , Gy ., F ö ld iák , G .: A c ta  C him . (B udapest) 77, 407 (1973)
[3] Cs e r é p , Gy ., F ö ld iá k , G .: A cta  Chim. (Budapest) 83 (1), 179 (1974)
[4] F r e e m a n , G. R.: Canad. J .  C hem ., 38, 1043 (1960)
[5] B r in t o n , R. K.: J .  Phys. C hem ., 72, 321 (1968)

G y ö r g y  C s e r e p  j H  1 5 2 5  B u d a p est?  114? p ,  O .B . 77, H ungary . 
G a b o r  F ö l d iá k  J

A c ta  C h im . ( B u d a p est) 83, 1974



Acta Chimica Academiae Scientiarum Hungaricae,  Tomus 83 (2), pp. 195- 199 (1974)

THE DETERMINATION OF SOME SURFACTANTS BY 
THE DROPPING MERCURY ELECTRODE CAPACITY

MEASUREMENTS

(S H O R T  C O M M U N IC A T IO N )

S. K . S h a r m a

(Department o f Chemistry, B irla  Institute o f Technology and Science, P ila n i, Rajasthan, India)

Received Jan u a ry  3, 1974

B r e y e r  an d  H a c o b ia n  [1 ] observed  th a t  w hen  a m ix tu re  o f  tw o  su rfac­
ta n ts  was p re se n t in  an  in d iffe ren t e lec tro ly te , only one te n sa m m e tr ic  wave 
w as o b ta ined  co rrespond ing  to  th e  su b stan ce  whose peak  p o te n tia l  occurred  a t 
th e  m ore ca th o d ic  p o te n tia l. G u p t a  an d  S h a r m a  [2] s tu d ie d  th e  in fluence  of 
ten sam m etric  w aves on one a n o th e r  b y  a.c. p o la ro g rap h y  a n d  fo u n d  th a t  in 
m o st o f th e  cases, th e  in flu en ce  o f m ore ca thod ic  te n sa m m e tric  p e a k  on less 
ca th o d ic  peak  is d u e  to  th e  g re a te r  ad so rb ab ility  of s u r fa c ta n t co rrespond ing  
to  m ore  ca thod ic  p e a k  an d  c o n seq u en tly  form ing  an  a d so rb ed  film  on the 
e lec tro d e  surface. In  som e cases, th e  in fluence  is due to  som e chem ica l in te rac ­
tio n  betw een  tw o su rfa c ta n ts  to  form  a com plex [3, 4] w hich  is m ore  surface 
a c tiv e  th a n  th e  in d iv id u a l su rfa c ta n ts .

T he co m m u n ica tio n s deals w ith  th e  d e te rm in a tio n  o f  som e su rfac tan ts  
in  d ilu te  so lu tions w ith  a view  to  a sce rta in  th e  a p p licab ility  o f  com plexation  
m e th o d  b y  d ro p p in g  m ercu ry  e lec trode  (dm e) cap ac ity  m e a su re m e n ts  (tensam - 
m e try ) . The d e te rm in a tio n  o f th ese  su rfa c ta n ts  is of s ign ificance since conven­
tio n a l p o la ro g rap h y  gives no in d ica tio n s  to  th e  presence o f th e se  su rfac tan ts  
w hereas te n sa m m e try  p ro v id es  f la t  p e a k  or no peak  a t  a ll in  v e ry  d ilu ted  
so lu tions.

o-Cresol, an iline , b en zy lam in e , d ie th y lam in e , n -h ex y lam in e , ra-heptyl- 
am in e , p iperid ine  an d  tr ie th a n o la m in e  w ere o f e ith e r B D H  or M erck’s q u a lity . 
P y rid in e  and  n -am y l a lcoho l w ere o f B a k e r’s an a ly tica l g rad e  re a g e n ts . These 
w ere d istilled  befo re  used  from  an  all-g lass f ra c tio n a tin g  co lu m n  and  the 
m idd le  one th ird s  o f  th e  d is tilla te s  w ere co llected . M ercury  used  fo r th e  dm e 
w as p u rified  as described  p rev io u sly  [2]. P o tass iu m  chloride used  w as o f A nalaR  
q u a lity  o f B D H .

The tech n iq u e  o f dm e c a p a c ity  m easu rem en ts  ( te n sa m m e tric  techn ique) 
w as th e  sam e as t h a t  described  earlie r [5]. T his is done b y  su p erim p o sin g  to  the 
dm e, a 50 c/sec +  20 m  V sinuso idal a .c . p o te n tia l on th e  d .c . p o te n tia l  and 
observ ing  th e  a lte rn a tin g  co m p o n en t o f  th e  c u rren t. As th e  c a p a c itiv e  im pe­
dan ce  of th e  dm e is m u ch  h ig h er th a n  th e  im pedance o f th e  r e s t  o f  th e  system , 
th e  m ag n itu d e  o f th e  a lte rn a tin g  c u r re n t gives a m easure o f th e  d m e capacity .
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0.1 M  KCl (B D H ., A R ) so lu tio n  was u sed  as su p p o rtin g  e lec tro ly te . 
D ro p p in g  m ercu ry  e lec tro d e  c a p a c ity  m easu rem en ts  are  ta k e n  w ith  th e  
e le c tro ly te  an d  th e  effect o f th e  su rfa c ta n ts  has b een  exp ressed  in  th e  te rm s o f
a .c . (m icroam pers). N eg a tiv e  d .c . p o ten tia ls  w ere a p p lie d  to  th e  dm e w ith  
r e s p e c t to  th e  sa tu ra ted  c a lo m e l electrode. T he e x p e rim e n ts  w ere carried  o u t 
a t  30 +  0 .5°. The co n stan ts  o f  t h e  dm e w ere: m  =  4 .564  m g/sec. an d  t  =  1.8 
se c /d ro p  in  0.1 M  KC1 (o p en  c irc u it) .

Fig. 1. In te rac tion  of o-cresol w ith  triethanolam ine by  tensam m etry . p H  =  7.0. Curve 1 — 
0.1 M  K.C1; Curve 2 — 1.0% o-cresol; Curve 3 — 1.0% o-cresol +  0.3% triethanolam ine;

Curve 4 — 0.3% triethanolam ine

T h e  sh ift of peak  p o te n t ia l  o f th e  m ix tu re  b y  v a ry in g  th e  co n cen tra tio n  
o f o n e  o f  th e  su rfac tan ts  a n d  k eep in g  th e  o th e r c o n s ta n t , h as  been  u tilised  in  
d e te rm in in g  th e  m olar ra t io  o f  th e  com pounds in  th e  com plex  [3]. Since th e  
m a g n itu d e  of th e  peak  o f  th e  m ix tu re  of su rfa c ta n ts  (com plex) is g rea te r th a n  
th o se  o f  in d iv id u a l s u r fa c ta n ts , i t  w as th o u g h t d e s irab le  to  d e te rm in e  in d iv id u a l 
s u r f a c ta n ts  by  co m plexa tion  u s in g  ten sam m etry . A s th e  c a p ac ity  m in im um  
is n o t  sh a rp  and is som etim es f l a t  over a considerab le  ra n g e  o f p o ten tia ls , th e  
e s t im a t io n  o f low c o n c e n tra tio n  o f su rfa c ta n t becom es d ifficu lt b y  te n sa m ­
m e try  a n d  therefore e n h a n c e d  m agn itude  o f d e so rp tio n  p e a k  of th e  m ix tu re  
o f  s u r fa c ta n ts  a t  p o te n tia ls  d iffe rin g  from  th e  zero  v a lu e  o f  e lec tro cap illa rity  
h a s  b e e n  u tilised  for d e te rm in in g  various su rfa c ta n ts  in  low  co n cen tra tions.

F ig . 1 shows th e  ty p ic a l  ten sam m etric  w aves d e p ic tin g  th e  in te ra c tio n  
o f  o-creso l w ith  tr ie th a n o la m in e  a t  p H  7.0 in  w hich  cu rv es 2 and  4 are in d iv id ­
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u a l  ten sam m etric  w aves o f 1 .0%  o-cresol a n d  0 .3 %  tr ie th a n o l-a m in e , re ­
spec tive ly , w hereas cu rv e  3 is th e  ten sam m etric  w ave o f th e  m ix tu re  o f 1 .0 %  o- 
cresol an d  0 .3 %  tr ie th a n o l-a m in e . T he en h an ced  d eso rp tio n  p eak  o f th e  
m ix tu re  o f b o th  th e  su rfa c ta n ts  is fu r th e r  su p p o rte d  b y  its  ad so rp tio n . T he 
enhanced  p eak  o f  th e  m ix tu re  of o-cresol an d  tr ie th a n o la m in e  in d ica tes  
g re a te r  surface a c t iv i ty  o f  th e  com plex th a n  th e  in d iv id u a l su rfa c ta n ts . T he 
deso rp tio n  p eak s o f  th e  in d iv id u a l su rfa c ta n ts  are  n o t  sh a rp , th e y  cover a w ide

Fig. 2. T itra tion  of o-cresol w ith  piperidine and triethanolam ine by tensam m etry . pH  =  7.0. 
Curve 1 — 50 ml of 1.5X 10-3 M  triethanolam ine vs. 1.0X 10-1 M  o-cresol; Curve 2 — 50 ml 
of 2 .0x  10~2 M  p iperidine vs. 1.3X 10_1 M  o-cresol; Curve 3 — 50 ml of l.O x  10-2 M  o-cresol 
vs. 5.7X10 M  p iperidine; Curve 4 — 50 ml of 1 . 0 x l 0 - 2 M  o-cresol vs. 5 .7 x 1 0  ~2 jVi t r i ­

ethanolamine

range  o f p o te n tia ls ; w ith  hyd rogen -bonded  co m p lex a tio n , how ever, th e  peaks 
are  sh a rp e r an d  g re a te r .

The en h an ced  m a g n itu d e  of th e  peak  o f  th e  com plex  is u tilised  in  d e te r ­
m in ing  th e  su rfa c ta n ts  in  low er co n cen tra tio n s. F ig . 2 show s th e  ty p ic a l re su lts  
o b ta in ed  b y  t i t r a t in g  o-cresol w ith  tr ie th a n o la m in e  an d  p iperid ine  an d  vice- 
v e rsa  a t  d iffe ren t c o n cen tra tio n s  of su rfa c ta n ts  b y  te n sa m m e try . T he in te r ­
sections o f s tra ig h t  lines gave a 3 : 1 s to ich io m e try  fo r th e  h y d ro g en -b o n d ed  
o-cresol-am ine com plexes. In  o rder to  d e te rm in e  v a rio u s su rfa c ta n ts , a series 
o f ten sam m etric  d ire c t a n d  reverse  ti tra tio n s  o f  su rfa c ta n ts  w ith  o th e r  su rfac ­
ta n ts  were ca rried  o u t. R esu lts  on th e  3 : 1 com plexes (o-cresol : am ine  [6]), 
as well as p y rid in e : n -a m y l alcohol [3], 1 : 1 com plex  (o-cresol : p y rid in e  [3]) 
a n d  2 : 1 com plex  (o-cresol : n -am y l alcohol [2]) are  g iven in  T ab le  I.

T he d e te rm in a tio n s  o f th e  su rfa c ta n ts  b y  co m p lex a tio n  shou ld  be 
carried  o u t in  a lk a lin e  so lu tions w here su rfa c ta n ts  h av e  p ro n o u n ced  effect.

A c ta  C him . ( B u d a p est)  8 3 , 1974



A
cta

 
C

h
im

. 
(B

u
d

a
p

est) 
8

3
, 

1974

Table I

Determination o f some surfactants by tensammetry in aqueous solutions 
Surfactant solution =  50.0 ml 

pH =  7.0

Surfactant Titrant
Concentration (mole/Iitre) Titre values (ml)

Error
%C., Cy calculated Observed

Pyridine rt-Amyl alcohol 1 . 2 X 1 0 - 3 2 . 0 X 1 0 - 3 2 .0 1.98 - 1 . 0
n-Amyl alcohol Pyridine 1 . 0 X 1 0 - 2 7 . 5 X 1 0 - 1 4 .0 4 .0 2 +  0 .6 3
o-Cresol Pyridine l . O X l O - 3 2 . 0 X 1 0 - 3 5 .0 4 .9 6 - 0 . 8
Pyridine o-Cresol l . O X l O - 3 2 . 0 X 1 0 - 3 5.0 4 .9 4 - 1 . 2
Aniline o-Cresol 1 . 2 X 1 0 - 3 - 3 . 0 X 1 0 - 4 2 .0  X 10 _ 1 — 2 . 0 Х Ю - 3 1.8 1.78 - 1 . 1
Benzylamine o-Cresol i . o x i o - 2- i . o x i o - 3 7 .5  X 1 0 " 4— 1.0  X  IO - 2 4 .0 4 .05 +  1 .25
Diethylamine o-Cresol 1 . 2 X 1 0 - 3 - 2 . 5 X 1 0 - 4 7 . 2 X 1 0 - 3 - 1 . 0 X 1 0 - 3 5.0 5 .03 + 0 . 6
n-Hexylarnine o-Cresol l . O X l O - 3 — 2 . 0 Х Ю - 4 l . o x i o - ' - i . o x i o - 2 3.0 3 .03 +  1.0
n-Heptylam ine o-Cresol 1.5  X 10 “ 3— 2.5  X  l O - 4 1 . 0 X 1 0 - 1 — 2 . OX IO - 2 4 .5 4 .5 0
Piperidine o-Cresol 2 . 0 x 1 0 - 3 — 5 . 0 X 1 0 -4 1 . 0 X 1 0 - 1  — 2.5  X  IO - 2 6.0 5 .95 - 0 . 8
Triethanolam ine o-Cresol 2 .0  X 1 0 - 3 — 4 .0  x  10 _4 1 .0  X  1 0 - 3 - 2 . 0  X 1 0 - 3 6 .0 5 .93 - 1 . 1
Phenol Piperidine l . o x i o - 1 6 . 6 X 1 0 - 1 5 .0 4 .9 6 - 0 . 8
Phenol Triethanolam ine 2 . 0 X 1 0 - 3 1 . 3 X 1 0 - 1 5.0 4 .9 6 - 0 . 8
Triethanolam ine Phenol 1 . 0 Х 1 0 - 3 - 5 . 0 Х 1 0 - 3 7 . 5 X 1 0 - 1 4 .0 3 .95 - 1 . 2 5
Piperidine Phenol 1 . 5 X 1 0 - 3 l . O X l O - 1 4 .5 4 .52 + 0 . 5

Surfactant Titrant
Concentratior (mole/litre) Titre values (ml) (Error)

(%)
Cs Cy Calculated Observed

o-Cresol Aniline l . O X l O - 3 — 2 . 5 X 1 0  1 3 . 0 X 1 0 - 3 - 2 . 0 X 1 0 - 3 l . i i l . i - 0 . 9
o-Cresol Diethylamine l . O X l O - 3 — 1 . 2 Х Ю  " 4 6 . 6 X 1 0 - 3 - 5 . 0 X 1 0 - 3 5 .0 4 .98 - 0 . 4
o-Cresol n-Hexylamine 5 . 0 X 1 0 - 3 - 1 . 2 X 1 0 " 4 5 . 0 X 1 0 - 3 - 6 . 0 x 1 0 - 3 3 .33 3 .35 +  0 .6
o-Cresol n-Heptylamine 2 .5  X  IO-3 —2 .0  X 10 _4 4 . 0 X 1 0 - 3 - 1 . 0 X 1 0 - 3 2 .08 2 .05 - 1 . 4 4
o-Cresol Piperidine 1 . 0 X 1 0 - 3 - 1 . 0 X 1 0 - 3 5 . 7 Х 1 0 - 3 - 6 . 0 Х Ю - 3 5 .8 4 5 .86 - 0 . 3
o-Cresol T riethanolamine 1 . 0 X 1 0 - 3 - 2 . 0 X 1 0 - 3 5 . 7 X 1 0 - 3 - 6 . 0 X 1 0 - 3 5 .8 4 5 .83 - 0 . 1 7

Cj — concentration of surfactant 
C j — concentration of titran t
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E v e n  1 .5 x l O -4 M  su rfa c ta n t can  be m easu red  b y  com plexation  u s in g  ten sam - 
m e try . T h e  su rfa c ta n ts  h av in g  h igher su rface  a c tiv ity  can be d e te rm in e d  even 
in low er c o n cen tra tio n s  since th e  m a g n itu d e s  o f th e  peaks of in d iv id u a l su rfac ­
t a n t  is h ig h er. T he accu racy  of th e  m e th o d  is i 1.0% .

*

The au tho r thanks authorities Birla In s titu te  of Technology and Science, Pilani (R a­
jasthan) Ind ia  for providing the facilities.
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CAR BO H YD R A TE M ET H Y L  ETH ER S, V II*
SY N TH ESIS O F QUINOVOSE M ETHYL E T H E R S . REACTION O F PA R TIA LLY  

SUBSTITU TED  PH EN Y L -4,6-0-B EN ZY LID EN E-/S-D -G LU C 0PY RA N 0SID ES W ITH
N -BROM OSUCCINIM IDE

L. K i s s ,  A .  L i p t á k  and P . N á n á s i

( Biochemical Institute, L . K ossuth University, Debrecen)

Received D ecem ber 20, 1973

The synthesis of 6-deoxy-2,3-di-0-methyl-D-glucose (2,3-di-O-methyl-D-qui- 
novose) (5) and  6-deoxy-2,3,4-tri-0-m ethyl-D -glucose (2,3,4-tri-O-methyl-D-quinovose) 
(11) is reported . The starting  m ateria l w as phenyl-4,6-0-benzylidene-2,3-di-0-m ethyI- 
/?-D-glucopyranoside, which was converted  in to  the 6-bromo-6-deoxy derivative w ith 
N -brom osuccinim ide (NBS), using H a n e s s ia n ’s method [1]. The brom ine was elimi­
nated  by Li A lH , and, after the acid hydrolysis of the phenylquinovoside derivative, 5 
was isolated. Phenyl-/S-D-quinovoside, being well known [2], was m e th y la ted  according 
to  K u h n  et al. [3] and thus 10 was p repared . Compound 4 was converted  by  m ethy- 
lation  into th is product, too. This gives th e  proof of the structures of tw o com pounds, 
5 and 11.

2 ,3 -D i-O -m ethy l- and  2 ,3 ,4 -tri-O -m ethy l-D -qu inovose  h a v e  b een  iso la ted  
as th e  sugar co m p o n en ts  of h e te rosides fro m  several n a tu ra l  sources [4], [5]. 
T h e  s tru c tu re s  o f  th e se  com pounds w ere  e lu c id a ted  b y  in s tru m e n ta l  m ethods 
(N M R , IR , a n d  m ass sp ec tro m etry ), b u t  th e ir  syn theses h a v e  n o t  y e t been 
accom plished . T h is  sy n th e tic  w ork  h as  n o w  been  achieved in  o u r la b o ra to ry . 
T hese  com pounds a re  also usefu l in  in v e s tig a tin g  th e  a c tiv ity  o f  em ulsin  and  
in  th e  s tru c tu ra l in v es tig a tio n  o f n a tu r a l ly  occurring  h e te ro sid es .

T he reac tio n  ro u tes  are su m m arized  in  T ab le  I.
P henyl-4 ,6-0-bena;ylidene-/?-D -glucopyranoside (1) w as m e th y la te d  to  

2 acco rd ing  to  K uh n  et al. [3]. T re a tm e n t  o f 2 w ith  N BS in  b o ilin g  carbon  
te tra c h lo r id e  gave  3, w hich  was d e b ro m in a te d  an d  deb en zo y la ted  in  abs. e th e r  
w ith  L iA lH j to  y ie ld  4. H ydro lysis  o f  4 w ith  0.5ÍV sulfuric ac id  gave  5 as a 
sy ru p y , ch ro m a to g rap h ica lly  pu re  c o m p o u n d . W hen  1 was t r e a te d  w ith  benzoyl 
ch lo ride  in  d ry  p y rid in e , 6 was o b ta in e d . T re a tm e n t of 6 w ith  N B S  gave 7 w hich 
w as d eacy la ted  acco rd ing  to  Zem plén  [6] to  give 8. M eth y la tio n  o f  th e  la t te r  
acco rd ing  to  K u h n  [3] gave 9, th e  b ro m in e  o f w hich w as e lim in a te d  w ith  
L iA lH j in  abs. e th e r  to  o b ta in  10. H y d ro ly s is  o f th is  p ro d u c t w ith  0 .5 N  su lfuric  
ac id  gave 6 -d eoxy-2 ,3 ,4 -tri-0 -m ethy l-D -g lucose  (11) as a c ry s ta llin e  com pound .

T h is co m p o u n d  (11) has also b een  syn thesized  b y  a d iffe re n t ro u te . 
C om pound  7 w as t r e a te d  w ith  zinc p o w d er in  ab o u t 75%  ace tic  a c id  to  give 12. 
Zem plén  d eacy la tio n  [6] o f 12 gave  13, f ir s t  described b y  H elferich  [2]. 
M e th y la tio n  o f 13 yie lded  10, p ro v in g  th e  s tru c tu re  of 10 a n d  11, resp ec tiv e ly .

* P a rt V I: NAnAsi, P. and L iptAk , A .: Magy. Kém. Foly., 80, 217 (1974).
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Since 4  can  also be co n v e rted  in to  10 b y  m e th y la tio n , i t  also affords ev idence  
for th e  s tru c tu re s  o f 4 and  5.

E xperim en ta l

M .p.’s were determ ined on a Boetius hot-stage app ara tu s  and are uncorrected. TLC 
was perform ed on Kieselgel G Merck. Benzene-m etanol 9 : 1 w as used as the solvent m ixture 
for th e  glucosides, and ethylm ethyl ketone saturated  w ith w ater for the free quinovose m ethyl 
ethers. D etection  was made w ith sulfuric acid-w ater (1 : 1) and  aniline hydrogen p h th a la te , 
respectively.

P h e n y l-4 ,6-O -benzylidene-ß-D -glucopyranoside (1)

T his was synthesized according to  M c Cl o s k e y  and C o l e m a n  [7].

P h e n y l-4 ,6 -0 -benzy lidene-2 ,3 -d i-0 -m ethy l-ß -D -gIucopyranoside  (2)

10 g of 1 was m ethylated  and  the m ixture worked up  in  th e  manner as described by 
K u h n  [3], to  obtain 7.26 g (60% ) of 2 , m.p. 179°C; [alrf — 55.8° (c =  2, chloroform) C21H 94Oc 
(372). Calcd. C 67.72; H 6.5 Found C 67.65; H  6.56.

P heny l-4 ,6 -0 -b en zo y l-b ro m o -6 -d eo x y -2 ,3 -d i-0 -m eth y l-ß -D -g h ico p y ran o sid e  (3)

5.57 g (0.015 mole) of 2  was dissolved in warm carbon te trach lo ride  (130 ml) and barium  
carbonate  (11.84 g: 0.06 mole) and N BS (4 407 g; 0.0247 mole) were added. The reaction m ix­
ture was refluxed for 2 hours, then  the B aC 03 was rem oved by  filtra tion  and washed w ith
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boiling carbon tetrachloride (10 ml). The filtra te  was washed successively w ith  w ater, satu­
ra ted  N aH C 03 solution, and w ater, and dried over anhydrous Na2S04. T hd dried  solution was 
evaporated in vacuum  to leave a syrup, which was recrystallized from alcohol to  yield 5.4 g 
(80% ) of 3, mp. 122— 123°C; [oc]B —60.7° (c =  2, chloroform).

C21H ,30 (;Br (451). Calcd. C 55.87; H  5.1. Found C 55.6; H  5.3%.

Phenyl-6-deoxy-2 ,3 -d i-0 -m ethy l-ß -D -g lucopyranoside  (4)

0.9 g (0.002 mole) of 3 was dissolved in abs. ether (20 ml) and added  to  a solution of 
LiAlH4 (1.52 g; 0.04 mole) in abs. ether (25 ml) during 5 min. The reaction m ix tu re  was stirred 
overnight a t room tem perature , and then refluxed for 2 hours. E thy l ace ta te  (3 ml) was then 
added to  destroy any excess of LiAlH4. The precip ita te  was filtered off and  w ashed w ith ace­
tone (3 X 20 ml). The filtra te  was evaporated and the residue extracted w ith boiling chloroform 
(3 X 20 ml) .The solution was washed w ith w ater, dried and evaporated in  vacuum . The crys­
talline residue was recrystallized from cyclohexane to yield 320 mg (60% ) o f 4, mp. 124— 
126°C; [а]Ь“ —69.8° (e — 2, chloroform).

C14H20O5 (268.3). Calcd. C 62.67; H 7.51. Found C 63.12; H 7.3% .

P heny l-6 -b rom o-6-deoxy-2 ,3 -d i-0 -n ie thy l-ß -D -g lu ropyranoside  (14)

450 m g of 3 w as sapon ified  accord ing  to  Z e m p l é n  [6] afford ing  295 m g  o f  14. I t  was 
recry sta llized  from  cyclohexane  to  y ield  283 m g (81% ) of pure  14, m p. 98—99°C; [<x]d5 —67.7° 
(c =  2, ch loroform ).

C14H 190 5Br (347.2). Calcd. C 48.43; H  5.51, Found C 49.06; H  5 .65% .

D ehrom ination  of 14

173.6 mg (5 X lO-4 mole) of 14 was dissolved in abs. ether (5 ml) and ad d ed  to  a solution 
of LiAlH4 (190 mg) in abs. e ther (10 ml) during 5 min. After the usual w ork-up as above, 82 mg 
(61% ) of 4 was obtained, mp. 124°C; [oc]q —67.8° (c =  2, chloroform). Tbe com pound was 
chrom atographically identical w ith 4.

c u H 2o°5 (268.3). Calcd. C 62.67; H 7.51. Found C 63.00; H 7.25% .

6 -D eo x y -2 ,3 -d i-0 -m ethy l-D -g lucose  (5)

344 mg of 4 was dissolved in 0.5 N  sulfuric acid (35 ml) and kep t a t  90—95°C for 14 
hours. The warm solution was neutralized w ith barium  carbonate, filtered , the precipitate 
was washed w ith w ater ( 2 x 5  ml) and ethy l acetate (2 X 10 ml). The com bined filtra te  and 
washings were evaporated. The residue was ex tracted  with ethyl acetate  (2 X 10 ml), filtered 
and evaporated to yield a syrup (230 mg; 93.4% ), which was chrom atographically  pure. [a]f>5 +  
-(-61.3° (e =  2, w ater), a fter m utaro tation .

C8H 10O5 (192.2). Calcd. C 71.73; II 8.39. Found C 72.59; H 8.03% .

P heny l-4 ,6 -0 -benzylidene-2 ,3-d i-0-benzoyl-/7 -D -g lucopyranoside  (6)

17.2 g of 1 was benzoylated and working up in the usual m anner to  give 6 13.7 g; (50% ), 
mp. 212—213°C; [a jo  —51.5° (c =  2, chloroform).

C33H 280 8 (551.47). Calcd. C 71.73; H 5.11. Found C 72.59; H 5 .3 5 % .

Phenyl-2,3,4-tri-0-benzoyl-6-bromo-6-deoxy-P-D-glucopyranoside (7)

6.6 g (0.012 mole) of 6 was dissolved in a m ixture of abs. carbon te trach lo ride  (300 ml) 
and abs. benzene (120 ml); then  barium  carbonate (4.8 g; 0.024 mole) and  N BS (2.11 g; 0.024 
mole) were added to the solution which was refluxed and stirred for 1.5 hours. The warm re­
action m ixture was filtered, washed successively w ith water, N aH C 03 solu tion  and water, 
dried and the solvent evaporated in vacuum . The residue was crystallized from methanol 
(52 ml). R ecrystallization from m ethanol (68 ml) yielded 5 g (66.3%) o f 7 , m p. 152—154°C; 
[a]jj> — 10.5° (c =  2, chloroform).

C33H270 8Br (631.47). Calcd. C 62.66; H  4.30. Found C 63.29; H  4 .92% .
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Phenyl-6-bronio-6-deoxy-ß-D -glucopyranoside  (8)

2.53 g (0.004 mole) o f 7  w as saponified according to  Z e m p l é n  [6] to obtai i 800 mg 
(62% ) of 8, mp. 145—146°C; [a ]o  — 76.8 (c =  2, chloroform).

C12H 150 6Br (319.15). Calcd. C 45.15; H 4.74. Found  C 45.18 H  4.78%.

Phenyl-6-brom o-6-deoxy-2,3,4-tri-0-m ethyl-ß-D-glucopyranoside (9)

290 m g of 8 was m e th y la te d  acco rd in g  to  K u h n  [3] to  g iv e  237 m g (72.2% ) of 9 a f te r  
re c ry s ta ll iz a t io n  from  cy c lo h ex an e ; m p . 108°C; [<x]q  — 50.6° (e =  2, chloroform ).

C15H 2i0 5Br (361.24). Calcd. C 49.86; H  5.82. Found C 50.34; H  6.16%.

Phenyl-6-deoxy-2,3,4-tri-0-m ethyl-ß-D -glucopyranoside (10)

108 mg (3 X 10~4 mole) o f 9 w as debrominated w ith  L iA lH 4 (29 mg; 6 X 10—4 mole) in 
abs. e th e r  (13 ml). The usual w ork-up  gave 54.8 mg (65% ) of 10, 72—73°C; [<x] d —49.7° (c =  2, 

chlo roform ).
C15H 220 5 (282.34). Calcd. C 63.81; H  7.85. Found C 63.5; H  7.35% .

6-D eoxy-2,3,4-tri-0-m ethyl-D -glucose (11)

200 mg of 10 was dissolved in  0.5 N  sulfuric acid (25 m l) and  kep t a t 90—95°C for 18 
h rs . A fte r the usual work-up, th e  so lven t was evaporated and  th e  residue extracted w ith chloro­
fo rm  an d  evaporated again. The crystalline residue was recrystallized  from  cyclohexane (10 ml) 
to  y ie ld  140 mg (93.3%) of th e  p ro d u c t, mp. 64—67°C; [a]jy + 4 8 .2 °  (c =  2, water) (lit. [a]o 
+  49.2° (c =  1.2, water).

C9H 180 5 (206.24). Calcd. C 52.41; H  8.79. Found C 52.83; H  8.84% .
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T h e in te ra c tio n  o f  3 -m eth y l-cep h em  d e riv a tiv e s  w ith  d ia z o m e th a n e  has 
a lre a d y  been  describ ed  in  o u r p rev ious re p o r t  [1]. I n  o rd e r to  o b ta in  m ore 
d e ta iled  in fo rm a tio n  a b o u t th e  ste ric  course o f th is  re a c tio n , w e in v es tig a ted  
th e  e ffec t caused b y  th e  h ig h e r o x id a tio n  s ta te  o f th e  su lfu r  a to m .

T he p y razo lin o -cep h am  d e riv a tiv e  II w as oxid ized  b y  1.1 eq . of m- 
ch lo roperbenzo ic  ac id . T h e  re a c tio n  p ro d u c ts  w ere s e p a ra te d  b y  colum n 
c h ro m a to g ra p h y  on  silicagel. T he f irs t  com pound  e lu ted  p ro v e d  to  be  a sm all 
a m o u n t ( ~ 5 % )  o f V, [m .p . 2 0 8 - 9  °C (d .); IR (K B r)  1788, 1527, 1268, 1060 
c m “ 1; N M R  (d0-D M SO , TMS)<5 =  0.91(s, 3H ), 3.58, 3.90 (A B q, 2 H , J  =  15 Hz), 
4 .69(s, 2H ), 5 .38(d, 1H ), 5 .05, 5 .08(A B q, 2 H , J  =  18.5 H z), 5 .61(s, 2H ), 6.01 
(d d , 1H ), 6.98 8 .2 2 (a ro m atic ), 8 .83(d, I I I ) ;  MS m /e 529 (M -28)]. T he n ex t 
co m pounds w ere th e  co rresp o n d in g  (S)- an d  (R )-sulfoxides, III a n d  IV. I l l  m .p. 
1 8 6 - 7 .5  °C (d.); I R  (K B r) 1776, 1530, 1240, 1060 c m “ 1; N M R  (d6-DMSO, 
TM S)d =  0.81(s, 3 H ), 2 .93 , 3 .87(A B q, 2 H , J  =  16 H z), 4 .65(s, 2 H ), 5.27 (d, 1H), 
4 .86 , 5 .54(A B q, 2 H , J  =  18.5 H z), 5.55(s, 2H ), 5 .98(dd, 1H ), 6 .9 2 -8 .3 1 (a ro in -  
a tic  +  N H ); MS m /e 513 (M -28)] an d  IV [m .p . 146 7 °C (d .); I R  (K B r) 1783, 
1530, 1270, 1040 c m “ 1; N M R  (d0-D M SO , TMS)<5 =  1.17 (s, 3 H ), 3.02(s, 2H ), 
4 .62(s, 2H ), 4.53, 4 .92 (A B q , 2 H , J  =  18 H z), 4 .75(d, 1H ), 5 .51(s, 2 H ), 5.61(dd, 
2 H ), 6.94 8 .3 2 (aro m atic ), 9 .22(d , 111); MS m /e 513 (M -28)].

S u b seq u en t o x id a tio n  o f III an d  IV w ith  m -ch lo roperbenzo ic  acid  or p- 
n itro p erb en zo ic  ac id  y ie ld ed  V. T he p re p a ra tio n  o f th is  c o m p o u n d  (V) w as also 
possib le  b y  th e  a d d itio n  o f  d iazo m eth an e  to  VI. D irec t o x id a tio n  o f  II w ith  2.5 
eq . o f m -ch lo roperbenzo ic  ac id  is an  a lte rn a tiv e  ro u te  to  V.

A n o th e r p o ss ib ility  m ig h t h av e  been  th e  fo rm a tio n  o f  IX  or a m ix tu re  of 
V an d  IX. In  th e  case o f  a ,/3 -u n sa tu ra ted  sulfones th e  C -a to m  o f th e  diazo
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c o m p o u n d  becomes a t ta c h e d  to  th e  /З-position  [2, 3] (a , R  =  H , alkyl). I f  in  a R  
r e p re s e n ts  an  e le c tro n -a ttra c tin g  su b s titu e n t, e.g. p h e n y l, th e  d irec tive  effect 
o f  th is  g roup  com petes w ith  t h a t  o f th e  sulfone g ro u p , th u s  th e  fo rm atio n  of b o th  
th e  x -  a n d  ^-adduc ts can  b e  o b se rv ed  [3].

O bviously , in  case o f  th e  ally lsulfones (case b) th e  effect of g roup  R  is 
p re d o m in a n t ,  and th e  new  C — C bond  form s b e tw e e n  th e  diazo C -atom  and  
th e  /S-C-atom  of th e  u n s a tu r a te d  p a rtn e r . In d e e d , th is  is su p p o rte d  b y  th e  
s t r u c tu r e  of the  co m pounds o b ta in e d  in  th e  re a c tio n  o f  d iazo m eth an e  an d  5- 
p h en y l-2 Jfi- th io p y ra n e -l. 1 -d io x id e  [4] and  2 JT -th io p y ra n e -l. 1-dioxide [5], as 
w ell as b y  th e  d irec tive  e ffe c t o f  acry lic  acid d e r iv a tiv e s  [6].

D i azom ethane c o n v e rts  co m p o u n d  V III in to  IV. A fte r  h av in g  p re p a re d  
th e  (S )-su lfox ide  V II b y  k n o w n  m eth o d s, we cou ld  tra n s fo rm  i t  to  I I I  n e ith e r  
in  C H 2Cl2/e th e r so lu tion  [1 ], b ecau se  of so lu b ility  d ifficu ltie s , no r in  T H F  or 
D M S O /e th e r m ix tu re . T h e  s te reo sp ec ific  o x id a tio n  o f  I  to  V III w as ca rried  ou t 
u s in g  N ,N -d ich lo ro u re th an e  (D C U ) [7, 8]. V -cep h a lo sp o rin  p -n itro b e n z y l e s te r 
d is so lv e d  in  a m in im um  a m o u n t  o f  d ry  CH2C12 w as a llow ed  to  re a c t w ith  an  
e q u im o l. am oun t of DCU  a t  ro o m  tem p era tu re  fo r 3 m in . E x tra c tio n  w ork-up  
g a v e  th e  (jR)-oxide in  a h ig h  y ie ld . This com pound  is id e n tic a l w ith  th e  m inor 
c o m p o n e n t of th e  p a rac id ic  o x id a tio n  of th e  p a re n t  com pound .

T h e  described fac ts  sh o w  t h a t  any  co m b in a tio n  o f  th e  cy c loadd ition  and  
o x id a t io n  steps gives rise  to  th e  fo rm atio n  of th e  sam e  co m p o u n d , V [9].

F u r th e r ,  we aim ed a t  e x p la in in g  th e  d irec tio n  o f th e  d ipo laroph ilic  a tta c k . 
I n  th e  cycloadd ition  th e  /?-side o f  th e  3-cephem  m olecu le  is p re fe rred , a lth o u g h  
th e  la c ta m  m oiety  m akes t h e  in te ra c tio n  of d ia z o m e th a n e  an d  th e  3 -doub le­
b o n d  o n  th e  ß-side d if f ic u lt;  th e  ring  s tra in  o f  th e  ee-face a d d u c t w ould  be 
s t ro n g e r  th a n  th a t  of th e  /?-face a d d u c t. This is su p p o r te d  b y  th e  fac t th a t  th e  
c h e m ic a l sh ift of one of th e  m e th y le n e  pro tons o f th e  py razo lin e  ring  is h igh ly  
in f lu e n c e d  b y  th e  S —ßO  b o n d  in  I I I ,  w hereas in  th e  (R )-ox ide  IV th e  effect o f 
th e  d ia m a g n e tic  an iso tro p y  o f  theS ||l!aO  bond c a n n o t be  no ticed . On th e  o th e r 
h a n d , th e  w ell-know n “ re a g e n t  ap p ro ach  co n tro l”  cau se d  b y  th e  7-N H  group
[10] d  oes n o t w ork so e ff ic ie n tly  as in th e  p e rac id ic  o x id a tio n  process o f I, 
s in ce  th e  ra te  of fo rm a tio n  o f  IV an d  I II  [i.e. th e  (R )- an d  (S)-sulfoxides] is 
a p p ro x im a te ly  2 : 3 in s te a d  o f  th e  usual 5 : 95 ra tio .
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The Michael reaction of cinnam alacetophenones w ith deoxybenzoin, malon- 
amides, ethy l phenylacetate , d iethy l m alonate , ethyl cyanoacetate an d  malononitrile 
has been investigated . Some new pyrans, pyrones and pyridones have  been obtained 
directly or by  th e  action of acids or alkalies on th e  interm ediate M ichael adducts.

T he M ichael re a c tio n  o f I w ith  deoxy b en zo in  gave l,2 -d ip h en y l-5 -a ry l-
3 -s ty ry l- l,5 -p e n ta n e d io n es  (II). C ycliza tion  o f II tak es  p lace  on  th e  action 
o f a m ix tu re  o f a ce tic  ac id  an d  p -to lu en e -su lfo n ic  acid to  g ive 2 ,3-d ipheny l-4 - 
s ty ry l-6 -a ry l-(4 if)-p y ra n s  (III).

COCH=CHCH=CHCeHs

I

a, R = H
b, R = Cl

/  \ -COCH2CHCH=CHCeH6

CeHsCHCOCeHs иД»̂
II i n

a, R = H a, R = H
b, R = Cl b, R = 4-i

C H = C H C 6H5

C in n am alace to p h en o n e  I w ere a llow ed  to  reac t w ith  m a lo n am id e  or 
m alonan ilide [1] to  o b ta in  2 -[a -p h en acy lc in n am y l] m a lo n am id es  (IVa and  b) 
an d  2 -[a -p h en acy lc in n am y l]m alo n an ilid es  (IYc and  d). T re a tm e n t  o f IV w ith 
alcoholic a lkali gave tw o  p ro d u c ts : 3 ,4 -d ih y d ro -2 -im in o -4 -sty ry l-6 -ary l-2 H - 
p y ran -3 -ca rb o x am id es  (V) and  l ,2 ,3 ,4 ‘t e t r ahydro -2 -o x o -4 -sty ry l-6 -a ry l-n ico - 
tin ic  acids (VI).
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COCH2CHCH=CHCeH 5
I
CH(CONHR')2

IV

a, R  = R  = H
b, R  -- CI, R =H
c, R = H , R '=C 6H5
d, R = CI, R =C6H5

СН=СН С6Н 5

r r
,c o n h 2

RHiCe"" n h 2

V

A, R =* H
b, R = 4=0

CH=CHC6H5

VI

a, R = H
b, R  = 4= 0

T re a tm e n t of IVa a n d  c w ith  a m ix tu re  o f  a ce tic  acid and  h y d ro ­
c h lo r ic  ac id  gave 3 ,4 -d ihydro -4 -sty ry l-6 -pheny l-2_H -pyran -2 -one-3 -carboxy lic  
a c id  (VII).

CH=CHC6H5

I t  h a s  been re p o rte d  [2] t h a t  e thy l p h e n y la c e ta te  adds to  b en za lace to - 
p h e n o n e  in  th e  presence o f  so d iu m  ethoxide to  g ive th e  n o rm a l M ichael a d d u c t . 
I n  th e  p re se n t in v es tig a tio n , t h e  b ase-ca ta ly zed  re a c tio n  of e th y l p h e n y la c e ta te  
w ith  I lead s to  th e  fo rm a tio n  o f  3 ,4 -d ih y d ro -3 -p h en y l-4 -s ty ry l-6 -p h en y l (or 
p -c h lo ro p h e n y l)-2 f í-p y ra n -2 -o n e s  (VIII). On th e  b a s is  o f  s te ric  co n sid e ra tio n s, 
th e  re a c tio n  proceeds v ia  t h e  s ta b le  conform ation  o f  th e  in te rm ed ia te .

CH=CHC6H5
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T he sam e com p o u n d  (VIII) w as o b ta in e d  v ia  th e  reaction  o f I  w ith  benzy l 
cy an id e  an d  t r e a tm e n t  o f th e  in te rm e d ia te  a d d u c t  IX  w ith  alcoholic p o ta ss iu m  
h y d ro x id e .

r — 6  \ — сосн2снсн=снсвн5

CöHßCHCN 

IX

a, R = H
b, R =  Cl

T he b a se -c a ta ly z e d  cy c lo ad d itio n  o f  d ie th y l m alonate  to  I  g iv in g  3,4- 
d ih y d ro -4 -s ty ry l-6 -a ry l-2 fí-p y ran -2 -o n es  (X) proceeds via  th e  m o re  s tab le  
co n fo rm atio n  o f th e  in te rm e d ia te  a d d u c t.

CH=CHC6H5

R H ,

X

a, К = H
b, R = 4‘Cl

T h e sam e com p o u n d  (X) w as o b ta in e d  b y  th e  reac tio n  of I w ith  e th y l 
c y a n o a c e ta te  in  th e  p resence o f sod ium  m e th o x id e .

СН=СНСбШ

T he b ase -ca ta ly zed  cyc loadd ition  o f  m alo n o n itrile  to  la  in  th e  p resence 
o f sod ium  m e th o x id e  gave 3 ,4 -d ih y d ro -2 -im in o -4 -sty ry l-6 -p h en y l-2 H -p y ran -
3 -ca rb o n itrile  (X I).

CH=CHC«H5

CH=CHCeHö A ^CN

Jí r
t

RHXVf UN x X H 2

НбСе 0  n h 2

XI XII
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O n th e  o th e r h a n d , th e  reac tio n  o f m a lo n o n itr ile  and  I in  th e  p resen ce  
o f a m m o n iu m  a c e ta te  a t  170°C effected  th e  fo rm a tio n  of a m ix tu re  o f  tw o  
p ro d u c ts :  2 -am in o -3 ,4 -d ih y d ro -4 -s ty ry l-6 -a ry l-n ico tin o n itrile s  (XII) a n d  2- 
am in o -4 -s ty ry l-6 -a ry l-n ic o tin o n itr ile s  (XIII). T h e  1,2- o r 1 ,4-dihydro  d e r iv a tiv e s  
of X II c a n n o t  be e x c lu d ed .

сн=снс6нб

imino

XIII

T h e  I R  sp e c tra l d a ta  o f th e  p ro d u c ts  a re  show n  in  T able I .

Table I

I R  sp ec tra  ( K B r ) ,  c m ~ l

Compd.
v C = 0 ,

open
chain

j-C=0
amide

I

v C = 0 ,
carboxyl

fC -O ,
cyclic vC = C *>C =  N vC=N pNH and OH

i i 1680 — — — 1608 — — —

1650
h i — — — — 1585 — — —

IV 1690 1665 — — 1605 — — 3200 and  3400

V — 1660 1705 — 1605 — — 3350 and 3145

VI — 1670 — — 1605, 1590 — 1625 3200

VII — — 1705 1670 1605, 1585 — — 3320

(a-pyrone) (chelated)

VIII — — — 1665 1600 — - —

(a-pyrone)

IX 1688 — — — 1606 2248 — —

X — — — 1670 1606, 1590 — — —

(a-pyrone)

XI — — — — 1608, 1587 2220 1630 1400

ketimine

XII — — — — 1608 2220 1635 3400
ketimine

XIII — — — — 1608 2220 1635 3400

ketimine

A c ta  C h im . (B u d a p e st)  8 3 , 1974



SAMMOUR e t al.: SY N TH ESIS O F PY R A N S, PY RO N ES AND PY R ID O N E S 213

Table II

Michael adducts with cinnamalacetophenones

Compound M. p ., 
°C

Solvent
of

cryetn.
Yield,

%
Form ula 

(Mol. w t.)

A nalysis, %  
Calcd./Found

C H N

П а 248 X 86 ^ 3 1 ^ 2 6 ^ 2 86.5 6.1 —

(430.5) 86.2 6.2

l i b 255 в 78 C31H 26C10 80.0 5.4 —
(465.0) 80.2 5.4 —

I V a 219 E 92 C20H 20N2O3 71.4 6.0 8.3
(336.4) 71.3 6.0 8.1

I V b 186 E 62 c 20h 19c in 2o 3 64.7 5.1 7.5
(370.9) 64.5 5.0 7.2

I V e 211 E 96 ^ 3 2 ^ 2 8 ^ 2 ^ 3 78.7 5.8 5.7

(488.6) 78.3 5.7 5.5
I V d 193 E 85 C 32H 27C IN 2O 3 73.4 5.2 5.4

(523.1) 73.2 5.1 5.3
V i l l a 156 p io o — 120 68 ^ 2 5 ^ 2 0 ^ 2 85.2 5.7 —

(352.4) 84.9 5.8 -
v n i b 145 piOO— 120 42 C26H 19C102 77.6 4.9 —

(386.9) 77.6 4.9 -

I X a 141 E 88 C25H 21NO 85.4 6.0 4.0

(351.4) 85.5 6.1 4.1
IXb 136 E 68 C26H 20C1NO 77.7 5.2 3.6

(385.9) 77.5 5.3 3.9
Xa 161 ß __p 4 0 — 60 82 c 19h 160 2 82.6 5.8 —

(276.3) 82.8 5.6 —
Xb 123 p _p 4 0 — 60 68 C19I I 16C102 73.3 4.8 —

(310.8) 73.5 4.6 -
XIa 168 E 38 C2uI116N20 80.0 5.4 9.3

(300.3) 79.7 5.6 9.5
Xlb 135 E 30 c20h 16c in 2o 71.7 4.5 8.4

(334.8) 71.3 4.6 8.2
ХИа 155 E 18 ^2oH i7N3 80.5 6.3 5.2

(299.4) 80.7 6.2 5.0
ХПЬ 165 E 15 C20H ]6C1N3 71.9 4.8 12.3

(333.9) 71.8 4.7 12.4
Х Ш а 248 В 23 c 2„h 15n 3 80.8 5.1 14.1

(297.3) 81.0 5.2 13.9
XHIb 240 В 19 C20H 14C1N3 72.3 4.2 12.1

(331.8) 72.1 4.3 12.4

X  =  xylene; E  =  benzene;
E  =  ethanol; P  =  light petrol.
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Experimental

T h e  IR  spectra were determ ined w ith a Unicam SP 1200 Spectrom eter using the K B r 
pellet tech n iq u e . All m .p .’s are uncorrected.

Michael reactions with cinnam alacetophenones (I)

( A )  A solution of I (0.01 mole) and deoxybenzoin, inalonam ide, malonanilide, ethyl 
pheny laceta te , benzyl cyanide, d iethy l m alonate, e thy l cyanoaceta te  or malononitrile (0.015 
mole) in  d ry  m ethanol (50 ml) was trea ted  w ith sodium m ethoxide (prepared from 0.75 g of 
sodium  and  5 ml of absolute m ethanol). The reaction m ix tu re  was refluxed for 4 hrs, then  
cooled and  the solid p roduct was crystallized from a su itab le  solvent (cf. Table II).

( B )  A m ixture of I  (0.01 mole), malononitrile (0.015 mole) and ammonium acetate (0.1 
mole) was heated  for 8 hrs a t 140— 160 °C. A fter cooling, the reaction  product was tr itu ra ted  
w ith h o t e thanol and the solid th a t  separated was fractionally  ex trac ted  w ith ethanol to  give 
X II; th e  residue ethanol ex trac tion  was crystallized to  give X III.

Table III

2,3-Dyphenyl-4-styryl-6-phenyl or chlorophenyl-4H-pyrans II I  and 3,4-dihydro-4-styryl-6-phenyl-
2H-pyran-2-one-3-carboxylic acid VII

Compound M. p.,
°c

Yield.
%

Formula 
Mol. wt.

Analysis, % 
Calcd. Found

C H

I l ia 231 48 ■P и O 90.3 5.9
(412.5) 90.5 5.6

IHb 220 30 C31H23C10 83.0 5.1

(447.0) 83.3 5.0

VII 178 38 с2„н 160 4 75.0 5.0

(320) 74.5 5.2

Table IV

Action o f alkali on IV

Compound M. p.,
°c

Solvent
of

crystn.
Yield,

%
Formula 
Mol. wt.

Analysis, % 
Calcd. Found

C H N

Va 234 Ac 28 c20h 18n a 75.5 5.7 8.8

(318.4) 75.2 5.8 8.6
Vb 268 Ac 38 C20H 17ClN2O2 67.9 4.8 7.9

(352.9) 67.6 4.9 8.2
Via 228 E - B 38 c20h 17n o 3 75.2 5.4 4.4

(319.3) 75.1 5.4 4.6
Vlb 245 E - B 42 c20h 16c in o 3 67.8 4.5 4.0

(353.8) 67.6 4.3 4.2

Ac =  acetic acid; E  =  ethanol; В =  benzene.

Acta Chim. (Budapest) 83, 1974



SAMMOUR e t al.: SY N TH ESIS OF PY RA N S, PY RO N ES AND P Y R ID O N E S 215

Ring closure of II and IV

A solution of Ila  and b or IVa and c 0.01 mole was prepared in a m ix tu re  glacial acetic 
and hydrochloric acid or acetic acid and p-toluenesulfonic acid 50 : 10 m l and  th e  solution was 
heated  under reflux for 72 h r; w ater was then  added to  the hot solution till tu rb id ity  appeared. 
The solid product which separated  was filtered off and recrystallized from  acetic acid to give 
I lia  and  h or VII, as pale yellow crystals; cf. Table I I I .

Action of alkali оп IV or IX

IV or IX 0.5 g was heated  w ith 20%  alcoholic potassium  hydroxide 50 ml for 4 hrs. 
A fter th e  addition of 40 ml w ater to  the reaction m ixture, the solid w hich separated was 
filtered  off and crystallized from  th e  proper solvent to give, V, VI, and VIII, respectively; cf. 
Table IV.
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SYNTHÉSES DE POLYACYLSEMICARBAZIDES

E. Co m a n it a , M. T u t o v e a n u , M. Y á t á  et A. S a v in

(In stitu t Polytechnique, Jassy, Roumanie)

Reiju le 25 octobre 1973

Les hydrazides des acides m- e tp-phénylénedioxydiacétiques se p re ten t aux addi­
tions nucleophiles aux groupes C = N  des diisocyanates. On ob tien t ainsi des polymeres 
de type  acyl-sem icarbazidique. On a utilisé comme esters diisocyaniques hexam étbyléne- 
diisocyanate, dibenzyldiisocyanate, et toluylenediisocyanate. On a confirm é la structure 
de polyacylsem icarbazides par les spectres IR  qui p résentent des bandes caractéristi- 
ques. Indications sur le degré de polym erisation on t été obtenus dé te rm in an t la visco- 
sité intrinseque des polym eres. On a trouvé des valeurs comprises en tre  15,5—49 ml/g. 
Les données de l’analyse therm ogravim étrique a tte s te n t que les polym eres son t stables 
ju sq u ’ä leur po in t de fusion.

L ’u tilisa tio n  des iso cy an a tes  com m e p ro d u it  de d é p a r t  d an s  la  synthèse 
de ce rta in s  po lym ères hom o- e t lié té ro ca tén a ires  a fa it l ’o b je t de nom breuses 
é tu d es . O n a d éc rit les réac tio n s  de P h o m o p o lym érisa tion  des isocyanates 
[1 — 5], ainsi que la  p o ly co n d en sa tio n  des d iiso cy an a tes  [6, 7 ], auxquelles 
s’a jo u te n t  les réac tio n s de p o ly ad d itio n  de ce rta in s  com posés po ly fonctionnels 
à a to m es d ’hydrogène  m obiles su r la  lia ison  C = N . C ette  d e rn iè re  m éthode  a 
serv i à p rép a re r  ce rta in s  p ro d u its  m acrom olécu laires de ty p e  p o ly u ré ta n iq u e  et 
p o ly u ré iq u e d e  p ro p rié té s  in té re ssan te s  p o u r leu rs a p p lica tio n s  te c h n iq u e s  [8, 9].

P a rm i les groupes fonctio n n e ls  suscep tib les de s’ad d itio n n e r  à la  lia ison  po­
la ire  C = N  des iso cy an a tes  se tro u v e n t les h y d raz id es  des acides carboxy liques. 
Les hy d raz id es , b ien  que  m oins basiques que les am ines, se p r ê te n t  a u x  add i­
tio n s  nucléophiles au  g ro u p e  C = N  e t ce tte  réac tio n  a é té  la rg e m e n t é tu d iée  sur de 
p e tite s  m olécules [10 — 15]. F in a lem en t c e tte  in té re ssa n te  ré a c tio n  a é té  app li­
quée a u x  com posés b ifo n c tio n n e ls  (d ihydrazides e t d iiso cy an a tes). O n a préparé 
a insi des po lym ères de ty p e  p o lyacy lsem icarbaz id ique  à ra d ic a u x  a lip h a tiq u es 
e t  a ry la lip h a tiq u es  su r la  chaîne  m acrom olécu laire  [16—20],

D iscussion

Le p resen t t r a v a il  se propose d ’é ten d re  la  gam m e de p o ly m eres  acyl- 
sem icarbazid iques, de c o n n a itre  leurs p ro p rié té s  e t en p lu s , d ’é tu d ie r  les 
p ossib ilités d ’ap p lica tio n s . Les po lym eres sy n th é tisé s  se d iffé ren c ien t de ceux 
o b ten u s  dé já  dans n o tre  la b o ra to ire  p a r  l’h y d raz id e  u tilisée  d an s  la  réac tio n  de
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polyaddition. Il s’agit d’une hydrazide récemment synthétisée [21], celle de 
l’acide p-phénylène-dioxydiacétique et de son isomère me(a-substitué que 
nous avons préparée selon [22]. La structure allongée ainsi que la réactivité 
du groupe NH2 terminal de ces dihydrazides nous a suggéré l’idée de les 
faire réagir avec des diisocyanates pour aboutir aux polymères linéaires à 
radical aryl alternant avec des unités aliphatiques. Les bétéroatomes O et N 
présents dans la chaîne macromoléculaire permettent à ces liaisons une rota­
tion libre, ce qui contribue à la flexibilité de la chaîne. En même temps, les 
groupes —CO—NH— favorisent la formation des liaisons d’hydrogène inter­
moléculaires ce qui pourrait améliorer les propriétés thermiques de ces poly­
mères.

La série de polymères synthétisés présente des modifications de structure 
distinctes dues au radical introduit par l’ester isocyanique. On a utilisé les 
isocyanates suivants : hexaméthylènediisocyanate (HMDI), toluylènediiso- 
cyanate (TDI), et dibenzyldiisocyanate (DBDI) qui par addition des hydrazi- 
des m -  et p-phénylènedioxydiacétiques ont conduit aux polyacylsemicarbazides 
(PASC) suivants.

NH2—NH—CO—CHa—O — C6H4—0 —CH2—CO—NH—NH2 +
+  0 = C = N —R—N = C = 0  ->
[NH —CO—NH—NH—CO — CH2—0 —C6H4—O—CH2—CO—NH—NH— 

CO — NH — R _ ]n R: -C H 2-(C H 2)4-C H 2-

Pour la synthese on utilise des quantités équivalentes des produits de 
depart dans DMF comme solvant. Les hydrazides phénylénedioxydiacétiques 
у sont partiellement solubles. A mesure que la reaction s’avance, le milieu 
devient homogene et on constate finalcment la séparation du polymere. Par 
addition de l’eau, le PASC de la structure indiquée plus haut se précipite sous 
forme des fibres. Aprés séchage et pulverisation on obtient une poudre 
blanche, insoluble dans la majorité des solvants organiques. Les points de 
fusion sont compris entre 190 — 300 °C. Les valeurs les plus élevées ont été 
observés chez les produits préparés avec DBDI. La purification par lavages a 
l’eau chaude ou par dissolution dans DMSO et la précipitation par Feau n’ont 
pas donné en tous les cas de résultats. Les analyses centésimales pour l’azote 
indiquent parfois un taux en N moins élévé que célúi calculé ce qui peut 
étre expliqué en partié par la retention de solvant par le polymere. Néan- 
moins les spectres IR confirment la structure donnée de PASC, comme nous le 
verrons plus loin.
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A fin  d ’o b ten ir le  degré de p o ly m erisa tio n  on a de term ine  les v a le u rs  de la 
v iscosité  in trin seq u e  a la  te m p e ra tu re  de 25°C. Les co n cen tra tio n s des so lu tions 
a é té  0,1 — 0,5 g/ЮО m l DM SO dans lesque lles on  fa it d isso u d re p a r a g ita t io n  de 
longue durée  les p o lym eres fin em en t m o u lu s. O n a tro u v é  les v a le u rs  de la 
v iscosité  in tr in seq u e  com prises en tre  15 e t  45 m l/g.

Le ta b le a u  su iv a n t c o n tie n t les c o n s ta n te s  physiques c a ra e té r is a n t  les 
PA SC sy n thé tisées.

Tableau I

Les P A SC  obtenus des dihydrazides p - et m-phénylenedioxydiacétique

Nr.
Substances de depart Point de 

fusion
Viscosité

intrinséque
ml/gHydrazide Diisocyanate

i p-phénylenedioxydiacétique HMDI 220 37,00
i i p-phénylenedioxydiacétique TD I 241 15,50

n i p-phénylénedioxydiacétique DBDI 300 49,00

IV m-phénylenedioxydiacétique HMDI 210 45,00

V m-phénylénedioxydiacétique T D I 190 23,50
VI m-phénylenedioxydiacétique DBDI 280 18,50

O n c o n sta te  que  l’indice de v isco s ité  e s t p lus élevé d a n s  les po ly ­
m ères o b ten u s des h y d ra z id e sp -  e t m -p h én y lèn ed io x y d iacé tiq u es e t  H M D I ainsi 
q u e  de l’hy d raz id e  p -su b s titu é e  e t de D B D I.

D ans le b u t  de co n firm er la  s tru c tu re  de PASC on  a f a i t  ap p e l aux  
sp ec tres  d ’ab so rp tio n  en  ÏR . L ’id e n tif ic a tio n  des bandes a é té  e ffec tu ée  p ar 
co m p ara iso n  avec u n e  su b stan ce  m odèle à p e ti te  m olécule l ,l - [p -p h é n y lè n e -  
d io x y d iacé ty l]-b is-(4 -p h én y lsem ica rb az id e ) (V II). D ans le sp ec tre  de  ce com posé 
a p p a ra ît  d is tin c te m e n t u n e  série de v ib ra tio n s  ca ra té ris tiq u es  a u x  élém ents 
s t ru c tu ra u x  p ré se n ts  d an s  la  m olécule. O n re tro u v e  les m êm es b a n d e s  d ’abso rp ­
tio n s dan s les sp ec tres  des po lym ères o ù  on  p e u t re m a rq u e r en  g énéra l la 
te n d a n c e  des pics à se confondre en  p lu s  larges bandes, c’e s t ce q u ’on p eu t 
observer dans la  f ig u re  1.

A fin  de p o u v o ir  m ieux  su iv re  la  s tru c tu re  des po ly m ères , o n  a groupé 
d an s le ta b le a u  ci-dessous les b an d es co n sid é rée s  les p lus re p ré se n ta tiv e s :
L a b an d e  am ide I  a p p a ra î t  c o n stan te  d a n s  to u s les p ro d u its  av ec  d e u x  m ax i­
m um s d ’a b so rp tio n  d u s  a u x  v ib ra tio n s  r C = 0  des groupes CO — N H  e t  N H  — 
CO — N H . Les b an d es  am ide  II e t  III p ré se n te n t des n o m b res d ’onde moins 
élevés, re sp e c tiv e m en t dan s les in te rv a lle s  1475 —1600 e t  1200 — 1300 c m -1 , 
so n t d iffic ilem en t localisab les à cause de la  présence d ’a u tre s  ab so rp tions 
d an s le m êm e d o m ain e . D ans le cas d u  po lym ère  p rép aré  av ec  H M D I (I) on 
observe  une  in te n s ité  accrue  de la  b a n d e  co rresp o n d an te  a vC — H  a lip h a tiq u e  
de 2960 c m -1 . D e m êm e, les ab so rp tio n s  c a rac té ris tiq u es  de N —H  a p p a ra issa n t

Acta Chim. (Budapest) 83, 1974



2 2 0 COM ANPfÄ e t a l .: SYNTHESES D E POLYACYLSEM ICARBAZIDES

F ig. 1. Spectres IR  des po lym eres I, II , I I I ,  V I e t de la  substance modele V II

Tableau II

Bandes caractéristiques presentes dans les spectres I R  des polymeres

Absorptions
P  о 1 у  m é r é s

Substance
modéleI II I I I IY

v C = 0  (am ide I) 1660; 1680 1660; 1675 1660 1680 1640; 1660
rC = C 1630 1610 1605 1620 1605
r C - O - C 1088 1078 1078 1080 1055
v N - H 3360 3310 3300 3350 3200; 3340
vC — H  arom . 3050 3050 3100 3100
vC — H  aliph. 2960 2870; 2930 2860; 2950 2900; 2980 3030
benzene p-subst. 845 840 840 — 840

d an s  F in te rv a lle  3200 — 3360 c m ' 1 sont spécifiques ä la  s tru c tu re  des PA SC. 
D an s  le u r  proche voisinage, e n tr e  3050 e t 3100 c m -1  se tro u v e n t les ab so rp tio n s 
des lia iso n s  C—H  a ro m a tiq u e s . D ’au tres c a ra c té r is tiq u e s  des v ib ra tio n s  se 
t r o u v e n t  dan s le ta b le a u  p ré c é d a n t.

II  n o u s  a semblé in té re s s a n t  d ’envisager le c o m p o rte m e n t des po lym eres 
d an s l ’a n a ly se  tberm ique . O n a  é tu d ié  la s tab ilité  des PA SC  II , I I I  e t VI en re- 
g is t r a n t  des courbes th e rm o g ra v im é tr iq u es  p a r  le D ériv a to g rap h e  de ty p e  
P a u l i k  F .,  P a u l ik  I ., E r d e y  L ., MOM B u d ap est d a n s  F in te rv a lle  de te m p é ra -

A c ta  C h im . (B u d a p e st)  83 , 1974



COMANITä e t al.: SY N TH ESES D E  POLYACYLSEM ICARBAZIDES 2 2 1

F i g .  2 . Courbes therm ogravim étriques des polymères II , I I I  e t V I

tu re  de 20 — 900°C. Les en reg is trem en ts  o n t été effectués en  p résen ce  de 
l ’a ir  à une  v itesse  de chauffage  de 9,8°C m in u te . E n  e x a m in a n t les données 
de l ’analyse  th e rm o g ra v im é triq u e  (vo ir la  figure  2), on c o n s ta te  q u e  les PASC 
p rép arées  des h y d raz id es  m- e t  p -p h én y lèn ed io x y d iacé tiq u es  se co m p o rten t 
d ’u n e  m anière  sem blable .

J u s q u ’au p o in t de fusion la  p e r te  de po ids est faib le e t d u e  à  l ’é lim ination  
d u  so lv an t re ten u  p a r  le po lym ère . E lle  s’accen tu e  ju sq u ’ au  dessus d e  la  te m p é ra ­
tu re  de fusion. Selon ce rta in s  a u te u rs  [23] dans ces co n d itio n s la  décom posi­
tio n  ca rac té ris tiq u e  des acy lsem icarb az id es  a lieu avec d é g a g e m e n t d ’eau, 
d ’an iline, e tc ., e t il se form e ainsien  p a r t ie  de cycles tr ia z o liq u e s . Les pertes 
a tte ig n e n t 50%  d an s l ’in te rv a lle  de 460 — 500°C.

Partie expérim entales

On décrit dans ce qui su it la synthèse de deux polymères isomères o b tenus en partan t 
des hydrazides des acides p -  e t m-phénylènedioxydiacétiques et M HDI. U tilisan t de TDI et 
de D BD I les conditions de trava il sont identiques.

P o ly - ( l , l ’p-phéiiy lèned ioxydiacély l-4 ,4 ’-h ex am éth y lène)-8em icarbaz ide  ( I )

Une suspension de 2 g hydrazide p-phénylènedioxydiacétique dans 75 m l DMF anhy­
dre est chauffée au bain-m arie pour être  partiellem ent dissoute. On a jou te  1,46 g M HDI, et 
continue le chauffage pendan t deux heures. On ob tien t le polymère par p réc ip ita tio n  dans l’eau.

P o ly -(l,l-m -p h é iiy lèn ed io x y d iacé ty l-4 ,4 ’hex am éth y Ièn e)-sem icarb az id e  (IV )

A la suspension de 2 g hydrazide m -phénylènedioxydiacétique dans 60 m l DM F on ajoute 
1,46 g HM DI. Après chauffage de deux heures au bain-marie e t ag ita tio n  in term itten te  on 
ob tien t une solution visqueuse, de laquelle le polymère se sépare sous form e de gel. On peut 
le filtrer ou le précipiter par eau.
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АСТЛ СН1М1СА
ТОМ 83 -В Ы П . 2

РЕЗЮМЕ

Диэлектрические свойства и полимеризация аллилового спирта, I
Диэлектрические свойства мономерного аллилового спирта

Я. ЛИСИ и Ж. ХАРТЯНИ

Была определена комплексная относительная перметивность в зависимости от 
температуры и частоты. Для описания результатов было использовано уравнение К оль- 
Давидсона. Была рассчитана энтальпия активации диэлектрической релаксации, которая 
затем сравнивалась с энергией вязкости. Путем сравнения данных аллилового спирта и 
1-пропанола было показано, что двойная связь не оказывает значительного влияния на 
изученные свойства.

Диэелектрические свойства и полимеризация аллилового спирта, II
Влияние полимеризации на диэлектрические свойства жидкой фазы

Я. ЛИСИ и Ж. ХАРТЯНИ

Был получен жидкофазный полиаллиловый спирт с молекулярным весом, равным 
приблизительно 400. Была определена комплексная относительная перметивность про­
дукта полимеризации в зависимости от температуры и частоты, а также зависимость вяз­
кости от температуры. Диэлектрические данные и величины вязкости указывают на то, что 
полимеризация в значительной степени изменяет свойства аллилового спирта. Согласно 
результатам, эффект полимеризации сказывается в появлении новой области релаксаций.

Влияние добавок благородных металлов на поведение активных и неактивных 
носителей при каталитическом гидрировании в водной фазе

Дь. ВЕРТЕШ, Дь. ХОРАНИ и Дь. КИШ

Было исследовано влияние платины и палладия на поведение различных носителей 
катализаторов при каталитическом гидрировании в водной фазе.

Была измерена скорость реакции гидрирования двух модельных соединений -  
п-интрофенола и малеиновой кислоты — используя в качестве носителей окись алюминия, 
трехокись вольфрама, активный углерод, карбиды тантала и вольфрама, а в качестве 
катализаторов палладий и водород-вольфрамовую бронзу без благородного металла.

В противоположность литературным данным, согласно нашим исследованиям и 
окись вольфрама нельзя считать активным носителем.

Было установлено, что без благородных металлов водород-вольфрамовая бронза не 
способна к молекулярной активации водорода.

Карбид вольфрама, содержащий одну тысячную долю благородного металла, мо­
жет быть с успехом использован в качестве катализатора при гидрировании ненасыщен­
ных соединений.



Изучение ионизации металлов и восстановления ионов металлов с помощью 
вращающегося дискового электрода с кольцом, X

Л. КИШ и Й. ФАРКАШ

Была выведена зависимость . ---- /  ' '2 (где I — сила тока на вращающемся дисковом
h

электроде, I/, — предельный ток промежуточного продукта на кольцевом электроде, /  — 
число оборотов электрода) для того случая, когда при анодном растворении металла проис­
ходят следующие процессы:

М  М гÍ  -)- г , е ; М гг M z 2  ±  (z2 — г ,)  e ; M  ^  M 2 2  -f• z„e .

Было определено, в каких случаях полученную зависимость можно использовать для вы­
яснения механизма процесса.

Стереохимические исследования, XIX

Циклические аминоспирты и их производные, XI

Исследование цис- и /пранс-2-гидроксиметилциклогексиламинов с помощью
ЯМР спектроскопии

Ж. ВАЙ.НА-МЕХЕШФАЛЬВИ, Г. БЕРН АТ и П. ШОХАР

На основе исследования ЯМР спектров N-ацил-производных цис- и транс-2-гидрок- 
симетилциклогексиламинов были получены сведения относительно структуры переход­
ного состояния реакции ацильной миграции N — О. Были определены наиболее воз­
можные конформации бициклического переходного состояния транс- и уцс-изомеров. 
Исходные диэкваториальные конформации в транс-изомерах остаются незатронутыми 
при протонировании, в то время как циклогексановое кольцо цис- изомера присутствует, 
вероятно, в скрученной форме, в которой ациламидная и гидроксиметильная группы вы­
нуждены занимать квази-экваториальное расположение.

Изучение анодного растворения меди в уксуснокислых растворах, II

Влияние ионов хлорида
Л. к и ш  и Л .  М. В А РШ А Н И

Было изучено анодное растворение меди в растворах LiC’j в безводной уксусной ки­
слоте. Установлено, что медь окисляется только до одновалентного состояния, а пере­
напряжения перехода и диффузии соизмеримы. В результате анодного растворения об­
разуются комплексы CuClj. Был рассчитан коэффициент переноса анодного процесса 
а = 0,65 ±0,05.

Радиолиз алкенов, II

Легкие углеводородные продукты радиолиза некоторых нормальных и
циклических алкенов

Дь. ЧЕРЕП и Г. ФЕЛЬДИАК

Нормальные и циклические алкены, с различными размерами молекул, подверга­
лись у-облучению Со™ в жидкой фазе. На основе выхода фрагментов С, С5 было сделано за­
ключение о том, что первичное разложение молекулы — несмотря на высокую первичную 
энергию — протекает чаще по тем связям молекулы, которые ослаблены вследствие какого- 
либо влияния. Так, у алкенов энергия диссоциации ст-связи, находящейся в /3-положении к 
л-связи, является наименьшей, вследствие стремления к делокализации валентных элек­
тронов я-связи; однако,на состав продуктов реакции оказывает влияние также конец цепи 
или неспаренный электрон свободного радикала, а также энергия напряжения.



Радиолиз ал ненов, III

Легкие углеводородные продукты радиолиза некоторых разветвленных 
алифатических алкенов и циклических алкенов с заместителями

Дь. ЧЕРЕП и Г. ФЕЛЬДИАК

Были облучены у-излучением 60 Со разветвленные алифатические алкены и цикли­
ческие алкены с боковыми заместителями. На основе выхода образующихся легких угле­
водородов было заключено, что в случае изученных углеводородов важное значение в 
вероятности разрыва связей имеют третичные углероды и присоединяющиеся к ним связи. 
Это ослабляющее влияние третичных углеродных атомов в отдельных случаях является 
конкурирующим с влиянием связи, находящейся в //-положении к тг-связи, а в других 
случаях складывается с последним. Состав продуктов зависит также от природы конца 
цепи и от вторичных реакций.

Метиловые эфиры углеводов, VII

Синтез метиловых эфиров квиновозы 
Взаимодействие 4,б-0-бензилиден-/3-0-глюкопиранозидов с 

N-бромсукцинимидом
Л. КИШ, А. ЛИПТАК и П. НАНАШИ

Был осуществлен синтез 0-дезокси-2,3-ди-0-метил-0-глюкозы (2,3-ди-0-метил-Б- 
квиновозы) (5) и 6-дезокси-2,3-4-три-0-метил-Г)-глюкоаы (2,3,4-три-0-метил-0-квиновозы)
(11). Исходным продуктом был 4,6-0-бензилиден-2,3-ди-0-метил-0-0-глюкопиранозид, 
который, согласно методу Ханессиана [1], взаимодействуя с N-бромсукцинимидом, пре­
вращается в 6-бром-6-дезокси-производное. Бром был удален с помощью LiAIH ,, и полу­
ченный фенил квиновозид под действием кислого гидролиза был превращен в соединение 
5. Хорошо известный фенил-/)-D-глюкопиранозид [2] был метилирован согласно Куну 
[3], давая при этом соединение 10. Метилирование соединения 4 приводило к тому же 
самому продукту. Оба соединения являются доказательством структуры соединений 5 и 10.

Синтез пиранов, пиронов и пиридонов с помощью конденсации Михаэля
с циннамальацетофеноном

А. САМУР, А. РАОУФ, M. ЭЛЬКАСАБАЙ и М. А. ХАССАН

Была исследована реакция Михаэля циннамальацетофенона с дезоксибензоином, 
малонамидом, этил фенилацетатом, диэтил малонатом, этил цианоацетатом и малононит- 
рилом. Некоторые новые пираны, пироны и пиридоны были получены непосредственно или 
действием кислот или щелочей на промежуточные аддукты Михаэля.

Синтез полиацилсемикарбазидов
Э. КОМАНИТА, M. ТУТОВЕАНУ, М. ВАТА и А. САВИН

Гидразиды м- и п-фенилендиоксидиуксусных кислот обнаруживают способность 
к нуклеофильному присоединению к группе С =  N диизоцианатов, давая при этом поли­
меры ацилсемикарбазидного типа. HMD1, DBDI, и TD1 были использованы в качестве 
диизоцианатных эфиров. Структура PASC определялась на основе его ИК спектра с харак­
терными полосами. Определение характеристической вязкости, значения которой нахо­
дятся в интервале 15,5-т 49 мл/г, позволяет судить о степени полимеризации. Данные термо­
дифференциального анализа указывают на то, что полимер стабилен вплоть до его точки 
плавления.
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ABSORPTION SPECTRA IN THE 
ULTRAVIOLET AND VISIBLE REGION

Series edited by L. LÁNG

According to international book reviews, this series is highly useful in both structure 
research and chemical analysis. This applies especially to  problem s o f analytical 
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other industries, i.e. in organic chemical industry in general. A great advantage ol 
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House of the H ungarian Academy o f Sciences in 1959, and by now the project has 
got as far as Vol. 18. The editors invite the users o f the collection to  contribute to the 
success of this work by subm itting for publication spectra o f  new compounds.

Each volume contains about 400 pages spectra graphs and tables o f  about 190 com­
pounds +  indexes.

Cumulative index: 1 - V , V I - X ,  X - X V
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The whole series is a co-edition, — distributed on the American Continent by ACADEMIC 
PRESS, New York, in all other countries by KULTÚRA, H-1389 Budapest, P. О. B. 149
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JOURNAL OF RADIOANALYTICAL 
CHEMISTRY

In ternational jo u rn a l dealing with all aspects of nuclear analytical m ethods

Journal of Radioanalytical Chemistry has an international Editorial Board, whose 
members are distinguished specialists from  all parts o f the world — from  Moscow 
to San Diego, from Prague to  Tokyo.

The main subjects covered are:

Activation analysis 
Radiom etric analysis 
Radioreagent analysis 
Radiom etric titra tion  
Isotope dilution analysis
Beta, gam m a, X-ray and neutron absorp tion  and backscattering 
Analytical separations involving radionuclides 
Instrum entation  and autom ation for radioanalytical chemistiy

Journal of Radioanalytical Chemistry provides the reader with im portant and up-to 
date inform ation on research being carried out all over the world. Data and Biblio­
graphy Sections and a section entitled Laboratory  o f the Issue help to  serve this 
purpose.

Journal of Radioanalytical Chemistry appears generally in three or to u r volumes per 
year of some 480 to 500 pages each, published in several issues in English. F renth 
o r G erm an. Size: 17x25  cm. Subscription rate pei volume: IIS $32.00

Journal o f Radioanalytical Chemistry is published jointly by

AKADÉMIAI KIADÓ
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JOURNAL OF THERMAL 
ANALYSIS
An international forum tor communications on thermal investigations

Journal of THERMAL ANALYSIS has an international Editorial Board, the members of 
which are distinguished specialists from all over the world.

*

AIMS AND SCOPE

The mam subjects covered are: thermogravimetry, derivative thermogravimetry, 
differential thermal analysis, dilatometry, differential scanning calorimetry, thermo­
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Communications. Special Reviews. Bibliography Section. Modern Instruments. The 
Special Reviews section is reserved tor papers that have been published in greater 
detail in some lournal for a special branch of scientific field or industry.

Papers submitted to the lournal may deal with any held ot chemistry, metallurgy or 
mineralogy, e.g. they may deal with inorganic, organic or polymeric materials and 
'hey may cover biochemical, mineralogical or metalluigical applications.
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vear Size: 17x25 cm Subscription rate per volume: US $32.00
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AKADÉMIAI KIADÓ
Budapest

HEYDEN & SON LIMITED 
London



ü l S

ACTA ALIMENTARIA
ACADEM LAE SC1ENT1ARUM  H U N G A R IC A E

publishes original papers in the field of food science and technology (physico- 
chemistry, chemistry, analysis, biology, microbiology, enzymology, engineering, 
automation and economics related to fundamental principles of the production, 
preparation, preservation, packaging and examination of foods) in English.

Contributions to ACTA ALIMENTARIA are regularly abstracted or indexed in 
all reference journals.

ACTA ALIMENTARIA is as a rule a quarterly. Four issues make up a volume of 
some 400 to 500 pages yearly.
Subscription rate per volume: US $32.00

- 1 8
_/—

2 8
■ ' \

JL L I I
■ Ц у

AKADÉMIAI KIADÓ 
Publishing House of the 
Hungarian Academy of Science.̂  
BUDAPEST

, i\.A D HM 1A 1 K IA D Ó , H -U S i Budapest Г .О .В . 24

P lease en ter m y /ou r subscrip tion  for 
A CTA  A L IM E N T A R IA  for one volum e

■ Please en ter a  s tan d in g  o rder tor 
A CTA  A L IM E N T A R IA , beginning with

J A T E  ..........................................................................................

J  Please send  a  specim en-copy  free o f charge

N A M E .................................................................. ....  . • .  .

A D D R ESS .................................................................  . . .



The A cta Chimica publish papers on chem istry, in E nglish, German, F rench  and 
Russian.

The Acta Chimica appear in volum es consisting of four p a rts  o f varying size, 4 volum es 
being published a year.

M anuscripts should be addressed to

Acta Chimica
Budapest 112/91 Műegyetem

Correspondence w ith the editors should be sent to the sam e address.
The ra te  of subscription is $ 32.00 a  volum e.
Orders m ay be placed w ith ‘k u l t ú r a "  Foreign T rade Com pany for Books and 

Newspapers (1389 B udapest 62, P. O. B. 149. Account No. 218 10990) or w ith rep resen ta ­
tives abroad.

Les A cta Chimica paraissent en fran<;ais, allemand, anglais e t russe e t pub lien t des 
mémoires du dom aine des sciences chim iques.

Les A cta Chimica sont publiés sous form e de fascicules. Q uatre  fascicules seron t réunis 
en un  volume (4 volumes par an).

On est prié d ’envoyer les m anuscrits destines ä la rédaction  ä l’adresse suivante:

Acta Chimica
Budapest 112/91 Műegyetem

Toute correspondance doit étre envoyée ä cette mérne adresse.
Le prix de l’abonnem ent est de $ 32.00 par volume.
On peu t s’abonner й l’Entreprise pour le Commerce E x te rieu r de Livres e t Jo u rn au x  

<tKultúrái) (1389 B udapest 62, P. O .B . 149. Com pte-courant No. 218 10990) ou a Pétranger 
chez tous les représen tan ts ou dépositaires.

«Acta Chimica» издают трактаты из области химической науки на русском, фран­
цузском, английском и немецком языках.

«Acta Chimica» выходят отдельными выпусками разного объема. 4 выпуска состав­
ляют один том. 4 тома публикуются в год.

Предназначенные для публикации рукописи следует направлять по адресу:

Acta Chimica
Budapest 112/91 Műegyetem

По этому же адресу направлять всякую корреспонденцию для редакции.
Подписная цена $ 32.00 за том.
Заказы принимает предприятие по внешней торговле книг и газет «K ultúra» (1389 

B udapest 62, Р. О. В. 149. Текущий счет № 218 10990) или его заграничные представи­
тельства и уполноченные.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

ALBANIA
Drejtorija Qändrone e Pärhapjes 
dhe Propagandimit tä Librit 
Kruga Konferenca e Päzes 
Tirana

AUSTRALIA
A. Keesing 
Box 4886, GPO 
Sydney

AUSTRIA 
GLOBUS 
Höchstädtplatz 3 
A-12 0 0  W ien  X X

BELGIUM
Office International de Librairie 
30, Avenue Marnix 
B ru xe lles 5 
Du Monde Entier 
162. rue du Midi 
1000 B ruxelles

BULGARIA
HEMUS
11 pl Slaveikov 
So fia

CANADA
Pannónia Books 
2, Spadina Road 
Toronto, 4 . Ont.

CHINA
Waiwen Shudian
P eking
P. О. B. 88

CZECHOSLOVAKIA
Artia
Ve Smedkdch 30 
Praha 2
PoStovnf Novinivd Sluzba 
Dovaz tisku 
Vinohradskd 46 
P raha 2
Mad’arské Kultúra 
Václavské ndm. 2 
Praha I
SLOVART A. G.
Gorkého
B ra tis la va

DENMARK
Ejnar Munksgaard 
Nörregade 6 
C openhagen

FINLAND
Akateeminen Kirjakauppa
Keskuskatu 2
H elsinki

FRANCE
Office International de Documentation
et Librairie
48, rue Gay-Lussac
Paris 5

GERMAN DEMOCRATIC REPUBLIC 
Deutscher Buch-Export und Import 
Leninstraße 16 
L eipzig  701 
Zeitungsvertriebsamt 
Fruchtstraße 3—4 
1004 Berlin

GERMAN FEDERAL REPUBLIC 
Kunst und Wissen 
Erich Bieber 
Postfach 46 
7 S tu ttg a rt S.

GREAT BRITAIN
Blackwell’s Periodicals 
Oxenford House 
Magdalen Street 
O xford
Collet’s Subscription Import 
Department 
Dennington Estate 
Wellingsborough, N orthants.
Robert Maxwell and Co. Ltd.
4 — 5 Fitzroy Square 
London W. /.

HOLLAND
Swetz and Zeitlinger 
Keizersgracht 471 —487 
A m sterd a m  C.
Martinus Nijhof 
Lange Voorhout 9 
T h e  Hague

NDIA
Hind Book House 
66 Babar Road 
New Delhi I

ITALY
Santo Vanasia 
Via M. Macchi 71 
M ilano
Libreria Commissionaria Sansoni
Via La Marmora 45
F iren ze
Techna
Via Cesi 16.
4 0 1 3 5  Bologna

JAPAN
Kinokuniya Book-Store Co. Ltd. 
826 Tsunohazu 1-chome 
Shinjuku-ku 
Tokyo
Maruzen and Co. Ltd.

P. O. Box 605 
Tokyo-C entra l

KOREA
Chulpanmul
Phenjan

NORWAY
Tanum-Cammermeyer 
Karl Johansgt 41 —43 
Oslo I

POLAND
Ruch
ul. Wronia 23 
W a rsza w a

ROUMANIA
Cartimex
Str. Aristide Briand 14 — 18 
B u cu re fti

SOVIET UNION
Mezhdunarodnaya Kniga 
M oscow  G—200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
S — I 0I  2 0  Stockholm

USA
F. W. Faxon Co. Inc.
15 Southwest Park 
W estw ood  M a ss . 02090  
Stechert Hafner Inc.
31. East 10th Street 
N ew  Y ork, N . Y. 10003

VIETNAM 
Xunhasaba 
19, Tran Quoc Toan 
Hanoi

YUGOSLAVIA
Forum
Vojvode MiSida broj 
Novi Sad
Jugoslavenska Knjiga 
Terazije 27 
Beograd

21. X I I .  1974 Index : 26.007



ACTA
CHIMICA

A C A D E M I A E  SCIENTI  AR UM 
H U N G A R I C A E

A D IU V A N TIB U S

V. B R U C K N E R , G Y . D E Á K , К . P O IJ N S Z K Y  
E . P U N G O R , G. SC H A Y , Z. G. SZA B Ó

R K D IG IT

H. L E N G Y F J,

TOMTJS 83

A K A D É M IA I K IA D Ó , B U D A P E S T  

1 9 7 4

ACTA CHIM. (BUDAPEST) ACASA 2 83 (3-4) 223-435 (1974)



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

S Z E R K E S Z T I

L E N G Y E L  B É L A

T E C H N I K A I  S Z E R K E S Z T Ő K

D E Á K  G Y U L A  és H A R A S Z T H  Y - P  A P P  M E L I N D A

Az A cta Chimiea ném et, angol, francia és orosz nyelven közöl értekezéseket a kémiai 
tu d o m án y o k  köréből.

Az A cta  Chimiea változó terjedelm ű füzetekben jelenik meg, egy-egy k ö te t négy füzet­
ből áll. É v en te  átlag négy kö te t je len ik  meg.

A közlésre szánt kéziratok a szerkesztőség cím ére (Budapest 112/91 M űegyetem ) kül­
dendők.

U gyanerre  a címre küldendő minden szerkesztőségi levelezés. A szerkesztőség kéz­
ira to k a t nem  ad vissza.

M egrendelhető a belföld szám ára az „A kadém iai K iadó” -nál (1363 B udapest P f 24. 
B ankszám la  215 11488), a külföld szám ára pedig a „K u ltú ra” K önyv- és H írlap  K ülkeres­
kedelm i V álla la tnál (1389 B udapest 62, P. О. B. 149. Bankszámla: 218 10990) vagy annak 
külföldi képviseleteinél és bizom ányosainál.

D ie A cta Chimiea veröffentlichen A bhandlungen aus dem Bereich der chemischen 
W issenschaften  in deutscher, englischer, französischer und russischer Sprache.

Die A cta  Chimiea erscheinen in H eften wechselnden Umfanges. Vier H efte  bilden einen 
B and. Jäh r lich  erscheinen 4 B ände.

D ie zur Veröffentlichung bestim m ten M anuskripte sind an folgende Adresse zu senden:

Acta Chimiea
Budapest 112/91 Műegyetem

A n die gleiche A nschrift is t auch jede für die R edaktion bestim m te K orrespondenz zu 
rich ten . Abonnem entspreis pro B and: $ 32.00.

B estellbar bei dem Buch- und  Zeitungs-A ußenhandels-U nternehm en »K ultúra« (1389 
B u d ap est 62, P. О. B. 149 B ankkonto  Nr. 218 10990) oder bei seinen A uslandsvertretungen 
und  K om m issionären.



Acta Chimica Acadcmiae Scientiarum Hungaricae,  Tomus 83 (3 — 4), pp. 223—228 (1974)

DETERMINATION OF PHOSPHORUS 
IN SILICATE ROCKS RY ACTIVATION ANALYSIS

S. 0 .  K halil

( D e p a r tm e n t  o f  G eo lo g y , F a c u l ty  o f  S c ie n c e , A le x a n d r i a  U n iv e r s i t y ,  E g y p t )  

Received N ovem ber 25, 1973

A neu tron  activation m ethod for the determ ination  of phosphorus as silver 
thallium (I) phosphate  (Ag2T lP 0 4) from  am m onium  phosphom olybdate p rec ip ita te  is 
applied to  silicate rocks.

A m m onium  phosphate is added as carrier to  th e  irrad ia ted  rock powder and  th e  
phosphorus recovered as amm onium phosphom olybdate, w hich is p recip itated  several 
tim es in the presence of appropriate holdback carriers to  ensure its  radiochem ical p u rity  
and then  finally  dissolved and rep recip ita ted  as silver thallium (I) phosphate (A g2T lP 0 4) 
for weighing and  counting.

Introduction

O n irra d ia tio n  w ith  th e rm a l n e u tro n s  31P  und erg o es th e  31P  (n , y) 32P  
re a c tio n , th e  th e rm a l n eu tro n  c ross-sec tion  o f w h ich  is 0.19 b a rn s . 32P  d ecay s 
b y  ^-em ission o n ly , th e  partic les h a v in g  a m a x im u m  en erg y  of 1.707 M ev, 
w ith  a half-life o f  14.3 days.

A m m onium  p h o sp h o m o ly b d a te  w as chosen  b y  V incent  and Cu r r e n  [1] 
as a w eighing fo rm . T h is com pound , fo r  a v a r ie ty  o f reaso n s is n o t v e ry  su ita b le  
fo r a fin a l w eighing  o r coun ting  fo rm  fo r p h o sp h o ru s : i t  has an  u n c e r ta in  co m ­
p o sitio n , it  is h y g ro sco p ic , and  th e  p re c ip ita te  se lf-abso rps th e  /1-particles o f  32P , 
e x c e p t in  v e ry  th in  layers.

H en d er so n  [2] used  an in it ia l  z ircon ium  p h o sp h a te  p re c ip ita tio n  as a 
w eighing  form . T h e  choice of a f in a l w eighing  fo rm  is d ifficu lt as m a n y  p h o s ­
p h o ru s  com pounds h av e  an u n c e rta in  s to ich io m e try  (e.g. am m onium  p h o sp h o ­
m o ly b d a te ), o r are  d ifficu lt to  p la te  o u t (e.g. m agnesium  p h o sp h a te ) .

Spacu a n d  D ima [3], p re p a re d  a new  co m p o u n d  o f p h o sp h o ru s: s ilv er 
th a lliu m  (I) p h o sp h a te  (A g2T lP 0 4). T his co m p o u n d  has a defin ite  co m p o sitio n  
an d  can  be d ried  a n d  w eighed as su ch  a fte r  b e in g  b ro u g h t to  an y  te m p e ra tu re s  
b e tw een  20°C a n d  720°C [4]. Som e fu r th e r  e x p e rim e n ts  were p e rfo rm e d  b y  
th e  a u th o r  in  o rd e r  to  a sce rta in  w h e th e r se lf-ab so rp tio n  of 32P  /1-partic les 
w ould  be a se rio u s d raw back  to  th e  use o f A g 2T l P 0 4 as a w eighing fo rm  for 
p h o sphorus in  ra d io a c tiv a tio n  an a ly s is , fo r w h ich  p u rp o se  i t  seem s o th e rw ise  
to  be w ell su ite d . Spacu and  D ima  [3] p re p a re d  th e  new  p h o sp h a te  co m p o u n d  
fro m  disod ium  h y d ro g en  p h o sp h a te  so lu tio n , w hile in  th is  p re se n t w o rk  th e
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m a in  p rob lem  is to  p re p a re  silver th a l l iu m  (I) p h o sp h a te  (A g2T l P 0 4) from  
a m m o n iu m  p h o sp h o m o ly b d a te  p re c ip ita te .

A nhydrous p o ta s s iu m  d ihydrogen  p h o s p h a te  was chosen  as a n  ir ra d ia tio n  
s ta n d a r d ,  since i t  is o b ta in ab le  in  v e ry  p u re  fo rm  and  is com m only  u sed . The 
“ A n a la r”  sa lt w as fo u n d  to  co n ta in  no  e le m e n ts  w hich w ould  in te rfe re  in  th e  
p ro c e d u re .

M ethod

Preparation  of samples and standards and irradiation

W eigh 100 mg rock pow der (sample) in to  sh o rt polyethylene tub ing  and seal th e  open 
ends. Sim ilarly, weigh accura te ly  and seal 100 m g “ A nalar” disodium hydrogen phosphate 
(s tan d a rd ) and a sim ilar w eight of “A nalar” po tassium  sulphate (m onitor for th e  32S -* 32P  
reaction ). Pack sam ple, s tan d ard  and m onitor in  a stan d ard  Harwell alum inium  irrad ia tion  
can , and  irradia te in  the  th erm al column of B E PO  for 3 1/2 days in  a  therm al flux  of 2 X 1010 
neu trons/cm 2/sec.

R eagen ts:

(a) Ammonium m olybdate; dissolve 100 g “ A n ala r”  amm onium m olybdate in  700 m l dis­
tilled  w ater and pour in to  300 ml concen tra ted  nitric acid. A clear solution should 
result. The reagent should be freshly p repared  in  every 2 or 3 days and  k ep t in a po­
lyethylene bo ttle .

(b) Ammonium n itra te  solution: 50 per cent w /v.
(c) Amm onia solution, “ A nalar” ; S.G. 0.88 — 0.90.
(d ) N itric  acid, “ A nalar” : Concentrated.
(e) E th y l alcohol, absolute.
(f) Phosphate carrier solution: dissolve 0.7027 g “ A nalar” diam m onium  phosphate  in 

distilled w ater and m ake up to 500 ml. F ive m l of th is solution is equivalent to  100.0 mg 
of ammonium phosphom olybdate (1.65 per cen t P).

(g) H oldback carrier solution: prepare a solution contain ing about 1 mg per m l of each of 
th e  following m etals, in  th e  form of chloride or n itra te : Al, Ba, Ca, Cr, Ni, Co, Cu, Fe, 
Mg, Mn, K , N a and  Zn.

(h) 0.1 N  A gN 03: dissolve 8.4960 g of “ A nalar”  A g N 0 3 in 500 m l distilled w ater after 
drying a t 110°C for 2 hours (keep in a dark  bo ttle ).

(i) 4%  thallium (I) ace ta te  (TIOAc) in w ater: dissolve 4 g of thallium (I) acetate  in distilled 
w ater.

( j)  3%  thallium (I) ace ta te  in  alcohol: dissolve 3 g of thallium (I) acetate  in  95% ethyl 
alcohol.

(k) 10%  acetic acid v /v .
(l) Sodium  acetate salt.
(m ) E th y l alcohol.

Treatm ent of irrad ia ted  samples

A . Precipitation o f  phosphorus as am m onium  phosphomolybdate:

Allow the irrad ia ted  sam ples to  cool for a few days u n til the rad ioactiv ity  has decayed 
to  a safe working level. T aking th e  usual precautions, and  working behind a lead shield, transfer 
th e  rock  powders to  teflon vessels, and add to  each 5 m l of the amm onium phosphate  carrier 
u sing  a  p ipette  filler. A dd 10 m l cone. H N 0 3 and th e n  10 m l 40% H F. E vapora te  carefully to 
d ryness on a sand bath , cool, add 5 ml H N 0 3 and rep ea t the  evaporation. In  th e  sam e way 
ev ap o ra te  repeatedly w ith  cone. H N 0 3. Cool, add to  th e  residue 5 m l H N 0 3 and  10 m l w ater, 
w arm  u n ti l  the dissolution is as complete as possible.

P o u r the ho t solution in to  a  centrifuge tube con tain ing  5 ml of 50% am m onium  n itra te  
so lu tion , 5 m l of am m onium  m olybdate reagent and  2 m l of the holdback carrier solution. 
Allow th e  tube  to  stand for 30 — 45 m inutes in a beaker containing ho t w ater, un til all phos- 
shorus has been precip ita ted  as am m onium  phosphom olybdate, centrifuge and discard th e  
daw hings. From  this stage onw ards, activ ity  in th e  sam ples is reduced to  tracer level.
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Redissolve the precip ita te  in  th e  centrifuge tube in  a few drops of strong am m onia 
solution, add 5 m l am m onium  n itra te  solution and 2 ml of th e  holdback carrier solution; th en  
5 ml cone. H N 0 3 and 5 ml of the am m onium  m olybdate reagen t to  p recip ita te  the phosphorus. 
In  the absence of foreign ions the p recip ita tion  is now generally com plete w ith in  a few m inutes. 
Centrifuge and w ash the p recip ita te  as before, rcdissolve and  rep recip ita te  twice more in the 
presence of holdback carrier solution, and wash thoroughly w ith  ho t w ater.

B .  S e p a r a t io n  o f  m o ly b d e n u m  a s  t h a l l i u m ( I )  m o ly b d a te :

D ecant the excess w ater and dissolve the am m onium  phosphom olybdate precip itate in 
th e  centrifuge tube  in a few drops of cone, ammonia solution. T ransfer th e  solution to  a conical 
flask, w ash the centrifuge tube  carefully w ith w ater and pour th e  washings into the conical 
flask. N eutralize the solution w ith  10% acetic acid using phenolphtalein  as an indicator.

Add 60 m l 95% ethy l alcohol and warm to  70 —80°C (on a w ater bath). T hallium (I) 
m olybdate is precip itated  from th e  ho t solution by adding 25 — 30 m l 3% thallium (I) ace ta te  
in  alcohol. The m ixture is digested a t  60—70 4'. on a w ater b a th  for about one hour un til th e  
precip ita te  completely coagulates. Cool, centrifuge, and decan t the superna tan t liquid in to  a 
clean conical flask for the precip ita tion  of phosphorus as silver thallium (I) phosphate (Ag2 
T 1P 04). This solution should be free from molybdenum, and  th is is easy to  check: add a few 
drops of 3% thallium (I) acetate (TIO Ac) reagent to  the solution; if a w hite precipitate is form ed, 
th is m eans th a t  some m olybdenum  is still in the solution; and  th e  separation  procedure should 
be repeated. I f  no precip itate is form ed the solution is free from  m olybdenum .

C. P r e c ip i ta t io n  o f  p h o s p h o r u s  a s  s i lv e r  t h a l l i u m ( I )  p h o s p h a te :

If  the decanted solution from  step В is alkaline, neu tralize  i t  by  adding a few drops of 
10% acetic acid. I t  is im portan t to  ad just the pH  value of the solution, w hich should no t 
exceed 9, since it  has been found experim entally th a t tha llium (I) phosphate precipitates a t 
pH  values higher th a n  9, while a pH  range of 7.5 —8.5 seems to  offer the best conditions for 
the p recip itation  of silver thallium (I) phosphate.

Now, the solution is ready for the precipitation of A g2T lP 0 4 if  Spa cu  and D im a’s m ethod 
is to  be applied. Add 1 g of sodium  acetate as a buffer, w arm  to  dissolve, cool, add a few ml of 
10% acetic acid, and th en  15 m l of 4%  TIOAc in w ater, followed by  15 — 20 ml of 0.1 N  A gN 03 
solution, added dropwise from a b u re tte  w ith continuous shaking and keeping the solution 
aw ay from sunlight. A w hite precip ita te  of Ag2T lP 0 4 will be form ed. The solution w ith the 
A g2T lP 0 4 precip itate is left on a w ater-bath  for about 30 m inutes.

Centrifuge and wash the  p recip ita te  several times w ith  an e thy l alcohol-w ater m ixture, 
and finally w ith absolute ethy l alcohol. D ecant the excess alcohol and transfer the slurry  of 
the precipitate in  alcohol w ith a p ipette  to  a pre-weighed alum inium  counting tray . D ry the 
p recip itate under an infrared lam p. Cool and weigh to determ ine the  chemical yield.

Treatm ent of standards

Open the polyethylene tu b e  containing the irrad ia ted  potassium  dihydrogen phosphate 
standard  and transfer it  q u an tita tive ly  into a 500 ml volum etric flask. Using a p ipette filler, 
transfer exactly  10 ml of the active solution to a 100 ml volum etric flask, and fu rther dilute to  
volum e. Transfer 5 m l portions of the diluted standard  solution to  centrifuge tubes, add 5 ml 
of th e  am m onium  phosphate carrier solution and then  prec ip ita te  the amm onium phospho­
m olybdate, separate the m olybdenum  as thallium (I) m olybdate (T l2M o04). Then precip itate 
th e  silver thallium (I) phosphate (Ag2T lP 0 4) and plate  o u t in  th e  same m anner as for the 
sam ples (two precipitations of th e  am m onium  phosphom olybdate are enough).

T reat the irrad ia ted  potassium  sulphate m onitor sim ilarly, th is  tim e adding th e  phos­
pha te  carrier to  the solution of th e  whole sample.

Counting

Count the silver tha llium (I) phosphate precip itates from  samples and standards for 
/9-activity, using and end-w indow  Geiger-Müller counter. R ecord th e  tim e to  accum ulate a t 
leas t 104 counts. The to ta l recovery tim e of the Geiger-M üller tu b e  used m ay be of th e  order 
300 — 400 microseconds and depends on the applied voltage. I t  is therefore usual to impose an
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ex te rn a l “ paralysis tim e” , g rea ter th a n  th e  recovery tim e, by electronic m eans (in this case, 
300 microseconds).

U nder these conditions, th e  observed counting ra te  C0 is re la ted  to  th e  count ra te  
co rrec ted  for paralysis (C) b y  th e  equation:

C — с»
( 1 - C „ T )

w here T  is the artificially im posed paralysis tim e in  the same units as C. C0 m ay  therefore he 
corrected  for the lost counts w hich could have been recorded during th e  tim e the  counter was 
para lysed . In  the present work, T  =  300 microseconds.

The natural background w as m easured im m ediately before and a fter a b a tch  of samples 
w as counted , and this value was deduced from  th e  coanting ra te  corrected for paralysis.

S elf-absorp tion

Self-absorption and b ack -sca tte ring  effects of A g2T lP 0 4 in  specimens of different 
th ickness on the counting tray s, w ere studied. This was done by  p lating  ou t vary ing  weights of 
an  ac tive  A g2T lP 0 4 precip itate on  to  sim ilar alum inium  counting tray s, and  determ ining their 
specific activities, (Table I). A s tra ig h t line relationship betw een w eight of precip ita te  and 
coun ting  ra te  is obtained, (Fig. 1), w hich indicates th a t  A g2T lP 0 4 as a weighing form  of phospho­
ru s  w ould  be satisfactory, self-absorption and  back-scattering  effects being negligible.

Table I

Effects o f self-absorption and back-scattering o f P 32 
in  a precipitate o f  silver thallium phosphate

No. of 
samples

Time in 
sec for 

104 counts

Time in 
sec for 

104 counts

Time in 
sec for 

104 counts
Mean time 

in sec

Observed
counting

rate
Ce/sec

Count rate 
corrected 

for paralysis 
in sec

Count rate 
corrected 

for paralysis 
in sec

Weights of 
Ag.TlPO, 

in me

l 16.756 16.776 16.735 16.756 596.8 727.0 726.8 21.6
2 67.141 67.806 67.667 67.538 148.1 154.9 154.8 5.2
3 38.913 38.496 38.384 38.597 259.1 280.9 280 8 8.9
4 16.675 16.793 16.821 16.763 596.6 726.6 726.4 21.7
5 13.918 13.900 13.749 13.855 721.8 921.2 921.1 26.8
6 13.191 13.249 13.284 13.241 755.2 976.5 976.3 28.4
7 53.916 54.847 53.919 54.227 184.4 195.2 195.0 6.5
8 66.732 66.273 66.336 66.447 150.5 157.6 157.4 5.2
9 23.461 23.657 24.175 23.764 420.8 481.6 481.4 14.9

10 9.881 9.871 9.810 9.854 1014.8 1459.0 1458.8 42.0

D iscussion

T h e  resu lts  of tr ip lic a te  a c tiv a tio n  analysis  fo r p h o sp h o ru s in  th e  in te r ­
n a t io n a l  ro ck  s tan d a rd s  g ra n ite  G -l a n d  d iabase  W -l are g iven  in  T ab le  I I ,  
to g e th e r  w ith  values d e te rm in e d  b y  e ith e r  m e th o d s re p o rte d  in  th e  li te ra tu re .

A g reem en t b e tw een  th e  rad io ch em ica l re su lts  for W -l a n d  th o se  ob­
ta in e d  b y  o th e r  m ethods is fa ir ly  sa tis fa c to ry , w hile re su lts  fo r G -l a re  h igher 
th a n  th e  n e u tro n  a c tiv a tio n  re su lts  o b ta in e d  b y  th e  p re se n t w ork . V incent
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F i g .  1

T able II

D e te r m in a t io n  o f  p h o s p h o r u s  i n  G - l  a n d  W - l

Granite G-l
% P,o„

Diabase W -l 
% P A Method and reference

0.04
(0.04, 0.04, 0.03)

0.11
(0.11, 0.11,0.12)

N eutron activiation, this w ork

0.088
(range no t quoted)

0.119
(range not quoted)

N eutron activation, [2]

0.076, 0.077, 
0.080, 0.080

0.15, 0.14, 0.15, 
0.15, 0.14

N eutron activation, [1]

0.10
(range 0.03 — 0.41)

0.13
(range 0.06 0.24)

Average of 34 analyses, chiefly 
gravimetric, [5]

0.09
(range not quoted)

0.15
(range not quoted)

Average of 5 spectrophotom etric analyses 
as molybdi-vanado-phosphoric acid, [6]

0.08
(range 0.07 0.08)

0.13
(range 0.12 0.14)

Average of 4 spectrophotom etric analyses 
as molybdenum blue, [7]

0.012
(range not quoted)

0.088
(range not quoted)

Spark source, mass spectrom eter, [8]

a n d  Curren  [1] a n d  H enderson  [2] o b ta in e d  a h igher P 20 5 (0.08) a n d  (0.088) 
re sp e c tiv e ly  fo r G -l w hich  is a b o u t d o u b le  th e  v alue  o b ta in ed  b y  th e  p re sen t 
m e th o d . Those a u th o rs  chose a m m o n iu m  p h o sp h o m o ly b d a te  a n d  z ircon ium  
p h o sp h a te  as th e  w eighing fo rm  o f  p h o sp h o ru s , in  c o n tra s t to  th e  silver 
th a ll iu m  (I) p h o sp h a te  used  in  th e  p re s e n t  w ork .
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H ig h  resu lts  w o u ld  b e  ex p ec ted  from  th e  n e u tro n  ac tiv a tio n  m e th o d  if  
ra d io c h e m ic a l p u r if ic a tio n  o f th e  p h o sp h o ru s h a s  n o t  been  ach ieved . T he 
fo rm a tio n  o f th e  p h o sp h o m o ly b d a te  com plex  a p p e a rs  to  be h in d e red  b y  th e  
p re se n c e  in  th e  so lu tio n  o f la rg e  am o u n ts  o f o th e r  e lem en ts  c o n tr ib u te d  b y  th e  
ro c k  sam p le , while in c o m p le te  e lim in a tio n  o f  silico n  d u rin g  th e  in itia l d eco m ­
p o s it io n  leads to  e rro n eo u s  re su lts  due to  th e  fo rm a tio n  of so m esilico m o ly b d a te .

I n  th e  p re se n t w o rk , silver th a lliu m  (I) p h o sp h a te  is chosen  as th e  
w e ig h in g  fo rm  fo r p h o sp h o ru s . I n  th is  case, th e  p u rif ic a tio n  of p h o sp h o ru s  is 
c o m p le te ly  ach ieved  a n d , in  ad d itio n , th e  new  co m p o u n d  has a d e fin ite  co m ­
p o s itio n .

*

T he author wishes to  th a n k  Dr. J . E sson  (M anchester U niversity) for his advices in  
rad iochem ical problems. T he w ork was initially encouraged b y  Prof. E . A. V in c e n t , who has 
ta k e n  a keen in terest in  th e  developm ent of the m ethod . T he irradiations were carried o u t in  
th e  H arw ell pile B EPO  b y  arrangem ent w ith th e  Iso tope D ivision of the A tom ic E nergy  
R esearch  Establishm ent.
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SEPARATION OF SMALL QUANTITIES 
OF PALLADIUM FROM PLATINUM AND IRIDIUM 

BY HYDROLYTIC PRECIPITATION 
ON WEAKLY ACIDIC CATION- 

EXCHANGE RESINS
L . L . KOCHEVA and B . TABAKOVA 

( D e p a r tm e n t  o f  C h e m is tr y ,  U n iv e r s i t y  o f  S o f i a ,  B u lg a r ia )
Received March 7, 1974

A m ethod has been suggested for the separation  of sm all quantities of palladium  
(0.15 —1.50 mg) from  p latinum  and iridium . The m ethod is based on the sorp tion  of 
palladium  on th e  w eakly acidic cation-exchange resin A m berlite IRC-84 in  sodium 
form , due to  hydro ly tic  p recip itation  tak ing  place a t  room  tem perature. U nder these 
conditions p la tinum  and iridium  rem ain com pletely in  solution. The pallad ium  sorbed 
is e lu ted  w ith 20 m l 2 M  hydrochloric acid. The m ethod  has been applied for th e  analysis 
o f b inary  m ixtures of palladium  and p la tinum  or palladium  and iridium.

The sorption  m echanism  of palladium  is also discussed.

I t  is  w ell k n ow n , t h a t  in  so lu tions w h ich  c o n ta in  th e  ch loride com plexes 
o f p la tin u m  m eta ls  th e  su b s titu tio n  re a c tio n s  o f th e  co -o rd in a ted  ch lo rine 
a to m s w ith  m olecules o r ions o f th e  so lv en t p ro ceed  w ith  d iffe ren t r a te s  [1]. 
A m ong th e  p la tin u m  m e ta ls , th e  com plexes o f  p a llad iu m  (II)  h y d ro ly ze  m o st 
re a d ily , fo rm in g  in so lub le  com pounds. T he com plexes o f p la tin u m  (IV ) h y d ro ­
lyze m ore  slow ly an d  th e  p ro d u c ts  o b ta in e d  a re  so luble . T he com plex  ch lo rides 
o f ir id iu m  (IV) a n d  rh o d iu m  ( I I I )  fo rm  likew ise s lig h tly  soluble co m p o u n d s  on 
h y d ro ly s is , h u t  th e se  reac tio n s  p roceed  v e ry  slow ly a t  room  te m p e ra tu re .

B l a s iu s  an d  R e x i n  [2] h av e  show n t h a t  p a llad iu m  is so rbed  o n  w eak ly  
acid ic  c a tio n  exch an g e  resins in  th e  so d ium  fo rm  an d  m ay  in  th is  w ay  he 
s e p a ra te d  from  p la tin u m  an d  irid iu m . T he so rp tio n  o f p a llad iu m  u n d e r  th ese  
co n d itio n s  has b een  ex p la in ed  in  te rm s  o f h y d ro ly tic  p re c ip ita tio n . N o n u m e ric a l 
d a ta  are  g iven  in  th e  above c ited  p ap e r.

T h e  sep a ra tio n  b y  p re c ip ita tio n  on io n  exchange resins offers c e r ta in  
a d v a n ta g e s  to  th e  classic p re c ip ita tio n  m e th o d . T he p re c ip ita tio n  ta k e s  p lace 
slow ly a n d  w hen  a  c h ro m a to g rap h ic  b a n d  is fo rm ed  on th e  io n  ex ch an g e  
co lum n , one cou ld  c rea te  cond itions fo r a re p e a te d  fo rm a tio n  an d  su b se q u e n t 
d isso lu tio n  of th e  p re c ip ita te  w hich  is a c tu a lly  a p u rif ic a tio n  p ro ced u re . 
F u r th e rm o re , v e ry  sm all q u a n titie s  can  be p re c ip ita te d  an d  so rbed  on  th e  ion- 
ex ch an g e  resin  w hich  in  th e  classic w ay  o f p re c ip ita tio n  w ould be  a sso c ia ted  
w ith  d ifficu ltie s .

I n  th e  p re se n t w o rk  we re p o r t  on o u r in v e s tig a tio n s  o n  th e  b e h a v io u r  of 
p a lla d iu m  (I I ) , p la tin u m  (IV ), rh o d iu m  ( I I I )  a n d  irid iu m  (IV) ch lo rid e  com ­
p lexes to w a rd s  w eak ly  acid ic ca tio n -ex ch an g e  resin s in  th e  sod ium  fo rm . The 
so rp tio n  m echan ism  o f p a llad iu m  w as e lu c id a te d  an d  th e  in fluence  o f  v a rio u s
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fa c to rs  on  th is  p rocess w as s tu d ie d . A m e th o d  w as e la b o ra te d  fo r th e  se p a ra tio n  
o f  sm a ll q u a n tit ie s  of p a lla d iu m  from  p la t in u m  an d  irid ium  w hich  p ra c tic a l ly  
e n a b le s  a  com plete  s e p a ra tio n  o f 0 .150— 1.50 m g  o f p a llad iu m  from  p la tin u m  
a n d  ir id iu m . T he m eth o d  is easy  an d  q u ick  to  c a rry  o u t an d  th e  se p a ra te d  
e le m e n ts  are  o b ta in e d  in  th e  fo rm  of p u re  h y d ro ch lo ric  ac id  so lu tio n s  w hich  
fa c i l i ta te s  th e ir  su b se q u e n t d e te rm in a tio n s .

Experim ental

R eagents

S tan d ard  solutions of pallad ium (II), p la tinum (IY ) and rhodium (III) were prepared 
from  P d C l2, p .a ., H 2PtC l6 • 6H 20 ,  p .a . and RhCl3 • 3 H 20 ,  p .a ., respectively, by  dissolution in 
1 M  hydrochloric acid. The solutions were standard ized  gravim etrically; palladium  w ith  di- 
m ethylglyoxim e [3], p latinum  w ith  am m onium  chloride [3], and rhodium  w ith  2-m ercapto- 
benzoth iazo le  [4].

A s tan d ard  iridium  solution was prepared from  m etallic iridium  by  dissolution in  6M  
hydroch lo ric  acid using alternating  curren t [5].

W eakly  acidic cation-exchange resin Á m berlite IRC-84 (pK  =  5.3) in  sodium  form .
S trongly  acidic cation-exchange resin Dowex 50 X 8, 50 —100 m esh in  sodium form .
All reagents were analytically  pure.

Io n -exchange  co lu m n s

In  th e  experim ents columns of resin, 15, 20, 25 cm long and 0.8 cm in d iam eter were 
used. Before use the resin is converted to  the sodium form  w ith  0.5 M  sodium hydroxide and 
w ashed w ith  distilled w ater un til a  pH  value of 7 is ob tained . A fter p reparation  of th e  sodium  
form , prolonged washing is necessary since N aOH  adheres very  strongly to  the resin.

I
D e te rm in a tio n  of th e  e lem en ts

C oncentration  of the p la tinum  m etal solutions was determ ined photom etrically : 
p la tin u m  w ith  stannous chloride, palladium  w ith  potassium  iodide, rhodium  w ith  stannous 
chloride [6] and iridium  by  evapora tion  in presence of high-boiling oxidizing acids [7].

P re lim in ary  w o rk

E xperim en ts to  investigate th e  sorption behav iour of the  p latinum  m etals tow ards 
cation-exchange resins were carried ou t in the following m anner. The sample was evapora ted  
to  d ryness in  th e  presence of 20 m g of sodium chloride. The residue was dissolved in  20 m l of 
hydrochloric  acid of a definite concentration  and passed th rough  the column a t a ra te  of 0.5 
m l/m in. The colum n was washed w ith  20 m l of hydrochloric acid of the same concentration . 
The w hole volum e of the filtra te  and the washing liqu id  was exam ined for th e  respective 
elem ents.

In  order to  find  the optim al elution conditions, a fte r a definite q u an tity  of palladium  
had  been  sorbed, the colum n was w ashed w ith 20 m l 0.1 M  hydrochloric acid. The eluent 
so lu tion  w as passed w ith the same ra te  and fractions of 5 m l each were taken  in which palladium  
was determ ined .

R eco m m en d ed  p rocedure  fo r sep a ra tin g  p a lla d iu m  a n d  p la tin u m  fro m  ir id iu m

T he solution is placed in  a 50 m l beaker and a solu tion  containing 20 mg sodium chloride 
is added . T hen  it  is evaporated  cautiously to dryness under an  infrared heater. The dry  residue is 
dissolved in  20 m l 0.1 M  hydrochloric acid and passed th ro u g h  a 20-cm column w ith  a ra te  of 
0.5 m l/m in. The colum n is washed w ith  20 m l 0.1 M  hydrochloric acid. The filtra te  is collected 
in  a 50 m l g raduated  flask and is filled to  the m ark. In  a liquo t portion of this solution p latinum  
or irid ium  is determ ined. Palladium  is eluted w ith 20 m l 2 M  hydrochloric acid and in th e  eluate 
pa llad ium  is determ ined.
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R esults an d  d iscussion

T he ex p e rim en ts  fo r  stu d y in g  th e  io n -e x c h a n g e  b eh av io u r of th e  ch lo ride  
com plexes o f p la tin u m  m eta ls  show ed t h a t  on  th e  w eak ly  acidic c a tio n -e x ­
change resin  A m b erlite  IR C -84  (in th e  so d iu m  fo rm ) p a llad iu m  is so rb ed  a lm o st 
com ple te ly , rh o d iu m  o n ly  p a r tia lly  w hile p la t in u m  an d  irid ium  re m a in  com ­
p le te ly  in  th e  so lu tio n . W h en  sorbed , p a lla d iu m  form s a w ide, d iffuse  b ro w n  
ring  w h ich  m oves slow ly  w hen th e  co lu m n  is w ashed . Single g ra in s  o f  th e  
w eak ly  acid ic ca tio n -ex ch an g e  resin , s a tu r a te d  w ith  th e  p a llad iu m  so lu tio n , 
w hen  observed  u n d e r  th e  m icroscope are  b ro w n  in  colour, w ith  a sm o o th  
surface an d  no p re c ip ita te  on it. U n d e r th e  sam e  cond itions, h o w ev er, on th e  
s tro n g ly  acid ic io n -ex ch an g e  resin  D ow ex  50, o n ly  rh o d iu m  is so rb ed  p a r t ia l ly .

W hen  h y d ro ch lo ric  acid so lu tions o f  th e  p la tin u m  m eta ls  are  p assed  
th ro u g h  ca tio n -ex ch an g e  resins in th e  so d iu m  fo rm , p H  of th e  so lu tions becom es 
h igher:

R C O O N a +  H 30 + =  R C O O H  +  N a  +  H ,0
ci- ci-

R S 0 3N a +  H 30 + =  R S 0 3H  +  N a+  +  H ,0
ci- ci-

Some of th e  an ion  com plexes can be  tra n s fo rm e d  as a re su lt o f s u b s ti tu t io n  
in to  e le c tro n e u tra l o r p o sitiv e ly  ch a rg ed  co m p lex es. The so rp tio n  o f  p a lla d iu m  
on w eak ly  acidic ca tio n -ex ch an g e  res in s  co u ld  be exp la ined  in  te rm s  o f an 
exchange re a c tio n  b e tw e e n  P d C l+ a n d  N a +  co u n te r-io n s  of th e  re s in . H o w ev e i, 
if  th is  re ta in in g  m ech an ism  were t ru e ,  th is  w o u ld  involve th e  so rp tio n  of 
p a llad iu m  on s tro n g ly  acid ic ca tio n -ex ch an g e  re s in s , as well, w h ich  w e d id  n o t 
observe . T he ap p e a ra n ce  of th e  c h ro m a to g ra p h ic  b a n d  an d  th a t  o f th e  g ra ins, 
as w ell as th e  in fra -re d  sp ec tra  of th e  c a tio n -ex ch an g e  resin  A m b erlite  IR C -84 
in  th e  H -fo rm , in  th e  N a-form  an d  s a tu ra te d  w ith  p a llad ium  (w hich  d iffe r only 
in  th e  peak s, c h a ra c te r is tic  of th e  c a rb o x y l—th e  H -form , an d  th e  c a rb o x y la te — 
th e  N a-fo rm , g roups) give ground fo r th e  a s su m p tio n  th a t  p a lla d iu m  is so rbed  
as a re su lt o f a p re c ip ita tio n  p re fe re n tia lly  in side  th e  grains o f  th e  cation- 
exchange resin . T h e  p re c ip ita tio n  ta k e s  p lace  according to  th e  fo llow ing 
reac tio n s .

P d C lih  +  4 H 20  =  P d (O H )2 +  4C1- +  2 H 30  +
R C O O N a +  H 30 +  =  R C O O H  +  N a+ +  H 20

D u rin g  th is  p rocess th e  o th e r so lu tio n  a c q u ire s  a p H  of 7. The s o lu tio n  inside 
th e  g ra ins of th e  re s in  has a p H  o f 9 (p K  =  5 .3 ; cap ac ity  3.5 m g  eq u iv ./m l) 
p r io r  to  passin g  th e  sam ple fo r in v e s tig a tio n . W hen  th e  resin  is h a lf  t r a n s ­
fo rm ed  in to  th e  H -fo rm , th e  p H  in side  th e  g ra in s  is 5.3. I t  is d iff ic u lt to  ca l­
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c u la te  th e  p H  necessary  fo r  th e  b eg inn ing  o f  th e  p re c ip ita tio n , as w ell as  th e  
v a lu e  n e e d e d  for th e  p ra c tic a lly  com plete  p re c ip ita tio n  of p a lla d iu m  a t  th e  
c o n c e n tra t io n s  em ployed  b y  u s  (10~4 mol/1), as th e re  are no re liab le  d a ta  on 
th e  c o m p o s itio n  an d  so lu b ility  of th e  p ro d u c ts  o f  hyd ro lysis  o b ta in e d . A c c o rd ­
in g  to  a p p ro x im a te  ca lc u la tio n s  th e re  are  c o n d itio n s  fo r th e  p re c ip ita t io n  of 
p a l la d iu m  b o th  inside th e  g ra in s  o f th e  w e a k ly  acid ic ca tio n -ex ch an g e  re s in  
a n d  in  th e  so lu tion  w hich  is am ong  th em . T h e  co m p le te  re ta in in g  o f  p a lla d iu m  
o n  th e  ion -exchange  co lu m n , how ever, d ep en d s  n o t  only  on its  q u a n t i ta t iv e  
c o n v e rs io n  in to  a w eak ly  so luble  co m p o u n d  b u t  also on re ta in in g  th e  p re ­
c ip i ta te  th u s  o b ta in ed  on  th e  resin . The p re c ip ita te  fo rm ed  in  th e  o u ts id e  
so lu tio n  is  qu ick ly  w ashed  dow n  th e  co lum n  w ith  d ilu te  h y d ro ch lo ric  a c id  or 
i t  is  d isso lv e d  an d  — on  com ing  in  c o n ta c t w ith  new  p o rtions o f th e  io n  e x ­
c h a n g e  re s in  — i t  is ag a in  so rb ed  or p re c ip ita te d  accord ing  to  th e  e q u ilib r ia  
g iv en  a b o v e . The p re c ip ita te  inside th e  g ra in s  o f th e  resin  d isso lves m ore  
s lo w ly  d u e  to  th e  b u ffe rin g  a c tio n  o f th e  fu n c tio n a l groups. W ash in g  o f  th e  
s o rp tio n  co lu m n  w ith  20 m l 0.1 M  h y d ro ch lo ric  ac id  causes a sh if tin g  o f  th e  
c h ro m a to g ra p h ic  b a n d  b y  2 — 3 cm . The d isso lu tio n  an d  p re c ip ita tio n  o f  p a l la ­
d iu m  h y d ro x id e , occu rring  re p e a te d ly  on th e  ion -exchange co lum n , offers a 
p o s s ib il i ty  o f o b ta in in g  a p re c ip ita te  free o f  a d m ix tu re s . In  th e  e x p e r im e n ts  
on s t ro n g ly  acid ic ca tio n -ex ch an g e  resins, a p re c ip ita te  can  be fo rm ed  o n ly  in  
th e  so lu tio n  betw een  th e  g ra in s  an d  w hen th e  co lu m n  is w ashed , i t  q u ic k ly  
p asses  in to  th e  f iltra te . In s id e  th e  grains of th e  s tro n g ly  acidic ca tio n -ex ch an g e  
re s in  th e  h yd rogen -ion  c o n c e n tra tio n  is s u b s ta n tia l ly  h igher an d  n o  p re c ip i­
t a t io n  o ccu rs .

T o  e s ta b lish  th e  c o n d itio n s  of com plete  so rp tio n  of p a llad iu m  on  w e a k ly  
ac id ic  c a tio n -ex ch an g e  re s in s , i t  was n ecessa ry  to  in v es tig a te  th e  e ffec t o f  th e  
v a r io u s  p a ra m e te rs  of th e  e x p e rim e n t w hich  w o u ld  in fluence th e  q u a n t i ta t iv e  
p re c ip i ta t io n  an d  re ta in in g  o f  p a llad iu m , su c h  as ac id ity  of th e  so lu tio n , 
p a lla d iu m  co n c e n tra tio n , d e p th  of th e  so rp tio n  la y e r , e tc .

T a b le  I  shows th e  e ffec t o f  hyd ro ch lo ric  a c id  c o n cen tra tio n .

Table I

Effect o f  the acid concentration

Pd content 
in the sample, 

mg
HC1,

M

Pd in the 
filtrate, 

mg

Pd in the 
filtrate,

о//0

1 .0 0 0 0 .5 0 passes passes

1 .0 0 0 0 .1 0 0 .0 2 5 2.5

1 .0 0 0 0 .0 5 0 .0 0 5 0.5

1 .000 0 .0 1 traces traces
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E x p e rim e n ts  w ere carried  o u t  on a  co lum n o f a  h e ig h t o f 15 cm , a t  a r a te  
o f  0.5 m l/m in. W ith  th e  decrease o f th e  ac id  c o n c e n tra tio n  in  th e  so lu tio n  in ­
v e s tig a te d  a n d  in  th e  w ashing  liq u id , th e  so rp tio n  o f p a lla d iu m  is im p ro v ed .

F u r th e r  e x p e rim e n ts  w ere ca rr ied  o u t on  co lum ns o f d iffe ren t h e ig h t 
— 15, 20 a n d  25 cm  — a t  one a n d  th e  sam e h y d ro ch lo ric  acid  c o n c e n tra tio n . 
T he increase in  co lu m n  h e ig h t im p ro v es th e  so rp tio n  o f p a llad iu m  b ecau se  
p a llad iu m  p ass in g  in to  th e  w ash in g  liq u id  h as  a  g re a te r  p o ss ib ility  o f  b e in g  
p re c ip ita te d  a n d  so rb ed  re p e a te d ly .

A decrease in  th e  ra te  o f p ass in g  th e  so lu tio n  th ro u g h  th e  co lum n dow n 
to  0.2 m l/m in  h a s  no  effect on th e  q u a n ti ta t iv e  so rp tio n .

Table I I  illu s tra te s  th e  e ffec t o f p a lla d iu m  c o n c e n tra tio n . As th e  p a lla ­
d iu m  c o n c e n tra tio n  in  th e  so lu tio n  is dec reased , th e  p e rcen tag e  o f p a lla d iu m  
passing  in to  th e  f i l tra te  in creases , as i t  sh o u ld  he ex p ec ted . H ow ever, th e  
losses are in s ig n if ic a n t an d  w ith in  th e  lim its  o f  th e  e x p e rim e n ta l e rro r , s ta te d  
b y  th e  re sp ec tiv e  m eth o d s o f d e te rm in a tio n .

Table II
Effect o f  the palladium  concentration

Pd,
M

HC1,
M

Pd in the 
filtrate,

%

7 . 1 x 1 0 - « 0.1 2 .6

2 .3  X 1 0 ~ 1 0.1 2 .2

5 . 7 x l 0 - ‘ 0.1 1 .3

The in v e s tig a tio n s  on th e  e lu a tio n  o f p a lla d iu m , so rb ed  on a co lum n  of 
a  h e ig h t o f 20 cm , 0.8 cm in  d ia m e te r  w ith  so lu tio n s of 1 a n d  2 M  h y d ro ­
ch loric  acid  in d ic a te d  2 M  h y d ro ch lo ric  ac id  b e in g  a b e t te r  e lu e n t (F igs 1 a n d  2).

E l u a t e , ml

Fig. 1. E lution of palladium  w ith  1 M  hydrochloric acid
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Elua te ,  ml
Fig. 2. E lu tion  of palladium  w ith  2 M  hydrochloric acid

T h e o p tim a l co n d itio n s fo r th e  se p a ra tio n  of p a lla d iu m  fro m  p la tin u m  
a n d  ir id iu m  (described  in  th e  e x p e rim e n ta l p a r t)  could  he e s ta b lish e d .

T he se p a ra tio n  o f p a llad iu m  from  rh o d iu m  p ro v ed  to  be m ore d ifficu lt. 
A  series o f ex p e rim en ts  w ere ca rried  o u t fo r com plex ing  rh o d iu m (I I I )  to  be 
n o t  so rb ed  on th e  w eak ly  ac id ic  c a tio n -ex ch an g e  resin , how ever, th is  d id  n o t 
su cceed  so fa r.

Table III
Separation o f palladium  from  platinum

Pd, mg Pt, mg

taken found taken found

1.22 1.22 1.51 1.47
1.22 1,24 1.51 1.52
1.22 1.22 1.51 1.48
1.22 1.21 1.51 1.49

average 1.222

S =  0.013
0.488 0.477 1.51 1.49
0.488 0.487 1.51 1.55
0.488 0.488 1.51 1.50

average 0.4840

S =  0.0061
0.152 0.148 1.51 1.56
0.152 0.153 1.51 1.50
0.152 0.147 1.51 1.52

average 0.1493 average 1.508

-1- ->
S =  0.0027 S =  0.029

C h i m .  ( B u d a p e s t )  8 3 , 1 9 7 4
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Table IV

Separation o f  palladium  from  iridium

Pd, mg Ir, mg

taken found taken found

1.22 1.19 1.35 1.37
1.22 1.21 1.35 1.34
1.22 1.22 1.35 1.36
1.22 1.19 1.35 1.33

average 1.202 average 1.350

S =  0.015 S =  0.018

S denotes standard  deviation

T h e accu racy  a n d  re p ro d u c ib ility  of th e  m e th o d  d ev e lo p ed  for th e  
s e p a ra tio n  of p a lla d iu m  from  p la t in u m  an d  irid iu m  w ere s tu d ie d  b y  analysing  
m ix tu re s  of s ta n d a rd  so lu tions. T h e  re su lts  o b ta in ed  are  v e ry  good (Tables 
I I I  a n d  IV).
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IN V ESTIG A TIO N  OF SU PER C O O LED  W A T E R  
RY LIG H T SCATTERING

G y . В е к е , G y . I n z e l t  and L .  J a n c s ó

(Department o f Physical Chemistry and Radiology, L . Eötvös University, Budapest)

R eceived Decem ber 30, 1972

The light scattering  of w ater has been investigated betw een —8 and  -)-8°C. The 
dependence of the sca ttered  ligh t in tensity  on the tem perature  does n o t differ signifi­
cantly  in  the ranges above and  below the freezing point. The range on th e  aggregation 
degree vs. concentration  p lane has been determ ined where light sca ttering  experim ents 
exclude the presence of ice em bryos in supercooled w ater.

In tro d u c tio n

A m ong th e  n u m ero u s p u b lic a tio n s  d e v o ted  to  th e  s tru c tu re  o f  w a te r 
th e re  are severa l s tud ies d ea lin g  w ith  th e  supercoo led  w a te r  i ts e lf  w hile  o th e r 
p ap e rs  re p o r t  on in v es tig a tio n s  c o n tr ib u tin g  to  th e  s tu d ies  of w a te r  s tru c tu re  
in  genera l b y  m eans of c o m p arin g  som e e x p e rim e n ta lly  d e te rm in e d  p a ra m e te rs  
o f  w a te r  above an d  below  i ts  freezing  p o in t ([1 — 9] as re v ie w e d  in  [10]). 
T he in te re s t  o f m an y  a u th o rs  w as a ro u sed  b y  th e  ph en o m en o n  o f supercoo ling  
its e lf  [11 — 17]. The re su lts  o f th e se  s tu d ies  w ere d iscussed  in  se v e ra l cases in 
th e  lig h t o f th e  th e o ry  o f  th e  c ry s ta lliz a tio n  process. A ccord ing  to  th e  th e o ry  
[18 — 20], th e  process s ta r ts  w ith  th e  fo rm a tio n  o f sm all c lu s te rs , th e  so-called 
c ry s ta l e m b ry o s , co n sisting  o f sev era l m olecules on ly  b u t  a lre a d y  h av in g  the  
sam e s tru c tu re  as th e  solid p h ase  to  be fo rm ed . T he c lusters  can  g row  sp o n ta n e ­
ously  an d  th e ir  presence in  th e  liq u id  m a y  re su lt in  a c tu a l c ry s ta ll iz a tio n  only 
i f  th e ir  sizes a t ta in  a c e r ta in  v a lu e . T h is c ritic a l size d ep en d s, am o n g  o th e r 
p a ra m e te rs , up o n  th e  te m p e ra tu re . T h u s , in  ag reem en t w ith  th e  th e o ry , 
c ry s ta l  em b ry o s can  be p re s e n t  in  supercoo led  w a te r  even  in  a v e ry  g rea t 
a m o u n t w ith o u t th e  re a l ch an ce  o f c ry s ta lliz a tio n  unless th e ir  size a t ta in s  th e  
c ritic a l v a lu e  a t  th e  g iven  te m p e ra tu re . I t  w ould  n o t be u n e x p e c te d  there fo re  
if  som e p ro p e rtie s  of th e  sup erco o led  liq u id  w ere d e te c ta b ly  in f lu e n c e d  b y  th e  
p resence  o f c ry s ta l em b ry o s ow ing to  th e ir  g re a t a m o u n t, re g a rd le ss  o f th e ir  
sm all size. A nd  indeed , th e  e x p e rim e n ta l d a ta  are in  acco rd an ce  w ith  these  
co n sid e ra tio n s . T hough  no  ev id en ce  of a n y  m o lecu lar c lu ste rs  a p p e a rs  in  th e  
te m p e ra tu re  dependence o f  d e n s ity  [11, 13], surface a c t iv i ty , h e a t  c a p ac ity  
a n d  v a p o u r  pressure  [11], th e re  are  sev era l o th e r  p a ra m e te rs  p o in tin g  to  the  
p resence  o f c ry s ta l e m b ry o s . N am ely , b y  an a ly z in g  th e  te m p e ra tu re  de-
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p e n d e n c e  of th e  v isc o s ity  [11 — 13], e lec tric  c o n d u c tiv i ty  [11], d ie lec tric  
c o n s ta n t  an d  u ltra so n ic  a b s o rp tio n  [15], th e rm a l e x p a n s io n , re frac tiv e  in d e x
[12] a n d  X -ray  d iffra c tio n  [17 ], i t  can  be co n c lu d e d  th a t  som e new  effec t 
a p p e a r s  in  th e  te m p e ra tu re  ra n g e  below  th e  fre e z in g  p o in t w hich  m ig h t be 
d u e  to  th e  cry sta l em b ry o s  fo rm ed .

T h e  in v estig a tio n  o f  w a te r  as a m odel is o f in te r e s t  n o t on ly  because  o f 
th e  im p o r ta n c e  of th is  l iq u id  b u t  also because o f th e  fa c t  t h a t  in  th is  case th e  
a v a ila b le  d a ta  are n o t  c o n tro v e rs ia l  w ith  re sp e c t to  th e  h y p o th es is  of c ry s ta l 
e m b ry o s . N eith er th e  v a p o u r  p ressu re  [4], h e a t  c o n d u c tiv ity  [5], re fra c tiv e  
in d e x  [6], d ielectric c o n s ta n t  n o r  th e  re la x a tio n  t im e  [7], does in d ica te  a n y  
c h a n g e  in  th e  s tru c tu re  o f  w a te r  in  th e  supercooled  s ta te .  L ikew ise, th e  s tru c tu re  
o f  w a te r  w as found  to  b e  u n ifo rm  b y  an a ly z in g  th e  d is tr ib u tio n  o f oxygen  
iso to p e s  [21] and  th e  c o e ffic ien t o f self-d iffusion  [22] in  th e  te m p e ra tu re  
r a n g e s  ( — 2, + 8 5 )  an d  (— 20, + 3 0 °C ), re sp ec tiv e ly . T herefo re  i t  is th e  m ore 
in te r e s t in g  th a t  a p ap e r h a s  r e c e n tly  been  p u b lish ed  w h ich  re p o rts  ex p e rim en ts  
p o in t in g  to  th e  p resence  o f  ice  em bryos in  su p e rco o led  w a te r . K xjles an d  
S c h il l e r  have in v e s tig a te d  th e  rad iochem ical d eco m p o sitio n  of w a te r  [10]. 
T h e y  h a v e  concluded t h a t  w ith in  th e  e x p e rim e n ta l a ccu racy  th e  y ields o f th e  
d e c o m p o s itio n  p ro d u c ts  as a  fu n c tio n  of te m p e ra tu re  can  be a p p ro x im a te d  
l in e a r ly  b o th  above an d  b e lo w  th e  freezing p o in t. H o w ev er, th ese  tw o lines do 
n o t  co in c id e . This can  be  in te rp re te d  b y  ta k in g  in to  co n sid e ra tio n  th e  c ry s ta l 
e m b ry o s  in  supercooled  w a te r .  These find ings h a v e  p ro m p te d  us to  o b ta in  
so m e  e x p e rim e n ta l ev id en ce  b y  th e  m eth o d  o f l ig h t  s c a tte r in g  ag a in s t or fo r 
th e  ice  em b ry o  h y p o th e s is . I t  shou ld  be em p h a s iz e d  th a t  fo r d iscussing th e  
r e s u l ts  o f  lig h t sc a tte r in g  e x p e rim e n ts  one n eed  n o t  be  re s tr ic te d  to  th e  idea  
t h a t  th e  anom alous te m p e ra tu re  dependence o f som e p a ra m e te rs  in  th e  range  
o f  su p e rco o lin g  should  p o in t  to  th e  ex istence o f c ry s ta l  em bryos. The p h e n o m ­
e n o n  o f  l ig h t sca tte rin g  is k n o w n  to  be due to  th e  la ck  o f id ea lly  u n ifo rm  
d is t r ib u t io n  of liqu id  p a r tic le s  in  space and , g e n e ra lly  sp eak ing , th e  in te n s ity  
o f  th e  sc a tte re d  lig h t a t  a  g iv e n  in s ta n t  is a m easu re  o f th e  s ta tis t ic a lly  e x ­
p e c te d  n o n u n ifo rm ity . I t  is  e v id e n t , th ere fo re , t h a t  su ch  a d ra s tic a l change in  
th e  u n ifo rm  d is tr ib u tio n  o f  p a r tic le s  as c lu ste r fo rm a tio n  m u s t be accom pan ied  
b y  a n  in crease  in  th e  in te n s i ty  o f  sca tte red  l ig h t. O n th e  o th e r  h an d , an  u n e x ­
p e c te d ly  h igh  value of th e  in te n s i ty  u n d er g iven c o n d itio n s  can n o t be ex p la in ed  
in  a n y  w a y  o ther th a n  th e  in c re a se d  lack  of id ea l u n ifo rm ity .

T h e  q u a n tita tiv e  t r e a tm e n t  of lig h t s c a tte r in g  w as g iven  v e ry  long  ago 
(see e.g. [25] and  [27]). I n  th e  follow ing we sh a ll a t te m p t  to  a d a p t i t  to  ice 
c lu s te rs  in  supercooled w a te r .  I t  should  be n o te d  f in a lly  t h a t  m a n y  a u th o rs  
a s su m e  th e  presence o f ice -lik e  c lu sters  in  w a te r  e v e n  in  te m p e ra tu re  ran g es 
f a r  a b o v e  th e  freezing p o in t  (as review ed e.g. in  [23]) w hile o th ers  re g a rd  
th is  a s su m p tio n  as in c o n s is te n t w ith  th e  fa c t t h a t  w a te r  can  be easily  su p e r­
co o led  [8].
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M ethod

T he in te n s ity  o f  lig h t sc a tte re d  b y  a p u re  liq u id  I  can  be g iv en  as th e  
sum  o f in ten sitie s  due  to  th e  f lu c tu a tio n  o f  d e n s ity  I d an d  o r ie n ta tio n  I or. F o r 
a sy s tem  of tw o  com ponen ts th e  in te n s i ty ,  due  to  th e  f lu c tu a tio n  o f  th e  co n ­
c e n tra tio n  I c, c o n tr ib u te s  as w ell. T h u s , i f  be low  th e  freezing  p o in t  a  new  
‘co m p o n en t’ co n sis tin g  of ice c lu s te rs  ap p e a rs  in  w a te r, i t  can  be  d e te c te d  e x ­
p e rim e n ta lly  fro m  th e  I t(f) fu n c tio n  su p e rim p o sed  on th e  I d(t) a n d  I or(t) 
fu n c tio n s , p re su m in g  th a t  tw o co n d itio n s  are  fu lfilled . The f ir s t  is t h a t  th e  
l d(t) +  I or(t) fu n c tio n  d e te rm in ed  e x p e r im e n ta lly  in  th e  te m p e ra tu re  in te rv a l  
(0, tj) shou ld  be v a lid  in  th e  in te rv a l  ( t2, 0) to o , w here t 2 <  0 <7 tv  T h is  con­
d itio n  is a priori  fu lfilled  since, acco rd in g  to  o u r  ap p ro ach , I d an d  I or c h a ra c te r ­
ize th e  u n ch an g ed  ‘so lv en t’ an d  a n y  change in  th e  s tru c tu re  of th e  l iq u id  is 
t r e a te d  as an  in crease  in  th e  a m o u n t o f th e  n ew  ‘co m p o n en t’ o f th e  s tru c tu re ,  
d iffering  from  t h a t  o f  w a te r an d  re f le c te d  b y  I c. T he o th e r obv ious co n d itio n  
is t h a t  th e  ra tio  jTc/ ( I d +  I 0r) sh o u ld  be g re a t en ough  to  be d e te c te d . I n  o rd e r 
to  check  th is  co n d itio n , one sh o u ld  an a ly ze  I c w r it te n  in  th e  fo rm  [24 — 27]:

Ic =  C
Э n
Эс

n 2 v (Zlc)J
e,T ( 1 )

w here  n  is th e  re fra c tiv e  in d ex , q th e  d e n s ity , c th e  c o n c e n tra tio n , T  th e  
a b so lu te  te m p e ra tu re , v a sm all p a r t  o f th e  s c a tte r in g  vo lum e, th e  f lu c ­
tu a t io n  of c o n c e n tra tio n  in  v a n d  C  is a  c o n s ta n t  depend ing  on th e  e x p e r i­
m e n ta l cond itions on ly . E q . (1) show s t h a t  a t  a given v a lu e  o f th e  f lu c ­
tu a t io n  of c o n c e n tra tio n  I c is d e te rm in e d  m a in ly  b y  th e  re fra c tiv e  in d e x  
in c re m e n t. I f  one w hises to  d e te rm in e  th e  m olecu lar w eigh t o f  a m a c ro ­
m olecule  b y  lig h t sc a tte rin g , th e  so lv e n t ch o sen  shou ld  have  a re f ra c tiv e  in d e x  
s tro n g ly  d iffe ren t fro m  th a t  of th e  m ac ro m o lecu la r  m a te ria l so t h a t  th e  e ffec t 
o b se rv ed  were d e te c ta b le . H ow ever, th is  is n o t  possib le th e re fo re , w h en  s tu d y ­
in g  th e  w a te r- ic e  em b ry o  sy stem , one w ill e n c o u n te r  an  in h e re n t r e s tr ic tio n  
in  th e  conclusions to  be d raw n. A s h as  b e e n  show n b y  D e b y e , th e  m o lecu la r 
w e ig h t of th e  so lu te  M  can  be ex p re ssed  in  te rm s  o f lig h t sc a tte rin g  d a ta  in  th e  
fo llow ing  w ay (see e.g. [24 — 27]):

K c

R J M

l
MP(0)

“b . .  ., ( 2)

H ere  В  is th e  seco n d  v iria l coeffic ien t, P(@ ) th e  sca tte rin g  fu n c tio n  a n d

К  =

2 я 2 ni
dn  2 

de

v  N a

(3)
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w here  n 0 is th e  re f ra c tiv e  in d e x  of th e  so lv en t, 1 th e  w av e leng th  of th e  ap p lie d  
m o n o c h ro m a tic  l ig h t in  v a c u u m  and  N A th e  A v o g ad ro  n u m b er. In  E q . (2) th e  
in te n s i ty  o f lig h t is re p la c e d  b y  th e  red u ced  in te n s i ty  R c w hich is in d e p e n d e n t 
o f th e  e x p e rim e n ta l co n d itio n s , n am ely  th e  in te n s i ty  of in c id en t l ig h t I 0, th e  
s c a tte r in g  vo lum e V,  th e  d is tan ce  be tw een  th e  sc a tte r in g  p o in t th e  d e te c to r  r 
a n d  th e  angle b e tw e e n  th e  in c id en t an d  s c a t te re d  lig h t beam s 0 ,  a n d  is e x ­
p re sse d  as

Л £(®, c)
r2 1 ( 0 ,  c) 

I 0 V(  l  +  cos2 0 )
(4)

I t  m u s t  n o t he le f t  o u t  o f co n sid e ra tio n  th a t  R c cou ld  he co nnec ted  w ith  M  
ow ing to  th e  c o rre la tio n  b e tw een  f lu c tu a tio n s  in  th e  co n cen tra tio n  a n d  th e  
c o n c e n tra tio n  d ep en d en ce  o f  th e  free energy . T h e  lin e a r  a p p ro x im a tio n  o f  th e  
l a t te r  a t  c =  0 lead s to  E q . (2). T hus, th e  m ore  d ilu te  th e  so lu tion , th e  n e a re r  
is E q . (2) to  re a li ty . W h en  s tu d y in g  m acro m o lecu les , one m easures th e  s c a t­
te re d  l ig h t in te n s i ty  fo r  a series of so lu tions in  th e  d ilu te  c o n cen tra tio n  ran g e  
a n d  e x tra p o la te s  to  c =  0. W ith  a n o th e r  e x tra p o la tio n  to  0  =  0 (since 
P ( 0) =  1) one can  e v a lu a te  th e  m olecular w e ig h t o f  th e  so lu te . As c o n s is te n t 
f c( 0 ,  c) d a ta  in  p rin c ip le  cou ld  n o t be o b ta in e d  in  th e  w hole ice em b ry o  co n ­
c e n tra t io n  ran g e , i t  is im possib le  to  e v a lu a te  th e  m olecular w eigh t o f  th e  
e m b ry o s . H ow ever, th e ir  p resence  in  su p erco o led  w a te r  can  he d e te c te d  i f  th e  
v a lu e  o f  I c exceeds th e  e x p e rim e n ta l e rro r. T h e  size o f th e  d e tec tab le  c ry s ta l  
em b ry o s  can  be e s t im a te d .

E x p erim en ta l

The ligh t sca ttering  photom eter has been described earlier [28, 29]. W ater was tw ice 
distilled and passed th ro u g h  a Millipore filter (0.22 fi). Benzene was used as a stan d ard  w ith  
В;, =  48.4 X 10~6 cm-1  [25]. The cell to  be cooled w as cylindrical w ith three walls to  avoid th e  
condenzation of v apou r on th e  ou ter surfaces. M easurem ents were carried ou t in  th e  te m ­
p era tu re  in terval betw een —8 and  -j- 80C.

R esu lts and  d iscussion

F ig u re  1 re p re se n ts  th e  sc a tte re d  l ig h t in te n s itie s  w ith  th e  9 9 .7 %  co n ­
fid en ce  in te rv a ls . T h e  in te n s i ty  d a ta  from  d iffe re n t ex perim en ts c a n n o t he 
av e ra g e d  a t  a g iven  te m p e ra tu re  since su p erco o lin g  is n o t a reversib le  p rocess 
a n d  th e  q u a n t i ty  a n d  size o f th e  possible c ry s ta l  em b ry o s a t  a g iven  p re ssu re  
a re  n o t  ex p ec ted  to  be  d e te rm in ed  u n am b ig u o u s ly  b y  th e  te m p e ra tu re . T h u s , 
th e  d a ta  p re se n te d  in  F ig . 1 should  he re g a rd e d  as re p re se n ta tiv e  sam p les  of 
th e  e x p e rim e n ta l re su lts . I t  c an  be concluded  t h a t  n o  s ign ifican t e ffec t ap p e a rs  
p o in tin g  to  th e  p resen ce  o f a n y  s tru c tu ra l ch an g es in  th e  supercooled  reg io n . 
To m ak e  fu r th e r  conclusions we m u st r e tu rn  to  E q . (2).

Acta Chim. (Budapest), 83 1974



В Е К Е  e t а].: INVESTIGA TIO N  O F SU PERC O O LED  W ATER 241

F o r a g iven  re fra c tiv e  in d ex  in c re m e n t, th e  h igher th e  m o lecu la r w e ig h t 
o f th e  d isso lved  p a r tic le s , th e  s tro n g e r is th e  l ig h t sc a tte rin g  e ffec t e x p e c te d . 
F ro m  th e  k n o w n  re fra c tiv e  in d ex  in c re m e n t a n d  th e  second v ir ia l co e ffic ien t, 
th e  m o lecu la r w e ig h ts  o f pa rtic le s  a n d  th e  c o n cen tra tio n s , n e c e ssa ry  fo r  d e ­
te c tio n  w ith  th e  g iven  ex p erim en ta l a c c u ra c y , can  he e v a lu a te d . T h e  second  
v ir ia l coeffic ien t c an  be d e te rm in ed  e x p e rim e n ta lly . F o r th is  p u rp o se , e.g. l ig h t

Fig. 1. T em perature  dependence of the inten- Fig. 2. The N(c) function
sity  of scattered  ligh t on an arbitrary  scale

sc a tte r in g  sh o u ld  he  m easu red  in  th e  w hole co n c e n tra tio n  an d  s c a tte r in g  angle 
ra n g e . H ow ever, one c a n n o t p rep are  ice e m b ry o  “ so lu tions”  o f sy s te m a tic a lly  
d iffe ren t c o n c e n tra tio n s . I f  th e  c o n c e n tra tio n s  in  tw o cases h a p p e n  to  be 
d iffe ren t a n d  k n o w n , th e  id e n tity  o f th e  size o f c ry s ta l em b ry o s (o r size d is­
tr ib u tio n s )  s till c a n n o t he ta k e n  fo r g ra n te d . T hese c ircu m stan ces p re c lu d e  th e  
e x p e rim e n ta l d e te rm in a tio n  of th e  re f ra c tiv e  in d e x  in c rem en t as w ell. T h u s, 
h av in g  no  e x p e rim e n ta l d a ta , one n eed s to  h e  sa tisfied  w ith  th e i r  e s tim a te d  
v a lu es . T ak in g  th e  ap p ro x im a tio n s  fo r В  a n d  dra/dc as given in  th e  A p p e n d ix , 
th e  d e te c ta b le  c o n c e n tra tio n  of c ry s ta l em b ry o s  consisting  of N  w a te r  m olecules 
can  be  re la te d  to  N  b y

_  Ő RN  

C ~  K '  Q N 2—  1

T he sym bo ls Q a n d  K ’ are defined  in  th e  A p p en d ix . In  E q . (5) th e  re d u ced  
in te n s ity  is rep la c e d  b y  th e  w id th  o f th e  re d u c e d  in te n s ity  in te rv a l d R  sign ifi­
c a n t a t  a c e r ta in  confidence level. T he N(c)  fu n c tio n  e v a lu a te d  fro m  E q . (5) fo r 
th e  g iven  e x p e rim e n ta l cond itions a t  a 9 9 .7 %  confidence level is d e m o n s tra te d  
in  F ig . 2.

T he fo llow ing  conclusions seem  to  be co n sis ten t w ith  th e  e x p e r im e n ta l 
d a ta . T he c ry s ta l  em bryos in  supercoo led  w a te r , if  p re se n t a t  a ll, m u s t be 
ch a ra c te riz e d  b y  p a irs  of va lues o f c o n c e n tra tio n  and  degree o f  a sso c ia tio n
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fa llin g  in to  th e  sh ad ed  ra n g e  in  F ig . 2. In  p rin c ip le  th is  range can he d ec reased  
b y  a  g re a te r  e x p e rim e n ta l accu racy . One sh o u ld  em phasize , how ever, t h a t  
th e s e  r e s u lts  have  b een  o b ta in e d  assum ing  t h a t  th e  c lu sters  have  th e  sam e 
s t ru c tu re  a n d  th e  sam e re fra c tiv e  in d ex  as ice . C lusters  of w a te r m olecu les 
w ith  a  s tru c tu re  o rg an ized  to  a lesser e x te n t  th a n  t h a t  of ice, an d  w ith  a r e ­
f ra c t iv e  in d e x  b e tw een  th o se  o f w a te r  a n d  ice , co u ld  be p re sen t in  g re a te r  
a m o u n ts  th a n  is show n in  F ig . 2 w ith o u t s ig n if ic a n tly  in fluencing  th e  l ig h t 
s c a t te r in g  d a ta . I t  sh o u ld  b e  em phasized , h o w ev e r, th a t  i t  is n o t a loose 
s t ru c tu re  b u t  c lu ste rs  o f re a l  ice s tru c tu re  t h a t  a re  assum ed  to  be p re s e n t in  
su p e rco o led  w a te r  [18 — 20].

A ppendix

1. R eg ard in g  th e  w a te r - ic e  em bryo  sy s te m  as an  ideal m ix tu re , th e  
c h em ica l p o te n tia l  can  be e x p re ssed  as a pow er series o f th e  c o n c e n tra tio n  a n d  
fro m  th is  th e  k - th  v ir ia l coeffic ien t can  be o b ta in e d  in  th e  form  [24, 26]:

B k =
T/k-l 1 w
k M k

( 6 )

w h ere  V w a n d  M  are  th e  m o la r  vo lum e of w a te r  a n d  th e  m olecular w e ig h t o f 
th e  ice em b ry o s, re sp e c tiv e ly . W ith  th e  a p p ro x im a tio n  th a t  th e  d e n s ity  o f 
su p e rco o led  w a te r  eq u a ls  u n i ty  an d  b y  ex p ressin g  M  w ith  th e  n u m b er o f  w a te r  
m o lecu les  in  th e  em b ry o  N  a n d  th e  m o lecu lar w e ig h t o f w a te r M w, u s in g  (6), 
one o b ta in s

2 B ,
1

M WN 2 ’
( ? )

2. I n  o rd e r to  e v a lu a te  th e  re frac tiv e  in d e x  in c re m e n t, le t us re g a rd  th e  
r e f ra c tiv e  in d e x  o f su p erco o led  w a te r  as a fu n c tio n  o f th e  mole fra c tio n  x  o f 
ice e m b ry o s  an d  express x  b y  c u sing , th e  e q u a tio n  x M  =  Vwc va lid  fo r d ilu te  
so lu tio n s . I f  we u tilize  ag a in  t h a t  th e  d e n s ity  o f  supercooled  w a te r  eq u a ls  
u n i ty ,  w e have

dre dre 1

de d*  N

a n d  so o u r  ta s k  is s im p lified  to  d e te rm in e  th e  d e r iv a tiv e  dn/dx.
C onsider th e  m o la r p o la r iz a tio n  fu n c tio n  o f  a  w a te r- ic e  em bryo  sy s te m

P („ , м , в ) =  - —
re- +  2

M

e
(9)
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w here th e  a rg u m en ts  n, M  an d  g d ep en d  on x.  Suppose th a t  P (x) ,  M (x )  and 
q ( x )  are  lin ear. L e t th e  fo llow ing n o ta tio n  he  in tro d u c e d :

n 2 (x) -  1
n 1 (л:) +  2 

6 n (x )

= P '(*b
( 10 )

( " 2 (*) +  2)2
r = S ( x )

an d  P '(  1) =  P'i, P '( 0) =  P'w, p (l) =  Qt an d  S(0) =  S w. By ta k in g  th e  d e riv a ­
tiv e  o f P(x)  one o b ta in s

P 'i N q ( x )  P'wo(x)

Qi
- P ' ( x ) ( N -  I R f o — 1)

■ P 'i N  1 1
P 'w  + —------ P Ú X

Qi 1 J
d*  S(x)  [1 +  (IV —  1 )* ]

Suppose now  th a t  x  is sm a ll enough to  fu lfil th e  follow ing co n d itio n s

1 +  x
^  N ,
x

I e ( x ) — 11 <  q(x ) .
I P'(x) -  P'w | <  P \X )

an d
I S(x)  -  S „  | <  S(x)  .

T hen  E q . (11) becom es

P 'i

. ( 11)

( 12)

d n

da:
I f

—  { N  [1 — x { e ,  -  i ) ] ) + p ; ,  [ ( Q i  - 1 ) ( 1 + * )  -  N ]
Qi

I x (Q i  !) I <  1 >

(1 +  *) ( Q i  —  1) I <  N  ’

(13)

(14)

i t  is re a d ily  seen th a t

dn

d ^

- ^ - P ' W\ N  
Qi (15)

3. L e t I w be th e  in te n s ity  o f lig h t sc a tte re d  b y  p u re  w a te r  an d  I  the  
n e a re s t v a lue  to  I w d is tin g u ish ab le  fro m  it  s ig n ifican tly  a t  a c e r ta in  confidence 
level. L e t d l  =  | I w I  | an d  6R  th e  re sp e c tiv e  red u ced  in te n s i ty . L e t p o in t
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(c% -ZVf’) o f  th e  с, M  p la n e  co rre sp o n d  to  a so lu tio n  o f  c o n c e n tra tio n  c% o f a 
m a te r ia l  o f m olecular w e ig h t M ’ in  w ater. W ritin g  now  ÖR in s te a d  o f  R  in  
E q .  (2), one has a cu rv e  F (c ,  M ;  <5R , K ,  B )  =  0 , w h ich  sep a ra te s  f ro m  one 
a n o th e r  th e  aqueous so lu tio n s  t h a t  can an d  c a n n o t be  d istin g u ish  fro m  pure  
w a te r  b y  lig h t sca tte rin g  a t  a  g iven  confidence lev e l. T h e  form  of th e  cu rve  is 
a f f e c te d  b y  th e  ty p e  o f m a te r ia l  th ro u g h  p a ra m e te rs  К  an d  B .  F o r th e  special 
c a se  o f  th e  w ate r-ice  e m b ry o  sy stem , using  E q . (7), (8) an d  (15) we have 
E q .  (51.

H e re  M  is rep laced  b y  th e  m ore d esc rip tiv e  degree of ag g reg a tio n  an d

K '  =
К

Tdnj *
(de I

(17)

(18)

W e h a v e  assum ed th a t  th e  s c a t te r in g  function  in  E q . (2) is equal to  u n ity . T he 
e r ro r  o f  th is  assum ption  d e p e n d s  on the  shape a n d  size of th e  c lu s te rs  [27]. 
H o w e v e r , th e  error is a p p re c ia b le  only  for c lu s te rs  o f  “ m acrom olecu lar size”  
r e g a rd le s s  o f the  shape .

*

W e express our g ra titu d e  t o  D r. R óbert Sc h il l e r  for draw ing our a tten tio n  to  th is 
p ro b lem .
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Indium  antim onide as an  in term etallic  compound w ith a sm all energy gap has 
chosen for th is study. The single crystal electrode has been exam ined w ith  and  w ithout 
illum ination in  the presence of a redox system . I t  has been observed th a t  th e  anodic 
dissolution is increased by illum ination  as holes are injected in to  th e  valence band . For 
all oxydizing agents the  curren t depends on th e  light in tensity . I t  is suggested th a t 
excess carriers m ay be generated optically  by  using a beam of light and  th a t  illum ination 
is useful in the application of carrier in jection  into an electrode of n -type sem iconductor.

In tro d u c tio n

M ost sem ico n d u cto r su b s ta n c e s  w ith  a  sm all energy  gap h a v e  a te n d e n c y  
to  possess h igh  va lu es  of e le c tro n  m o b ility . Sm all gaps im p ly  sm all e ffective 
m asses w hich  fa v o u r h igh  m o b ilitie s . T h is b eh av io u r helps to  a p p ly  e lec tro ­
chem ica l m easu rem en ts  to  silicon , g e rm an iu m  [1] and  g a llium  p h o sp h id e  
e lec tro d es  [2].

A c tu a lly , in d iu m  a n tim o n id e  h as  an  en e rg y  gap eq u a l to  0 .18 eV a t  room  
te m p e ra tu re . A ccord ing ly , th e  in tr in s ic  single c ry s ta l of In S b  h as  a n  average  
c a rr ie r  m o b ility  o f 77,000 e lec tro n s  a n d  1250 holes a t  room  te m p e ra tu re .  This 
w o u ld  in fluence  th e  e lec tro n ic  s tru c tu re  of th is  in te rm e ta llic  co m p o u n d , w ith  
th e se  e lec trons ta k in g  p a r t  d ire c tly  as re a c ta n ts  and /o r p ro d u c ts  in  th e  re a c tio n  
itse lf.

I t  is th e  p u rp o se  of th is  s tu d y  to  ex am in e  th e  e lec tro n  tra n s fe r  occu rring  
a t  th e  su rface o f in d iu m  a n tim o n id e  e lec tro d es w ith  an d  w ith o u t illu m in a tio n  
a n d  in  th e  presence  of a re d o x  e le c tro ly te  system .

E x p erim en ta l

M easurements were carried ou t using th e  single crystal indium  antim onide electrode 
(prepared  Dr. P a r k e r , Texas In s tru m en ts  Inc.) having structures w ith 111 (A) and  I I I  (B) 
faces. Ohmic m etal/sem iconductor con tac t potentia ls were assumed to  be zero, n -type  single 
crysta ls  of indium  antim onide w ith  a resistiv ity  of 103 О / cm were used. The circu it and  the 
A m el p o ten tio s ta t used were as described before [3]. The single crystal was p re trea ted  in an 
e tch a n t solution of H F  : H N 0 3 in the ra tio  of 1 : 3 before its use as an electrode [4].

N itrogen was bubbled th rough  th e  cell to  free the  solution from oxygen. All po ten tia l 
m easurem ents were m ade against a sa tu ra ted  calomel or a m ercury-m ercuric su lfate reference 
electrode. Solutions were prepared from  conductiv ity  w ater and AR m aterials. M easurem ents 
were perform ed w ith and w ithout illum ination. All results are relative to  th e  hydrogen  scale.
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R esu lts  an d  d iscussion

R edox  measurements i n  the d a rk

T he p o te n tia l o f  in d iu m  an tim o n id e  o f  single c ry s ta l  w as m easu red  in  a 
v a r ie ty  o f so lu tions. F ig u re  1 shows th e  an o d ic  a n d  ca th o d ic  c u rre n t vs. 
p o te n tia l  curves c h a ra c te r is tic  fo r th e  single c ry s ta l  e lec tro d e  s tru c tu re  A ,  in  
su lfu ric  ac id  w ith  a n d  w ith o u t ad d ed  ox id iz ing  a g e n t (ferric  su lfate). W ith o u t

Potential  vs. Eh (V)

Fig. 1. E / l  Curves for InS b(III) in  F e 2(S 0 4)3 +  0.1 N  H 2S 0 4

a d d itio n  of ferric  su lfa te , c u r re n t flow s w hen  th e  e lec tro d e  is ca thod ic  u n til  th e  
p o te n tia l  reaches th e  v a lu e  req u ired  for h y d ro g e n  io n  d ischarge. B o th  th e  
an o d e  an d  ca th o d e  a re  in c reas in g ly  p o la rized  w ith  in c reas in g  co n cen tra tio n  o f 
F e 2( S 0 4)3 i.e. th e  lim itin g  c u rre n t Ía  inc reases w ith  increasing  c o n c e n tra tio n  
o f th e  ox id izing  a g e n t.

S im ilar cu rves a re  o b ta in e d  w ith  I n S b ( I I I )  in  ac id  so lu tions a f te r  a d ­
d itio n  o f cerium  su lfa te , p o ta ss iu m  fe rricy an id e  a n d  p o ta ss iu m  p e rm a n g a n a te .

T he c u rre n t vs. p o te n t ia l  curves (F ig . 2) fo r p o ta ss iu m  d ich ro m ate  in  th e  
p resen ce  of su lfu ric  a c id  show  a decrease in  th e  lim itin g  anode c u rre n t w ith  
in c re a s in g  c o n c e n tra tio n  o f th e  ad d ed  su b s ta n c e . T h e  anod ic  p la te a u s  m erge 
in to  one line a t  zero  c u r re n t . On th e  o th e r h a n d , th e re  is an  increase in  th e  
l im itin g  ca thode c u r re n t . F ig u re  3 show s th e  c u r re n t—p o te n tia l c h a rac te ris tic s  
fo r  th e  In S b (I I I )  e le c tro d e  in  hyd roch lo ric  ac id  w ith  a n d  w ith o u t th e  re d o x  
a g e n t o x a la te . T he re d o x  sy s tem  ap p ears  to  be  u n iq u e  in  th a t  th e  e lec tro n  
tr a n s fe r  m echan ism  in v o lv e s  th e  co n d u c tio n  b a n d  e lec tro n s. In  th e  case o f
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Fig. 2. E / l  Curves for InS b (III) in O.liV H 2S 0 4 +  K 2Cr20 7

Fig. 3. E / l  Curves for In S b (III) in  C20 4— -(- O.liV HC1

h y d ro g en  p e rox ide  b o th  th e  ca th o d ic  a n d  ano d ic  lim itin g  c u rre n ts  d ecrease.
F igu re  4 is a  re p re se n ta tiv e  d iag ram  fo r th e  In S b  (В ) e lec trode  in  su lfuric  

ac id  w ith  an d  w ith o u t th e  o x id a n t fe rric  su lfa te .
F ro m  th e  cu rv es , i t  can  he seen t h a t  th e  s a tu ra t io n  c u rre n t fo r  anod ic  

d isso lu tion  increases ow ing to  hole d ep le tio n  a t  th e  su rface o f th e  e lec tro d es [5]. 
Since holes are  th e  m in o rity  charge c a rr ie rs , th e  s a tu ra t io n  c u rre n t o f  th e  
lim itin g  c u rre n t re p re se n ts  th e  p o in t a t  w h ich  holes are u sed  up  in  th e  anode 
re a c tio n  as fa s t  as th e y  are  m ade av a ilab le  a t  th e  e lec trode  su rface  e ith e r  b y  
d iffusion  from  th e  b u lk  or b y  g en e ra tio n  in  th e  surface reg ion . T h e  ca th o d ic  
c u rre n t ic  th a n  d ecreases th e  p a ra lle l re d u c tio n  p rocess in  th ese  ac id  so lu tions 
w hen  u sed  a lone. T he anod ic  o x id a tio n  o f ions in  th e se  re d o x  so lu tio n s occurs
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Potent i a l  vs. Eh (V)

Fig. 4. E /l  Curves for In S b (III) in  H 2S 0 4 +  Fe(S0)3

Fig. 5. E / l  Curves for In S b (III) in  K 3[Fe(CN)6] -j- 0.1 N  H 2S 0 4

w ith o u t  e ith e r  th e  anodic  or c a th o d ic  process on ly  in  a p o te n tia l  ran g e  o f a b o u t 
1200 m V  in  sulfuric ac id  a n d  h y d ro ch lo ric  acid  b e tw een  1.0 a n d  0.2У  vs. th e  
h y d ro g e n  elec trode . T he an o d ic  s a tu ra tio n  c u rre n t increases from  0.25 m A  to
6.4  m A  depend ing  on th e  o x id iz in g  sy stem  u sed . I t  shou ld  be n o te d  t h a t  th e  
in c re a se  o f  th e  anodic lim itin g  c u rre n t or th e  decrease in  th e  ca th o d ic  c u rre n t 
ic  is m u c h  g rea te r fo r th e  single c ry s ta l (В ) e lec tro d e  th a n  fo r th e  (111) 
e le c tro d e  face. The a m o u n t o f  e ith e r  increase  o r decrease depends on th e  
o x id iz in g  system  used  an d  i t  is p ro p o rtio n a l to  its  c o n cen tra tio n  (T able  I) 
(F igs 5 - 8 ) .
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Table I

Oxidizing or 
reducing ugent м(/иА/ст‘) icOiA/cm*)

S .C .E .;  S tr u c tu r e  ( A )

A  -  0.1N H 2S 0 4 250 - 2

(1) H ,S 0 4 +  0.02M Fe2(S 0 4)3 320 — 250
H 2S 0 4 +  0.05M Fe2(S 0 4). 450 — 750
H 2S 0 4 +  0.1 M  Fe2(S 0 4)3 550 - 1500

(2) H 2S 0 4 +  0.01ЛГ Ce(S04)2 350 — 150
H ,S 0 4 +  0.02M Ce(S04)2 450 - 350
H 2S 0 4 +  0.1 M  Ce(S04)2 650 — 750

(3) H 2S 0 4 +  0.02ЛГ K3Fe(CN)c 450 — 250
H 2S 0 4 +  0.05ÍH K3Fe(CN)6 600 — 1500
H 2S 0 4 +  0.1 M  K3Fe(CN)6 750 - 2200

(4) H 2S 0 4 +  0.004M KMn04 300 — 250
H 2S 0 4 +  0.01 M  KM n04 350 — 500
H 2S 0 4 +  0.02 M  KM n04 400 - 900

(5) H 2S 0 4 +  0.02M  K 2Cr,0, 150 — 500
H 2S 0 4 +  0.06M K 2Cr20 , 150 — 750
H 2S 0 4 +  0.1 M  K 2Cr20 7 150 - 1200

(6) H 2S 0 4 +  1% H20 2 50 — 3600
H 2S 0 4 +  2% H 20 , 100 - 3300
H 2S 0 4 +  4% H 20 2 150 — 3100

В  -  0.1N H C l - 30

(7) 0.1 N  HCl +  0.05 M  С2ОГ “ — 10000
0.1JV HCl +  0.075M  C20 4-  - — 9500
0.1JV HCl +  0.1 M  c 2o 4-  - - 7700

S tr u c tu r e  ( B )

A  -  0A N  I L S O 4 250 - 2

(1) 0.1 N  H 2S 0 4 +  0.05M  F e ,(S 0 4)3 400 — 700
O.liV H 2S 0 4 +  0.1 M  Fe2(S 0 4)3 600 - 1700
0.1 N  H 2S 0 4 +  0.2 M  F e ,(S 0 4)3 700 — 6500

(2) O.liV H 2S 0 4 +  0.01M Ce(S04)2 700 — 100
O.liV H 2S 0 4 +  0.02M  Cc(S04)2 1200 - 200
O.liV H 2S 0 4 +  0.1 M  Ce(S04)2 1700 — 400
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Table I (Continued)

Oxidizing or 
reducing agent ó(pV cral) i„(/iA/cm“)

(3) 0.1 JV H 2S 0 4 +  0.02ЛГ K 3Fe(CN)6 1200 -  700
0.1 N  H 2S 0 4 +  0.1 M  K 3Fe(CN)6 1200 -  2600
0.1JV H 2S 0 4 +  0.1 M  K 3Fe(CN)„ 1200 -  8100

(4) 0.IN  H 2S 0 4 +  0.1 M  K 2Cr20 7 500 -  3500
0.1 N  H 2S 0 4 +  0 .15M  K 2Cr20 7 500 -  4500
0.IN  H 2S 0 4 +  0.2 M  K 2Cr20 7 500 -  5500

(5) 0.1 JV H 2S 0 4 +  2%  H 20 2 6400 -  150
0.1ЛГ H 2S 0 4 +  4%  H 20 2 5600 -  100
0.1 N  H 2S 0 4 +  5% H 20 2 5000 -  50

(6) 0.1 N  H 2S 0 4 +  0 .01M  K M n04 400 -  350
0.1 N  H 2S 0 4 +  0 .02M  K M n04 500 — 400

В -  0.1N HCl — -  30

(7) 0.IN  HCl +  0.03M  C20 - - — -  1000
0.1JV HCl +  0.05M  C20 4— — — 800
0.1JV HCl +  0.075 M  C2O j- — -  600
0.1 N  HCl +  0.1 M  CaO j- — — 400

Fig. 6. E / l  C urves for InSb(III) in H 2S 0 4 +  K 3[Fe(CN)6]
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Fig. 7. E / l  Curves for In S b (III)  in  0 .1N  H 2S 0 4 +  H 20 2

H ow ever, th e  v a ria tio n  o f d isso lu tio n  ra te  o f th e  e le c tro d e  surface 
d ep en d s  m ain ly  on th e  ty p e  of its  su rface  o rie n ta tio n  [4, 7]. T h is  m ean s  th a t  
th e  u n it  cell w ith  g roup  У  atom s a t  th e  orig in  have  a te n d e n c y  to  be d isso lved  
f a s te r  th a n  tho se  consisting  of g ro u p  I I I  a to m s. This conclusion  w as  a rr iv ed  
a t  b y  F aust  an d  Sagar [5], Gatos [7] an d  o th e rs  [7] from  X -ra y  ev id en ce .

T he m echan ism  in  these  re d o x  sy stem s could  be ex p la in ed  b y  assum ing  
t h a t  large n u m b ers  o f e lectrons a n d  holes are  p ro d u ced  a t  th e  su rfa c e  of th e  
e lec tro d e  du ring  chem ical an o d iz a tio n  p rocesses. The only  c a th o d e  re a c tio n  
a t  p o te n tia ls  less th a n  1 У  vs. th e  h y d ro g e n  e lec trode  can  be e x p la in e d  b y  th e  
p rocesses

F e3+ —► F e 2 + -j- p  +
Cr8+ -v  C r3+ +  3p +
Ce4+ —► Ce2+ +  3p +

T hese  ions are red u ced  w ith  th e  in je c tio n  o f hole in to  th e  in d iu m  a n tim o n id e  
su rface . T hus th e  lim itin g  s a tu ra tio n  c u rre n t ic  is reach ed  w h en  th e s e  ions are
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re d u c e d  as fa s t as th e y  a r r iv e  a t th e  surface b y  m ass tra n sp o r t . I f  S h .,0 3 is 
c a th o d ic a lly  reduced  in  th e  p resence  of th ese  re d o x  sy s tem s , th e  reac tio n  a t  th e  
c a th o d e  sites of th e  ( l l l ) s in g l e  cry sta l surface is

S h ,0 3 +  H 20  +  3np+  -*  2 Sb3+ +  6 e -  +  2 H +  +  (3 -  n)e .

I n  h igh ly  ox id iz ing  re d o x  system s, i t  is e x p e c te d  th a t  th e  F erm i level on 
th e  su rface  is n ea r th e  v a le n c e  h an d  and  th e  c o n c e n tra tio n  of holes a t  th e  
su rfa c e  is m uch h ig h e r t h a n  th a t  of free e le c tro n s . H ence  th e  exchange of 
ho les shou ld  be p re d o m in a tin g .

H ole reactions a re  p ro d u c e d  on ap p ly ing  re d o x  sy s tem s w ith  v e ry  p ositive  
p o te n tia ls  w here re a c tio n s  ta k e  place b y  w ay  o f th e  va len ce  b a n d  m echan ism .

T his is p ro n o u n ced  in  th e  red u c tio n  of K 3[F e(C N )6] w here th e  ca th o d ic  
( ic ) a n d  anodic (iA) l im itin g  cu rren ts  increase w ith  th e  c o n c e n tra tio n  o f th e  
o x id iz in g  agen t in  th e se  so lu tio n . I t  is o b serv ed  t h a t  a f te r  th e  a d d itio n  of th e  
o x id iz in g  agen t to  th e  so lu tio n s , th e re  is ag a in  a  sh if t o f  th e  re s t p o te n tia l  in  
th e  p o sitiv e  d irec tio n  to  ~ 0 .1  Y.

D u rin g  th e  o x id a tio n  o f oxala te  or h y d ro g e n  p e ro x id e , th e  ca th o d ic  
lim itin g  cu rren t decreases . T h e  redox  system s a p p e a r  to  he un ique  in  t h a t  th e  
e le c tro n  tra n sfe r  m ech an ism  involves th e  c o n d u c tio n  b a n d  electrons.

R ed o x  measurements in  light

In d iu m  a n tim o n id e  is ch a rac te rized  b y  a re la t iv e ly  low  c o n cen tra tio n  of 
h o les . T his is n o ted  w h en  co m p arin g  the  in crease  o f  iA o r i c du ring  anod ic  о r  
c a th o d ic  process in th e  p re se n c e  of a redox  sy s te m . H o w ev e r, th e  anodic c u rre n t 
c a n  he  increased  b y  p ro v id in g  add itiona l holes a t  th e  surface as a re su lt  of 
i l lu m in a tin g  th e  se m ic o n d u c to r.

In  th e  lum inescence m easu rem en ts , an  a .c . v o lta g e  was applied  to  o b ta in  
a m o d u la te d  lig h t em issio n . A  m ercury  lam p  w as u se d  w ith  5461 Á. In d iu m  
a n tim o n id e  of s tru c tu re  A  w as chosen for th e se  m easu rem en ts . T y p ica l E - I  
c u rv e s  are o b ta in ed  w ith  th e  ind ium  an tim o n id e  single c ry s ta l ( I I I )  e lec trodes 
u n d e r  illu m ina tion  in  su lfu ric  acid and  ferric  su lfa te  (F ig . 9) and  in  h y d ro ­
ch lo ric  acid  and  fe rric  ch lo rid e  (Fig. 10). F o r co m p a riso n  th e  curves m easu red  
in  th e  d a rk  un d er th e  sam e  e x p e rim en ta l co n d itio n s  are  also given. F igu res 11, 
12 a n d  13 show th e  in d iu m  an tim o n id e  single c ry s ta l  e lec trodes u n d er illu m i­
n a t io n  in  d ifferen t re d o x  sy s tem s.

F o r  all oxidizing a g e n ts  th e  cu rren t d ep en d s  u p o n  th e  illu m in a tio n , i.e., 
th e  co n d u c tio n  e lec tro n s a re  consum ed a t  th e  su rfa c e . U pon  illu m in a tio n , th e  
p h o to g e n e ra te d  holes m o v e  to  th e  surface a n d  re a c t  w ith  th e  com ponen ts of 
th e  so lu tio n  and  th e  co rre sp o n d in g  anodic c u r re n t  is o b ta in ed . The lim itin g  
c u r re n t  d en sity  is g re a te r  t h a n  th a t  o b ta in ed  in  th e  d a rk . The anodic c u rre n t
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Fig. 9. E / l  Curves for In S b (III)  in  0.1 M  F e2(S 0 4)3 +  0.11V H 2S 0 4

Fig. 10. E / l  Curves for In S b (III)  in  0.25M  FeCl3 +  O.liV HC1

d e n s ity  observed  is th e  d ifference b e tw een  th e  en h an ced  anod ic  d isso lu tio n  
c u r re n t d en sity  a n d  th e  red u c tio n  s a tu ra tio n  c u rre n t. T he anodic  d isso lu tio n  is 
in c reased  as holes are  in jec ted  in to  th e  valence  b a n d  b y  illu m in a tio n . T h is 
a ffec ts  n o t on ly  th e  average hole p a r tic ip a tio n  fa c to r  b u t  also th e  in c rease  of 
th e  anodic  lim itin g  c u rre n t d e n s ity . T h is increase is a lte re d  to  d iffe ren t degrees
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Fig. 11. E / l  Curves for In S b (III) in  0.02M Ce4 + +  O.liV H 2S 0 4

Fig. 12. E / l  Curves for InS b(III) in 0.02M  K M n 0 4 +  O.liV H 2S 0 4

w ith  vario u s ox id iz ing  ag en ts  used. In  th e  p o te n tia l  range w here th e  ca th o d ic  
c u r re n t  is decreasing  ( — 1.0 — + 0 .2  V), th e  re d u c tio n  ra te  is low er th a n  in  th e  
s a tu ra t io n  region. T h is  re s u lt  is d iffe ren t fro m  t h a t  o b ta in ed  in  th e  d a rk . On 
a ll cu rves a d is tin c t in c rease  in  iA is o b ta in e d , i.e., a low er d a rk  c u rre n t an d  a 
h ig h e r p h o to c u rre n t a re  observed  (Table I I ) .
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Fig. 13. E / l  Curves for InS b (III) in  0.02M  K 2Cr20 7 +  0.11V H 2S 0 4

Table П

Oxidizing or reducing 
agent

Úl^A/cm*)
Light

9 A (/<A/cm>) 
Dark

‘c (/iA/cm*) 
Light

ie (fi A/cm*) 
Dark

0.1 N  H 2S 0 4 +  0.1 M  F e2(S 0 4)2 + 8 0 0 +500 -2 0 0 0 - 1 5 0 0
O.liV H 2S 0 4 +  0.02M  C e(S04)2 + 5 5 0 +450 -  900 — 500
0.1IV H 2S 0 4 +  0.02ЛГ K M n 0 4 + 5 0 0 +250 -1 8 5 0 — 1000
0.1N  H 2S 0 4 +  0.02M  K 2Cr20 , +  150 +  50 -1 0 0 0 — 700
0.1IV HC1 +  FeCl3 — — — 700 — 500

O n th e  basis  o f  th is  s tu d y , one can  su g g est t h a t  excess carrie rs  m a y  be 
g en e ra ted  o p tica lly  b y  using  a beam  o f l ig h t to  give a sharp  b o u n d a ry  in  th e  
re-type in d iu m  an tim o n id e  m ateria l o r, in  o th e r  w ords, illu m in a tio n  is u sefu l 
in  th e  ap p lica tio n  o f  ca rr ie r  in jec tion  in to  an  re-type sem iconducto r e le c tro d e .
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The m etal chelates of P d (II), P t(IV ), A u (III) and B i(III) formed w ith L-aspara-
gine a n d  L -g lu tam ine h a v e  been  s tu d ied  p o te n tio m e tric a lly  a n d  th e ir  stepw ise  s ta b il i ty
constants are repeated.

In  ea rlie r  com m u n ica tio n s we re p o rte d  th e  s ta b ili ty  co n stan ts  o f  som e 
b iv a le n t m e ta l ion  che la tes  o f L -glutam ine [1] a n d  V(FV), M o(VI) a n d  W (V I) 
chela tes o f  L -asparag ine a n d  L -glutam ine [2]. T h e ir  fo rm atio n  w as s tu d ie d  
p o te n tio m e tr ic a lly  b y  I rving  an d  R ossotti’s m e th o d  [3]. This p a p e r describes 
th e  re su lts  o f  a s im ila r s tu d y  of P d (I I ) ,  P t(IV ), A u (I I I )  and  B i( I I I )  ch e la te s  
fo rm ed  w ith  L -asparag ine an d  L -g lu tam ine.

M aterials used: Pallad ium (II) chloride (Chem pure), platinum (IV ) chloride (Sisco), 
gold(III) chloride (Sisco), b ism uth  n itra te  (B .D .H . A nalaR ). Solutions of palladium , p la tinum  
and gold were standardized gravim etrically [4]; pallad ium  as dim ethylglyoxim e com plex, 
and platinum  and gold as m etals. B ism uth was determ ined by  EDTA titra tio n  [5]. O ther 
reagents, app ara tu s  and procedure have been described earlier [1].

Results and discussion

The protonation constants are log K XH  8 .70 , log J i 2H  2.16 for L-aspara­
gine and log  K jH  8.90, log K 2H  2.21 for L-glutam ine.

The p H  t i tra t io n s  (F igs 1 an d  2) rev ea l t h a t  in  B i(III)-a sp a ra g in e  or 
g lu tam ine  sy stem s a p re c ip ita te  ap p ears  above p H  5.0, b u t  in  o th e r cases th e  
so lu tions re m a in  clear th ro u g h o u t. F u r th e r  in  P d (II)-a sp a rag in e  sy s tem  th e  
t i t r a t io n  cu rv e  f ir s t  show s an  inflex ion  a t  m  =  2 (p H  ~  5) an d  th e n  a  b u ffe r  
reg ion  from  m — 2 to  m  =  4 (p H  5.5 — 8.0) w h ereas  in  P d (II)-g lu ta m in e  
system  th e  f i r s t  in flex io n  observed  a t  m  =  2 occurs in  p H  4 —7 reg ion  a n d  
b ey o n d  t h a t  i t  show s a b u ffe r reg ion  in  p H  7 —8.5 ran g e . I t  th u s  in d ica te s  t h a t  
in  th e  h ig h e r p H  reg ion  som e h y d ro x o ch e la tes  m a y  also he fo rm ed. S im ila rly  
w ith  A u (I I I )  sy stem s th e  f irs t  in flex ion  occurs a t  m =  3 (pH  ~  5) a n d  th e n  
th e re  is a n o th e r  b u ffe r reg ion  from  m  =  3 to  m  =  4 (p H  range  5 —8) in d ic a tin g  
th e  a d d itio n  o f an  e x tra  O H -  ligand  to  th e  go ld  ch e la te .

* P o s ta l  a d d r e s s :  Dr. M. N. Sriv asta v a , 266 (N ear D istillery), Mumfordganj, A llahabad 
211002 (India).
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F ig . 1. pH  T itration  curves for P d (II), P t(IV ), A u (III)  and B i(III) chelates of L-asparagine 
A  О „0,1  M  NaC104 -f- 0.004M  HC104. All m etal cone. 0.001M. В x A + 0 .0 0 4 M  L-asparagine. 

C A P d (II); D •  P t(IV ), E  A A u(III): F  □  B i(I II)  ( - - - - -  indicates p recip itation)

NaOH a d d e d

F ig . 2. pH  T itration  curves for P d (II), P t(IY ), A u (III)  and B i(III) chelates of L-glutamine. 
A  о  0.1 M  NaC104 -f- 0.004M  H C104. All m etal cone. 0.001M. В x A +  0.004M  L-glutamine. 

C A P d(II); D •  P t(IY ); E  A A u(III); F  □ B i(I II)  ( - - - - -  indicates p recip itation)
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Fig. 3. Form ation curves for L-asparaginate chelates. A Pd(II); A Pt(IV); • A u ( I I I ) ;  ■  B i(III)

Fig. 4. Form ation curves for L-glutam inate chelates. A  P d (II); A Pt(IV ); •  A u (III); ■  B i(III)

Figures 3 a n d  4 co n ta in  th e  fo rm a tio n  curves (n vs. pb) o f  th e  m e ta l 
chela tes fo rm ed  w ith  L -asparagine a n d  L -g lu tam ine , re sp ec tiv e ly . T he p H  
ranges em p lo y ed  fo r n  ca lcu la tions are g iven  in  T ab les I  an d  I I .  I t  is observed  
th a t  fo r P d ( I I )  a n d  P t(IY ) chela tes N  =  2, w hereas for A u (I I I )  chela tes 
N  =  3. In  B i( I I I )  sy stem s, before th e  p re c ip ita tio n  p o in t, n  ap p ro ach es a 
m ax im u m  v a lu e  o f a p p ro x im a te ly  2. H o w ev er in  P d (I I )  an d  B i( I I I )  sy stem s, 
i t  is qu ite  p ro b ab le  t h a t  a t  low er p H  v a lu es  (1.9 —2.5) th e  com plexes form ed 
m ay  be p ro to n a te d  ones, since in  t h a t  reg io n  th e  lig an d  species are  also p ro to - 
n a te d  as H 2L + , a n d  th e  re la tiv e  d isp lacem en ts  in  th e  com plex  a n d  ligand  
t i t r a t io n  curves are  n o t  m ore th a n  one e q u iv a le n t of a lkali.
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Table I

S t a b i l i t y  co n s ta n ts  o f  p a l l a d i u m ( I I ) ,  p l a t i n u m ( I V )  a n d  b i s m u t h ( I I I )  c h e la te s ,  
f o r m e d  w i t h  ^ - a s p a r a g in e  a n d  1, - g lu ta m in e

(Tem p. 25°C, p  0.1 M  NaC104)

Metal pH range
Method

-Asparagine L-Glutamine
ion calculations log K , log lf, log ß . logic, logic, log ßt

P d ( i i) 2.2 — 5.0 H alf n values 9.30 8.35 — 9.20 8.25 —

Correction term  
method 9.22 8.45 17.67 9.08 8.32 17.40

Successive approxim a­
tion m ethod 9.15 8.50 17.65 9.10 8.35 17.45

P t(IV ) 2.8 — 8.6 H alf h  values 8.05 3.50 11.55 7.30 3.10 10.40
By in terpo lation  a t 
various n  values 7.98 3.52 11.50 7.31 3.15 10.46

B i(IH ) 1.9 — 4.0 H alf h  values 9.85 8.80 — 9.85 8.40 —

Correction term  
method 9.78 8.89 _ 9.83 8.30 _

Successive approxim a­
tion m ethod 9.76 8.88 - 9.81 8.44 —

Table II

S t a b i l i t y  co n s ta n ts  o f  A u ( I I I )  c h e la te s  f o r m e d  w i th  l .- a s p a r a g in e  a n d  1 ,-g lu ta m in e

(Tem p. 25 °C, p  0.1 M  NaC104)

pH  range 
for n

calculations
Method

L-Asparagine L-Glutamine

lo g ic , logX , logic, log/3. log ic , h g « , log x , log Ä

2.5 — 5.0 H alf n values 
Successive approx-

9.00 8.25 7.50 9.00 8.25 7.45 —

imation method 8.88 8.14 7.60 24.62 8.88 8.13 7.58 24.59

F u r th e r  in  B i(III)  sy s te m s , since n  ap p ro ach es  a m ax im um  va lu e  o f  2.2 
b e fo re  p re c ip ita tio n  s ta r ts ,  i t  w as considered  d esirab le  to  determ ine  its  s to ic h i­
o m e try  w o rk in g  a t d iffe ren t m e ta l- l ig a n d  ra tio s . P o ten tio m e trie  t i t r a t io n s  
r e v e a l t h a t  w hen B i( I I I )  : l ig a n d  ra tio  is 1 : 1 th e  f ir s t  in flex ion  occurs a t  
<-^1.8 m , w h ich  is fu r th e r  d isp la c e d  to w ard s 2 m  in  1 : 2 B i(III)  : lig an d  sy s te m , 
a n d  o c c u rs  a t  2 m  w hen B i( I I I )  : lig an d  ra tio  is 1 : 2.5 or m ore as in  1 : 3, a n d  
1 : 4 s y s te m s . I t  th u s  in d ic a te s  t h a t  fo r th e  f irs t  in flex io n  to  occur (p H  ran g e  
4 — 7) a t  m o st tw o e q u iv a le n ts  o f  a lkali are  co nsum ed  in  all cases. T h u s  th e  
re a c tio n s  m a y  be ex p la ined  in  th e  follow ing w ay .

I n  1 : 1 system , w ith  in su ff ic ie n t a m o u n t o f lig an d , th e  ad d itio n  o f th e  
l ig a n d  a n d  one OH occurs a lm o s t s im u ltan eo u sly  to  re su lt  in  a h y d ro x o c h e la te
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[B iL (O H )] + w hich  m ay  fu r th e r  p o ly m erize , w hereas a t  h ig h er l ig a n d  ra tio s  
as 1 : 2, 1 : 2.5 e tc ., p rim a rily  f irs t  a [B i L 2] + chela te  is fo rm ed  in  tw o  o v e r­
la p p in g  s tep s , w hich  of course a t  h ig h e r p H  va lu es  can fu r th e r  ta k e  u p  O H -  
ions to  fo rm  a h y d ro x o ch e la te . M oreover, since B i( I I I )  is m u ch  p ro n e  to  
h y d ro ly s is , its  effects can  n o t be ru le d  o u t. I t  appears th a t  above p H  4 even  
[Bi L 2] + m a y  u n d erg o  hydro lysis , an d  c o n seq u en t so lation  an d  p o ly m eriza tio n  
reac tio n s .

R E F E R E N C E S

[1] T e w a r i , R . C., S r iv a s t a v a , M. N .: J .  In o rg . N u c l. Chem. 35, 2441 (1973)
[2] T e w a r i , R . C., S r iv a s t a v a , M. N .: T a la n ta  20, 133 (1973)
[3] I r v in g , H ., R o s s o t t i, H . S .: J .  Chem. Soe. 3 3 9 7  (1953)
[4] H il l e b r a n d , W . F ., L u n d e l l , G. E . F ., B r ig h t , H .  A ., H o f f m a n , J .  A .: A p p lied  I n ­

o rg an ic  A nalysis, J o h n  W iley, N ew  Y o rk  1953, p . 379, 364 and  366
[5] W e l c h e r , F . J . :  T he A na ly tica l U ses o f E th y le n ed iam in e  T e traa c e tic  A c id , D . V an

N o s tra n d , N ew  Y o rk  1957, p . 209

R . C. T e w a r i 
M. N . S r iv a s t a v a

C hem ical L a b o ra to rie s , U n iv e rs ity  of A lla h a b a d , 
A llah ab ad , In d ia .

Acta  C him . (B u d a p e s t)  8 3 , 1974





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 83 (3 — 4), pp. 265—270 (1974)

PO SSIB IL IT IE S OF U SE OF TU N G STEN  O X ID E  
IN  L IQ U ID -PH A SE  CATALYTIC H Y D R O G E N A T IO N

G. V é r t e s  and G. H o r á n y i

(Central Chemical Research Institute o f the Hungarian Academy o f Sciences, Budapest H-1525/17) 
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T he possib ilities o f u tiliz in g  tu n g s te n  ox ide  c a ta ly s ts  a c tiv a te d  w ith  no b le  m eta l 
ad d itiv es  w ere an alyzed .

I t  was fo u n d  th a t  tu n g s te n  oxide co n ta in in g  a sm all a m o u n t o f  p la tin u m  or 
p a llad iu m  can  be well ap p lied  in  th e  h y d ro g e n a tio n  of various o rgan ic  co m p o u n d s.

I t  is know n from  th e  l i te ra tu re  t h a t  c e r ta in  research  w o rk ers  co rre la te  
th e  c a ta ly tic  effect of tu n g s te n  carb ide  w ith  th e  oxide lay er d ev e lo p in g  on  its 
su rface . F o r exam ple , V o o r h ie s  [1] conceives an  o x id a tio n  p rocess on th e  
tu n g s te n  carb ide  su rface :

WC +  5 H 20  — W 0 3 +  C 0 2 +  10 H +  +  10 e -  (1)

fo llow ed b y  th e  fo rm a tio n  o f a  “ su rface  h y d ro g e n  tu n g s te n  b ro n z e ”  in  a su b ­
se q u e n t red u c tio n :

W 0 3 +  xH +  +  x e -  -*  H xW 0 3 (2)

w here  th e  v alue  o f x  m ay  be b e tw een  0.1 a n d  0.5.
W ith  th e  above p rocesses, how ever, i t  is s till n o t possible to  e x p la in  the  

m ech an ism  of ion iza tio n  o f m o lecu la r h y d ro g en  on tu n g s te n  ca rb id e , since here 
i t  is m ere ly  a m a tte r  o f an  e lec tro ch em ica l p rocess be tw een  tu n g s te n  oxide and  
th e  h y d ro g en  ion. N o reference  w as fo u n d  in  th e  lite ra tu re , su g g estin g  the  
conversion  of tu n g s te n  oxide to  h y d ro g en  tu n g s te n  bronze on  th e  a c tio n  of 
gaseous hyd ro g en . O ur ow n ex p e rim en ts  also  show ed th a t  tu n g s te n  oxide 
does n o t ta k e  up  h y d ro g en  in  acid ic so lu tio n .

Sa n d s t e d e  et al. [2] s im ila rly  o b se rv ed  t h a t  tu n g s te n  c a rb id e  is ac­
t iv a te d  a t  a positive  p o te n tia l, b u t  only  in  th e  case o f some ox id izab lc  su b stan ce , 
su ch  as hyd ro g en , be ing  p re se n t in  th e  so lu tio n . I n  such a case, tw o  ty p e s  of 
tu n g s te n  oxide are  fo rm ed , one in ac tiv e  a n d  one active . T h is la t t e r  is p re ­
su m a b ly  able to  a c tiv a te  h y d ro g en . A ccord ing ly , th e  follow ing e q u a tio n s  can 
he  g iven  fo rm ally :

W 0 3* +  -^ -H 2^ H x w o 3
lU

(3)

H xW 0 3 ^  W O* +  хИ +  +  x e - (4)
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w here  W O * denotes th e  a t  p re s e n t u n id en tified  ac tiv e  tu n g s te n  oxide. I t  m u s t 
be e m p h a s iz e d  th a t  e q u a tio n  (2) differs from  (4) in  t h a t  th e  la t te r  is a rev ers ib le  
p ro cess , w hile  on th e  e lec tro ch em ica l o x id a tio n  o f h y d ro g en  tu n g s te n  b ro n ze  a 
c o m p o u n d  is form ed w h ich  ca n  be reco n v e rted  w ith  m olecular h y d ro g e n  to  
h y d ro g e n  tu n g s te n  b ro n ze .

Preparation  o f  hydrogen tungsten bronze

H y d ro g e n  tu n g s te n  b ro n z e  can  be p re p a re d  “ p u re ”  in d ep en d en tly  o f th e  
tu n g s te n  carb ide . I f  tu n g s te n  oxide is b ro u g h t in to  co n tac t w ith  gaseous 
h y d ro g e n  in  th e  p resence o f a  re la tiv e ly  sm all a m o u n t of p la tin u m , th e n  th e  
h y d ro g e n  undergo ing  d isso c ia tiv e  ad so rp tio n  on  th e  p la tin u m  is capab le  o f

Fig. 1. R e d u c tio n  of tu n g s ten  ox id e  o n  a d d itio n  of ] m l H 2P tC lG so lu tio n  co n ta in ing  1 m g P t /m l
(1 g W 0 3, 2N  H 2S 0 4, 80°C)

p e n e tra t in g  in to  th e  ox ide  la t t ic e  th ro u g h  th e  m e ta l  oxide in te rface  [3 — 6]. 
T h is m e a n s  th a t  th e  p la tin u m -c o n ta in in g  tu n g s te n  oxide is able to  ta k e  u p  
such  a n  a m o u n t of h y d ro g e n  from  th e  gas t h a t  x  in  th e  fo rm ula H xW 0 3 be
0.1 <7 x  <7 0.5. W hen th e  e a r lie r  considera tions are  ta k e n  in to  acco u n t, i t  can  
be seen  t h a t  th e  co m p o u n d  p re p a re d  in  th is  w a y  can  in  all p ro b a b ili ty  be 
u tiliz e d  to  effect in  th e  an o d ic  ox idation  of h y d ro g e n , as has been  con firm ed  
in  th e  re c e n t  in v es tig a tio n s  b y  H o b b s  and  T s e u n g  [7 ].

H y d ro g e n  tu n g s te n  b ro n z e  was p re p a re d  in  th e  folio wing w ay . O ne 
g tu n g s te n  oxide in  20 m l 2 N  H 2S 0 4 solu tion  a t  80°C w as s a tu ra te d  w ith  h y d ro ­
gen in  a h y d ro g en a tio n  vesse l. S u b se q u e n tly ,!  m l H 2P tC l6 so lu tion  c o n ta in in g  
1 m g  P t /m l  was ad d ed  to  th e  system , and  sh a k e n  v igorously . T he h y d ro g en  
u p ta k e  cu rv e  is show n in  F ig . 1. In  th e  course o f th e  red u c tio n  th e  in itia lly  
ye llo w  s lu rry  becom es g reen ish , and  la te r , on th e  co m p le tio n  of th e  u p ta k e  of 
h y d ro g e n , a deep-blue ( tu n g s te n  b lue).

F ro m  Fig. 1 i t  is p ossib le  to  estim a te  th e  q u a n t i ty  of hydrogen  ab so rb ed , 
a n d  th u s  th e  com position  o f  th e  hyd ro g en  tu n g s te n  bronze. I f  th e  in itia l 
v o lu m e  in c rease , re su ltin g  fro m  th e  te m p e ra tu re  a n d  v a p o u r p ressu re  e q u a li­
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z a tio n , is co rrec ted  th e n  th e  h y d ro g en  co n su m p tio n  in v o lv ed  is a b o u t 7 — 8 ml,
i.e., ca . 300 ,мто1е. C om pared  to  th is , i t  is possible to  n e g le c t th e  am o u n t of 
h y d ro g e n  n ecessary  fo r th e  re d u c tio n  o f th e  1 m g p la tin u m , ro u g h ly  5 pmole, 
a n d  fo r  any  a d so rp tio n  on th e  m o n om olecu la r P t  layer. C a lc u la tio n  shows the 
v a lu e  o f  x  in th e  fo rm u la  H xW 0 3 to  be a b o u t 0.15 in  ou r e x p e r im e n t, w hich is 
in  good  ag reem en t w ith  th e  va lu e  o f 0.13 found  by  H o b b s  a n d  T s e u n g  [6] 
fo r a p la tin u m  c o n te n t o f 0 .1% .

I n  so fa r as th e  role of th e  p la tin u m  here was s im p ly  to  a c tiv a te  the 
h y d ro g en , th e n  th is  can  be perfo rm ed  w ith  o th e r noble m e ta ls  to o . The above 
e x p e rim e n t was ca rr ied  o u t w ith  a P d C l2 so lu tion  of s im ila r c o n c e n tra tio n  in 
p lace  o f th e  H 2P tC le so lu tion . The sam e p h enom ena  could  be  o b se rv ed  in the 
course o f th e  e x p e rim e n t as in  th e  case o f p la tin u m .

Hydrogenation in  presence o f  p la tin ized  tungsten oxide

I f  th e  p rocesses o f eq u a tio n s  (3) a n d  (4) can  rea lly  be a c h ie v e d , i.e., if  the 
ox ide fo rm ed  on th e  e lec trochem ica l re d u c tio n  of h y d ro g en  tu n g s te n  bronze 
can  be  reco n v erted  on th e  ac tio n  o f gaseous hydrogen , th e n  th e  hydrogen 
tu n g s te n  bronze can  be u sed  as a c a ta ly s t  fo r th e  h y d ro g e n a tio n  o f  com pounds 
re d u c e d  accord ing  to  th e  e lec tro ch em ica l m echanism .

O u r ex p erim en ts  w ere p erfo rm ed  w ith  tu n g s te n  b lu e  fo rm e d  on the 
re d u c tio n  of tu n g s te n  oxide c o n ta in in g  a sm all am o u n t (0 .1 % ) o f  p la tin u m  or 
p a lla d iu m . The in v es tig a tio n s  rev ea led  t h a t  its  b lue colour is lo s t  on  th e  action 
o f F e 3 + , n itro b en zen e , p -n itro p h e n o l an d  p -n itro c in n am ic  ac id , a n d  th e  oxi­
d a tio n  of th e  h o u n d  or ad so rb ed  h y d ro g e n  is in d ica ted  b y  a  greenish  or 
yellow ish-g reen  co lour. A sim ilar p h en o m en o n  can also be  o b se rv e d  on the 
a c tio n  o f air. I f  th e  co m p o u n d  s tan d s  in  a ir  fo r a p ro longed  p e r io d , o r is shaken 
in  th e  h o t so lu tion  in  th e  presence o f a ir , i ts  en tire  h y d ro g en  c o n te n t  can  be 
o x id ized . A fter th e  rem o v a l or co n su m p tio n  of th e  o x id an t, b o th  th e  com pletely 
o x id ized  tu n g s te n  b lu e  a n d  th a t  c o n ta in in g  noble m eta l on ly  p a r t ia l ly  oxidized 
b y  th e  organic co m pounds can  be re d u c e d  b y  gaseous h y d ro g e n , a n d  th u s  the 
p rocess is reversib le .

A  s tu d y  w as also m ade of th e  p o ss ib ility  of h y d ro g e n a tio n  o f various 
o rg an ic  com pounds in  th e  presence o f p la tin iz e d  or p a llad ized  tu n g s te n  oxide. 
A  ty p ic a l h y d ro g en a tio n  curve  is p re se n te d  in  Fig. 2. The F ig u re  show s th a t,  
s im ila rly  as in  th e  p resence  of tu n g s te n  carb ide  [ 8 - 1 0 ] ,  th e  r a te  of h y d ro ­
g e n a tio n  is p ra c tic a lly  c o n s ta n t th ro u g h o u t th e  en tire  course o f  th e  reac tio n , a 
r a te  decrease bein g  o b served  only  on th e  com pletion  o f th e  re a c tio n . The 
q u a n t i ty  of h y d ro g en  ta k e n  u p  in d ica te s  t h a t  only  th e  n itro  g ro u p  is reduced. 
C om pared  to  tu n g s te n  ca rb id e , how ever, th e re  is a d ifference  in  th e  hyd ro ­
g e n a tio n  o f com pounds co n ta in in g  doub le  b o n d s. The h y d ro g e n -u p ta k e  curve 
fo r p -n itro c in n a m ic  ac id  is show n in F ig . 3. I t  can  he seen t h a t  a lth o u g h  the
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g, ca ta ly s t

Fig. 2. T y p ic a l  hydrogen u p ta k e  cu rv e  
(1 g W 0 3 +  1 m g  P d ,  2 N  H 2S 0 4, 80°C, 0.2 g p -n itro p h e n o l)

?  0  ----------- 1-------- 1---------- 1________ 1_____ L-
40 50 60 70 80 90

t ,°C

Fig. 3. H y d ro g e n a tio n  o f  p -n itro c in n am ic  acid  on  tu n g s te n  blue 
(1 g W 0 3 +  1 m g Pd , 2N  H 2S 0 4, 80 °C) 

n H 2/ n s =  N °. of m oles o f h y d ro g e n  tak e n  up /N o. o f m oles o r  org. com pd. ta k e n

a ro m a tic  rin g  can n o t be  h y d ro g e n a te d , besides th e  th r e e  m oles of h y d ro g en  
r e q u ir e d  fo r  th e  n itro  g ro u p  a  fo u r th  mole of h y d ro g e n  is consum ed b y  th e  
d o u b le  b o n d . A fu r th e r  e x a m in a tio n  was m ade o f th e  h y d ro g e n a tio n  of m aleic 
a c id  o n  tu n g s te n  oxide c o n ta in in g  0 .1%  p a llad iu m . T h e  ex p erim en ts  show ed 
t h a t  a l th o u g h  the  in itia l r a te  o f  h y d ro g en a tio n  is p e rh a p s  n o t sig n ifican tly  less 
th a n  th e  v alue  found fo r th e  n i t r o  com pounds, th e  r a te  a t  f ir s t  decreases v e ry  
r a p id ly ,  a n d  la te r  too  v e ry  p e rc e p tib ly . The po ison ing  o r ag ing  of th e  c a ta ly s t  is 
in d ic a te d  b y  th e  fac t th a t  i f  so m e  n itro  com pound is a d d e d  to  th e  system  a fte r  
th e  m a le ic  acid, a lthough  a r a te  in c rease  can be o b se rv ed , th e  ra te  found  w ith  th e  
n i t ro  co m pounds can no  lo n g e r  b e  approached .

T h e  tem p era tu re  d e p e n d e n c e  of the  ra te  o f h y d ro g e n a tio n  of p -n itro -  
p h e n o l on  tu n g sten  b lue p re p a re d  b y  reduction  o f  p a lla d iz e d  tu n g s te n  oxide 
is p re s e n te d  in  Figure 4. T h e  r a t e  decrease observed  a t  h ig h e r  te m p e ra tu re  can  
be e x p la in e d  by  th e  decrease o f  th e  p a r tia l p ressu re  o f  th e  hyd ro g en , as tr e a te d  
in  d e ta i l  in  th e  case o f tu n g s te n  carb ide  [10].
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Fig. 4. T em p era tu re -d ep en d en ce  of r a te  o f h y d ro g e n a tio n  
(1 g W 0 3 +  1 m g P d , 2N  H 2S 0 4, p -n itro p h e n o l, 80°C)

0 50 100 0 50 100 150
t ,m in  t,min

Fig. 5. H ydro g en  u p ta k e  on  W 0 3 co n ta in in g  1%  P d  (1 g W 0 3 -f- 10 m g P d , 2JV H jS O j , 80°C). 
(a) re d u c tio n  of tu n g s te n  o x ide; (b ) re d u c tio n  of p -n itro p h e n o l

Some in fo rm a to ry  e x p e rim e n ts  w ere also carried  o u t u s in g  tu n g s te n  oxide 
w ith  a h igher noble  m e ta l c o n te n t. T he c a ta ly tic  a c tiv ity  o f th e  tu n g s te n  blue 
ap p e a rs  to  he n e a r ly  p ro p o rtio n a l to  th e  a m o u n t of noble  m e ta l  ta k e n  up- 
P ro o f  of th is  is g iven  in  F ig . 5. O ne m l p a llad iu m  chloride so lu tio n  w ith  a con. 
c e n tra tio n  of 10 m g P d /m l w as a d d ed  to  1 g tu n g s te n  oxide in  20 m l 2 N  H 2S 0 4 
so lu tio n  a t  80°C. T h e  f ir s t  p a r t  of th e  F igu re  gives th e  r a te  o f u p ta k e  o f h y d ro ­
gen as a fu n c tio n  o f th e  a m o u n t o f h y d ro g en  ta k e n  u p . (F ro m  th e  a m o u n t of 
h y d ro g en  abso rbed , th e  v a lu e  o f x  is o b ta in e d  as ca. 0.3). A fte r  a  considerab le  
decrease in  th e  r a te  o f h y d ro g en  u p ta k e , p -n itro p h e n o l w as a d d e d  to  the  
sy s tem  (in d ica ted  b y  an  arrow ). T he ra te  m ax im u m  o b se rv ed  in  th e  p re p ­
a ra tio n  of tu n g s te n  b lue w as th e n  again  a tta in e d .
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D iscussion

I t  w as estab lished  in  t h e  ex p erim en ts  t h a t  tu n g s te n  oxide co n ta in in g  a 
sm a ll  a m o u n t of noble m e ta l  c a n  well be used fo r th e  h y d ro g e n a tio n  of v a rio u s 
o rg a n ic  com pounds. T he d a t a  p re sen ted  to  d a te  p e rm it  th e  follow ing co n ­
c lu s io n s  as regards th e  m e c h a n ism  of the  h y d ro g e n a tio n .

T h e  experim en t i l lu s t r a te d  in  Fig. 5 c learly  in d ic a te s  th a t  a tra n s p o r t  
p ro c e s s  c an n o t p lay  a ra te -c o n tro llin g  role in  th e  h y d ro g e n  u p ta k e  ra te  of ca. 
50 m l/h o u r  observed fo r tu n g s te n  oxide c o n ta in in g  0 .1 %  o f noble m e ta l, fo r 
a r a t e  la rg e r  b y  one o rd e r o f  m a g n itu d e  can also be  ach iev ed  u n d e r com ple te ly  
id e n t ic a l  conditions.

T h e  h y d ro g en a tio n  o f  u n s a tu ra te d  co m pounds to o  can  be ach ieved  on 
tu n g s te n  blue conta in ing  n o b le  m e ta l. This o b se rv a tio n  show s th a t ,  in  c o n tra s t 
w ith  tu n g s te n  carb ide, th e  a d so rp tio n  of th e  u n s a tu ra te d  com pounds ta k e s  
p la c e  to  a t  least a c e r ta in  e x te n t  on th e  su rface . A  d ifference from  p la tin u m , 
h o w e v e r , is th a t  th e  a ro m a tic  r in g  is n o t h y d ro g e n a te d , a n d  th u s  its  ad so rp tio n  
is p re s u m a b ly  d ifferen t f ro m  th e  sim ple d o u b le -b o n d  a d so rp tio n . The a p p re ­
c ia b le  r a te  decrease o b se rv e d  on  th e  h y d ro g e n a tio n  o f m aleic acid in d ica tes  
t h a t  th e  ca ta ly tica lly  a c tiv e  s ite s  are re la tiv e ly  q u ic k ly  po isoned . This can  he 
c o n c e iv e d , for in stan ce , in  t h a t  th ese  active s ite s  on  w h ich  th e  u n s a tu ra te d  
c o m p o u n d  m ay be ad so rb e d  c o n s is t of noble m e ta l b o u n d  on th e  surface of th e  
t u n g s te n  oxide. The re a c tio n  in it ia lly  proceeds fa ir ly  ra p id ly  on th e  s till clean  
n o b le  m e ta l surface, b u t  l a t e r ,  as a resu lt of th e  a d so rp tio n  v a rious m olecu lar 
f r a g m e n ts  an d  possib ly  p o ly m e rs  are form ed on  th e  su rface , an d  th ese  soon 
c o v e r  th e  co m para tive ly  sm a ll  ac tive  surface av a ila b le .

F u r th e r  in v estig a tio n s a re  req u ired  to  e x te n d  th e  u tiliz a b ility  of c a ta ly s ts  
c o n ta in in g  a sm all a m o u n t o f  nob le  m eta l, to  c la rify  in  g re a te r  d e ta il th e ir  
m e c h a n ism s  of ac tion , a n d  to  co n firm  our a ssu m p tio n s . T hese w ill be re p o rte d  
in  a  su b se q u e n t p ap er.
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The electronic absorption spectra of pu rpu rin  and quinalizarin were studied in 
bo th  w ater and  w ater—organic solvent m ix tures a t  different pH ’s. The solvents used 
include m ethanol, ethanol, ethylene glycol, glycerol and acetone. The effect of solvent 
polarity  on th e  hand  position is discussed. T he p K  values have been determ ined for 
different equilibria and  are discussed in relation  to  the nature  and am oun t of th e  organic 
solvent. The p K ,  and  p K 2 values for bo th  com pounds decrease w ith  increasing pro­
portion of ethylene glycol or glycerol b u t increase w ith increasing am ount of m ethanol, 
ethanol or acetone.

Introduction

P u rp u rin  (1 ,2 ,3 -tr ih y d ro x y a n th ra q u in o n e ) an d  q u in a liza rin  (1,2,5,8- 
te tra h y d ro x y a n th ra q u in o n e )  are know n  as h isto log ica l reag en ts  a n d  ch e la tin g  
ag en ts  in  a n a ly tic a l ch em is try . The s p e c tra  o f th e se  com pounds in  b u ffe r 
so lu tions an d  in  som e organ ic  so lven ts w ere p rev io u sly  s tu d ie d  [1—4]. The 
p re se n t w ork  deals w ith  th e  effect of p H  on  th e  e lec tron ic  a b so rp tio n  sp e c tra  
in  th e  presence o f  o rgan ic  so lven ts. The p K  v a lu es  have  b een  d e te rm in e d  an d  
w ill be d iscussed  w ith  reference to  th e  n a tu re  o f  th e  m ed ium  used .

Experim ental

The solid m ateria ls (AR or CP grade) were ob tained  from commercial sources (E . Merck 
or B .D .H .). 10~3 M  solutions of the anthraquinone derivatives were prepared by dissolving the 
appropriate am ount of th e  solid in 0.1M  N aO H . More dilute solutions were p repared  by 
accurate dilution. T he pH  was ad justed  by  the  m odified universal buffer series of B r itt o n  
[5] which also served as supporting electrolyte. The organic solvents were purified by  re­
com m ended procedures [6].

The absorption spectra were recorded on a  UNICAM SP 500 Spectrophotom eter 
a t  the wavelength range of 320 — 700 nm, using m atched  1 cm silica cells. The pH  m easu­
rem ents were carried ou t w ith  a R adiom eter pH -m eter (Model 28bM) accurate to  w ithin 
± 0 .05  pH  units. All pH  and  spectral m easurem ents were carried ou t a t room  tem peratu re  
(—25 °C).

Results and discussion

T he sp ec tra l b e h a v io u r of p u rp u r in  a n d  q u in a liza rin  in  aq u eo u s b u ffe r  
so lu tions w as s tu d ie d  b y  I ssa an d  Zew ail  [3], w ho fo u n d  th a t  o n ly  tw o  equ i-
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l ib r ia  e x is te d  for these  co m p o u n d s . The sp e c tra l b e h a v io u r  w as d iscussed  w ith  
re fe re n c e  to  th e  d iffe ren t species th a t  m a y  e x is t  in  so lu tion . I t  seem ed  of 
in te r e s t  to  de term ine  th e  f i r s t  an d  second d isso c ia tio n  c o n s ta n ts  of th e  tw o  
c o m p o u n d s  in  w a te r a n d  to  com pare  th e m  w ith  th e  va lu es  o b ta in ed  in  m ed ia  
c o n ta in in g  organic so lv en ts .

I. P u rp u rin

T h e  sp ec tra  of p u rp u r in  so lu tions of c o n s ta n t  co n cen tra tio n , reco rd ed  as 
a fu n c tio n  of th e  p H  a n d  in  th e  p resence o f  v a rio u s  am o u n ts  of d iffe re n t 
o rg a n ic  so lven ts co nsist o f  th re e  b an d s. T he p o s itio n  o f th e  b an d s  is m a in ly  
a f fe c te d  b y  th e  p H  a n d  to  som e e x te n t b y  th e  n a tu re  an d  a m o u n t o f  th e  
so lv e n t ad d ed . The f i r s t  b a n d  w ith  a m ax im u m  a t  a b o u t 400 n m  is p re su m a b ly  
d u e  to  th e  n e u tra l m olecu le .

T h is  b an d  increases in  in te n s i ty  u p o n  in c reasin g  th e  p H  to  8. A t h ig h e r  
p H ’s, th e  b a n d  decreases a n d  sh ifts  to  th e  re d . T he a b so rp tio n  a t  th is  w a v e ­
le n g th  is m ostly  h ig h er th a n  a t  o th e r b a n d s . As th e  io n iza tio n  o f p u rp u r in  
p ro c e e d s , th e  a sy m m etry  or sp li t t in g  of th e  b a n d s  becom es q u ite  a p p a re n t. T he 
d if fe re n t  organic so lv en ts  cause  v a rious changes in  th e  abso rbance  o f th e  
d iv a le n t  an ions, an d  th e  co rresp o n d in g  / max is a ffec ted  b y  th e  n a tu re  an d  
a m o u n t  of th e  so lv en t ad d e d .

T h e  second io n iza tio n  s te p  o f p u rp u rin  s ta r ts  a t  th e  p H  range  of 1 0 — 11 in  
a ll th e  m ix tu re s  in v e s tig a te d . U n d e r such co n d itio n s  th e  sp e c tra  show  s tro n g ly  
o v e r la p p in g  and  a sy m m e tr ic a l b an d s  p re su m a b ly  as a re su lt o f th e  ex is ten ce  
o f  v a r io u s  species. In  so lu tio n s  co n ta in in g  <~4—4 0 %  (by  w eigh t) o f th e  d if­
f e r e n t  so lv en ts , th e  ab so rb a n c e  vs. p H  curves o b ta in e d  a t  selected  w av e len g h ts  
a re  s im ila r  in  c h a ra c te r  a n d  show  tw o a p p a re n t  s ta p s . T he ab so rb an ce  in ­
c rea se s  w ith  th e  p H  u p  to  8 — 10 an d  th e n  decreases ra p id ly  a t  h ig h er p H ’s, 
o w in g  to  th e  fo rm atio n  o f d iv a le n t an ions. T h e  abso rb an ce  vs. p H  p lo ts  ob ­
ta in e d  a t  550 nm  e x h ib it  a con tin u o u s in crease  w ith  th e  p H  an d  show  tw o  
in f le c tio n s  ind ica tin g  tw o  e q u ilib ria :

H 3A  ^  H ZA -  +  H  +

H j A -  ^=± H A - - +  H  +

T h e  sep ara tio n  o f th e  tw o  stages is sh a rp e r  a t  h igh  c o n c e n tra tio n s  o f 
g ly c e ro l o r e thy lene  g lycol b u t  ap p ears  to  be  p o o r in  so lu tions c o n ta in in g  
m e th a n o l or e th an o l.

T h e  p K 1 an d  p K 2 v a lu e s  of th e  tw o  e q u ilib ria  w ere e v a lu a te d  b y  th e  
fo llo w in g  m ethods:

a) M odified Co l l e t e k  m e th o d  [7, 8], w h e reb y  th e  d issocia tion  c o n s ta n t  
(К ) c a n  be d e te rm in ed  fro m  th e  re la tio n :

A c ta  C h im . (B u d a p est) 83, 1974
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K  [H +]2 —  M  [H +]3 

M — l

м  1А 3 - А Л  [Н + ]г — [H  + ] 2

U - Л  [H +]x -  [H +]3
w here

A x, A 2 an d  A 3 are ab so rb an ce  va lu es  a t  [H  + ] x, [H  + ] 2 and  [H  + ] 3.

Absorption spectra  of purpurin and quinalizar in  m water-organic solvent mixtures

A-Purpurin in solutions containing 33.63 V. EtOH

B- Quinalizarin - I I - 32.23V. ethylene 
glycol

C-Purpurin 24.02 V. glycerol

D'Quinalizarin 7.77V. EtOH

E- Quinalizarin 24.02V* glycerol

F ig. 1

A* Acta Chim. ( Budapest)  83, 1974
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b ) L im iting  a b so rb a n c e  m eth o d  [9] acco rd in g  to  w hich:
A

p H  =  (p K  +  log y )  +  log  —-------- -
A 1 —  A

w h e re  A 1 is the  lim itin g  ab so rb a n c e , A  is th e  a b so rb a n c e  a t  a t given p H  a n d  
у  is  th e  a c tiv ity  coeffic ien t o f  th e  ionic form .

T h u s  th e  p K  c an  b e  d e te rm in e d  from  th e  p lo t  o f log  A J{A l — A )  a g a in s t 
th e  p H .

T h e  m ean values o f  p K 1 an d  p K 2 in  th e  p re se n c e  o f various a m o u n ts  o f 
o rg a n ic  so lvents are l is te d  in  T ab le  I.

Table I
M ean  values o f p K l and pK% fo r  purpurin (10~* M )  and quinalizarin (4 x l 0 ~ 5 M )  

in  water-organic solvent m ixtures

Organic solvent %  ( » / • )  
of organic 

solvent

Dielectric 
constant of 
the medium

Purp urin Quinalizarin
mixed

p K x р К г p K , р К г

4 .1 79.8 6 .3 3 1 1 .3 8 .3 9 .3 2

8 .2 78.12 6 .8 5 1 0 .8 4 7 .32 9 .4 5

M ethanol 1 6 .6 74.96 7 .2 5 1 0 .9 2 8 .06 10 .1

2 5 .1 71.47 7 .2 8 1 1 .0 8 8 .4 1 0 .3

3 4 .7 67.71 7 .1 7 1 1 .4 2 8.45 1 0 .4

3 .9 77.5 6 .3 2 11 .1 6 .71 9 .6 5

7 .8 76.6 6 .3 4 1 0 .2 3 6 .42 9 .5 9

E th a n o l 1 5 .9 74.7 6 .5 7 1 0 .2 5 6 .6 4 9 .8 2

2 4 .6 72.7 6 .6 1 0 .7 6 .65 1 0 .1 6

3 3 .6 68 .7 6 .8 9 1 0 .8 2 6 .8 1 0 .5 8

4 .1 80.13 5 .9 5 1 0 .3 7 .6 8 9 .2 8

A cetone
7 .1 79.28 6 .2 1 0 .4 5 7 .88 9 .4 5

1 6 .6 77.49 6 .6 5 1 0 .6 5 8 .28 10 .1

2 5 .5 75.41 8 .0 1 1 .1 5 9 .05 1 0 .8 6

5 .6 80.22 6 .7 10 .7 8 .65 9 .9 6

1 1 .0 79.47 6 .5 2 10 .5 7 .12 9 .7 5

E th y len e  glycol 2 1 .7 77.92 5 .6 5 1 0 .1 5 6 .95 9 .5 4

3 2 .2 76.12 5 .5 5 9 .4 6 .82 9 .1 3

4 2 .5 73.91 5 .1 5 9 .1 6 .85 8 .6 6

6 .3 81 .06 6 .8 5 1 1 .0 6 8 .29 9 .5 2

1 2 .3 80.02 6 .7 2 1 1 .0 8.1 9 .3 2

G lycerol 2 4 .6 78.8 6 .6 1 0 .6 5 7 .45 9 .3

3 5 .2 77.23 6 .2 5 1 0 .4 5 7.31 8 .9 9

4 5 .8 75.51 6 .2 1 0 .0 8 7 .1 4 8 .8

A queous medium — 75.5 6 .9 1 1 .3 5 8 .89 1 0 .2 2

A c ta  C h im . (B u d a p est) 8 3 , 1974
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I t  is a p p a re n t t h a t  b o th  p K x an d  pK.j, d ecrease  on increasing  th e  a m o u n t 
o f e th y len e  glycol o r g lycero l b u t  increase as th e  p ro p o rtio n  of m e th y l o r 
e th y l alcohol is in c rea sed . T his b eh av io u r in d ic a te s  t h a t  th e  fo rm er so lv en ts  
a c t as accep to rs r a th e r  th a n  donors an d  hence  cause  p ro to n a tio n  o f th e  lone 
p a irs  of th e  O H -groups a n d  fa c ilita te  p ro to n  d isso c ia tio n  from  th e  h y d ro x y l 
g roups. The change in  b e h a v io u r is due to  th e  d ifferences in  s tru c tu re  a n d  
p o la r ity  of th e  so lv e n t m olecules m ixed  w ith  p u rp u r in  so lu tions. T he d ec reas in g  
io n iza tio n  in  th e  p resence  o f  h igh p ro p o rtio n s  o f  m e th a n o l, e th an o l or ace to n e  
m a y  be a t t r ib u te d  to  th e  b lock ing  o f th e  я -e lec tro n s  o f th e  ca rbony l g ro u p  b y  
so lv en t m olecules w h ich  ren d ers  ex c ita tio n  o f  th e  я  e lec trons m ore d iff ic u lt, 
th u s  h ig h er p K  v a lu es  a re  o b ta in ed . T he d isp lacem en t o f th e  a b so rp tio n  b a n d s  
to  sh o rte r  w av e len g th s  cau sed  b y  in c reasin g  e th a n o l, m e th an o l or ace to n e  
c o n cen tra tio n  a t  c o n s ta n t  p H  can  he a t t r ib u te d  to  th e  decreasing  co n cen ­
tr a t io n  of th e  ion ized  fo rm s as a re su lt o f a sso c ia tio n  w ith  th e  so lven t m olecu les. 
O n th e  o th e r h a n d , th e  b a n d s  are sh ifted  to  lo n g er w aveleng ths on m ix in g  
in creasin g  am o u n ts  of e th y le n e  glycol an d  g lycero l a t  a n y  specific p H .

II. Quinalizarin

W ith in  th e  p H  ra n g e  of 6 —8.5, th e  s p e c tra  o f q u in a liza rin  e x h ib it  one 
n e a r ly  sy m m etrica l b a n d  w ith  m ax im u m  a b so rp tio n  a t  w aveleng ths v a ry in g  
fro m  470 to  490 n m . T he n e x t  b a n d  w ith  Лтах a t  520 n m  appears a t  p H  8.5 — 9 
a n d  is due to  th e  m o n o an io n  of th e  co m p o u n d . A t p H  9.5, th e  sp e c tru m  
rev ea ls  tw o peaks a t  540 an d  570 n m  re su ltin g  from  ab so rp tio n  b y  th e  m ono- 
a n d  d ian ion .

In  T able I  are  g iven  th e  d a ta  o b ta in e d  on  m ix ing  a so lu tio n  o f  q u in ­
a liza rin , a t  d iffe ren t p H ’s, w ith  v a rio u s a m o u n ts  o f each  o f m e th an o l, e th a n o l, 
e th y len e  glycol, g lycero l o r ace tone . T he p lo ts  o f  abso rb an ce  vs. p H  a t  specific  
w av e len g th s  for som e o f th e  so lu tions a re  show n  in  F ig . 2-B.

The curves re v e a l a m ore or less p ro n o u n ced  S -shape w ith  a b re a k  on th e  
ris in g  sec tion  a t  a c e r ta in  p H  range w hich  d ep en d s  on th e  com position  of th e  
so lu tion .

The p K a v a lu e s  co rrespond ing  to  th e  f i r s t  a n d  second d issoc ia tion  s tep s  
o f q u in a liza rin  w ere d e te rm in ed  b y  ap p ly in g  th e  m eth o d s m en tio n ed  ab o v e .

The effect o f d iffe re n t so lven ts on th e  p K  a re  s im ila r to  t h a t  o b se rv ed  in  
th e  case of p u rp u r in  a n d  can  be ex p la in ed  on th e  sam e basis.

D iscussion

As th e  a m o u n t o f o rg an ic  so lven t in  th e  m ed iu m  increases, th e  p H  ra n g e  
fo r  sp ec tra l m easu rem en ts  increases ow ing to  th e  h ig h er so lu b ility  o f  th e  u n ­
ch arg ed  m olecules. T h is is a p p a re n t from  th e  s p e c tra  an d  th e  ab so rb an ce  vs. 
p H  p lo ts show n in  F igs 1 an d  2.

A c ta  C him . (B u d a p e s t)  8 3 , 1974
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Absorbance vs pH re la t io n s

Fig. 2

T h e  b an d s undergo  a re d  sh ift on in c rea s in g  th e  co n cen tra tio n  o f g lycero l 
a n d  e th y le n e  glycol. T h is b e h a v io u r  dep en d s on  so lva tio n  effects [10] r a th e r  
t h a n  th e  d ielectric  c o n s ta n t o f th e  m ed iu m  as show n b y  th e  n o n - lin e a r ity  of 
th e  v o r  Amax vs. 1/J9 p lo ts .

T h e  p K  values in  aq u eo u s  so lu tions are  h ig h er th a n  tho se  o b ta in e d  in  
m ix e d  so lv en ts  (see T ab le  I ) , w h ich  th u s  fa v o u r  io n iza tio n . T he r a te  w ith  w hich 
th e  io n ic  form s are p ro d u c e d  is in flu en ced  b y  b o th  th e  n a tu re  a n d  a m o u n t 
o f  th e  o rgan ic  so lven t a d d e d . T he rem o v a l o f  th e  p ro to n  is fa c il i ta te d  b y  th e  
in c re a s in g  am o u n ts  o f  e th y le n e  glycol o r g lycero l, w hereas th e  in c rea se  of 
th e  p ro p o r tio n  of alcohol o r ace tone  d ecreases ion iza tion .

A c ta  C h im . ( Budapest)  83 , 1975
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T he change o f  p K  w ith  so lven t c o n c e n tra tio n  is due to  fa c to rs  such as 
changes in  th e  d ie lec tric  c o n s ta n t o f th e  m ed iu m , solvolysis o f ions an d  basic ity  
o f  th e  so lv en t m ix tu re . T he v a r ia tio n  o f p K  w ith  d ie lec tric  c o n s ta n t (D) in  
so lv en t m ix tu re s  is g iv en  b y  th e  re la tio n  [11]

p K a =  p K 0 +
0.43 N e2 

R T
Z , Z 2 l 

Г1 + Г2 D

w here : p K a 
P K  о
Zp Z2
r v  *2

— acid  d issocia tion  c o n s ta n t in  th e  so lv e n t m ix tu re ;
— ac id  d issocia tion  c o n s ta n t in  p u re  w a te r ;
— charges ca rried  o f th e  ions in v o lv ed  in  th e  eq u ilib riu m ;
— ra d ii o f th e  ions in v o lv ed  in  th e  e q u ilib riu m .

T he p lo ts  o f  p K a a g a in s t 1 /i) a re , h o w ev er, n o t s tr ic t ly  l in e a r  ex cep t in  
a few  cases. T h is in d ic a te s  t h a t  changes in  th e  p K a w ith  th e  so lv en t con­
c e n tra tio n , th o u g h  m a in ly  governed  b y  th e  d ie lec tric  c o n s ta n t , a re  stro n g ly  
in flu en ced  b y  so lv e n t basic ities  to o . T he decrease in  so lv en t b a s ic ity  is quite  
a p p a re n t w ith  alcoho ls an d  acetone a n d  th is  in  tu rn  lead s to  a decreased 
io n iza tio n  o f  th e  O H  groups in  th e  co m p o u n d s in v e s tig a te d . G lycerol and  
e th y len e  g lycol, th o u g h  less basic  th a n  w a te r  [11], can  s till so lv a te  th e  organic 
m olecules an d  its  ions m ore s tro n g ly  th a n  w a te r , th u s  in c reasin g  th e  solvolysis 
c o n s ta n t. T his le ad s  to  a low er acid  d isso c ia tio n  c o n s ta n t in  acco rd an ce  w ith  
th e  re la tio n :

К a
K p

1 + K S

w here : K D — d isso c ia tio n  c o n s ta n t o f th e  so lv a te d  ion  p a irs ;
K s — so lvo lysis  c o n s tan t.

A ccord ing ly , i t  seem s th a t  th e  c o n tr ib u tio n  o f an y  single fa c to r  to  the  
to ta l  e ffec t on th e  p K a va lu es  in  w a te r-o rg a n ic  so lv en t m ix tu re s  w ill depend  
on th e  p ro p e rtie s  o f  th e  so lv en t an d  so lu te  u sed .

Correlation of the pK  values

T he p K x v a lu e s  d e te rm in ed  fo r p u rp u r in  an d  q u in a liz a rin  in d ica te  th a t  
th e  la t te r  co m p o u n d  is a s tro n g e r acid  in  all th e  so lv en t sy s tem s in v es tig a ted . 
T his b e h a v io u r can  be  ex p la in ed  in  te rm s  o f th e  s tru c tu re . T he f i r s t  d issociation  
s te p  in  b o th  co m p o u n d s w ill invo lve th e  re lease  o f a p ro to n  fro m  th e  /5-ОН 
group  since th e  l a t t e r  is n o t liable to  p a r tic ip a te  in  h y d ro g en  b o n d in g .

In  th e  case o f  p u rp u r in , th e  p resence  o f th e  o th e r  tw o  O H  g roups on the  
sam e rin g  c a rry in g  th e  /1-ОН group  low ers th e  c o n tr ib u tio n  o f  th is  group in 
charge d o n a tio n  to  th e  a n th ra q u in o n e  n u c leu s. C harge m ig ra tio n  fro m  th e  /1-ОН

Acta C h im . ( B u d a p e s t )  83, 1974
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group  th ro u g h  m esom eric  in te ra c tio n  w ith  th e  9-C =  0  g ro u p  w ill be  c o u n te r­
a c te d  b y  th e  O H  g roup  in  p o sitio n  4. T h is occurs b y  a ta u to m e r ic  sh if t of th e  
ty p e :

T he h ig h er charge  d e n s ity  on th e  oxygen  a to m  o f th e  O H  group in  
p u rp u r in  affords s tro n g e r  b o n d in g  o f th e  p ro to n s . T he oppo sin g  e ffec t of th e  
ta u to m e ric  sh ift is o f m ino r in fluence  in  th e  case o f q u in a liza rin  since th e  a-O H  
g roups occupy th e  1, 5 po sitio n s.

T he second p ro to n  in  th e  case o f p u rp u rin  is d isso c ia ted  fro m  an O H  
group  invo lv ed  in  a s tro n g e r H -b o n d in g  th a n  th a t  of q u in a liz a r in  an d  hence 
th e  p K 2 is h ig h er fo r th e  fo rm er com pound .
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Three new monobasic complex acids: H [Co(DH )2(CN)X] (D H 2 =  dim ethyl- 
glyoxim e, X  =  Cl, Br and I) were obtained by  means of ligand exchange reactions from 
th e  corresponding dihalogeno acids: H [C o(D H )2X 2] and KCN. A num ber of 18 salts of 
these m ixed acids were isolated and  characterized. pH  m easurem ents were perform ed 
in  order to  te s t the streng th  of these acids. Their ÍR  spectra were recorded and  dis­
cussed. In  aqueous solutions of these com plex anions the halide ions are su b s titu ted  by 
w ater. K inetics of this aquation  process in  acidic medium was followed and kinetic 
p aram eters are derived. The m echanism  of th e  aquation  was discussed.

C om plex  com pounds o f c o b a lt( I I I )  w ith  cyano  ligands w ere describ ed  
an d  s tu d ie d  o n ly  in  a few cases. T he w ell kn o w n  K 3[Co(CN)6] is fo rm e d  easily  
b y  o x id a tio n  o f  c o b a lt( I I ) -sa lts  in  th e  p resence  of K CN  [1]. T h e  free  acid : 
H 3[Co(CN )6] an d  some aq u o cy an o  ac ids, as H 2[Co(CN)5( H 20 ) ]  [2],
II[C o (C N )4( H 20 ) 2] [3] an d  th e  ha logeno  p en tacy an o -ac id s  I I 2[Co(CN )5X ] 
(X  =  Cl, B r, 1) [4] were also iso la ted  a n d  k in e tica lly  s tu d ie d  [4 —7]. S u b ­
s t i tu t io n  re a c tio n s  o f th e  [Co(CN) ,(S 0 3) (0 H ) ]4_ anion w ith  C N -  an d  N H 3 
w ere in v e s tig a te d  b y  T e w a r i  et al. [8].

T he f i r s t  cyano-com plex  o f th e  co b a lt(III)-d io x im in e  c lass, the  
K [C o(D H )2(C N )2] • 3/2 H 20 ,  w as d esc rib ed  b y  M a k i  [9, 10]. I n  a p rev io u s 
p a p e r  [12] th e  chem ical p ro p e rtie s  o f  som e analogous d e riv a tiv e s  o f  th e  acids 
H [C o(D iox . H ) 2(C N )2] (D iox. H 2 s ta n d s  fo r  1 ,2 -cyclohexaned ioned iox im e an d  
1 ,2 -cy c lo p en tan ed io n ed io x im e) are  re p o rte d .

T he in te re s t  fo r th is  class of co -o rd in a tio n  com pounds has b e e n  in c reased  
a fte r  th e  d isco v ery  of th e  ana logy  in  th e  s tru c tu re  of th e  B 12-v ita m in e -ty p e  
su b stan ces  a n d  th e  cyano-d iox im ine com plexes of th e  tr e v a le n t c o b a lt, w hich  
h av e  s im ila r m o lecu la r sk e le ton  [13 — 15]. C om plex  com pounds o f th is  ty p e  are 
u sed  a c tu a lly  fo r th e  s tu d y  lin  vitro’ o f th e  k in e tics  an d  m echan ism  o f d iffe ren t 
en z y m a tic  re a c tio n s , ca ta ly zed  b y  B 12-v ita m in  d e riv a tiv es  [16, 17].

T he s tro n g  nucleophilic  cyano  g ro u p  easily  en te rs  in  th e  in n e r  co -o r­
d in a tio n  sp h ere  o f d iffe ren t m ix ed  d iox im ine  chela tes of c o b a l t ( I I I ) ,  as 
[Co(D iox. H )2( H 20 )X ]  an d  [Co(D iox. H )2X 2] “ w ith  X  =  Cl, B r , I ,  e tc . W e 
o b serv ed  th a t  a la rge  excess o f CN -  rep laces  also o th e r n e u tra l lig a n d s , as N H 3 
an d  p r im a ry  am ines (aniline d e riv a tiv e s)  o r p y rid in e  bases. In  h o t  aqueous
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K C N  so lu tions even  th e  C o-dioxim e rings are  sp lit  a n d  [Co(CN)6]3_ is fo rm ed  
(e.g. in  th e  case o f [C o (D H )2(N H 3)2] + and  [C o (D H )2(a n il in e ) ,]+).

T he s u b s titu tio n  re a c tio n  of th e  d ih a lo g en o -ac id s  of th e  ty p e  
H [C o(D H )2X 2] w ith  s to ich io m e tric  a m o u n t o f K C N  a t room  te m p e ra tu re  
lead s to  th e  fo rm a tio n  o f  m ix ed  c y an o -h a lo g en o  com plexes:

[Co(D H )2X 2] -  +  C N - =  [Co(D H )2(C N )X ]-  +  X "  . (1)

B y  u s in g  an  excess o f  K C N , th e  second h a lid e  io n  is also ex ch an g ed  a n d  th e  
d icy an o -io n , [C o(D H )2(C N )2]~ , is form ed.

T he free acids H [C o (D H )2(CN )X ] can  be s e p a ra te d  from  th e  aqueous 
so lu tio n s of th e ir  sa lts  w ith  a n  excess of d ilu te d  su lfu ric  acid.

Table I
Cyano-halogeno complex acids o f the type H [C o (D H ) 2(C N )X ]

Formula
Mol. wt. Yield

Aspect
Analysis

calcd. (%) Calcd. Found

H[Co(DH),(CN)Cl] ■ 1 H 20 369.6 60 Irregular yellow 
plates

Co 15.94 
N 18.95

15.84
18.70

H[Co(DH),(CN)Br] • 2 H ,0 432.1 70 Irregular brown- 
yellow plates

Co 13.64 
N 16.20

13.42
16.35

H [Co(DH )2(CN)I] • 2 H ,0  

D H  =  C4H ,N ,0 2

479.1 80 Sparkling brown- 
yellow hexagonal 
plates

Co 12.30 
N 14.62

12.20
14.53

L ike o th e r [C o (D H )2X Y ] “ -ty p e  an io n s, th e  cy an o -h a lo g en o  com plexes 
re a d ily  fo rm  slig h tly  so luble  p rec ip ita te s  w ith  m o n o v a le n t ions as Cs+, T1+, 
Cu + , A g+  an d  H g 2+, a n d  w ith  d iac id o -te tram in e  ty p e  com plexes o f c o b a lt( I I I )  
a n d  c h ro m iu m (III) , as [M e(N H 3) 4X 2] +, [M e(en)2X 2] +, [M e(pn)2X 2]+  (‘ciT 
a n d  ‘p n ’ are e th y le n e  d iam in e  an d  1 ,2 -p ro p y len ed iam in e , re sp ec tiv e ly ). In  
aq u eo u s suspensions, a t  h ig h e r te m p e ra tu re s , A g+ - an d  H g 2 + -ions decom pose 
th e m  b y  th e  se p a ra tio n  of th e  co rrespond ing  m e ta l halides. One c an n o t p e r ­
fo rm  doub le  d eco m p o sitio n  reac tio n s w ith  h e x a m in e - a n d  m ono-acido-pen t- 
am ine  ty p e  com plexes, as [M e(N H 3)6]3+, [M e(en)3]3 + , [M e(N H 3)5(H 20 ) ] 3+, 
[M e(N H 3)5X ]2 + , [M e(en)2X (am in e )]z+, e tc .

L ike  o th e r  [C o(D iox. H ) 2X Y ]~  an io n s, th e  cy an o -h a lo g en o  com plexes 
re a d ily  fo rm  [C o(D iox. H ) 2(am in e)2][C o (D H )2(C N )X ] ty p e  b in a ry  sa lts . 
(D iox . H 2 s tan d s  fo r a  m olecu le  of cy c lo p en tan e-, cyc lohexane- or cy c lo h ep tan e- 
d ione-d iox im e, d im e th y lg ly o x im e  or d iam in o g ly o x im e , re spec tive ly , ‘am in e ’ is 
am m o n ia , a ro m atic  am in es  o r py rid ine  bases.)
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Table II

Cobaltf I I I ) -  and chromium ( 111)-amine derivatives o f the [C o(D H ) 2(C N )X ]  ions

No. Formula
Mol. wt. Yield

Aspect
Analysis

ealed. (%) Calcd. Found

l . Irans-[Co(en)2Cl2] • 
[Co(D H )2(CN)C1] 600.5 40

Brown, long 
th in  needles

Co 19.63 
N 29.98

19.35
20.61

2. trans-[Co(en)2Cl2] * 
[Co(DII)2(CN)Br] 644.9 45

green-yellow 
long plates

Co 18.28 18.60

3. trans-[Co(en)2Cl„] • 
[Co(D H )2(CN)I] 691.9 55

long brown 
prisms

Co 17.04 17.23

4. trans-[Co(pn)2Cl2] • 
[Co(DH)2(CN)I] 720.2 50

sparkling, 
brown rhomb, 
plates

Co 16.37 
N 17.50

16.19
17.26

5. trans- fCr(en)o(NCS)o] * 
[Co(D H )2(CN)C1] “ 638.8 60

brown-yellow
microcryst.

l /3 C 0l0 4 
24.46 

N  24.10

- 1/2 Cr20 3 
24.23 
23.85

6. Irans-[Cr(en)2(NCS)2] • 
[Co(DH)2(CN)Br] 683.3 65

brown-yellow
irregular
plates

1/3 Co20 4 
22.87 

N  22.54

- 1/2 Cr20 3 
22.60 
22.70

7. lr<ms-[Cr(en)2(NCS)2l • 
[Co(D H)2(CN)I] 730.2 70

brown, long 
needles

1/3 Co.,0 ., 
21.40 

N  21.09

-  1/2 Cr20 3 
21.60 
20.74

8. [Co(DH)2(/S-naphtylamine)2] • 
[Co(D H )2(CN)C1] 926.1 80

brilliant, brown 
irregular 
plates

Co 12.73 
N  16.63

12.55
16.47

9. [Co(DH)2(/5-naphtylamine)o] • 
]Co(DH)2(CN)Br] 970.1 85

brown, irregu­
lar sparkling 
dendrites

Co 12.14 12.06

10 . [Co(DH)2(/i-naphtylamine)„| • 
[Co(D H )2(CN)I] 1017.6 90

brown den­
drites

Co 11.58 
N  15.13

11.65
15.37

11. [Co(DH).,(p-phenetidine).,] • 
[Co(DH)2(CN)Br] 958.5 60

brown prisms Co 12.30 
N  16.06

12.08
16.29

12. [Co(DH).,(m-xylidine)2] • 
[Co(DH)2(CN)Br] 926.4 65

brown needles Co 12.73 12.90

13. [Co(DH)2(pyridine)„] • 
[Co(DIÍ),(CN)Cl] ‘ 798 60

short, brown 
prisms

Co 14.77 
N  18.28

14.59
18.44

14. [Co(DH)2(pyridine)2] • 
[Co(DH).,(CN)Br] 842.4 60

brilliant 
rhomb, plates

Co 13.99 13.69

15. [Co(DH).>(pyridine)o] • 
[Co(D H )2(CN)I] 889.4 70

brown micro­
cryst.

Co 13.25 13.21

16. [Co(pyridine)4Cl2] • 
[Co(D H )2(CN)C1] 796.9 80

yellow-green
plates

Co 14.86 14.77

17. [Co(pyridine),Cl2] • 
[Co(DH)2(CN)Br] 841.3 80

brilliant, yel­
low dendrites

Co 13.69 13.79

18. [Co(pyridine)4Cl2] • 
[Co(D H)2(CN)I] 888.3

brilliant, brown 
dendrites

Co 13.27 
N  14.18

13.17
14.33
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Fig. 1. IR  spectra of th e  H[Co(D H )2(CN)C1] and  H [C o(D H )2(CN)Br] acids

T h e  IR  sp ec tru m  o f th e  H [C o(D H )2(CN)C1] • H 20  an d  H [C o (D H )2 
(C N )B r] • 2 H 20  comp] ex  ac id s  (see Fig. 1) show s th e  presence o f s tro n g  in t r a ­
m o le c u la r  O H  ---------О h y d ro g en  bridges (vO — H : 2350 —2400 c m -1  (w eak),
<30 — H : 1740 —1760 a n d  1720 c m -1  (w eak)), s im ila r  to  tho se  o bserved  in  th e  
case o f  o th e r  b is -d im eth y lg ly o x im e  c o b a lt(III)-c o m p le x e s , as H [C o (D H )2X 2] 
o r  [C o (D H )2(am ine)2]X . T hese  hyd rogen  b ridges s tab iliz e  th e  co p lan ar C o(D H )2 
r in g  sy s te m , i.e., th e  it ra n s> co n fig u ra tio n  o f  th e  com plexes of th is  ty p e  and  
th e re fo re  ligand  exchange re a c tio n s  occur w ith  r e te n tio n  of th e ir  co n fig u ra tio n .

T h e  rC =  N v ib ra tio n s  o f  th e  co -o rd in a ted  ox im e g roups have  b een  fo u n d  
a t  1575 a n d  1565 c m -1  (m ed iu m ). T his h a n d  is s i tu a te d  a t  1620 —1640 c m -1  in  
th e  sp e c tru m  of th e  n o n -c o -o rd in a te d  d im e th y lg ly o x im e .

T h e  tw o s tro n g  b a n d s  a t  1085 —1090 a n d  1241 c m -1 , re sp ec tiv e ly , 
b e lo n g  to  th e  r N - 0  v a len ce  v ib ra tio n s , n am ely  th e  fo rm er to  th e  ion ized , th e  
l a t t e r  to  th e  non-ion ized  N — O H  group o f d im eth y lg ly o x im e .

T h e  j>C =  N va lence  v ib ra tio n s  of th e  c o -o rd in a te d  cyano  g roup  a p p e a r  a t  
2155 — 2158 c m -1  (s tro n g ). T h is  a b so rp tio n  b a n d  can  be  observed  in  th e  case 
o f th e  free  CN~ ion a t  2080 c m -1  (in K C N ). T he sh if t of th e  cyano  s tre tc h in g  
v ib ra t io n s  to  h igher w ave n u m b e rs  can  be e x p la in e d  on th e  basis o f th e  re s ­
o n an ce  th e o ry . T hus, fo r  th e  free C N “ ion , th e  fo llow ing  resonance  s tru c tu re s  
are  a v a ila b le :

: 0 = N :  — ► :C = N : are availables:

a) b)

T h e correspond ing  s tru c tu re s  fo r th e  c o o rd in a te d  CN ~ are :

Me—C = N :     Me+= C = N f

c) d)
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The fo rm u la  (b) can  be  m ore  p ro b ab le  fo r  th e  free C N - , w hile th e  s tru c tu re  (d) 
can  be assum ed  fo r th e  co m p lex -b o n d ed  cy an o  g roup  [18—20].

O th e r ab so rp tio n  b a n d s  o f th e  CN g ro u p  a p p e a r  in  th e  100 — 500 c m -1 
w av e-n u m b er ran g e . T h e  vCo— C s tre tc h in g  v ib ra tio n s  have  b e e n  fo u n d  a t  490 
c m -1  (m edium ) an d  465 c m “ 1 (m ed ium ). T he <5Co—C =  N  a n d  <5C—Co—C 
d efo rm ation  v ib ra tio n s  a p p e a r  p ro b ab ly  a t  250—370 c m -1  a n d  a t  ab o u t 
100 c m -1 , re sp e c tiv e ly  [2 1 ,2 2 ] .

T h e  rCo-N  (ox im e) f re q u e n c y  h a s  b e e n  id e n tif ie d  a t  th e  sa m e  v a lu es  as 
in  th e  case of o th e r  C o (III)-am in e - an d  C o (III)-d io x im in e-co m p lex es  [22], i.e., 
a t  512 — 515 c m -1  (m ed iu m ).

T h e  freq u en cy  o f th e  co rresp o n d in g  a b so rp tio n  b an d s  show s th e  Co—CN 
b o n d  to  be rea lized  th ro u g h  th e  ca rb o n  a to m . T he p o sitio n  o f  th e  j>C=N, 
rN —O , rC o-C  an d  vCo—N  b a n d s  d e m o n s tra te s  th e  s tro n g  c o v a le n t c h a ra c ­
te r  o f all C o-ligand  b o n d s .

I n  aqueous so lu tio n s o f th e  [C o(D H )2(C N )X ]-  ions an  a q u a tio n  reac tio n  
occurs lead in g  to  th e  l ib e ra tio n  of th e  h a lid e  ions an d  fo rm a tio n  o f  th e  aquo- 
n o n e lec tro lite  [Co(D H ) 2(C N )(H „ 0 )]:

[Co(D H )2(C N )X ] -  +  H 20  =  [Co(D H )2(C N )(H 20 ) ]  +  X -  (2)

K in e tic s  o f th is  re a c tio n  w as s tu d ie d  a t  d iffe re n t te m p e ra tu re s , in  th e  p H  range 
b e tw een  1.0 an d  5.0 a n d  a t  0.1 M  ionic s tre n g th  b y  follow ing th e  change in 
tim e  o f th e  c o n c e n tra tio n  o f  th e  free h a lid e  ions.

A s seen from  F ig . 2, th e  p lo t o f log [(c0 — c)/c0] v a lu es  versus  tim e  give 
s tra ig h t  lines, b u t  a t  h ig h e r te m p e ra tu re s  a  n eg a tiv e  d e v ia tio n  ap p ears , be-

Fig. 2. K inetic curves of th e  aquation  of th e  [Co(D H )2(CN)C1] ions a t pH  =  1.0 and  fi — 0.1JVÍ

A cta  C h im . (B u d a p e s t )  83 , 1974



286 FINTA, V Á RH ELY I: cc-D IO X IM IN E COMPLEXES OF T R A N SIT IO N  M ETA LS, X L V II

Table III

F irs t order rate constants o f  the aquation o f the [C o (D H )2(C N )X ]  ions at ц  =  0.1 M

pH
fcxio8, Я-1

30 °C 35 °C 40 °C 45 °C 50 °C 55 °C 60 °c 65 °C 70 °C

1.0 2.57 5.03 9.88 18.3 32.3 — — — —

Cl
2.0 2.61 4.98 10.1 18.0 32.8 — — — —
3.0 2.54 5.01 9.97 18.7 32.0 — — — —
5.0 2.59 5.09 9.74 18.3 32.7 — - - —

1.0 — 0.253 0.483 0.958 1.76 3.17 5.99 —
B r 2.0 — 0.261 0.472 0.972 1.80 3.10 5.87 — —

5.0 - 0.247 0.470 0.942 1.71 3.22 6.10 - —

1.0 — — — — 0.558 1.12 1.96 3.60 6.33
I 2.0 - — — — 0.542 1.17 2.07 3.69 6.18

5.0 — — 0.562 1.03 1.90 3.60 6.45

g in n in g  a fte r  30 — 4 0%  re a c tio n . T h is ind ica tes th e  rev e rsib le  c h a ra c te r  o f th e  
s tu d ie d  reactions. F ro m  th e  l in e a r  p o rtio n  of th e se  k in e tic  curves f ir s t  o rd e r 
r a t e  c o n s ta n ts  were d e riv e d , w h ich  are p resen ted  in  T ab le  I I I .

O n  th e  basis o f th e  l in e a r  re la tio n sh ip  b e tw e e n  th e  log (k/T) a n d  1/T  
v a lu e s ,  k in e tic  p a ra m e te rs  o f  th e  s tu d ied  reac tio n s w ere ca lcu la ted  b y  m eans 
o f  th e  le a s t  square m e th o d . T h ese  values are g iven  in  T ab le  IY.

Table IV

Kinetic parameters o f  the aquation o f [C o(D H ) 2(C N ) X ] ~  type complexes

X kcal/mole A e.u. k n

Cl 23.8 ±  0.2 - 0.2 1.24
Br 25.1 ±  0.3 - 2.1 1.51
I 25.7 ±  0.3 - 3.1 2.06

D iscussion

T h e  k inetic  d a ta  p r e s e n te d  in  Table IY  in d ic a te  t h a t  th e  ra te  of a q u a tio n  
o f  th e  s tu d ied  com plexes is p ra c tic a lly  in d e p e n d e n t on  th e  a c id ity  o f  th e  
s o lu tio n  even a t p H  =  1.0. T h is  enables us to  co n c lu d e  th a t  u n d e r  o u r e x ­
p e r im e n ta l  conditions no p ro to n a t io n  of th e  in v e s tig a te d  anions occurs. T h is 
co n c lu s io n  also agrees w ith  th e  re su lts  of th e  p H -m e a su re m e n ts  p re se n te d  in  
T a b le  V , w hich shows a s tro n g  ac id ic  ch a rac ter o f th e  co rrespond ing  p ro to n a te d  
sp ec ie s .

A c ta  C h im . (B udapest) 83 , 1974



FIN T A , V Á R H ELY I: a-D IO X IM IN E  CO M PLEXES O F TRA N SITION  M ETALS, X L V II 287

Table V

p H  values o f the h a lf neutralized II[C o (D H )2(C N )X ] acids

Complex acid pH

H[Co(DH)„(CN)Cl] 2.99

H [Co(DH),(CN)Br] 3.01

H[Co(D H )2(CN)I] 3.01

C oncentration of th e  complexes: 2 • 10 ] M , t °C =  25°, p  =  0.1 M ; neu tra liza tion  
w ith  K O H  up to  50%

N o defin itive  conclusion  can  be d raw n  on th e  m echan ism  o f th e  s tu d ie d  
re a c tio n s . The reac tio n  ra te  d ecreases , w hile th e  ac tiv a tio n  e n th a lp y  increases  
in  th e  o rd er, Cl, B r, I ,  p a ra lle l w ith  th e  increasin g  nucleoph ilic  c o n s ta n ts  E n 
o f  th e se  ligands [24]. T h is in d ic a te s  an  in c reasin g  cova len t c h a ra c te r  o f th e  
Co — X  b o n d  in  th e  sam e o rd e r. T h is b e h a v io u r  of th e  s tu d ie d  com plexes 
d iffers from  th a t  o b serv ed  in  th e  case o f o th e r  C o (III) co m p lex es  (e.g. 
[C o(en)2X A ]2+ [25]) a n d  in d ic a te s  th e  ‘so ft’ ac id  ch a rac te r of C o (I I I )  in  th ese  
d im eth y lg ly o x im e  com pounds. T he s tro n g  dependence of th e  r a te  o f  a q u a tio n  
u p o n  th e  n a tu re  of th e  s u b s ti tu te d  h a lid e  ions is a clear ev id en ce  fo r  a d is­
so c ia tiv e  m echanism . T he n eg a tiv e  a c tiv a tio n  e n tro p y  v alues, h o w ev e r, do no t 
re fe r  to  an  S ^ l  m echan ism . A  ‘p u re ’ S N2 p a th w a y  is im p ro b ab le , s ince  in  th is  
case th e  dependence o f th e  ra te  of a q u a tio n  on th e  n a tu re  of X  c a n n o t be  in te r ­
p re te d . T h u s, we conclude t h a t  th e  s tu d ie d  a q u a tio n  reac tio n s  do n o t  follow  
p u re  S ^ l  m echanism . T he ra te  d e te rm in in g  s te p  is th e  b re a k in g  o f  th e  Со X  
b o n d , b u t  th e  fo rm atio n  o f th e  Co — O H 2 b o n d  also p lays a co n s id e ra b le  role 
in  th e  tra n s it io n  s ta te .

T he c o n tr ib u tio n  o f th e  Co O H 2 b o n d  in  th e  fo rm atio n  o f th e  a c tiv a te d  
co m p lex  m ay  be ex p ec ted  on th e  basis  o f th e  я -accep to r a b ility  o f  th e  ‘trans’’- 
- s i tu a te d  CN group . T he Co —► CNrc b o n d in g  lead s to  a co n sid erab le  decrease 
o f  th e  e lec tro n  d en sity  of th e  c e n tra l a to m , due to  th e  charge t r a n s fe r  fro m  th is  
a to m  to  th e  co -o rd in a ted  CN g roup . T h is e ffec t m akes possib le a nu c leo p h ilic  
a t ta c k  o f  a w a te r m olecule.

T he tr ig o n a l b ip y ra m id a l re a rra n g e m e n t of th e  a c tiv a te d  c o m p le x  [25] 
is ex c lu d ed  in  th e  case o f th e  reac tio n s  s tu d ie d  here, because  o f  th e  tw o 
sh o r t  h y d ro g en  bridges b e tw een  th e  c o -o rd in a te d  d im eth y lg ly o x im e m olecules, 
w h ich  stab ilize  th e  te tra g o n a l c o n fig u ra tio n  o f these  com plexes, e v e n  in  th e  
t r a n s i t io n  s ta te .

E x p erim en ta l

Synthesis of the H [C o(D H )l,(CN)X] acids. To 0.1 mol H[Co(DIl)., X 2] in  150 200
m l w ater 0.08 0.09 mole KCN in 20 25 ml aqueous solution was added. The dihalogeno-acids
dissolve after 5 10 min by a continuous stirring, and dark  brown solutions are form ed. The
m ix tu re  was cooled, filtered from the unreacted  substances and the free acids were pre­
c ip ita ted  w ith an excess of 30 — 40%  sulphuric acid.
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Purification. The crude p ro d u c ts  are dissolved in  30 — 50 m l alcohol and added dropwise 
to  a large excess of ice-cooled 30 — 40%  sulphuric acid. T he crystalline precipitates are filtered 
a f te r  1/4 —1/2 hr, washed w ith  a sm all amount of ice-cooled w a te r and  w ith a 10 : 1 m ix ture  of 
e th e r  and  alcohol, and dried in  a ir.

Synthesis of [Me(amine)4Y2] [Co(D H )2(CN)X] ard [С о (В В )2(гпиЕе)„] [C e (E B ).((] \)J ]  
binary salts. 5 nm oles of th e  corresponding d iac ido te tram ine  salt: [Co(en)2Cl2]Cl,
[C r(en)2(NCS)2]C104 or [C o(D H )2(am ine)2]OOC—CH., in  80 —100 m l w ater, or in 50% alcohol, 
respec tive ly , are trea ted  w ith  5 mmoles of H [C o(D H )2(C N )X ] in  30—40 ml dilute alcohol 
(1 : 1). The crystalline p rec ip ita te  is filtered after s tan d in g  for 15 — 30 min, washed w ith  a 
sm all am oun t of water and  d ried  in  air.

Analysis. Cobalt w as de te rm in ed  com plexom etrically, by  using murexide as an indicator. 
T he  organic ligands were m inera lized  by heating w ith  co n cen tra ted  sulphuric acid and several 
c ry s ta ls  of K N 0 3. After d ilu ting  w ith  w ater to a volum e of 60 — 80 m l, the solution was neu tral­
ized  w ith  sodium acetate and  am m onia. In  the case of chrom ium  derivatives the sum of the 
ox ides (Co30 4 -f- Cr2Os) w as determ ined  after an hour of h ea ting  a t  900°C. N itrogen was de­
te rm in ed  by the m icro-D um as m ethod .

Spectral investigations. T he 1R spectra of H [C o(D H )2(CN)X] were recorded in  KBr 
p e lle ts , on a UR 20 (Carl Zeiss, J e n a )  spectrophotom eter, betw een  400 and 4000 cm- 1 .

pH measurements. T he ti tr a t io n  of H[Co(DH)2(C N )X ] acids w ith KOH could no t been 
perfo rm ed  due to aquation  w h ich  takes place w ith a considerable rate. The pH  values of 
2. 1 0 ~ 3 M  H[Co(DH)„(CN)X] an d  1 • 10—3 M  K O H  m ix tu res  were followed in tim e and 
re su lts  were extrapolated to  t =  0. pH -m easurem ents w ere carried  ou t a t 25° C and [i =  0.1M  
on  an  LPU-01 (USSR) pH -m eter, using a glass electrode as an  ind icator and sa turated  calomel 
as a  reference electrode.

Kinetic measurements. T h e  concentration of th e  lib e ra ted  halide ions was determ ined 
b y  S e l b in  and Ba ila r ’s m eth o d  [26], by measuring th e  E M F of th e  following concentration 
cell: Ag/A gX, studied sóin (0. 1 Л7 N a N 0 3) 10— 3 M  K X  soln, AgX/Ag.

B oth  the sample so lu tion  a n d  the standard one con ta ined  th e  same am ounts of HC104 
or ace tic  acid-sodium ace ta te  b u ffe r solution and N a N 0 3, in  order to  ensure the acidity  desired 
a n d  an  ionic strength of 0.1M . Sam ples were dissolved in th e  p reheated  solution and the system  
w as therm ostated  at the w ork ing  tem perature, with an accuracy  of ±0.01°.

Electrodes were p repared  accordingly to the m ethod  of S e l b in  and B a ila r , b u t a lower 
c u rre n t density was used in  o rder to  improve their quality .
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The generalized and sym m etrized m ean square am plitude quan tities, force con­
stan ts , Coriolis coupling coefficients and p o ten tia l energy distributions are ob tained  for 
isotopically substitu ted  ozone molecules by th e  m ethod of Green’s function  analysis 
and partition ing  techniques, using the expressions given by D e W am es et al. [12].

Introduction

M olecular v ib ra tio n s  of ozone h as  b een  th e  su b jec t of s tu d y  b y  a n u m b e r 
of in v e s tig a to rs  [1 — 11] (W ilson an d  B a d g e r , Cleveland  an d  P ierce  e tc .) . 
T hese a u th o rs  h av e  o b ta in ed  th e  m o lecu la r c o n s ta n ts  w ith  a ssu m p tio n  o f force 
fie ld  m odels e x c e p t P ierce [3] w ho h o w ev er, has o b ta in ed  force c o n s ta n ts  b y  
th e  an a ly s is  o f ro ta tio n -v ib ra tio n  d a ta  p re su m e d  to  be th e  a c c u ra te  se t.

T he o b je c t of th e  p re se n t w ork  is to  e v a lu a te  th e  se t of u n iq u e  force fie ld  
c o n s ta n ts  b y  G reen ’s fu n c tio n  an a ly sis  a n d  p a r titio n in g  te c h n iq u e s  o f D e ­
W ames et al. [12 —14] fo r th e  fo u r iso to p ica lly  su b s ti tu te d  ozone m olecules 
Q is - ie - is ,  0 [ 8_le_18, q U - 18- ю anc[ Q i6-i6-ie_ q'jjj. a d v a n ta g e  o f th is  m e th o d  is 
o b ta in in g  m o lecu la r c o n s ta n ts , w ith o u t in v o k in g  an y  force fie ld  a ssu m p tio n . 
M ention  m a y  be m ade also of th e  force c o n s ta n ts  e v a lu a te d  fo r ozone m olecule 
b y  Muller  et al. [7 — 9] a d o p tin g  c o n s tra in ts  b ased  on G reen ’s fu n c tio n  
an a ly sis  an d  L -m a tr ix  a p p ro x im a tio n  m e th o d s , an d  also in v o lv in g  a lin e a r  
em p irica l re la tio n  L 12/L 21 =  0.325 T  +  0 .63. A com parison  of th e  d a ta  ob ­
ta in e d  b y  th e m  fo r force co n stan ts  w ith  th o se  g iven  b y  P ierce [3] a n d  Cl e v e ­
land  an d  K lein  [2] in d ica te s  th a t  th e  choice o f th e  m ix ing  p a ra m e te r  in v o lv ed  
m a y  n o t  be an  accu ra te  va lu e . F u r th e r  th e y  do n o t re p o r t  th e  force fie ld  
e s tim a te s  fo r th e  o th e r  iso top ic  s u b s ti tu tio n s  fo r ozone.

M ethod

T h e m e th o d  o f G reen’s fu n c tio n  an a ly sis  an d  p a r ti t io n in g  te c h n iq u e s  
su g g ested  b y  D eW ames an d  W olfram  [12] essen tia lly  invo lves so lv ing  th e  
secu la r e q u a tio n  g iven  below  fo r a single iso top ic  su b s titu tio n .

I eco2 G(co2) +  11 =  0
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w h ere  e =  (m 1 — m )/m , a n d  m  is th e  o rig in a l m ass , an d  m ' is th e  iso to p ic  m ass. 
G(ft>2) is th e  G reen ’s fu n c tio n  m a tr ix  fo r th e  u n p e r tu rb e d  m olecule, w ith  th e  
e le m e n ts  g iven  b y

Gij  =  2  X it X j^m 2 —  (üf)

w h e re  X n is th e  Zth co m p o n en t of th e  n o rm a l co -o rd in a te  fo r th e  m ode th e  
f re q u e n c y  o f  w h ich  is co;.

T h e  n o rm a l co -o rd in a tes  fo r th e  u n p e r tu rb e d  m olecule h a v e  b e e n  co n ­
s tru c te d  as a lin e a r  co m b in a tio n  o f sy m m e try  co -o rd in a te s  w ith  th e  coeffic ien ts  
o f  m ix in g  in v o lv in g  a single p a ra m e te r  c.

T h is  m ix ing  p a ra m e te r  m a y  easily  be c a lc u la ted  in  general fo r X Y 2 
ty p e  m olecules u n d e r  C 2v sy m m e try  b y  m ean s o f  th e  fo rm ulas (23), (24) a n d  
(25) o f  re fe ren ce  [7] fo r e i th e r  ty p e  of iso to p ic  s u b s ti tu t io n . Y X Y  ** ( Y X l Y  or 
Y lX Y l). A  know ledge o f  th e  m ix ing  p a ra m e te r  allow s us th e n  to  o b ta in  
g en era lized  an d  sy m m etrized  m ean  sq u are  a m p litu d e s , force c o n s ta n ts , 
C oriolis coup ling  coeffic ien ts  an d  p o te n tia l en e rg y  d is tr ib u tio n .

R esu lts

T h e  m e th o d  d esc rib ed  above is ap p lied  fo r  th e  iso topic  su b s ti tu tio n s  
O 38 18~18» o r 16- 18, Оз6~18~16 an d  О Г 16- 16. T h e  n u m erica l d a ta  o f v a rio u s  
m o lecu la r c o n s ta n ts  h a v e  b een  o b ta in ed  b y  m ean s o f  C om pu ter F o r tra n  p ro g ­
ra m  m in g  on  CDC-3600 co m p u te r . T his d a ta  is ta b u la te d  in  Tables IA  a n d  I I  to  
IV . T ab le  I  gives th e  m o lecu la r p a ra m e te rs  a n d  frequencies a d o p te d  in  th is  
w o rk  [10].

D iscussion

Since th e  exp ressions o f p ro d u c t a n d  sum  ru le s  o f frequencies invo lve  
th e  sq u a re  o f m ix ing  p a ra m e te rs , one o b ta in s  b o th  p o s itiv e  an d  neg a tiv e  m ix in g  
p a ra m e te rs  fo r  e v a lu a tio n  o f  m o lecu lar c o n s ta n ts . I n  T ab le  IA  we have  lis ted

Table I

Molecular parameters o f ozone molecules

Molecular parameter

(Ref. [10])
Observed frequencies in cm-

0*8-16-18 O'»- 8-18 O'e-xe- 16 OJ«- 16-16

“ 1 I  bi «1 ь, «1 b «1 b i

0  — 0  distance =  1.278 A
I

1056 1038 1085.84 1100

o / ° \ o  angle 671.67 660 672 695

116.8° 1008 995 998 1030

a x and  represent the species of C2V sym m etry  group
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Table I  A

Urey-Bradley force-constants (m d y n /A , 0.01 N /m )

0 « - i « - x e Q U - l S - i e O j e - i e - i e

a -1 .334629 -1 .3 4 9 2 4 -1.354825 — 1.483642

b 5.532375 5.75232 5.596863 5.751824

H
a 1.3165 1.31826 1.42804 1.170007

b 0.67118 0.71828 0.968282 0.95569

a 4.67739 4.68701 5.05728 5.08610

b 2.1690 2.1646 2.3224 2.2543

a — positive m ixing param eter 
b — negative m ixing param eter

Table I I

Sym m etry force constants (U n its  o f  m dyn /A , 0.01 N /m )

o p - 1' - 1. O J « - 18-1 8 0 18- 1«-18
Results ob ta ined  by

P lE H C E
(Ref. [3])

C l e v e l a n d  
(Ref. [ 2 ] )

Fu a
b

5.4305621
8.6695299

5.4298663
8.6831139

5.9598223
8.955889

5.8726888
9.0124112

7.22 5.659

f 12 a
b

2.6614371
1.2342127

2.6669196
1.2316724

2.8775987
1.3214514

2.8939954
1.2827198

1.063802 0.3826259

•^22
a
b

2.9474056
1.4727469

2.9524184
1.472988

2.9061663
1.7780523

2.9434186
1.741728

2.0840 2.540

^ 3 3 4.095695 4.1150328 4.2998366 4.10970522 4.180 4.181

a — values for positive mixing param eter 
b — values fo r negative mixing param eter

th e  U re y —B ra d le y  force field  c o n s ta n ts , e v a lu a te d  as p er an  a p p ro a c h  su g ­
g es ted  b y  S h im a n o u c h i  [15] an d  d e sc rib e d  in  th e  book b y  N a k a m o t o  [16]. 
T h e  s tre tc h in g , b e n d in g  and  repu lsive  fo rce  c o n s ta n ts  re sp ec tiv e ly  d e n o te d  b y  
К ,  I I  an d  F  h a v e  a  c learer p h ysica l m e a n in g  an d  are useful fo r tr a n s fe ra b il i ty  
to  o th e r  com plex  m olecules in  w hich th e  iso to p ic  su b s titu tio n s  o f  ozone m ig h t 
o ccu r. I t  is in te re s tin g  to  no te  from  T a b le  I  A  th a t  (1) these  c o n s ta n ts  show  
iso to p ic  s u b s ti tu t io n a l  effects, (2) th e  s tre tc h in g  and  b end ing  fo rce  c o n s ta n ts  
a re  e x tre m e ly  low  w ith  a positive m ix in g  p a ra m e te r , (3) th e  re p u ls iv e  force 
c o n s ta n t F  is c o n s ta n tly  positive in  a ll cases irrespective  o f th e  sign  o f th e
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m ix in g  p a ra m e te r . I t  is to  be argued  since К  v a lu e s  are v e ry  low , c o m p a re d , 
fo r  e x a m p le , to  th o se  re p o r te d  [17] for H 20 ,  D 20 ,  T 20  e tc ., th e  p o sitiv e  m ix in g  
p a ra m e te r  is n o t p h y s ic a lly  reasonab le  to  a d o p t  fo r  these  m olecules.

A  co m p ariso n  o f ca lcu la ted  sy m m e try  fo rce  c o n s ta n ts  for th e  tw o  m ix in g  
p a ra m e te rs  w ith  th o se  of p rev io u s in v e s tig a to rs  show s th a t  th e  p o sitiv e  m ix in g  
p a ra m e te r  gives rise  to  a v a lu e  fo r F 1X co m p a ra b le  w ith  th a t  o b ta in e d  b y  
Cl e v e l a n d  a n d  K l e in  [2] b u t  d ifferes c o n s id e ra b ly  from  th e  va lu e  g iv en  b y  
P ier c e  [3]. T his h as  b een  o bserved  sim ila rly  in  th e  case of all fou r iso to p ic  s u b ­
s t i tu t io n s ,  w hile (for F u ) th is  is an  e x a c tly  re v e rse  s itu a tio n  w ith  a n e g a tiv e  
m ix in g  p a ra m e te r  v a lu e . F 12 v a lue  of Cl e v e l a n d  et al. is too  low, w hile  t h a t  
g iv en  b y  P ierce a n d  o u r re su lts  fo r all iso to p ic  ozones (ob ta ined  using  a n e g a tiv e  
m ix in g  p a ra m e te r)  a re  in  good ag reem en t. F  22 v a lu e  su rp rising ly  agrees (in  o u r 
w o rk  w ith  a p o sitiv e  m ix in g  p a ra m e te r)  w ith  b o th  th e  values g iv en  b y  
Cl e v e l a n d  an d  P ie r c e . Since P ierce’s v a lu e s  a re  o b ta in ed  on th e  b a s is  o f  
ro ta t io n a l-v ib ra t io n a l  spectro scop ic  d a ta ,  we a re  to  conclude th a t  a n e g a tiv e  
m ix in g  p a ra m e te r  is rea so n ab le  fo r iso top ic  ozones, how ever, w ith  th e  e x c e p tio n  
o f n o t  a good a g reem en t, fo r F 22 va lu e . D e te rm in a tio n  of F 33 v alue  does n o t  
in v o lv e  th e  m ix ing  p a ra m e te r  a t  all a n d  th e  s lig h t variance  in  th e  d iffe re n t 
re p o r te d  v a lu es  is due to  th e  a d o p ted  freq u en c ies  fo r  an ti-sy m m etric  s tre tc h in g  
v ib ra t io n  of ozone an d  th e  iso top ic  m asses.

I n  th e  m a tr ix  m e th o d  of F . G. W ilso n  L -m a tr ix  s tan d s fo r th e  t r a n s ­
fo rm a tio n  o f n o rm a l co -o rd in a tes  to  in te rn a l  d isp lacem en t sy m m e try  co ­
o rd in a te s , an d  i t  is d e te rm in ed  b y  an  e ig e n v e c to r  so lu tion  of th e  se c u la r  
e q u a tio n  G F  — XE  | =  0 w here E  is th e  u n i t  m a tr ix  and  А-s are r e la te d  to  
v ib ra t io n a l  freq u en c ies . T he L -m a tr ix  e lem en ts  th u s  determ ined  are u se d  in  
Cy v in ’s m e th o d  [20] to  d e te rm in e  th e  m ean  sq u a re  am p litu d e  th ro u g h  th e  w ell- 
k n o w n  re la tio n s , g iven  in  reference  N o. [18 — 20] fo r X Y 2 s tru c tu re s . T h e  L -  
m a tr ix  com es o u t to  be  th e  p ro d u c t of th e  so -c a lle d  Б -m a trix , and  th e  m ix in g  
p a ra m e te r  А -m a tr ix  in  th e  D e W ames m e th o d  [12]. H ence i t  is possib le  to  
[21— 24] e v a lu a te  sy m m e triz e d  m ean  square  a m p litu d e s  using th e  m ix ing  p a r a ­
m e te r  m a tr ix  for th e  d iffe ren t iso top ic  s u b s ti tu tio n s  o f ozone. The d a ta  o b ta in e d  
b y  us a re  l is te d  in  T ab le  I I I  fo r  th e  tw o m ix in g  p a ra m e te rs , a t tw o d iffe ren t t e m ­
p e ra tu re s  0 К  an d  273 K . L a s t row  of th e  ta b le  l is ts  th e  values re p o rte d  b y  N a - 
GARa ja n  [11]. F ro m  T ab le  I I I  we n o te  t h a t  2712 v a lu e  is considerab ly  lo w er, fo r 
a p o s itiv e  m ix ing  p a ra m e te r  o f 0 316~ 16~ le, th a n  as o b ta in e d  byNAGARAjAN. I t  
is also  p o s itiv e  fo r n eg a tiv e  m ix in g  p a ra m e te r , u n lik e  fo r o th e r iso top ic  m o le ­
cules w h ich  have  a n eg a tiv e  v alue  fo r 2712 irre sp e c tiv e  of th e  sign of m ix in g  
p a ra m e te r . U 12 va lu es  are  in  reasonab le  a g re e m e n t in  all cases w ith  t h a t  r e ­
p o r te d  b y  N agarajan , especia lly  w ith  p o sitiv e  m ix in g  p a ra m e te r. T he iso to p ic  
e ffec t on  th e  m ean  sq u a re  am p litu d es  is o f s ig n if ic a n t m agn itude .

I n  T ab le  IV  genera lized  m ean  square  a m p litu d e s  are lis ted  w ith  la s t  tw o  
co lu m n s p e r ta in in g  to  n o n -b o n d ed  a to m  p a irs . T h e  tem p e ra tu re  e ffec t on
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Tabic III

Symmetrized mean square amplitudes (U n its  o f ( A ) 2)

Г, 1 A .
T  -  OK T  =  273 К T  =  OK T  =  273 К

a 0.0023552 0.0025275 — 0.002463 — 0.0026310
Q 1 6 -1 6 -1 6

b 0.0015177 0.0015388 0.0000702 +0.0001112

0 1 6 -1 8 - 1 6
a 0.0023075 0.0024894 -0.0025979 — 0.0027830

b 0.0014853 0.0015077 -0.0001343 — 0.0001878

ееTсоT2eo
О a 0.0021829 0.0023688 — 0.0027432 — 0.0029544

b 0.0014613 0.0014922 -0.0004939 -0 .0005740

0 18_ie_ 18 a 0.0022671 0.0024551 — 0.0026126 — 0.00281348

b 0.0014865 0.0015150 -0.0001983 — 0.0002634

Ref. [11] by 0.0017013 0.0017524 -0 .0006984 — 0.0004128
N a g a r a j a n

I .. I

т  =  о к T = 273 К Т  = 0 к Т = 273 К

Oie-16-16 0.0054706

0.0071457

0.0056667

0.0076440
0.0024950 0.0025364

Q16 18-16 0.0052811
0.0069255

0.0053774

0.0072299
0.0023491 0.0023881

Q18-18-18 0.0052919
0.0068078

0.0053645
0.0069288

0.0022931 0.0023310
вот(От 00 г-СОо 0.0055577

0.0071222
0.0055602

0.0073421
0.00243289 0.0024732

Ref. [11] by 
N agarajan 0.0052636 0.0053986 0.0024761 0.00251017

a — values for positive m ixing param eter 
b— values for negative m ixing param eter.

generalised m ean square am plitudes and sym m etrised m ean square am plitudes  
is  substantia lly  different from  the variation we note in  the data o f  N a g arajan .

In  T ab les Y a n d  V I are  g iven  th e  p o te n tia l  en erg y  d is tr ib u tio n  a n d  the  
Coriolis coupling  co effic ien ts , re sp ec tiv e ly , fo r th e  fo u r iso to p ic a lly  sub­
s t i tu te d  ozone m olecules. W e n o te  from  T ab le  Y  th a t  th e  n e g a tiv e  m ix ing  
p a ra m e te r  gives P E D U e le m e n t p re d o m in a n t over P E D 12 w hile th e  rev erse  is 
th e  case w ith  p o sitiv e  m ix in g  p a ra m e te r  fo r 0 3le - le ~ 16. T h is is n o t  th e  sim ilar 
case, w hen  we consider P E D 21 an d  P E D 22 e lem en ts . Since force c o n s ta n ts  and  
m ean  square  am p litu d es  in d ic a te  th a t  th e  po sitiv e  m ix ing  p a ra m e te r  is reason-
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Table IV

Generalized mean square amplitude

*’> <л*’>
T = OK T = 273 К T =  0 К Т = 273 К

016-16-16 a 0.0024251 0.00253201 0.0014820 0.0015329
b 0.0020064 0.0020376 0.0019008 0.0020272

OJ6 -18-16
a 0.0023283 0.0024387 0.0014183 0.0014440
b 0.0019172 0.0019479 0.0018294 0.0019071

O18-18-18
a 0.2238005 0.2349932 0.0014462 0.0014462
b 0.0018771 0.0019116 0.0018077 0.0018390

Q18-16-18 a 0.0023502 0.0024641 0.0015112 0.0015131
b 0.00119597 0.0019441 0.0019020 0.0019590

a b le , w e m a y b e  ab le to  co nc lude  from  P E D  e le m e n ts  fo r 0 3le-16-le th e  p re ­
d o m in a n t sy m m etry  c o -o rd in a te  to  be th e  sam e  as t h a t  in d ic a te d  b y  P E D n  
e le m e n t. P E D 33 is c o n s is te n tly  u n ity  since i t  re fe rs  to  a pu re  sy m m e try  co­
o rd in a te .

T h e  Coriolis co u p lin g  coefficients a n d  | 2 a re  v e ry  h igh  in  m ag n itu d e  
fo r  a  po sitiv e  m ix ing  p a ra m e te r .  In te re s tin g  is  a  com parison  of th e  values 
o b ta in e d  fo r 0 318-18-18 w ith  th o se  rep o rted  b y  N a r a y a n a  [17] fo r F 20  m olecule. 
T h e  la te r  a u th o r  has g iv en  th e  values 0.8736  a n d  — 0 .4 8 9 8 , re sp ec tiv e ly , fo r

Table V

Potential energy distribution m atrix elements

PEDu FED,, p e d 21 FED,, PED33

016-16-16 а 0.0065748 1.844531 0.8916515 0.9274773 1.00
b 1.151788 0.0856748 0.04842785 1.202387 1.00

a 0.175638 1.837683 0.822599 1.0004544 1.00
О16-18-16

b 1.126206 0.1114658 0.0316437 1.219420 1.00

O f - 18—18
a 0.0286249 1.942292 0.7668863 1.175327 1.00
6 1.139071 0.2076402 0.0252655 1.334454 1.00

a 0.0104517 1.989440 0.857871 1.111048 1.00018-16-18
b 1.176472 0.161017 0.0435358 1.307408 1.00

a — v alues for po sitiv e  m ix in g  p a ram ete r. 
b — v alu es for n e g a tiv e  m ix in g  p aram eter.
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quantities ( Units o f ( A ) 2)

( A z A x ) <a»‘> <a**>

T  =  O K T  =  273 К T  =  O K T  =  273 К T  =  O K T  =  273 К

- 0 .0 0 0 4 9 3 1

0 .0 0 0 4 0 8 8

- 0 . 0 0 0 5 4 6 2

0 .0 0 0 4 1 7 6

0 .0 0 7 6 1 2 9

0 .0 0 3 7 0 8 5

0 .0 0 8 1 1 6 4

0 .0 0 3 8 8 5
0 .0 0 0 1 4 1 9 0 .0 0 0 1 4 4 2

— 0 .0 0 0 5 7 9  

0 .0 0 0 2 7 8 6

0 .0 0 0 6 3 8 9

0 .0 0 0 2 9 1 9

0 .0 0 7 6 4 9 9

0 .0 0 3 8 8 8 2

0 .0 0 8 1 6 8 9

0 .0 0 4 0 4 3 2
0 .0 0 0 1 5 4 0 0 .0 0 0 1 5 6 5

- 0 .0 0 0 6 2 2 7

0 .0 0 0 1 4 9 9

- 0 . 0 0 0 6 9 1 5

0 .0 0 0 1 7 2 4

0 .0 0 7 6 2 7 8

0 .0 0 4 2 2 8 0

0 .0 0 8 1 4 9 5

0 .0 0 4 3 1 9 0
0 .0 0 0 1 3 0 4 0 .0 0 0 1 3 2 5

- 0 .0 0 0 5 3 9

0 .0 0 0 2 9 7 9

- 0 . 0 0 0 6 0 3 6

0 .0 0 0 3 1 4 5

0 .0 0 7 6 5 6 1

0 .0 0 3 9 9 9 9

0 .0 0 8 1 8 2 4

0 .0 0 4 1 6 1 2
0 .0 0 0 1 1 9 2 0 .0 0 0 1 2 1 2

a — values for positive m ixing param eter 
b — values for negative m ixing param eter

a n d  | 2. T he sign o f  | 2 agrees w hen  we ta k e  a negative m ix in g  p a ra m e te r  b u t 
th e n  th e  v alue  o f  is o n ly  0.2115 w h ich  is to o  low c o m p a re d  to  0.8736. The 
s ig n ifican t d ifference in  th e  va lu es  o f m o lecu la r co n stan ts  r e la t iv e  to  those in 
th e  l i te ra tu re  is in  tu r n  due to  th e  v a lu es  of L -m a trix  e le m e n ts . T h u s essen­
tia lly  a d iffe ren t k in d  o f  m ix ing  o f sy m m e try  co -o rd ina tes is in v o lv ed  in  the 
G reen’s fu n c tio n  an a ly sis  [21 — 24] o f m o lecu lar v ib ra tio n s , u n lik e  th e  m ixing

Table VI

Coriolis coupling coefficients

Isotopic molecule f l £2

a 0 .8 4 0 6 0 0 9 0 .5 4 1 6 7 0 8 0 .7 0 6 6 1 0 0 0 .2 9 3 4 0 7 4016—16—16
b 0 .3 0 2 7 2 3 6 - 0 . 9 5 3 0 5 0 9 0 .0 9 1 6 4 1 5 0 .9 0 8 3 0 4 3

Qie-18-16 a 0 .8 4 4 9 6 8 1 0 .5 6 6 4 2 2 2 0 .7 1 3 9 7 0 9 0 .3 2 0 8 3 3 8

b 0 .2 5 0 2 4 2 6 - 0 . 9 7 0 0 2 8 0 0 .0 6 2 6 2 1 3 0 .9 4 0 9 5 4

018-18-18
a 0 .7 8 5 7 6 4 0 .6 2 0 4 4 6 8 0 .6 1 7 4 4 3 9 0 .3 8 4 9 5 4

b 0 .2 1 1 5 0 0 6 - 0 . 9 7 7 3 5 3 6 0 .0 4 4 7 3 2 5 0 .9 5 5 3 9 1 8

a 0 .8 1 1 2 0 2 4 0 .5 8 4 7 7 9 7 0 .6 5 8 0 4 8 6 0 .3 4 1 9 6 6 40 18_ ,e_ l8
b 0 .2 7 6 8 0 8 4 - 0 .9 6 0 8 9 9 4 0 .0 7 6 6 2 2 8 0 .9 2 3 3 2 6 8

a — values for positive m ixing param eter 
6 — values for negative m ixing param eter
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o f s y m m e try  co-ord inates w h ic h  is ind ica ted  b y  th e  co n v en tio n a l force fie ld  
m o d e l ca lcu la tions [25, 26].

*

O ne of the authors (B. P . S .) is thankful to the U.G.C. fo r financial support for th is  
w ork a n d  b o th  authors wish to  express th e ir sincere thanks to  th e  s ta ff  of CDC-3600 com puter 
a t  T .I .F .R .,  Bombay-5.
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In frared  spectra  of sixteen anils (condensation products of 3-phenanthry l- 
glyoxal and p rim ary  arom atic amines) have been in terpre ted  to  assign th e  various 
modes of v ib ra tions and to  establish the stru c tu res  of the compounds. The influence of 
th e  nature and  position  of the substituen t on th e  azom ethine group stretching frequency 
has also been studied.

In  th e  N i(II), Co(II) and Zn(II)com plexes of the anil derived from p-d im ethy l- 
aminoaniline and  3-phenanthrylglyoxal, in frared  spectral studies show th e  oxygen and 
nitrogen atom s of th e  carbonyl and azom ethine groups, respectively, to  be sites of 
in teraction  in  com plex form ation. The orders of m etal-n itrogen and m eta l-oxygen  
bond stabilities have also been established.

Introduction

A large n u m b e r  of anils [1 — 4] d e riv e d  from  glyoxals, a n d  p r im a ry  
a ro m atic  am ines h a v e  been  ch a rac te rized  b y  e lem en ta l analysis a n d  b y  p re ­
p a rin g  th e ir  d e r iv a tiv e s . In  th e  in fra red  s p e c tra  th e  ap p earan ce  o f a s tro n g  
b a n d  a t  1640 1690 c m -1  in d ica ted  [5] th e  p resence of azo m eth in e  g roup
( > C  =  N ), b u t  no  e ffo rts  have b een  m ad e  so fa r  to  s tu d y  e x te n s iv e ly  th e  
in fra red  sp e c tra  o f th e  anils. In  th e  p re s e n t  w ork  i t  has been  a t te m p te d  to  
charac terize  a lm o s t all th e  im p o r ta n t b a n d s  in  th e  sp ec tra  of anils [6] p re p a re d  
from  3 -p h e n a n th ry lg ly o x a l an d  a ro m atic  p r im a ry  am ines. The in flu en ce  o f th e  
n a tu re  an d  p o s itio n  o f th e  su b s ti tu e n t on  th e  azom eth ine  g roup  s tre tc h in g  
frequency  has also b een  found  to  be a v e ry  im p o r ta n t  and  in te re s tin g  asp ec t 
of th is  s tu d y .

A nils w ith  c o -o rd in a tin g  a b ility  a t  th e  oxygen  and  n itro g en  a to m s o f th e  
ca rbony l ( > C = 0 )  an d  azom eth ine g ro u p s , resp ec tiv e ly , are w ell k n o w n  to  
form  chela tes [7 — 10] w ith  tra n s itio n  m e ta l ions. In fra re d  sp e c tra l s tu d y  of 
anil chela tes h as  b e e n  done so fa r  o n ly  to  a lim ited  e x te n t;  v e ry  im p o r ta n t  
aspects , such  as s tru c tu ra l  changes d u r in g  com plexa tion  an d  th e  o rd e r  of 
s ta b ility  re m a in e d  u n ex p la in ed . H ere  su ch  aspects  are also d iscu ssed  for 
chela tes of th e  an il derived  from  p -d im e th y lam in o an ilin e  an d  3 -p h e n a n th ry l-  
glyoxal.
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R esults and discussion

In fra re d  sp ec tra  o f a ll th e  p ro d u c ts  w ere  reco rd ed  on a P e rk in — E lm e r 
I n f r a c o rd  S p ec tro p h o to m e te r , in  K B r p e lle ts . T he ch a rac te ris tic s  freq u en c ies  
a n d  th e i r  assignm ents [5, 11, 12] are g iven  in  T ab le  I.

T h e  effects of th e  n a tu re  and  p o sitio n  o f  su b s ti tu e n ts  have  b een  s tu d ie d  
o n  th e  azom eth ine  g ro u p  o f th e  anils. T he n a tu re  o f th e  su b s titu e n t h a s  been  
fo u n d  to  p la y  a d o m in a n t ro le in  d e te rm in in g  th e  s tre tc h in g  f re q u e n c y . To 
s tu d y  th is  effect, m eta-anils h av e  been  ch osen , as th is  position  c o n tr ib u te s  less 
to  th e  in te rm o lecu la r  d is tu rb a n c e  th a n  th e  ortho- a n d  p a ra -p o sitio n s . F u r th e r ,  th e  
e f fe c t o f  th e  n a tu re  of th e  s u b s ti tu e n t is m u ch  m ore  p ronounced  in  meta  p o s itio n , 
t h a n  th e  in fluence d u e  to  th e  positio n  itse lf . I n  m eta-anils, th e  azo m eth in e  
g ro u p  s tre tc h in g  freq u en c ies  follow  th e  o rd e r N  =  R  =  C H 3 < ; CO O H  <  O H  <  
N 0 2, w h ich  is th e  sam e as th e  o rd er of th e  e le c tro n  w ith d raw in g  c h a ra c te r  of 
th e  s u b s ti tu e n ts . This o b v io u sly  shows t h a t  a s u b s ti tu e n t  w ith  w eak er e le c t­
ro n  w ith d ra w in g  c h a ra c te r  w ill p rov ide  g re a te r  s ta b ili ty  to  th e  ca rb o n —n i t r o ­
gen  b o n d . F rom  th e  su rv e y  o f  d a ta  g iven in  T ab le  I ,  i t  can  easily  be d e d u ced  
t h a t  th e  azom eth ine  g roup  s tre tc h in g  f re q u e n c y  also  depends on th e  p o s itio n  of 
th e  s u b s ti tu e n t .  This e ffec t h a s  been  s tu d ie d  in  th e  te rn a ry  set of b enzo ic  ac id  
iso m e rs  a n d  b in a ry  se ts  o f  n itro  anilines, am in o p h en o ls , to lu id ines a n d  a - , ß- 
n a p h th y le n e s . The o rd e r in  th e  azom eth ine  g ro u p  frequencies for isom eric  an ils 
is th e  fo llow ing : ortho < [ meta  -<  para  an d  ß  <  a . C onsequently , ortho a n d  ß  
s u b s t i tu t io n s  co n tr ib u te  m a x im u m  to  th e  s ta b i l i ty  of th e  C = N  b o n d .

T h e  sp ec tra l d a ta  fo r  th e  an il d eriv ed  fro m  p -d im e th y lam in o an ilin e  a n d  
i ts  co m p lex es  in d ica te  t h a t  m o st freq u en c ies  are  p e r tu rb e d  on com plex  fo r­
m a tio n . S tro n g  peaks co rresp o n d in g  to  th e  ^>C =  0  an d  > C = N  g ro u p s are  
sh if te d  f ro m  1653 c m -1  a n d  1613 c m -1  (ligand ) to  1590 c m -1  an d  1548 c m -1  
[N i( I I )  co m p lex ], 1608 c m -1  an d  1565 c m -1  [C o (Il) com plex] and  1647 c m -1  
a n d  1600 c m -1  [Z n(II) com p lex ] d u rin g  co m p lex  fo rm a tio n  an d  th e  sh if ts  to  
lo w er v a lu e s  confirm  t h a t  th e  oxygen  an d  n itro g e n  a tom s of these  g ro u p s are  
th e  c o -o rd in a tin g  cen tres. T h e  m ag n itu d e  o f th e  sh if t in  each  group follow s th e  
o rd e r  Z n ( I I )  <  Co(II) <  N i( I I ) , in  ag reem en t w ith  th e  s ta b ility  o rd e r o f  d i­
v a le n t  m e ta l  com plexes g iv en  b y  M e l l o r  a n d  M a l e y  [14]. M oreover, th e  
d ec rea se  in  th e  sh ift is a t t r ib u ta b le  to  th e  re d u c e d  s ta b ili ty  of th e  co -o rd in a te  
b o n d . T h e  sh if t of th e  s tro n g  b an d s  of th e  l ig a n d  from  1575 c m -1  a n d  
1515 c m -1  to  1522 c m -1  a n d  1511 c m -1  (in  th e  N i(II)  an d  Co(II) com plexes) 
an d  to  1471 c m -1 , 1439 c m -1 , 1504 c m -1  (in  a ll th e  th re e  com plexes) a f ­
fo rd s  e v id e n c e  fo r c o n ju g a tio n  in  th e  lig an d  d u rin g  chela tion . I f  th e  b a n d  a t  
820 c m -1  is considered  to  b e  due  to p a r a  s u b s ti tu t io n , th e n  its  sh ift to  816 c m -1  
823 c m -1  a n d  816 c m -1  in  th e  com plexes in d ic a te s  th e  possib ility  o f change o f 
th e  b e n z e n o id  s tru c tu re  o f  th e  lig an d  to  a q u in o n o id  s tru c tu re  in  th e  course o f 
c h e la tio n .
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Table 1
Principal infrared frequencies o f anils and their complexes

г
ues
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2857 w, b 
2481 w
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d2
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3390 m 3279 m 3333 s 3333 s 3333 s 5333 m 3333 s 3331 s 3333 m 3390 s 3289 s 3219 m 3448 s 3571 s 3509 s С—H str. (alkyne)
— — — — — — — 3333 sh ,m 3333 s — — — — — — — — — О —H str. (phenolic)

3030 w — 3077 s 3030 sh, s — - 3077 sh, w 3030 s — 3030 w 2985 w 3030 sh, w — — 2857 w — — 2667 m С—H str. (arom atic)
2899 w 2857 w — — — — — — — — — — — — — — — —

О - H  str. (COOH)2500 w ,b 2532 w — — — — — — — — — — — — — — ■ — —
— 2299 w — — — 2326 w 2326 w 2326 w 2326 w 2326 w 2326 w 2353 w 2299 s 2326 in 2353 w — — —
— — — — — — — — 1905 w 1905 w 1923 w — — — — — —

1724 s 1739 sh. m 1667 m 1695 sh, s 1667 s, b 1689 s 1675 s 1653 sh. in 1667 sh. s 1667 sh, s 1695 sh. m 1672 s 1681 s 1626 s 1653 s 1590 s 1608 1647 sh, s С= 0  str.
1613 s 1667 s 1587 sh. m 1603 s 1613 9 1618 s 1629 s 1613 s 1626 s 1603 s 1613 s 1613 sh, s 1626 sh. s 1587 s 1613 s 1548 s 1565 s 1600 s C = N  str.

— 1600 s 1563 s — 1575 s — — — — 1600 s — — 1575 s 1522 s 1546 s — 1
— 1515 s 1515 s h .ш — 1511 s 1515 s 1531 s 1493 in 1493 s 1508 s 1504 s 1527 s 1527 s 1515 s 1471 s 1439 s 1504 s I C = C  str.

1460 m 1481 m 1504 s 1497 s — — 1481 sh, s 1481 s — — — — 1481 m — — — — — )
— — — — — — — — — 1449 s 1449 s — -- — — — — — C— CH3 str.
_ 1418 m — — — — 1429 w — 1418 m _ — 1429 w — 1449 s 1439 m — — —

1389 m 1379 m 1332 s — — 1351 s 1351 s — — 1389 m 1379 s 1370 m 1389 m 1370 m 1370 s 1370 s 1393 m C —N str. (arom atic te rtiary)
— — — — — — — — — 1342 s, b 1342 s — — 1342 s — — — 1351 m CH-, symm. bending

1307 sh, s 1282 s — — — 1316 s 1307 sh, m 1299 m 1274 m .b 1307 in 1307 s 1307 m 1307 m — 1282 s 1307 s 1300 s 1299 w C —H in-plane bending
1242 s 1227 sh, s 1250 s 1242 s 1250 s, b — — — — 1250 s 1235 s 1235 m 1258 m 1227 s 1221 s 1221 s 1235 m

— — — — — 1235 s 1250 m — — — — — — _ — — N 0  str.
— — — — — — 1247 s 1235 m — — — — — — О —H bending -f- С — 0  str.

1205 m 1212 m 1220 s 1205 m — — 1208 w — — — 1205 in — — — — — — —
— 1176 s — — — — 1176 m — 1163 m. 1. 1176 s 1176 s 1176 s 1176 m 1170 m ,b — ' — — —

1149 s 1143 s 1144 s — — 1152 s 1143 sh, w 1143 w — 1L43 w 1143 w — — 1143 m , b — — —
1117 s — 1106 s 1099 s 1093 in 1124 sh, m 1093 w 1117 s 1105 w 1099 w 1093 w 1093 w 1093 w 1087 m, b — —

— — — — — — — — — — 1170 v. s 
1103 w

1164 s 
1100 s

1164 s 
1100 s

1176 in 
1124 w 1 C — N str. (aliphatic)

— 1087 ni. b 1064 s — — 1074 s — 1075 s — — — 1053 sh, w — — 1081 w 1062 s 1062 s 1053 w
1044 s — 1026 m 1044 in 1036 in 1042 s — 1036 v. s — 1036 m — 1031 w — — 1034 w 1014 s 1014 s 1031 w Benzene ring breathing

— 1000 in — — — 985 in 1000 w 1000 s 1000 w — — 1000 w 1000 w 1000 in — — — 985 w, b
— — — — — — — — 1000 m 1000 s — — — - — — — CH3 rocking
— — 966 s — — — — 980 s 976 w, b 966 ív — 943 w, b — — 948 m 951 m 943 s 948 sh, m
— _ — — — 922 w, b 893 w 939 s — — — — — — — —
— 897 w 890 m — — — 905 s 897 w 901 w 901 w, b 897 w, b 893 w, b 897 in 905 w 898 w 909 w 898 in
— — — — — 866 w 870 w — — — — — — — — — — - ONO bending

870 w 858 sh. w — — — — — 870 w 866 w 870 w 862 w. b 870 w, b 866 w, b 866 w 870 w 862 m 862 s 870 sh, m
830 m 840 w 844 s 847 s 844 s, b 842 w — 840 w 837 sh, w — 842 sh, w 838 sh ,w — — 851 m 853 s 850 s 844 m

— — — — — — — — — 833 sh ,w — — — — — — —
816 w 810 ív 816 m, b 816 s, b 810 sh, s 820 s 813 s 814 V. s 810 s 813 s 810 813 s 810 s 810 s 820 s 816 s 823 s 816 m , b С—H bending (two adjacent

— 772 w 767 s — — 781 w 800 sh, w 784 sh .w 781 w 772 sh ,w 772 sh, w — — — _ — — С —H bending (three adjacent
752 s 743 w 758 s 749 s 746 s 742 s 746 sh, s 772 sh, w 746 m 746 s 746 s 743 s 746 s 746 s 752 w 746 m 755 s 746 s С —H bending (four adjacent

— — — — — 727 V. s 738 s 752 v. s — — — — — — 738 m 733 w 733 in —

— 730 w 716 in — — 714 w 710 w — 717 w 714 m 714 m 712 w 714 m 714 m 719 w 704 m 708 m 709 w С—H out-of-plane bending
— 709 w,b — — — — — — — — 685 w — 676 w 692 w 694 w —

/СОСИ

R  = s, strong; sh, shoulder; v. s, very strong; m , m edium ; w, weak, b , b road ; L, ligand
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T he in te n s ity  o rd e r o f  th e  h an d s  due to  th e  c a rb o n y l an d  azo m eth in e  
g ro u p s is th e  sam e as th e  o rd e r o f s ta b ility  of th e  com plexes. T h u s th e  m o st 
s ta b le  com plex  (c o -o rd in a ted  b o n d ) gives a h ig h ly  in te n se  b an d .

In  v iew  of th e  above fa c ts , th e  change in  l ig a n d  s tru c tu re  d u rin g  c h e l­
a tio n  an d  th e  s tru c tu re s  o f th e  chela tes m ay  b e  sh o w n  as follow s:

О + M

OH3

СНз

B enzeno id  S tru c tu re

Benzenoid structure Q uinonoid structure (M =  N i(II), Co(II) or Zn(II))

* «

Suggestions from Prof. J .  P . V a j p a i , D.S. College A ligarh  are gratefully acknowledged. 
T hanks are also due to  Dr. S. S. M i s r a , Feroj Gandhi College, R ae Barely.
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MEAN AMPLITUDES OF VIBRATION
FOR CH3N 0 2, CF3N 0 2, CC13N 0 2 AND CBr3N 0 2
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(U niversity  for Chemical Industries, Veszprém and Technical U niversity o f  Norway, Trondheim)
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Mean am plitudes of v ib ra tion  for CH3N 0 2, CF3N 0 2, CC13N 0 2 and  CBr3N 0 2 
were calculated on th e  basis of spectroscopic da ta  from  lite ra tu re . The calculated  values 
for CF3N 0 2 and  CBr3N 0 2 were com pared w ith  the  corresponding da ta  from  an electron 
diffraction investigation .

Sym m etry co-ordinates and equilibrium  parameters

T he tre a te d  C X 3N 0 2 m o lecu la r m odel h as  th e  sy m m e try  o f  Cs. The 
sy m m etric  s tru c tu re  o f th e  m o lecu la r v ib ra tio n s  is g iven  b y

r vlb =  9 A ' +  6 A " .

A  s e t  of sy m m etry  co o rd in a tes  is g iven  in  th e  leg en d  of F ig . 1. E q u ilib riu m  
p a ra m e te rs  for C H 3N 0 2, viz. C — N  =  1.46 Á , N — О =  1.21 Á an d  L О — N —-О 
=  127°, are ta k e n  fro m  B r o c k w a y  et al. [1]. T hese  d a ta  are re la tiv e ly  o ld , b u t 
h av e  b een  verified  b y  th e  m ore re c e n t  m icrow ave in v e s tig a tio n  o f T a n n e n - 
b a u m  et al. [2]. I n  a d d itio n  i t  w as assum ed  C — H  =  1.08 Á  a n d  te t r a h e d ra l  
ang les in  th e  m e th y l g roup .

T he eq u ilib riu m  p a ra m e te rs  fo r  C F 3N 0 2 a n d  C B r3N 0 2 w ere ta k e n  from  
th e  e lec tro n  d iffrac tio n  w ork  of K a rle  an d  K arle  [3] w hile th o se  o f  CC13N 0 2 
w ere ta k e n  from  B arss [4] w ith  th e  ex cep tio n  o f th e  angles O N O , C1CN an d  
CNO, w hich  were p u t  e q u a l to  133°, 108.8° a n d  111.8°, re sp ec tiv e ly , as eq u a l 
to  th e  co rrespond ing  ones in  th e  o th e r  h a lo g e n a te d  com pounds.

Observed frequencies and force constants

O bserved  freq u en c ies  for C H 3N 0 2 are c ited  in  th e  bo o k  o f S v e r d l o v  et al.
[5] an d  seem  to  f i t  e x a c tly  to  th e  e a r ly  in fra re d  a n d  R a m a n  in v e s tig a tio n  of 
W e l l s  a n d  W il s o n  [6 ] w hen  th e  co rre la tio n s  ./4' +  B 2a n d A "  =  B x A 2
are a ssum ed , and th e  freq u en cy  1413 c m “ 1 o f A 1 has changed  p lace w ith  1449 
c m -1  o f  B 2. The o b se rv ed  frequenc ies fo r th e  o th e r  m olecules a re  ta k e n  from  
a  w ork  o f C a s t e l l i  et al. [7]. In  b o th  of th e  c ite d  w orks [6 , 7] th e  C 2„ sym -

6 A c ta  Chim . ( B u d a p est)  8 3 , 1974
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F ig . 1. T he X Y 2ZTJV2 m olecular m odel (sym m etry Cs) applied to  CX3N 0 2 (X ,, X 2 and X 3 are 
a to m  num bers 4, 5 and 6, respectively). R , D, T  and S are used to  denote th e  equilibrium  
d istances C X 2 or CX3, CXlt NO and  CN, respectively. Valence co-ordinates are indicated. 
T orsional co-ordinates: xx [1 — 3 — 7 — 4], T2 [2 — 3 —7 — 4]. Sym m etry  co-ordinates are given by: 
(A ') S , =  2 -K O i +  r 2), S 2 =  d. S 3 =  S 4 =  2 - * ( i t +  I,), S5 =  (RS/2)% («pt +  <p2), S6 =  
=  (RD/2)Vi (ßx +  ß t), S , =  ( D S ^ e ,  S , =  (ST/2)1/, (y, +  y 2), S9 =  Tő; A" S , =  2-54(r i  -  r 2), 
S 2 =  2-54 (q  -  q ), S3 =  (RS/2)54 («p2 -  <p2), S 4 =  (RD/2)54 (/J, -  ^ 2), S5 =  (ST/2)1/, (7 l -  y 2),

S G =  (DT/2)54 (Tl +  r 2)

m e tr y  w as assum ed fo r  th e  m olecules in  q u es tio n . N one o f  th e  to rs io n a l 
fre q u e n c ie s  are av a ilab le ; th e re fo re  te n ta t iv e ly  e s tim a te d  v a lu es  a re  u sed  here . 
A ll th e  frequencies u sed  in  th e  p re se n t ca lcu la tio n s are  co llec ted  in  T ab le  I .

A n  in itia l force fie ld  w as c o n stru c ted  w ith  force c o n s ta n ts  m a in ly  ta k e n  
f ro m  th e  no rm al co -o rd inae  an a ly s is  of Castelli et al. [7] an d  w ith  th e  C—H  
s tr e tc h in g  c o n s tan t e q u a l to  4 .9  m dyne/Ä . T h e  in it ia l  force c o n s ta n ts  w ere 
a d a p te d  to  our sy m m e try  co -o rd in a tes . T h ro u g h  som e s tep s of re fin em en ts  
t h e y  w ere  m ade to  f i t  e x a c tly  th e  observed  freq u en c ies . I t  seem s to  be  o f little  
in te r e s t  to  re p o rt fu r th e r  d e ta ils  of these  ca lcu la tio n s  an d  th e  f in a l force con­
s ta n t s ,  especially  because  o f  th e  ex istence  o f  th e  ex ce llen t n o rm a l co -o rd in a te  
a n a ly s is  b y  Castelli et al.  [7].

M ean  am plitudes of v ib ra tio n

T h e  developed force f ie ld s  w ere u sed  to  ca lcu la te  th e  m ean  a m p litu d e s  
o f  v ib ra t io n  accord ing  to  c o n v e n tio n a l m e th o d s  [8]. T he re su lts  a re  g iven  in  
T a b le s  I I —У. In  T ab les I I I  a n d  У  th e  e x p e rim e n ta l va lu es  fro m  th e  e le c tro n
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Table I

Vibrational frequencies ( in  cm ~ l)  fo r  C II2N O ,, C F 3N 0 2, CCl3NO„ and C B r3N 0 2

Species No. CH,NO, [5] c f .n o , [7] CC13N 0 2 [7] CBr,NO, [7]

A ' l 3048 1310 1311 1311

2 2965 1288 850 840

3 1488 1151 717 669
4 1449 860 677 618
5 1384 750 442 397
6 1153 527 425 304

7 921 441 298 214

8 647 430 289 191

9 599 400 204 139
A" l 3048 1620 1625 1606

2 1582 1271 717 618

3 1413 527 425 397

4 1097 441 298 214

5 476 400 204 139
6 200“ 154° 150s 100* or 150s

* Assumed

Table II

M ean amplitudes o f vibration (u  in  Á )  fo r  C ll2JS()2

Distance
Equil. 

diet. (Á)
U

0°K 25 °C [50 °C

1 - 3 N - 0 1.210 0.040 0.041 0.041

3 - 7 N - C 1.460 0.048 0.049 0.049
4 - 7 C - H j 1.080 0.077 0.077 0.077

5 - 7 C - H 2 1.080 0.078 0.078 0.078

1 - 2 0 . . . 0 2.166 0.050 0.051 0.052

1 - 7 0  . . .  c 2.218 0.058 0.062 0.063
1 - 4 0  . .  . H , 2.620 0.133 0.155 0.158
1 - 5 0  . . .  H 2 2.419 0.142 0.162 0.164
1 - 6 0  . . .  H 3 3.110 0.100 0.103 0.103
3 - 4 N . . .  H t 2.085 0.100 0.100 0.101
3 - 5 N . . . H 2 2.085 0.105 0.106 0.106
4 - 5 H , . . . H 2 1.764 0.128 0.129 0.129
5 - 6 H 2 . . . H 3 1.764 0.133 0.134 0.134

6* A c ta  C him . (B u d a p e st)  8 3 , 1974
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Table III

M ean am plitudes o f vibration ( и in  A )  fo r  C F :)N 0 2

Distance Equil. 
diet. (Á)

u from
spectroscopic data

u from electron 
diffraction data

0°K 25 °C 50 °C 50 °C [3]

1 - 3 N - 0 1.210 0.040 0.041 0.041 0.050 ± 0 .0 0 5

3 —7 N - C 1.560 0.048 0.049 0.049
4 - 7  
5 — 7

C - F ,
c - f 2

1.325
1.325

0.044
0.044

0.044
0.045

0.045
0.045

j 0.050 ±  0.005

1 — 2 0 . . . 0 2.211 0.048 0.049 0.049 0.067 ± 0 .0 0 7

1 — 7 O . . . C 2.305 0.054 0.057 0.057 0.067 ± 0 .0 0 7
1 — 4 o • . .  F t 2.885 0.067 0.083 0.085 0.084“ ±  0.01

1 - 5 0  . . .  F , 2.578 0.069 0.084 0.086 0.084“ ±  0.01

1 — 6 0  ■ . • F 3 3.383 0.057 0.063 0.064 0.084“ ±  0.01

3 - 4 N . . .  F, 2.353 0.056 0.060 0.061 0.067 ± 0 .0 0 7
3 - 5 n . . . f 2 2.353 0.055 0.060 0.061
4 -  5
5 -  6

F f  • • F 2
f 2. . . f 3

2.170
2.171

0.055
0.057

0.060
0.063

0.061
0.064

j 0.057 ±  0.007

a Includes lib ra tio n  a b o u t the C —N bond

Table IV

M ean am plitudes o f vibration (u  in  Á )  fo r  C C lfS 0 2

Distance Eqnil. 
dist. (Á)

U

0 °K 25 °C 50 °C

1 - 3 N - О 1.210 0.041 0.042 0.042
3 - 7 N - c 1.590 0.051 0.052 0.052
4 - 7 C - Clt 1.750 0.055 0.059 0.059
5 - 7 C - Cl 2 1.750 0.054 0.057 0.058
1 - 2 0  . . . 0 2.219 0.052 0.055 0.055
1 - 7 0 . . . c 2.328 0.060 0.065 0.066
1 - 4 0  . . . Cl , 3.194 0.069 0.093 0.096
1 - 5 0 .  . • C12 2.806 0.077 0.111 0.115
1 - 6 0  . . • Cl3 3.777 0.058 0.069 0.071
3 - 4 N . . .C l , 2.717 0.057 0.065 0.067
3 - 5 N . . • C12 2.717 0.057 0.071 0.073
4 - 5  C l,. . . Cl2 2.864 0.053 0.067 0.069
5 — 6 Cl2 . . • Cl3 2.881 0.055 0.073 0.075

A c ta  Chim . (B u d a p est)  8 3 , 1974



V IZI et al.: M EAN A M P L IT U D E S  O F V IBRATION 307

Table V

M ean amplitudes o f  vibration (u in  A) fo r CBr3N 0 2

Distance Equil. 
diet. (Á)

u from
spectroscopic dataa

u from electron 
diffraction data

0°K 25 °C 50 °C 50 °C [3]

1 - 3 N - 0 1.220 0.043 0.043 0.044 0.050 ±  0.005
3—7 N - C 1.590 0.051 0.053 0.053
4 - 7 C - B r , 1.920 0.052 0.057 0.058

l 0.056 ±  0.005
5 - 7 C—B r2 1.920 0.053 0.059 0.060 J
1 - 2 0 . . . 0 2.246 0.055 0.058 0.058 0.070°
1 - 7 O . . . C 2.321 0.063 0.069 0.070 0.070°
1 - 4 0  . . . Br, 3.281 0.071 0.107 0.111b 0.069 ± 0 .0 0 7
1 - 5 0  . . . B r2 2 889 0.072 0.111 0.115b 0.069 ±  0.007
1 - 6 0  . . . Br3 3.927 0.056 0.073 0.075b 0.069 ±  0.007
3 - 4 N . . . Br, 2.852 0.056 0.068 0.070 0.062 ±  0.007
3 - 5 N . . .  Br2 2.852 0.053 0.071 0.073b
4 —БВг} . . .  B r2 3.160 0.047 0.078 0.080b

1 0.089 ±  0.007
5 — 6B r2 . . . Br3 3.151 0.049 0.081 0.084 1

a W ith  torsional frequency assum ed 100 cm - 1 .
ъ W ith  150 cm - 1  for the torsional frequency  th e  values a t 50 °C are 0.105, 0.111, 

0.072, 0.071 and 0.072, respectively, in s tead  of th e  five m arked values.
0 Assumed by  K a r l e  and K a r l e  [3].

d iffra c tio n  w ork b y  K a r l e  and  K a r l e  [3] a re  in c lu d ed  for co m p ariso n . I t  seem s 
to  be sa tis fa c to ry  gen era l ag reem en t b e tw e e n  th e  spectroscopic  a n d  e le c tro n  
d iffra c tio n  values.

F o r  CBr3N 0 2 calcu la tions w ere  p e rfo rm e d  w ith  tw o d iffe ren t to rs io n a l 
freq u en c ies , v6(A") — 150 and 100 c m -1 , in  o rd e r  to  show th e  e ffec t o f su ch  a  
change in  th e  a ssu m ed  frequencies. I t  w as fo u n d  th a t  th e  m ean  a m p litu d e s  fo r  
th e  O . - . B r , ,  N . . . B r 2 and B r1. . . B r 2 a re  th e  on ly  ones being  s ig n if ic a n tly  
a ffec ted .
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T he authors have showed how the m axim um  and  m inim um  values of th e  Coriolis 
coupling constants of a molecule can be estim ated , w hen th e  elements of th e  F  force 
constan t m atrix  reproducing th e  m easured norm al frequencies are no t fixed b u t are 
allowed to  vary  between well-defined lim its. To achieve th is task  they  used th e  p a ram ­
eter rep resen tation  m ethod and the projection grad ien t technique. A com puter program  
has been  w ritten  to  perform  these calculations for th e  HCHO molecule. T hey  found 
th a t  th e  experim entally determ ined £*5 coupling constan t was lying in th e  narrow  range 
bounded by  the maximum and  m inim um  possible value of th e  estim ated Ccr>-

In tro d u c tio n

T he fo rce  fie ld  of p o ly a to m ic  m olecules c a n n o t be d e te rm in ed  f ro m  th e  
know ledge o f  th e  norm al freq u en c ies  u n iq u e ly . T h u s  a ll q u a n titie s  w h ich  are 
in  p rin c ip le  co m p u tab le  from  th e  F  m a tr ix  (e.g. Coriolis coupling  c o n s ta n ts , 
m ean  sq u a re  v ib ra tio n a l a m p litu d e s , c e n tr ifu g a l d isto rsion  c o n s ta n ts )  also 
can n o t be o b ta in e d  ex ac tly . O u r a im  w as to  give a n  exam ple , how  to  f in d  th e  
m in im um  a n d  m ax im um  v a lu es  of th e  Coriolis coup ling  c o n s ta n ts , w h en  th e  
e lem en ts o f  th e  F  force c o n s ta n t m a tr ix  rep ro d u c in g  th e  m easu red  n o rm a l 
frequencies a re  n o t fixed , b u t  m a y  v a ry  w ith in  p rev io u sly  specified lim its . T h is 
tech n iq u e  m a y  be o f use in  f in d in g  an d  classify ing  th e  ex p e rim en ta l Coriolis 
coupling  c o n s ta n ts .

T he £a m a tr ix  of th e  C oriolis coup ling  c o n s ta n ts  (« =  x, y ,  z) d ep en d s  on 
th e  force f ie ld  o f th e  m olecule [1]:

C“ =  L -1  Ca (L-1 ) ' (1)

w here L -1  d e n o te s  th e  inverse  L  m a tr ix  co n sis tin g  o f th e  eigenvecto rs o f  th e  
GF m a tr ix . T h e  Ca m ay  be c a lc u la ted  from  th e  M a m a trices  defined  in  [1]:

C“ =  Bm—112 M°Tn-1 '2 В (2)

T here m 1 2 is a d iagonal m a tr ix  w hose e lem en ts  a re  th e  square  ro o ts  o f  th e  
a tom ic  m asses. T he В m a tr ix  con n ec ts  th e  S  a n d  x  v ec to rs  c o n ta in in g  th e  
sy m m e try  a n d  th e  D escartes co -o rd in a tes , re sp e c tiv e ly :

S  =  B* . (3)
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T h e  force fie ld  o f H C H O  has been  d e te rm in e d  b y  several a u th o rs  [2 — 4]. 
M ore r e c e n t  ca lcu la tio n s o f Mallinson  an d  D un c a n  [5] y ie lded  a re fin e d  force 
f ie ld , t h a t  w as se t u p  to  rep ro d u ce  th e  h a rm o n ic  sp ec tru m  of fo rm a ld eh y d e  
a n d  d e u te ro fo rm a ld eh y d e . A n  ab initio  fo rce  f ie ld  ca lcu la tio n  fo r th e  H 2CO 
m o lecu le  w as p e rfo rm ed  b y  P ulay  [6].

M ethod an d  c a lc u la tio n

O u r ta s k  was to  f in d  th e  m ax im um  a n d  m in im u m  values o f th e  m a t ­
r ix ,  o n  th e  co n d itio n  th a t

hj <  F y  <  My (4)

w h e re  Zy an d  u y  are  th e  low er an d  u p p e r  l im its  for th e  Fy force c o n s ta n ts , 
re sp e c tiv e ly . A n ite ra t io n  m e th o d  b ased  on  th e  p a ra m e te r  re p re se n ta tio n  of 
C orio lis coupling  c o n s ta n ts  [8, 9] an d  th e  g ra d ie n t  p ro jec tio n  m e th o d  [10, 11] 
w ere  ap p lied . This m e th o d  h a d  been  a lre a d y  a p p lie d  b y  T örök an d  P ulay  [7] 
fo r  th e  e s tim a tio n  o f m a x im a l and  m in im al v a lu e s  of the  F y  force c o n s ta n ts  
o f  e th a n e .  The m ain  fe a tu re  of th is  p ro c e d u re  is to  change th e  p a ra m e te rs  in  
sm a ll s te p s  in  such  a w ay  t h a t  th e  £y u n d e r  co n sid e ra tio n  shou ld  in crease  (or 
d e c re a se )  a t  th e  h ig h e s t possib le  ra te , k eep in g  in  m ind  th a t  th e  re s tr ic tio n s  of 
E q . (4) im posed  u p o n  th e  e lem en ts F y  m u s t h o ld . In  each s tep  of th e  i te ra tio n  
p ro c e ss , a d g ra d ie n t v e c to r  h ad  to  be c a lc u la te d . The dk c o m p o n en t o f th is  
v e c to r  is th e  p a r tia l  d e r iv a tiv e  of th e  £y c o n s ta n t:

dk =
9

(5)

T h e  n e x t  step  is m ad e  in  th e  d irec tion  o f th e  v e c to r  a =  N d  .H ere  N  deno tes 
th e  n o rm a liz a tio n  c o n s ta n t. The p a r t ia l  d e r iv a tiv e s  of th e  are g iven  b y  
T örö k , P ulay  a n d  H u n -B orossay [9, 17]. T he elem ents o f th e  g ra d ie n t 
v e c to r  w ere u sed  to  se t u p  th e  К  m a tr ix  [8]. F ro m  th e  К  m a tr ix  th e  new  L -1 
w as c o m p u te d  using  th e  re la tio n s  g iven  b y  T örök and  P ulay  [8]. T he new  F  
m a t r ix  w as o b ta in ed  b y  th e  fo rm ula :

F  =  ( L ') - 1 A L - 1 (6)

w h e re  Л  deno tes a d iag o n a l m a tr ix , w hose e le m e n ts  Xi are co n n ec ted  w ith  th e  
i t h  n o rm a l freq u en cy  acco rd ing  to : =  4 v2tn 2 [12]. A new  d irec tio n  h a d  to  be
c h o se n , w hen one or m ore  o f th e  p re sc rib ed  re s tr ic tio n s  (4) h ad  b een  v io la ted . 
I n  th is  case th e  new  a' v e c to r  is o b ta in e d  u s in g  eq u a tio n  (7):

a '  =  ÍV { I  —  M'(MM')- 1M} d  (7)

A c ta  C h im . (B u d a p e st)  8 3 , 1974



LU K O V ITS, TÖ R Ö K : EX TR E M E V ALUES O F CO R IO LIS C O U PLIN G  CONSTANTS 311

w here  I deno tes a  u n i t  m a tr ix  o f  o rd e r (n/2), h ere  n  d en o tes  th e  n u m b e r o f th e  
n o rm a l frequencies , M is a m a tr ix  w hich is m ad e  u p  fro m  all th e  p a r t ia l  d e riv ­
a tiv e s  of tho se  fo rce  c o n s ta n ts  t h a t  have v io la te d  th e  re s tr ic tio n s  o f E q . (4) 
[7]. A  fu r th e r  co m p lica tio n  arises w hen  one or m o re  co m p o n en ts  o f  th e  v e c to r  
a' a re  n eg a tiv e . R o s e n  has p ro v e d  th a t  one ro w  co rresp o n d in g  to  th e  in d e x  
o f  one of th e  n e g a tiv e  co m p o n en ts  ( th a t  w ith  th e  h ig h e s t ab so lu te  v a lu e ) can  
he  o m itte d  from  m a tr ix  M. F o r th is  new  M* m a tr ix  E q . (7) also app lies, a  new  
d irec tio n  a* re su lts . T h e  ite ra tio n  process m ay  e n d  in  tw o  w ays:

a) it m ay  le a d  to  a local m a x im u m  o r m in im u m
b) the  n u m b e r  o f row s o f  m a tr ix  M* eq u a ls  (n /2). T h e n  th e  ex tre m e  

v a lu e  belongs to  p a ra m e te rs  b e in g  in  a v e r te x  o f th e  reg io n  allow ed.

On the Coriolis coupling constants o f  formaldehyde

I n  order to  define  th e  sy m m e try  co -o rd in a tes  we h av e  to  se t u p  th e  
in te rn a l  co -o id in a tes  o f th e  m olecule . F igure 1 show s th e  p lac ing  o f a to m s an d  
th e  defin ition  o f  in te rn a l  co -o rd in a tes . The g eo m e try  h as  been  ta k e n  from  
T a k a g i  and  O k a  [3]. W e used th e  follow ing sy m m e try  co -o rd in a tes:

A y  species: Sq =  R  , S 2 =  2 ~ y‘ (ry +  r 2) , S 3 =  2~*(ßy  +  ß 2 — 2<z)
species: S 4 =  2 _y‘(r1 — r 2) , S5 =  2 “ y,(/31 — ß 2) .

B 2 species: S ß =  д.

H ere  ö denotes th e  ou t-o f-p lane  v ib ra tio n  of th e  C —О b o n d . T he va lu es  o f th e  
co rrespond ing  F^- c o n s ta n ts  used  w ere  d e te rm in ed  b y  M a l l in s o n  an d  D u n c a n

[5]. T hese force c o n s ta n ts  w ere f i t te d  to  a p p ro x im a te  th e  “ h a rm o n ized ”  
sp e c tru m  of b o th  H 2C 0  and  D 2CO. T heir force c o n s ta n ts  w ere a d ju s te d  b y
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J o h a n s e n ’s m ethod  [13] in  o rd e r  to  o b ta in  th e  h a rm o n ic  fre q u e n c y  v a lu es  of 
H C H O  ex a c tly . T able I  c o n ta in s  th e  e lem en ts  o f th is  F  m a tr ix . T h e  h arm o n ic  
s p e c tru m  o f fo rm aldehyde  is  fo r  th e  species (in c m -1 ): 2944 .5 , 1763.7, 
156 2 .6 ; fo r  th e  B 1 species: 3008 .7 , 1208.7; fo r th e  B 2 species: 1191.0.

Table I

The sym m etry  F  matrix o f  formaldehyde*

Fu = 12.97 F3 3  — 0.58
f „  = 0.74 F 4 4  =  4.82
F 1 3  = 0.44 F 4 5  =  0.16
^22 = 4.97 F5 5  =  0.76
^23 “ — 0.08 F6e =  0.41

* The dimensions are for th e  stre tch ing  constants: m dyn/Á , for th e  stre tch -b en d —inter" 
ac tio n : m dyn/rad , for th e  bending  force constants: m dyn/rad2

T h e  p rescribed  m in im u m  an d  m ax im u m  v alues o f th e  d iffe re n t F (J- 
fo rce  c o n s ta n ts  arc g iven  in  T ab le  I I .  A ccord ing  to  J a h n ’s ru le  [1] th e  only

Table И
Prescribed m inim um  and m axim um  values fo r  the force constants o f formaldehyde*

12.60 ^  F u  ^ 13.60 0.49 ^  F n3 ^  0.63
0.60 ^  F 42 ^ 1.00 4.60 F 41 5.00
0.35 ^  F 13 0.46 0.13 ^  F 45 ^  0.20
4.69 ^  F 22 ^ 5.10 0.70 ^  F -  ^  0.90

— 0.19 F 23 -0 .0 7 0.35 <  F 66 <; 0.50

* See footnote for Table I 
Г

n o n -v a n ish in g  Clj Coriolis co u p lin g  c o n s ta n ts  are  fo r cx =  x  : Cm  a n d  fo r 
a  =  У : Ceu С62’ £бз? fo r а  =  г: С\х, Cfi, С42, С\2, f 43, fsa- B lau  a n d  N ie l s e n  [14] 
d e te rm in e d  Ces e x p e rim e n ta lly , an d  fo u n d  th a t  Cm =  0.54. B u t since  th e  sum  
ru le  [1, 18] holds:

(Cm)2 +  (СУ2 =  1 (8)

th e  Cm  ls also u n iq u e ly  d e te rm in e d . L a te r  Oka an d  Morino  [15] a n d  N aka- 
gaw a  a n d  Morino [16] a n a ly z e d  th e  Coriolis in te ra c tio n  b e tw e e n  r 4 a n d  v6.

R esu lts

T h e  calcu la tion  p e rfo rm e d  fo r th e  fo rm ald eh y d e  m olecule  y ie ld ed  the 
in i t i a l  Coriolis coupling  c o n s ta n ts  a n d  th e  possib le m ax im u m  a n d  m in im um  
v a lu e s  o f these  c o n s ta n ts . T h e  re su lts  are su m m arized  in  T ab le  I I I .  I t  should  
b e  m e n tio n e d  th a t  th e  e x p e r im e n ta lly  d e te rm in ed  £*, c o n s ta n ts  (Cm  =  0.84, 
Сб5 =  0.54) lie w ith in  th e  th e o re tic a lly  e s tim a te d  in te rv a l.
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Table III

Evaluated m inim um  and m axim um  values fo r  the non-vanishing Q j 
Coriolis coupling constants o f formaldehyde

«&
Initial value Minimum value Maximum value

% 0.843 0.838 0.847
pc
Ц65 0.537 0.532 0.546

% — 0.528 -0 .5 3 4 -0 .4 7 6
ГУs62 0.592 0.562 0.705

% -0 .6 0 9 -0 .6 4 9 -0 .5 1 4

CL -0 .0 4 4 — 0.055 0.023

4 i — 0.914 -0 .9 1 8 -0 .9 0 2

Ч 2
0.490 0.433 0.609

Ч 2
0.333 0.281 0.395

c « — 0.871 -0 .9 0 1 -0 .7 8 9

CL 0.233 0.173 0.296
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T he ESCA exam ination  of some th iocyana te  and isothiocyanate m ixed com­
plexes con tain ing  term inal th io cy an a te  ligands, and  some polynuclear m ixed complexes 
con tain ing  th iocyanate bridges, was used to  dem onstrate  the effects of co-ord ination  of 
the  su lphur atom  or the n itrogen  atom  of th e  th iocyanate , or bo th  a t  once, on the 
electronic struc tu re  of the th iocyanate .

I n  its  m e ta l com plexes th e  th io c y a n a te  lig an d  can co -o rd in a te  to  th e  
c e n tra l m e ta l io n  via  a su lp h u r  d o n o r a to m  ( th io c y a n a te  com plexes) o r v ia  a 
n itro g en  d o n o r a to m  ( iso th io c y a n a te  com p lex es), an d  i t  can  a c t  to o  as a 
b rid g in g  lig an d , co -o rd in a ted  v ia  b o th  of i ts  d o n o r a to m s [1 — 5].

In f ra re d  spectroscop ic  e x a m in a tio n s  h a v e  show n th a t  th e  v ib ra tio n  
sp ec tru m  of th e  th io c y a n a te  io n  v a r ie s , d e p en d in g  on w hich of its  d o n o r  a to m s 
is co -o rd in a ted  to  th e  m eta l [ 5 —8 ] .T h e  C — S v ib ra tio n  freq u en cy  fo r  th e  th io ­
cy a n a te  ion  in  p o ta ss iu m  th io c y a n a te  is 749 c m - 1 ; th e  co rrespond ing  f re q u e n c y  
in  th io c y a n a te  com plexes is a b o u t  720 c m -1 , a n d  in  iso th io cy an a te  com plexes 
is a b o u t 820 c m -1 . T he C = N  v ib ra t io n  fre q u e n c y  fo r th e  th io c y a n a te  io n  in  
p o ta ss iu m  th io c y a n a te  is 2049 c m -1 ; th e  co rresp o n d in g  value is 30 — 50 c m '1 
h ig h er in  iso th io c y a n a te  com plexes a n d  50 — 70 c m -1  h igher in  th io c y a n a te  
com plexes, a n d  a t ta in s  th e  g re a te s t  va lu e  (a b o u t 2150 c m -1 ) in  th io c y a n a te  
b ridges [3, 9 —11].

B y  m eans o f in fra red  sp ec tro sco p ic  e x a m in a tio n s , th e re fo re , i t  c an  be 
e s tab lish ed  how  th io c y a n a te  is b o n d e d  to  th e  c e n tra l  a tom  of th e  co m plex . 
T his is o f g re a t im p o rtan ce , fo r th e  m a n n e r  o f  co -o rd in a tio n  of th e  th io c y a n a te  
ion  show es q u ite  c lea rly  th e  P e a r s o n  [ 4 ] ‘so f t’ o r ‘h a rd ’ c h a rac te r  o f  th e  c e n tra l  
a to m  [12]. T he th io c y a n a te  ion  is b o u n d  to  so ft c e n tra l a tom s via  i ts  su lp h u r  
donor a to m , a n d  to  h a rd  c e n tra l  a to m s via  i ts  n itro g e n  donor a to m . T h e  h a rd  
or so ft n a tu re  o f th e  cen tra l a to m  d ep en d s on th e  overall e lec tro n ic  s tru c tu re  
of th e  com plex . A ccord ingly , in  th e  case o f m ix ed  com plexes, n o t  o n ly  th e  
c e n tra l a to m , b u t  also b o th  ty p e  o f  lig an d s , in flu en ces  th e  n a tu re  o f  th e  b o n d ­
ing of th e  th io c y a n a te  ion to  th e  m e ta l. I t  h as  b een  show n b y  T u r c o  a n d  P e -

* The prev ious paper of this series: K . B u r g e r  and  Á. B u v á r i: Inorg. Chim. A cta 
11, 25 (1974).
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CiL [8], fo r in s tan ce , t h a t  in  th e  com plex P d (N H 3) 2(SC N )2 th e  th io c y a n a te  is 
b o u n d  to  th e  p a lla d iu m  v ia  th e  su lp h u r d o n o r a to m , w hereas in  th e  com plex  
P d [P (C 2H 5)3) 2(N C S ]2 th e  n itro g e n  is th e  d o n o r a to m . O ur earlier in v e s tig a tio n s
[13] in d ic a te d  th a t  in  th e  low  spin  n u m b er, m ix e d  com plex  b is(d im eth y lg ly - 
o x im a to )d ith io c y a n a to c o b a lt( I I )  th e  th io c y a n a te  is b o u n d  to  th e  c o b a lt via  
th e  su lp h u r  donor a to m , in  c o n tra s t to  th e  m a jo r i ty  of c o b a lt(II)  com plexes 
e x a m in e d , w here th e  n itro g e n  is th e  donor a to m . P r io r  to  our p re se n t e x a m i­
n a tio n s  th e re  w ere n o t  d a ta  on th e  m an n er o f  co -o rd in a tio n  of th e  th io c y a n a te  
in  th e  analogous c o b a lt( I I I ) -d im e th y lg ly o x im e  m ix e d  com plexes.

As seen ab o v e , th e  in fra red  sp ec tra  o f th e  com plexes re f le c t w ell th e  
ch an g es in  th e  e le c tro n ic  s tru c tu re  of th e  th io c y a n a te  re su ltin g  fro m  th e  
v a r io u s  m odes of co -o rd in a tio n . The aim  o f th e  p re se n t w ork is to  s tu d y  how  
th e se  changes a p p e a r  in  th e  e lec tro n -b in d in g  en erg ies  of th e  atom s o f th e  th io ­
c y a n a te  in  th e  E SC A  s p e c tra  of th e  co m p o u n d s.

T h u s , th e  E SC A  d a ta  fo r p o tassiu m  th io c y a n a te  were co m p ared  w ith  
th e  E SC A  d a ta  fo r th io c y a n a te  b o nded  in  som e n ick e l—pyrid ine  a n d  n ic k e l-  
p ico line  m ixed  iso th io c y a n a te  com plexes, in  n ic k e l—hexam ine iso th io c y a n a te , 
a n d  in  som e c o b a lt( I I I ) -d io x im e  m ixed  co m plexes. In fra re d  sp ec tro sco p y  w as 
u sed  to  d e te rm in e  ho w  th e  th io cy an a te  is b o u n d  to  th e  ce n tra l c o b a lt( I I I )  
a to m  in  th ese  la t te r  com plexes.

E xp erim en ta l

The ESCA exam ination  of th e  complexes w as perform ed as described earlier [14]. The 
pyrid ine and picoline com plexes were kep t a t —50 °C d u ring  m easurem ent, so th a t  th ey  
should no t undergo decom position in the apparatus as a re su lt of the vacuum.

The complex hands due to  the presence of non-equivalent atom s were resolved by 
com puter as reported  previously  [15].

A Zeiss U R  20 spectrophotom eter was em ployed for the infrared exam inations. The 
IR  spectra  of the complexes were taken  in  Nujol m ull.

The complexes w ere prepared by procedures g iven in  the literatu re  [16 —18].
The dipyridine and  dipicoline derivatives w ere ob ta ined  from the te trapy rid ine  and 

te trap ico line complexes in  th e  vacuum  cham ber of th e  ESCA spectrom eter, by  cessation of 
th e  cooling and by app rop ria te  heating  of the sam ple.

The compositions o f th e  pyridine and picoline complexes were checked therm ogravi- 
m etrically , and the sto ichiom etry  of the dim ethylglyoxim e m ixed complexes was confirm ed 
by  determ ination  of th e  cobalt contents.

R esults and  d iscussion

T he C — S a n d  C = N  v ib ra tio n  b an d s  due to  th e  th io c y a n a te  lig a n d  were 
id e n tif ie d  in  th e  in f ra re d  sp ec tra  of th e  m ix e d  th io c y a n a te  com plexes o f bis- 
(d im e th y lg ly o x im a to )c o b a lta te ( I I I ) . On th e  b a s is  of w h a t w as sa id  in  th e  
in tro d u c tio n , th e  d a ta  in  T ab le  I  show  c lea rly  t h a t  in  these  m ixed  com plexes 
th e  th io c y a n a te  is c o -o rd in a te d  to  th e  lo w -sp in  c o b a lt( I I I )  c e n tra l a to m  via  
i t s  su lp h u r d onor a to m .
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Table I

I n f r a r e d  b a n d s  o f  th io c y a n a te  m i x e d  c o m p le x e s  
o f  b i s ( d i m e t h y l g l y o x i m a t o ) c o b a l t ( I I I ) ,  c m — 1

Complex C—N c -s

H [C o(H D )2(SCN)2] 2108 718
H[Co(H D )2(SCN)C1] 2120 720
[Co(H D )2(SCN)H20 ] 2115 720

I t  is a lre a d y  k n o w n  from  earlie r s tu d ie s  o f  th e  p y rid in e  a n d  p ico line  
com plexes [10], t h a t  th e  th io c y a n a te  is b o u n d  to  th e  ce n tra l a to m  in  th e  
te tra p y r id in e  a n d  te tra p ic o lin e  com plexes v ia  i ts  n itro g en  a to m , w h ereas  in  
th e  d ipy rid in e  an d  d i-y -p ico line d e riv a tiv e s  i t  a c ts  as a b ridge .

E ach  of th e  com plexes ex am in ed  c o n ta in s  on ly  one ty p e  o f su lp h u r  a to m , 
b u t  in  ev e ry  com plex  th e re  are tw o ty p e s  o f  n itro g e n s  and , w ith  th e  e x c e p tio n  
o f th e  n ickel—h ex am in e  com plex , a t  le a s t tw o  ty p e s  o f carbon  a to m . T h e  re l i ­
ab le  sep a ra tio n  o f th e  b a n d s  due to  th e  n o n -e q u iv a le n t a to m s, a n d  th e  d e te r ­
m in a tio n  of th e  e lec tro n -b in d in g  energies o f  th e  th io c y a n a te  a to m s a f te r  such  
se p a ra tio n , could  be p e rfo rm ed  only in th o se  sy s tem s w here th e  c o n c e n tra tio n  
o f th e  d is tu rb in g  a to m s w as n o t m an y  tim e s  h ig h e r th a n  th a t  o f th e  c o rre s ­
p o n d in g  a to m s o f th e  th io c y a n a te  an d  th e  d ifference  of th e  e lec tro n -b in d in g  
energ ies w as n o t  to o  sm all.

T he charge a ris in g  on  th e  in su la tin g  sam p les  as a re su lt of th e  e je c tio n  of 
th e  p h o to e lec tro n s in  th e  com plexes of d iffe re n t ty p e s  a ffec ted  th e  e le c tro n -b in ­
d ing  energy  values in  d iffe re n t w ays. This m a y  give th e  e x p lan a tio n  fo r  th e  fa c t 
t h a t  even  a fte r  th e  E SC A  ex am in a tio n  o f  a la rge  n u m b er of th io c y a n a te  
com plexes J 0 r g e n s e n  a n d  B e r t h o u  [19] d id  n o t  d e te c t th e  e ffec t o f th e  co ­
o rd in a tio n  of th e  su lp h u r  or th e  n itro g en  on  th e  e lec tro n -b in d in g  energ ies. 
H o w ev er, since th is  e ffec t changes th e  e le c tro n -b in d in g  en erg y  v a lu e  o f th e  
v a rio u s  a to m s w ith in  a  single com pound  to  th e  sam e e x te n t, th e  e le c tro n ­
b in d in g  energ ies o f th e  d onor a tom s re fe rre d  to  an  a p p ro p ria te  re fe ren ce  
a to m  w ith in  th e  m olecu le , c an  give d a ta  w h ich  are  su itab le  fo r th e  d ra w in g  of 
re liab le  conclusions in  co -o rd in a tio n  ch e m is try .

T ab le  I I  c o n ta in s  th e  e lec tro n -b in d in g  en erg ies  o f th e  S 2j >1/2,3/2 a n d  N  Is  
o rb ita ls  o f th e  th io c y a n a te , re fe rred  to  th e  C I s  o rb ita l.

I t  can  be seen t h a t  w hile th e  c o -o rd in a tio n  o f  th e  n itro g en  re su lts  in  th e  
increase  o f th e  en e rg y  d ifference  C Is  — S 2 р у 2,3л  th e  co -o rd in a tio n  o f  th e  su l­
p h u r  causes its  d ecrease.

T he e lec tro n -b o n d in g  energy  difference N  I s  — C Is  is sm alle r w h en  th e  
n itro g en  in  th e  th io c y a n a te  lig an d  is c o -o rd in a te d , a n d  la rg e r w hen  th e  su lp h u r .

T ak in g  in to  a c c o u n t t h a t  th e  ab so lu te  v a lu e  o f th e  C Is  e lec tro n -b in d in g  
en erg y  is la rg e r th a n  t h a t  o f th e  S b u t  sm alle r th a n  th a t  o f  th e  N  Is ,
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Table I I

E le c t r o n - b in d in g  e n e r g ie s , o f  th e  d o n o r  a to m s  o f  th e  th io c y a n a te  i n  v a r io u s  c o m p le x e s ,  
r e fe r r e d  to  th e  C  I s  o rb ita l  o f  th e  th io c y a n a te ,  e V

Complex Cl* S2pi/2*3/2 N 1*—C Is

KNCS 122.35 112.75

Ni(NH3)4(NCS)2 122.65 112.3

H[Co(H D )2(SCN)2] 121.4 114.2

H[Co(H D )2(SCN)C1] 120.7 —
[Co(H D )2(SC N )H ,0] 121.3 —

a n d  t h a t  th e  increase o f th e  e lec tro n -b in d in g  energ ies shows th e  d ec rease  of 
th e  e le c tro n  den sity , th e  fo llow ing  conclusions can  be  d raw n  from  th e  d a ta  in 
T a b le  I I .

1. T h e  co -o rd in a tio n  o f  th e  n itro g en  o f  th e  th io c y a n a te  ion  in c rea se s  th e  
e le c tro n  d e n s ity  on b o th  th e  su lp h u r a n d  th e  n itro g e n  a to m s a n d /o r  d e ­
c re a se s  t h a t  on th e  ca rb o n  a to m .

2. T he co -o rd in a tio n  o f  th e  su lp h u r, on  th e  o th e r  h an d , d ec reases  th e  
e le c t ro n  d en sity  on b o th  th e  su lp h u r  an d  n itro g e n  a to m s, an d /o r in c rea se s  th a t  
o n  th e  ca rb o n  a to m .

I n  ag reem en t w ith  th e  re su lts  o f in f ra re d  in v es tig a tio n s , th is  a p p a re n tly  
a n o m a lo u s  b eh av io u r can  b e  w ell ex p la in ed  v ia  th e  follow ing tw o  s tru c tu re s  
o f  th io c y a n a te ,  show ing th e  su lp h u r  or th e  n itro g e n  atom s as d o n o rs:

-‘- S —- C = N  S =  C = N ^

T h e  S 2р 1('2,з/2 e le c tro n -b in d in g  energ ies re fe rre d  to  th e  a ro m a tic  ca rb o n  
a to m s  in  th e  p y rid ine  a n d  p ico line  com plexes a re  g iven  in  T ab le  I I I .

Table I I I

S  2 p 1/ 2 :3 / 2  e le c tr o n -b in d in g  e n e rg ie s , r e fe r r e d  to  th e  a r o m a tic  ca rb o n  a to m s ,  
i n  c o m p le x e s  c o n ta in in g  te r m in a l  a n d  b r in d g in g  th io c y a n a te  l ig a n d s

Complex C Is S 2pi/2,3/2
State of 

thiocyanate

Ni(py)4(NCS)2 1 2 2 .4 term inal
Ni(py)2(NCS)2 1 2 2 .2 bridging
Ni(y-pic)4(NCS)2 1 2 2 .2 term inal
Ni(y-pic)2(NCS)2 1 2 2 .0 bridging
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T he d a ta  rev ea l t h a t  in  th e  com plexes N i(p y )4(N CS)2 a n d  N i(y -p ic )4- 
(N C S )2, w hich co n ta in  th io c y a n a te  h o u n d  te rm in a lly  th ro u g h  th e  n itro g e n , the  
en e rg y  difference C I s  — S 2 is la rg e r th a n  in  th e  co rre sp o n d in g  bis 
com plexes, w hich  c o n ta in  th io c y a n a te  b rid g es. Since th e  te tr a p y r id in e  —>- di­
p y rid in e  tra n s fo rm a tio n  a n d  th e  d ev e lo p m en t o f  th e  th io c y a n a te  b r id g e s  in  the  
an a logous com plexes cause no  or only a v e ry  slig h t change in  th e  e lec tro n  
d e n s ity  on th e  ca rb o n  a to m s o f th e  p y rid in e , th e  d a ta  in  T ab le  I I I  c learly  
in d ic a te  th a t  th e  fo rm a tio n  o f th e  th io c y a n a te  b ridge  (the  c o -o rd in a tio n  o f  the  
su lp h u r)  decreases th e  e lec tro n  d en sity  on  th e  su lp h u r a to m . T h e  d a ta  of 
T ab le  I I I  th u s  show  t h a t  th e  en erg y  differences fo r th e  th io c y a n a te  com plexes 
in  T ab le  I I  can  be p rim a rily  a t t r ib u te d  to  th e  e le c tro n -d en s ity  d ec rease  on  the  
su lp h u r, an d  o n ly  seco n d arily  to  th e  increase o f th e  e lec tron  d e n s ity  on  th e  
ca rb o n  a to m  o f th e  th io c y a n a te .

*

T h e  a u th o rs  express th e ir  th a n k s  to  P rofessor E . F l u c k , who m ad e  p o ss ib le  th e  re ­
c o rd in g  of th e  E SC A  sp e c tra  in  th e  D e p a rtm e n t o f In o rg an ic  C hem istry , U n iv e rs i ty  of 
S tu t tg a r t .
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H arm onic force fields are developed for W 0 2 and  WO., and used to  calculate 
th e  mean am plitudes of v ibration  for these molecules along w ith the shrinkage effect 
for W O,. Previous calculations of mean am plitudes for W Oj are discussed. The in­
fluences on the m entioned quantities by varying certa in  frequencies of W O s and WO, 
are studied. The possibilities to  estim ate these frequencies by m eans of observed m ean 
am plitudes or th e  shrinkage from gas electron diffraction are pointed  out.

Acta Chimica Academiae Scientiarum Hungaricae,  Tomus 83 (3  —  4), pp. 321 — 329 (1974)

M uch in te re s t  is a t ta c h e d  to  th e  s tru c tu ra l a n d  sp ec tro scop ica l p rob lem s 
o f tu n g s te n  oxides. T h e  fo rm a tio n  of v a p o u rs  o f  tu n g s te n  oxides an d  th e ir  
su p p o sed  w a te r  com plexes is a p a r t  of im p o r ta n t  in d u s tr ia l  processes a t  re la ­
tiv e ly  h igh  te m p e ra tu re s . A h ig h -te m p e ra tu re  gas e lec tro n  d iffrac tio n  in v es ti­
g a tio n  o f (W 0 3)3 h as  b een  re p o rte d  [1]. In  th e  p re se n t w ork  som e sp ec tro ­
scop ical co m p u ta tio n s  fo r sim ple tu n g s te n  oxides are  co m m u n ica ted . M ean 
am p litu d es  of v ib ra tio n  [2, 3] arc d iscussed  in  p a r t ic u la r  as w ell as th e  
B a s t ia n s e n — M o r in o  sh rin k ag e  effect [3, 4 ] fo r p la n a r  W 0 3. T he te m p e ra tu re  
d ep en d en ce  of th e se  q u a n tit ie s  is s tu d ied .

H ypothetical linear W 0 2

A  lin ear s tru c tu re  fo r th e  W 0 2 m olecule in  gas p h ase  is im p ro b ab le . 
N everthe less i t  h as  b een  assum ed  in  d iffe ren t sp ec tro scop ica l an a ly ses . 
N a g a r a ja n  has re p o r te d  th e  ca lcu la ted  m ean  a m p litu d es  on th e  basis  of th e  
lin ea r  m odel [5] in  a d d itio n  to  a prev ious an a lysis  u sin g  a b e n t m odel [6]. W e 
h av e  rep ro d u ced  th e  ca lcu la tio n s for th e  h y p o th e tic a l lin ea r  m odel an d  ex ­
te n d e d  th e  ran g e  of te m p e ra tu re s . The v ib ra tio n a l freq u en c ies  of jq =  770 c m -1  
an d  v3 — 835 c m -1  w ere ap p lied . T able I  show s th e  ca lcu la ted  re su lts . T he 
va lu es  a t  0, 298.15 a n d  500 К  coincide w ith  tho se  re p o r te d  b y  N a g a r a ja n  [5].

T he co rrespond ing  ca lcu la tio n s were p e rfo rm ed  w ith  jq =  992 c m -1 an d  
v3 =  928 c m -1 . T hese  freq u en c ies  w ere ta k e n  from  JA N A F  T ab les  [7] an d  
o rig in a te  from  in fra re d  sp e c tra  in  a neon  m a tr ix  [8]. T he re su ltin g  m ean  
am p litu d es  are in c lu d ed  in  T ab le  I.

7* A c ta  C h im . (B u d a p e s t)  8 3 , 1974



322 CYVIN, H A K  G IT T  A I: HARM ONIC FORCE FIE L D S

T able  I

M ean  amplitudes o f vibration ( Ä  un its) fo r  W 0 2 at given absolute temperatures
( T  in  K )

Model Linear (I)a Linear (II)b Bent (110°)b
Distance WO 00 WO 00 WO 00

T  =  0 0.0378 0.0523 0.0346 0.0461 0.0346 0.0626
298.15 0.0386 0.0536 0.0350 0.0465 0.0349 0.0743
500 0.0417 0.0584 0.0369 0.0488 0.0369 0.0885

1000 0.0523 0.0737 0.0448 0.0589 0.0448 0.1195
1500 0.0623 0.0880 0.0529 0.0693 0.0528 0.1449
2000 0.0712 0.1007 0.0602 0.0788 0.0601 0.1668

a Frequencies as used by  N a g a r a ja n  [5] 
b Frequencies from JA N A F  T ab les [7]

B ent W 0 2

I t  is m ore rea lis tic  to  a ssu m e  a b e n t m odel fo r th e  W 0 2 m olecule. We 
h a v e  a d o p te d  an  e s tim a te d  v a len ce  angle of 110° in  a d d itio n  to  th e  bo n d  
d is ta n c e  v alue  of 1.81 Á  [7]. T h e  a d o p te d  vx an d  v3 v a lu es  [7, 8] are  th e  sam e 
as th o s e  o f th e  linear m odel ( I I )  a n d  are q u o ted  ab o v e . I n  th e  p re s e n t  case th e  
m e a n  am p litu d es  also d e p e n d  on th e  v2 freq u en cy , w hich  is u n o b se rv ed . A n 
e s t im a te d  value of 300 c m -1  [7, 8] for gaseous W O , w as u sed  in  th e  p re se n t 
c a lc u la tio n s . The force f ie ld  as o b ta in e d  b y  m eans of th e  L -m a tr ix  ap p ro x i­
m a tio n  o f Müller [9, 10], w h ich  m eans th a t  L 12 =  0 w as assu m ed . In  th e  
p r e s e n t  case th is  a p p ro x im a tio n  is ju s tif ie d  in  p a r tic u la r  because  th e  m ass of 
t h e  c e n tra l  a tom  is m uch  g re a te r  th a n  th e  m ass o f an  en d  a to m . T he F  an d  L  
m a t r ix  b locks of species A x a re  show n in Table I I .  The c o m p u ted  m ean  am pli-

ТаЫ е I I

F o rce  c o n s ta n ts  ( i n  m d y n e / Ä )  a n d  L  m a tr ix  e le m e n ts  ( i n  A m u  ! 1)  
o f  sp e c ie s  A l ( iq =  9 9 2  c r n ~ v . ,  =  3 0 0  c m - 1 )  f o r  b e n t W 0 2

F L

8.775 0.042 0.257 0.000
0.042 0.382 — 0.028 0.373

tu d e s  o f  v ib ra tio n  are in c lu d e d  in  T able I .  I t  is in te re s tin g  to  com pare  these  
r e s u l ts  w ith  those from  th e  ca lcu la tio n s using  th e  lin e a r  m odel ( I I ) . The 
c o m p a riso n  shows th e  e ffec t o f  n o n lin e a r ity  in  th e  m o lecu la r m odel. I t  is found  
t h a t  th e  bond  m ean  a m p litu d e s  (W O) are a ffec ted  to  a neglig ib le  degree 
w h ile  th e  effect on th e  n o n b o n d  am p litu d es ( 0 0 )  is s u b s ta n tia l;  cf. T ab le  I.
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T he e s tim a te d  v a lu e  for th e  v2 fre q u e n c y  is v e ry  u n c e rta in . W e h av e  
th e re fo re  p e rfo rm ed  th e  ca lcu la tio n  o f m ean  am p litu d es  using  a m im b cr o f 
v a lu es  fo r th is  f re q u e n c y  in  th e  ran g e  b e tw e e n  200 an d  350 c m -1 . T he L-  
m a tr ix  a p p ro x im a tio n  m e th o d  was u sed  th ro u g h o u t. As a consequence o f th is  
ap p ro x im a tio n  th e  b o n d  m ean  am p litu d e  is n o t  affec ted  b y  changes in  v2 (cf.  
A p pend ix ). T he n o n b o n d  m ean  am p litu d e  on th e  o th e r  h an d  does d ep en d  on th e  
v2 f req u en cy . T he ca lc u la ted  values a t  d iffe re n t te m p e ra tu re s  are  show n 
g rap h ica lly  in  F ig . 1 as fu n c tio n s of v2.

Fig. 1. B ent W 0 2 (110°; jq =  992 cm-1 , v3 =  928 cm- 1 ; L 12 =  0): Mean am plitudes of vi- 
b ia tio n  (/) for the nonbond distance (0 0 )  a t different tem pera tu res as functions of th e  v2 

frequency. 300 cm-1  is an estim ated  value [7, 8]

Planar trigonal W 0 3

T he p la n a r  tr ig o n a l s tru c tu re  w ith  1.81 Á fo r  th e  b o n d  d is tan ce  h as  b een  
a d o p te d  fo r th e  gaseous W 0 3 m olecule [7]. T he v ib ra tio n a l frequenc ies w ere 
ta k e n  from  JA N A F  T ab les  [7] an d  are d iffe ren t fro m  tho se  a d o p ted  b y  N aga- 
r a ja n  [5]. T he p re se n t v a lu es  co n ta in  th e  tw o  e s tim a te d  values jq =  564 c m '1 
an d  v2 =  347 c m -1  [8], one observed  m a tr ix - iso la tio n  freq u en cy  in  in fra re d , 
viz. v3 =  1040 c m -1  [8], a n d  a n o th e r e s tim a te d  v a lu e , v4 — 320 c m -1  [15]. 
T he L -m a tr ix  a p p ro x im a tio n  m eth o d  (see ab o v e) w as app lied  in  o rd e r to  
d e te rm in e  th e  force c o n s ta n ts  o f th e  E '  species. T hese force c o n s ta n ts  a long  
w ith  th e  co rresp o n d in g  L  m a tr ix  b lock  a re  show n  in  T able I I I .  T ab le  IV
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Table Ш

Force constants f in  m dyne /A ) and L  m atrix elements (in  A m u  1K)  
o f species E ' (v3 =  1040 cm-1 , v4 =  320 cm ~ l)  fo r W 0 3

F L

9 .0 2 7 - 0 . 0 5 8 0 .2 6 6 0 .0 0 0

- 0 . 0 5 8 0 .2 8 8 0 .0 5 3 0 .4 5 7

Table TV

M ean amplitudes o f  vibration ( l  in  A  units) 
and B astiansen-M orino shrinkage effect (& in A )  

fo r  W 0 3 at given temperatures ( T  in  K )

T i(WO) I(OO) (5

0 0 .0 3 7 2 0 .0 6 4 4 0 .0 0 1 4

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

50 0 0 .0 4 2 1 0 .0 8 6 9 0 .0 0 3 3

1 0 0 0 0 .0 5 3 1 0 .1 1 7 0 0 .0 0 6 3

1500 0 .0 6 3 4 0 .1 4 1 8 0 .0 0 9 3

2 0 0 0 0 .0 7 2 4 0 .1 6 3 2 0 .0 1 2 4

sh o w s th e  calculated m ean am plitudes o f v ibration  ( l )  and the B a s t ia n s e n -  
M orino  shrinkage effect (d) at several tem peratures.

A d d itio n a l c o m p u ta tio n s  w ere m ad e  w ith  v a ry in g  freq u en c ies  because  
so  m a n y  of th em  are  v e ry  u n c e rta in . A gain  th e  L -m a tr ix  a p p ro x im a tio n  
m e th o d  was used  th ro u g h o u t.  U n d e r th e se  c ircu m stan ces th e  Z(WO) v a lu e  
d e p e n d s  on ly  on jq a n d  v3, 1 (0 0 )  depends on  jq, v3 an d  v4, an d  d d ep en d s  m a in ly  
o n  v 2, b u t  also to  a  sm a lle r  e x te n t  on  vs a n d  v4 ( cf. A ppend ix ). T h e  v a lu e  
a d o p te d  fo r th e  e q u ilib riu m  b o n d  d is tan ce  (1.81 Á) affects on ly  th e  sh rin k ag e , 
n o t  th e  m ean  a m p litu d e s . F ig . 2 show s th e  v a r ia tio n  of 1(00)  a t  d iffe ren t 
te m p e ra tu re s  w ith  th e  m a g n itu d e s  of v4 u n d e r  c o n s ta n t iq an d  v3, w h ich  w ere 
k e p t  a t  th e  values g iven  ab o v e . F ig . 3 show s th e  v a r ia tio n  o f <5 w ith  v2 w hen  
V3 a n d  1>4 are k e p t c o n s ta n t  a t  th e ir  o rig in a l v a lu es .

T e tra h e d ra l W Ot

M any  spec tro scop ic  in v e s tig a tio n s  h a v e  b een  p e rfo rm ed  fo r th e  W 0 4 
io n , w h ich  is know n  to  h av e  th e  te t r a h e d ra l  s tru c tu re . C a lcu la ted  m ean  
a m p litu d e s  have b e e n  re p o r te d  [16 — 20]. O th e r  spec tro scop ica l s tu d ie s  on 

m e ta l  oxoanions in c lu d in g  W O ~  are due  to  Müller  et a l .  [21 — 2 4 ]; re fe rences
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Fig. 2. P lanar sym m etrical W 0 3(vl = 564cm ~ 1, 
j>3 =  1040 cm- 1 ; L 31 =  0): Mean am plitudes 
of v ib ration  (l) for th e  nonbond distance (0 0 )  
a t  different tem pera tu res as functions of the 
vt frequency. 320 cm-1  is an  estim ated va­

lue [7, 15]

Fig. 3. W 03 (1.81 Á; v3 =  1040 c m " 1, 
vt =  320 cm- 1 ; L 34 =  0): B a st ia n s e n  —Mo- 
R IN O  shrinkage effect (5) a t different tem pe­
ra tu res  as functions of the  t>2 frequency. 

347 cm-1  is an  estim ated value [7, 8]

Table V

Vibrational frequencies ( cm ~ x)  fo r  WOt

Reference [23] [26] [27]

Vl 931 934 931

” 2 (324) 325 373

F3 833 840 833
324 452 320

c ite d  th e re in  m a y  be co n su lted  fo r a d d itio n a l w orks. D iffe ren t v ib ra tio n a l 
freq u en c ies  are  q u o te d  in  re ference  books [25 — 27]; cf. T ab le  У.

Those fro m  K rasnov  et ál. [26] re p re se n t th e  o ld es t ex p e rim en ta l d a ta  
(1952). More re c e n t  re ferences to  e x p e rim e n ta l w orks are  fo u n d  in  Sieber t  
[25] an d  N akamoto [27]. T he assignm en t o f freq u en c ies  from  th e  la t te r  re fe ­
ren ce  [27] seem s to  be  th e  p re fe rab le  one. I t  c o n ta in s  th e  v a lu e  v2 =  373 c m ” 1 
o b se rv ed  fo r c ry s ta llin e  su b stan ces . This a ss ig n m en t h as  also been  a d o p te d  
b y  M üller  et al. [17— 19, 21 — 24]. T he m o s t re liab le  m ean  a m p litu d es  
b a se d  on th e  f re q u e n c y  assig n m en t from  N akamoto [27] are  supposed  to  be 
th e  ones of Müller  an d  Cy v in  [18], viz. /(W O ) =  0.037 Á  a t  b o th  0 an d  298 K , 
/ ( 0 0 )  =  0.062 Á  a n d  0.071 Á  a t  0 and  298 K , re sp ec tiv e ly . Müller  et al. [19] 
o b ta in e d  th e  sam e v a lu e  fo r /(W O ) acco rd ing  to  an  a p p ro x im a tio n  m e th o d .
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Sa n y a l  et ál. [20] h av e  re p o r te d  g re a tly  sim plified  ca lcu la tio n s w ith  re su lts  
c o m p a ra b le  to  those o f R ef. [18]. D iffering  re su lts  from  a p rev io u s p u b lic a tio n  
[17] sh o u ld  be d iscarded , as also  has b een  suggested  p rev io u sly  [18]. In  th e  
p r e s e n t  w o rk  we have n o t p u rsu e d  th e  ca lcu la tio n s of m ean  a m p litu d e s  a n d  th e  
s h r in k a g e  w ith  v a ry in g  freq u en c ies . T hese q u a n titie s  p e r ta in  to  an  io n  and  
c a n n o t  b e  observed  b y  th e  gas e le c tro n  d iffrac tio n  tech n iq u es .

F o r  th e  sake of co m p le ten ess  we m e n tio n  here  th a t  /(W O ) in  th is  case 
o n ly  d e p e n d s  on th e  freq u en c ies  v4 a n d  vs i f  we ad h er to  th e  L -m a tr ix  a p p ro x i­
m a tio n  m e th o d . Z(OO) dep en d s on  a ll th e  fo u r frequencies , a n d  th e  sh rin k ag e  
e ffe c t o n  v 2, vs an d  v4.

Table VI

Force constants fin  m dyne/A ) fo r  WO stretchings in  bent W 0 2, W 0 3 and W O j~

C o m p ou nd i ' l l F 22 o r  F 33 f r f r r

WO, (C2,) 8.78 7.27 8.03 0.76
W 03 (D3ft) 3.00 9.03 7.02 — 2.01
W Or~ (Trf)a 8.17 5.84 6.42 0.58

a f ro m  R ef. [23]

D iscussion

I n  T ab le  V I we h av e  co llec ted  som e o f th e  m ain  force c o n s ta n ts , i.e., tho se  
o f th e  W O  s tre tch in g s , fo r th e  th re e  tu n g s te n  oxides consid ered  h e re . The 
p r in c ip a l  an d  in te ra c tio n  v a len ce  force c o n s ta n ts , viz. f r an d  f r r ,  are  co n n ec ted  
w ith  th e  sy m m etry  fo rce  c o n s ta n ts  th ro u g h

F  11 =  f r  +  f r r  ■> F 2, —  f r  f r r

fo r  th e  b e n t  W 0 2 m odel (sy m m e try  C 2„),

F n  == f r  +  2f r r  ,  F 3 3  —  f r  f r r

fo r  th e  W 0 3 (D 3h) m odel, a n d  f in a lly

=  f r  +  3f r r  , F .M  =  f r  f r r

fo r  th e  te tra h e d ra l W O ] (T d) m odel. T he f r co n stan ts  shou ld  be e x p e c te d  to  
h a v e  co m p arab le  m ag n itu d es . I t  is re p o r te d , for in s tan ce , fo r th e  analogous 
row  o f su lp h u r oxides f r  =  10.02, 10.35 an d  7.15 m dyne/Á  [25] fo r S 0 2, S 0 3 
a n d  S O i , respective ly . O n th is  b ack g ro u n d  th e  f r force c o n s ta n ts  developed
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here fo r th e  tu n g s te n  oxides seem  rea so n ab le . H ow ever, th e  in te ra c tio n  con­
s ta n t  f rr fo r W 0 3 (—2.01 m dyne/Á ; cf. T ab le  V I) seem s to  he to o  la rg e  in  
ab so lu te  m a g n itu d e . T he m ain  reaso n  is p ro b a b ly  a too  low F u , w h ich  is 
d ire c tly  co n n ec ted  to  one of th e  u n o b se rv e d , e s tim a ted  freq u en c ies . The 
e s tim a te  of iq =  564 c m -1  [7, 8] is c la im ed  to  b e  b ased  on th e  v a lu e  o f  a W O 
s tre tc h in g  fo rce  c o n s ta n t. W e believe t h a t  th is  freq u en cy  is to o  lo w , a n d  in  
consequence  t h a t  th e  Z(WO) m ean  a m p litu d e s  fo r  W 0 3 show n in  T a b le  IV  are 
to o  h ig h . T h is app lies  also  to  1 (0 0 ) ,  b u t  p ro b a b ly  to  a sm aller d eg ree . I n  con­
clusion  we feel t h a t  a  possib le  re c a lcu la tio n  o f  th e se  q u an titie s  sh o u ld  a w a it 
s tro n g e r  e x p e rim e n ta l ev idence, e ith e r  fro m  th e  spectroscopic o r e lec tro n  
d iffrac tio n  side.

A ppendix

1. Bent  W O  2

F ollow ing  th e  n o ta tio n  of Cy v in  [3] we h a v e  (cf. p. 195 o f  th e  c ited  
reference)

Z2(W O ) =  - l r i M 1) + - L z ’(B 1) ,
Z  Z

w here
Ц В , )  =  L 33d3 =  G i B J d  3 

depends on ly  on v3. F o r 27, (A  x) one has

A ( A )  =  b i A  +  L 212d 2 .

In  th e se  e q u a tio n s  d15 d2 a n d  <53 are freq u en cy  p a ra m e te rs . B y v ir tu e  o f  th e  .1,- 
m a tr ix  a p p ro x im a tio n  (L12 =  0) one o b ta in s

A ( A )  =  ь ? А  =
and

/2( W 0 ) =  1  g i ( A 1) Ö, +  A . G1(B 1) <53 ,
Z  Z

w hich  p ro v es t h a t  Z(WO) does n o t d ep en d  on  v2 u n d e r  th is a p p ro x im a tio n . 
F o r th e  n o n b o n d  m ean -sq u are  am p litu d e  on  th e  o th e r  h a n d  one has [3]

Z2( 0 0 )  =  2Z ^ A J  sin2 A  +  21/22712( A )  sin  2A  +  Z 2(A()  cos2 A

w hich d ep en d s on b o th  iq an d  v2 (b u t n o t v3), since

^ 12( ^ 1) =  -^11̂ 21̂ 1 ’ z 2(a  1) =  zJ a  +  l \ 2ö2 .
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2. P la n a r  symmetrical  W 0 3

W ith  reference to  p . 196 o f Cy v in  [3] w e have

i%w o ) =  ^^(A 'x) +  ~ z x(E’),
о о

w hich  g iv es

/2(W 0) =  \ b lx4 x +  \ i 334 3 =  i _  G {A[) dx + A  GX(E ')  d3
О u  О ó

u n d e r  th e  a p p ro x im a tio n  L 3i =  0. H ence i t  is p ro v e d  th a t  i(W O) o n ly  d ep en d s  
on  vx a n d  v3 u n d e r  t h a t  a ssu m p tio n . F o r th e  n o n b o n d  m ean  a m p litu d e  one 
h as  [3]

l2( 0 0 )  =  Z(A 'x) + ± - Z x(E ')  3-1/2 2712(E ') + ^ E 3(E ') ,
Л  О

w h ich  d e p e n d s  on vx, v3 a n d  v4. The exp ression  fo r  th e  shrinkage e ffec t is fo u n d  
on  p . 298 o f R ef. [3], a n d  is seen  to  c o n ta in  H (A£),  27X(E'), 2712{E') a n d  273(E'). 
H ere

27(A")  =  L 222d3 ,

Z x( E ' ) = L 3i4  3 ,

£ t f ( E  ) =  L 33L i3 d3 ,

273{E')  =  L i32d3 +  L 412<54 .

3. Tetrahedral  W 0 4

F ro m  p . 196 of R ef. [3] one has

р ( ¥ 0 ) = 1 а д  +  А в д ,
4 4

w h ic h  g ives

i*(W 0) =  +  v L332á3= -^-С(ЛЖ +
4 4 4 4

w h e n  Е 34 =  0. H ence Z(WO) depends o n ly  o n  г4 and  r3. F o r th e  n o n b o n d  
m e a n  a m p litu d e  [3]:

P(00) = ̂ ЦАХ) +  ^ 27(E)+ A r i(F2) - ^ Z 13{F3) +  ^272(F2),
3 9 3 3 6
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w hich depends o n  a ll th e  four frequencies . T h e  expression  for th e  sh rin k a g e  is 
fo u n d  ag a in  on p . 298 an d  co n ta in s  E (E ) ,  271( jF 2), £ A F 2) and  ^ 2( ^ 2)- НеГС

Д Е )  =  L 224 2 ,
Д ( е 2) =  l 32*ő 3 ,

=  L 33L i3d3 ,

^ 2( ^ 2) — L i3*ö3 +  ■£'442d 4 .
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1,3-Dioxane molecules tak e  a chair conform ation according to  th e  gas electron 
diffraction d a ta  in  agreem ent w ith  a m icrowave spectroscopy study  (R . K e w l e y , [1]). 
The bond lengths and bond angles were also determ ined. In  the course of th e  s truc tu re  
analysis da ta  from  the microwave spectroscopy study  have been utilized.

In tro d u c tio n

K ew ley  has recently  studied  the m olecular conform ation o f 1,3-dioxane  
b y  m icrowave spectroscopy [1]. He has show n that considering th e  dipole 
m om ent com ponents along the principal inertia  axes, the chair form  and one 
(“ A ” ) of the boat form s are to  be exam ined  w hile the other boat form  and the

tw is t  form s are ru le d  o u t. T he c ited  w ork  gave preference to  th e  c h a ir  fo rm  
conv incing ly , m a in ly  on th e  basis of co m p ariso n s betw een  th e  c a lc u la te d  and  
o b serv ed  p la n a r p rin c ip a l m o m en ts . I t  w as also found  on th e  b as is  o f d ipole 
m o m en t d a ta , t h a t  no f la tte n in g  of th e  r in g  occurs as com pared  w ith  cyclo ­
h e x a n e , e.g., a lth o u g h  th is  could  h av e  b e e n  e x p e c te d  because o f th e  p resence  
o f th e  oxygen  lone e lec tro n  p a irs  in s te a d  o f С H  bonds. In  th e  m icrow ave  
sp ec tro sco p y  s tu d y  reaso n ab le  geom etric  p a ra m e te rs  have been  a ssu m e d  an d  
u sed  b u t  no a t te m p t  could  be m ade to  d e te rm in e  these  p a ra m e te rs .

T here  has also b een  a  re c e n t v ib ra tio n a l spectroscopic  s tu d y  o n  1,3- 
d io x an e  (no t c ited  in  R ef. [1 ] ) ,  in  w hich  P ic k e t t  a n d  St r a u s s  [2 ] w ere ab le  to  
assign  all th e  o b serv ed  low  freq u en cy  b a n d s  to  v ib ra tio n a l tra n s i t io n s  aris in g  
fro m  an  ex p ec ted  ch a ir  co n fo rm atio n . T h e y  perfo rm ed  a n o rm a l-c o o rd in a te  
an a ly sis  an d  th e  ro ta t io n a l  c o n s ta n ts  fo r th e  c h a ir  form  g eo m etry , th e y  o b ­
ta in e d , agree asto n ish in g ly  w ell w ith  th e  v a lu es  observed  b y  K e w l e y .

A cta  Chim . (B u d a p e s t)  83 , 1974



332 SCHULTZ, H A R G IT T A I: M OLECULAR G EO M ETRY  O F GASEOUS 1,3-DlOXANE

T h e  tw o m ain  p u rp o se s  of our e lec tro n  d if f ra c tio n  s tu d y  w ere (i) to  
d e te rm in e  th e  g eo m etric  p a ra m e te rs  i.e., th e  b o n d  d istances an d  th e  b o n d  
ang les o f th e  1 ,3 -d ioxane m olecule, and  (ii) to  e x a m in e  th e  m ean  a m p litu d e s  o f 
v ib ra tio n . I t  w as also e x p e c te d  to  gain fu r th e r  ev id en ce  concerning th e  m olec­
u la r  co n fo rm atio n , a l th o u g h  i t  was clear f ro m  th e  v e ry  beg inn ing  o f  th e  
e le c tro n  d iffrac tio n  s tu d y  t h a t  s trong  c o rre la tio n  am o n g  th e  s tru c tu ra l p a ra m ­
e te rs  in c lu d in g  b o th  g eo m e tric  and  v ib ra tio n a l q u a n tit ie s  w ould p re v e n t  a 
d e ta ile d  co n fo rm atio n a l an a ly sis . I t  w as fo r th is  reaso n , above all, t h a t  we 
d ecided  to  m ake p a r t ia l  u se  o f th e  availab le  e x p e r im e n ta l d a ta  from  K e w l e y ’s 
m icrow ave  spec tro sco p y  s tu d y  in  th e  course o f  th e  e le c tro n  d iffrac tion  s tru c tu re  
an a ly s is . A  sim ilar a p p ro a c h  has a lready  b e e n  d e m o n s tra te d  to  be e x tre m e ly  
u sefu l in  o th e r s tu d ies  som e o f w hich h av e  b e e n  p e rfo rm ed  in  th is  la b o ra to ry  
[3, 4].

E xperim en ta l

T h e  sam ple o f  1 ,3 -d io x an e  used  in  th is  s tu d y  w as k ind ly  p ro v id e d  b y  
D r. M. B artók (Szeged)* . T h e  electron  d iffra c tio n  p a tte rn s  were reco rd ed  w ith  
th e  B u d a p e s t a p p a ra tu s , a m odified  E G -100A  u n it .  T he nozzle a n d  sec to r 
sy s tem s used  have  b een  d esc rib ed  elsew here [5, 5 ]. T h e  nozzle te m p e ra tu re  w as 
a b o u t 40°C. N o zz le -to -p la te  d istance  of 50 a n d  20 cm  and  a 60 kV  n o m in a l 
acce le ra tin g  vo ltag e  w ere  u tilized . T he d a ta  w ere  t r e a te d  as described elsew here 
[7]. T h e  ranges o f  in te n s i ty  d a ta  used  w ere  2.25 <  s <  11.10 Á “ 1 an d  
6.75 ^  s <  29.75 Á - 1 (s =  4 л  X~ ̂ s in  0/2, w h ere  X is th e  electron w a v e le n g th  
a n d  в is th e  s c a tte r in g  ang le). The d a ta  in te rv a ls  w ere As =  0.15 A - 1  an d

Fig. 1. The to ta l experim ental intensities and experim en ta l backgrounds draw n in

D epartm ent of O rganic Chemistry, József A. U n iversity
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5 10 25 Д0

Fig. 2. E xperim ental (crosses and dots for 50 cm and 20 cm cam era ranges, respectively) and 
theoretical (full line) m olecular intensities. A  represents |sM E(s) — sM  (s)]. The theoretical 
curve was com puted for th e  model whose param eters are presented in  colum n (c) of Table I

0.25 A -T , re sp ec tiv e ly , fo r th e  tw o  cam era  ranges. T h e  f in a l v e rsions of th e  
e x p e rim e n ta l b ack g ro u n d s  a re  show n in  F ig . 1. T he scaled  m o lecu la r in te n ­
sities co rresp o n d in g  to  th e  tw o  cam era  ranges are  show n in  F ig . 2.

S tru c tu re  analysis

T h e  ex p e rim en ta l ra d ia l d is tr ib u tio n  is p re se n te d  in  F ig . 3. As th e  (m ore 
im p o r ta n t)  in d iv id u a l in te ra to m ic  d istances a n d  th e ir  re la tiv e  w eigh ts are  
in d ic a te d  also in  th is  F ig u re  assigned  to  th e  ch a ir fo rm , i t  can  be  well seen

д

'------ t------- 1-------------- 1-------------- 1---------------1_________ I
1 2 „ 3 4 5

r. A

Fig. 3. E xperim ental (£ )  and theoretical (T) radial distributions and th e  difference curve (A). 
Curve T  was com puted for the model whose param eters are presented in colum n (c) of Table I. 
The m ore im portan t individual in teratom ic distances and the ir re la tive w eights are also

indicated

A d a  C h im . ( B u d a p e s t)  83 , 1974



334 CHULTZ, H A R G ITT A I: M O LECU LA R GEOMETRY OF GASEOUS 1,3-D IO X A N E

t h a t  a  u n iq u e  d e te rm in a tio n  o f th e  1 ,3-d ioxane m o lecu la r g eo m e try  from  
e le c tro n  d iffrac tion  d a ta  a lo n e  w o u ld  be im possib le. I t  w as th e n  decided , a t  
le a s t  fo r  th e  p re lim in ary  re f in e m e n ts  of th e  s tru c tu ra l  p a ra m e te rs , to  include 
e x p e r im e n ta l d a ta  from  th e  m icrow ave sp ec tro sco p y  s tu d y  in to  th e  least- 
s q u a re s  p rocedure. Se ip ’s le a s t-sq u a re s  re fin em en t p ro g ra m  K C E D 21 [8] was 
m o d if ie d  so th a t  th e  q u a n t i ty  to  b e  m inim ized w as

•Smax 1 Smax2

j ?  Ws[ M E{s) —  k x M T(s)]2 +  2  WsiM E (s) —  k 2 M r (s)]2 +
S m ln1 Sm in2

+  2  w ß f - i j ) \  (1)
j —a ,b ,c

w h e re  M (s)  in  th e  m o lecu la r in te n s ity , k 2 an d  th e  re sp e c tiv e  scale fac to rs  
fo r  t h e  tw o  cam era ran g es, I j  th e  p rin c ip a l m o m en t o f in e r t ia , an d  W s an d  Wj  
th e  co rresp o n d in g  w eigh ts.

T h e  m olecular m odel o f  th e  ch a ir form  o f 1 ,3 -d ioxane  (see F ig . 3) as a 
w h o le  w as assum ed to  p o sses  Cs sy m m etry . A ll C — H  b o n d  len g th s  and  
<C H — C — H  bond angles w e re  ta k e n  equal. T h e  b o n d  co n fig u ra tio n  o f th e  
C5 a to m  an d  also t h a t  o f th e  C2 a to m  has Сг® local sy m m e try . T h e  follow ­
in g  g eo m etric  p a ra m e te rs  w e re  chosen  to  be in d e p e n d e n t:

КС H)
r(0 1  —C2) 
r(0 1  —C6) 
r (C -C )  '

< 0  C - 0  
< C  0 - C
< 0  c - c
< C  C - C  
< H  C - H
< H - C - C

T h e  m e a n  am plitudes o f v ib ra t io n  (l values) for th e  tw o  ty p e s  o f  C — О b ounds 
w ere  assu m ed  to  he eq u a l. I n  m o s t of th e  re fin e m e n ts  th e  l va lu es  fo r n o n ­
b o n d in g  d istances in v o lv in g  h y d ro g e n  a to m  a n d  d is tan ces  w h ich  occur only  
o n ce , h a v e  no t been v a r ie d . B ecau se  of s trong  co rre la tio n  am o n g  th e  pa raam - 
e te r s ,  th e  approach  of b lo c k  re fin e m e n t o f v a rio u s  g roups o f p a ra m e te rs  [9] 
h a s  b e e n  ex tensively  u sed .

I n  th e  fin a l stages o f  th e  s tru c tu re  analysis zero v a lu es  w ere g iven  to  th e  
w e ig h ts  Wj (Eq. (1), th u s  re m o v in g  th e  c o n s tra in ts  re fe rr in g  to  th e  m icrow ave 
sp e c tro sc o p y  m easu rem en ts . N o ap p rec iab le  changes in  th e  p a ra m e te rs , how ­
e v e r , h a v e  been observed .

T w o d ifferen t t r ia l  s t ru c tu re s  h av e  in itia lly  been  u sed  in  th e  least-sq u ares  
re f in e m e n ts . One of th e m  w as  b a se d  on K e w ie y ’s [1] assu m ed  p a ram e te rs , 
w h ile  th e  o th e r o rig in a te d  fro n  th e  values fo r b o n d  angles an d  to rs io n a l 
an g le s  g iven  by P ickett a n d  Strauss [2]. F o r th e  la t te r  case th e  p a ra m e te rs
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Table I

Molecular parameters o f 1,3-dioxane

00 (Ь) (О (4) (d (О (g)

r(0 1 —C2), A 1.410 1.393 0.018 1.393 0.025

r(0 1 -C 6 ) , A 1.410 1.439 0.028 1.439 0.039

r(C -C ) , A 1.533 1.528 0.009 1.528 0.013

r ( C - H ) ,  A 1.108 1.095 0.003 1.095 0.004

0 1 0 1 о 109°28' 109.95° 115.7° 114.4° 1.6° 115.0°

оСО

c - o - c 111°43' 112.83° 110.3° 111.4°

ОО

110.9° 1.5°

o - c - c 109°28' 108.43° 109.1° 109.3° 0.5° 109.2° 0.8°

c - c - c 109°28' 110.42° 107.6° 107.8° 0.7° 107.7° 1.1°

O - C - O - C 61.23° 58.9°
C - O - C - C 57.59° 56.0°

0 1 0 1 n 1 о 53.39° 57.4°

/(О -С ) , А 0.049 0.014 0.049 0.020

/(С -С ) , А 0.053 0.012 0.053 0.017

/(С - Н ) ,  А 0.071 0.002 0.071 0.003

1(01 . . . С4), А 0.066 0.004 0.066 0.006

/(01 . . .  С5), А 0.073 0.006 0.073 0.008

/(С . . .  С), А 0.062 0.008 0.062 0.011

(a) — Assumed geom etric param eters in  K e w l e y ’s work [1]
(b) — Bond angles and  torsional angles given by  P ic k e t t  and  S t r a u ss  [2]
(c) — Results of refinem ents using (a) as tr ia l structure
(d) — Results of refinem ents using (b) as tr ia l structure
(e) — S tandard  deviations obtained for (c)
(f) — Average param eters of (c) and (d)
(g) — Total errors ob tained  as described in the  te x t

fo r th e  b o n d  d is tan ces  o b ta in e d  in  th e  p rev io u s re fin em en ts  h a v e  b een  k ep t 
u n v a rie d . The re su lts  o f  b o th  re fin em en ts  are  p re se n te d  in  T ab le  I .  T h e  m ean 
va lu es  of these  p a ra m e te rs  are  also given as rep re sen tin g  th e  fin d in g s  o f th is 
s tru c tu re  analysis. In  e s tim a tin g  th e  to ta l  e rro rs , th e  s ta n d a rd  dev ia tio n s 
w ere m u ltip lied  b y  У2 to  ta k e  th e  co rre la tio n  am ong th e  e x p e rim e n ta l in te n ­
sities in to  acco u n t a n d  th e n  h a lf  o f th e  d ifferences be tw een  th e  re su lts  of the  
tw o re fin em en t schem es w ere also ad d ed . T h is la t te r  w as fe lt to  be  n ecessary  
since th e  resu lts  o f th e  le a s t-sq u a re s  re fin e m e n ts  w ere so m ew h at sen sitiv e  to  
th e  choice o f th e  tr ia l  s tru c tu re s . The s ta n d a rd  d ev ia tio n s w ere so la rg e  th a t  
in  all cases b u t  for r(C — H ) th e  e x p e rim e n ta l scale e rro r, e s tim a te d  to  be ab o u t 
0.2 p e r cen t, was ig n o red  in  th e  ca lcu la tions o f th e  to ta l  e rro r . As fo r  th e  bond
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A
cta

 
C

him
. 

(Budapest) 
83

, 
1974

Table n

Corrélation coefficients (X 1000)

co
CO
O)

r l  r2 r3 r4 r5 r6 r7 r8 r9 rlO i l  Z3 Z4 Zll Z12 11 3 /cl fc2

r l 1000
r2 -9 9 7 1000
r3 958 - 9 5 6 1000
r4 -4 7 5 465 -3 8 7 1000
r5 - 5 8 4 571 -6 4 8 272

r6 322 -3 1 0 433 -  23

r7 322 - 3 3 6 190 -2 2 4
r8 9 — 1 4 -  71
r9 - 3 0 3 321 — 163 295
rlO - 2 8 3 290 -3 5 5 33
ZI 973 -9 7 9 953 -4 2 0

Z3 -9 5 9 959 - 8 9 4 475

Z4 - 4 3 4 429 - 3 2 8 350

Zll 325 -3 3 5 373 28

Z12 -1 4 8 148 -  62 170

Z13 316 -3 0 3 425 -  35
k l -2 1 3 184 — 18 422

Zc2 -1 9 8 209 -  92 -  78

1000
- 7 8 6 1000

24 -3 2 8 1000
- 5 5 0 456 -3 4 2 1000
- 3 9 8 463 -4 6 3 427 1000

293 -1 1 5 -200 15 -4 2 3 1000
-5 5 6 324 301 -  5 -2 9 1 - 3 1 4 1000

535 -2 6 1 -3 7 7 4 347 255 -8 8 9

227 -  22 -3 1 0 -  44 224 65 -4 2 3

82 266 -1 4 2 -4 7 1 - 2 1 9 25 382

-3 3 1 385 143 238 279 -  48 -102
- 6 3 4 795 613 410 382 50 337

117 141 -3 1 3 -  95 245 -1 7 3 -  32
- 2 6 3 317 -3 1 1 323 542 -112 -1 4 6

1000
399 1000

- 2 5 9 -  14 1000
187 99 - 1 6 9 1000

-2 1 9 18 359 86 1000
343 359 317 278 232 1000
291 74 - 1 1 3 259 299 250

r l  =  r(C2 —01), r2 =  r (0 1 -C 6 ) , r3 =  r(C 4 -C 5 ), r4 =  r ( C - H ) ,  r5 =  <£ OCO, r6 =  £  COC, r7 =  -ÿ OCC, r8 =  CCC, 
r9 =  HCH, rlO =  HC4C5, I l  =  Z (C 2-01), Z3 =  Z(C4- C5), Z4 =  Z (C -H ), Zll =  Z(01 • C5), Z12 =  Z(01 • C4),

Z13 =  Z(C2 -Ci), k l  and Zc2 scale factors for cam éra ranges 20 cm and 50 cm, respectively.
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ang les invo lv in g  h y d ro g e n  a tom , H  — C — H  108.8 ^  2.5° an d  H — C — C
112.4 +  1.1° w ere o b ta in e d  in  th e  re fin em en ts  co rrespond ing  to  co lu m n  (c) o f 
T ab le  I . C losely re la te d  to  th e  resu lts  of th e  le a s t-sq u a re s  re finem en ts, p re s e n te d  
in  T ab le  I ,  are th e  q u a n tit ie s  o f th e  co rre la tio n  coeffic ien ts  given in  T ab le  I I .

D iscussion

T he geom etric  p a ra m e te rs  of th e  1 ,3 -d ioxane  m olecule o b ta in e d  in  th is  
s tu d y  are  show n in  co lum n  ( / )  w ith  th e  to ta l  e rro rs  in  colum n (g ) o f  T ab le  I .  
These p a ra m e te rs  are  re p re se n te d  in  te rm s  o f  ra s tru c tu re . I t  is w ell k n o w n  
th a t  th e  ra p a ra m e te rs , especially  fo r b o n d  an g les , have no w e ll-d e fin ed  
p h y sica l m ean ing , n ev e rth e le ss , th e  large u n c e r ta in t ie s  do n o t w a r ra n t f u r th e r  
p u rs u it  fo r b e t te r  d e fin ed  p a ra m e te rs .

T he e lec tro n  d iffra c tio n  d a ta  show  e x c e lle n t ag reem en t w ith  th e  c h a ir  
co n fo rm atio n  as d e m o n s tra te d  b y  Figs 2 a n d  3. T ab le  I I I  and  IV  p ro v id e  a

Table Ш

O b served  a n d  c a lc u la te d  r o ta tio n a l c o n s ta n ts  f o r  1 ,3 -d io x a n e

R o ta tio n a l
c o n s ta n t

M icrow ave
sp ec tro sco p y

[i]

P ic k e t t  a n d  St r a u ss  
(c a lcu la ted )

[2]

E le c tro n  d iffrac tion

(0) (d)

A 4999.94 ±  0.05 4977 5019 4969
В 4807.61 ±  0.05 4804 4795 4831

C 2757.12 ±  0.05 2750 2760 2752

(c) and (d) correspond to  th e  param eters of th e  colum ns (c) and (d) of T able I

Table TV

O b served  a n d  c a lc u la te d  p la n a r  p r i n c i p a l  m o m e n ts  o f  1 ,3 -d io x a n e

I !m{ ai% Lmfbi* LmiCi2

Microwave spectroscopy [1] 93.671 89.628 9.949

P i c k e t t  and Strauss [2] 93.7 90.5 11.5

Electron diffraction 93.9 89.2 11.5

com parison  be tw een  th e  ro ta tio n a l co n stan ts  a n d  th e  p la n a r  p rin c ip a l m o m e n ts , 
re sp ec tiv e ly , o b ta in e d  in  th e  m icrow ave sp e c tro sc o p y  s tu d y  [1], c a lc u la te d  
from  th e  g eo m etry  o f th e  v ib ra tio n a l sp ec tro sco p ic  w ork  [2] and  o u r e le c tro n  
d iffrac tio n  s tru c tu re  an a ly s is . The convenience o f  u sin g  th e  p la n a r  p r in c ip a l 
m o m en ts  fo r th is  co m p ariso n  was p o in ted  o u t  b y  K ew ley  [1]. W h en  m a k in g
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c o m p a r is o n s  of th is  k in d  i t  sh o u ld  be re m e m b e re d  th a t  a d isc rep an cy  b e tw een  
th e  m ic ro w av e  sp ec tro sco p y  an d  e lec tro n  d iffrac tio n  d a ta  w ith in , sa y , one 
p e r  c e n t  m ay  well be e x p e c te d  to  be due to  th e  in d e te rm in acy  in  th e  p h y sica l 
s ig n if ic a n c e  of th e  p a ra m e te rs  o rig in a tin g  f ro m  d ifferen t te c h n iq u e s  a n d  n o t 
c o r r e c te d  fo r th e  effects o f v ib ra tio n  an d  ro ta t io n . A ccordingly, th e  a g reem en t 
b e tw e e n  th e  ro ta tio n a l c o n s ta n ts  from  th e  p re s e n t  in v es tig a tio n  a n d  th o se  of 
th e  m ic ro w av e  sp ec tro sco p y  s tu d y  can  be co n sid e red  also ex ce llen t. T h a t  th e  
sa m e  c a n  be s ta te d  fo r th e  ca lc u la ted  ro ta t io n a l  co n stan ts  of R ef. [2] in d ica te  
t h a t  se v e ra l sets o f g eo m etric  p a ra m e te rs  m a y  obviously  re p ro d u ce  th e  o b ­
s e rv e d  ro ta tio n a l c o n s ta n ts . H ow ever, a cco rd in g  to  th e  le a s t-sq u a re s  re ­
f in e m e n t  on th e  e lec tro n  d iffrac tio n  m o lecu la r in ten s itie s , th e  p a ra m e te rs  like 
th o s e  p re se n te d  in  co lum n  (f ) of T ab le  I  a re  to  be  preferred .

I n  ad d itio n  to  th e  s tru c tu re  re fin e m e n ts  b a se d  on th e  chair co n fo rm a tio n , 
r e f in e m e n ts  have also b een  a tte m p te d  u s in g  a b o a t  “ A ”  m odel. T hese  cal­
c u la t io n s ,  assum ing th e  p a ra m e te rs  for th e  b o n d s  from  th e  re f in e m e n ts  on  th e  
c h a ir  fo rm , y ielded  th e  fo llow ing  v alues fo r  th e  b o n d  angles:

O - C - O 111.5'
C - O - C 114.1
O - C - C 108.7'
C - C - C 108.9'

T h e  co rresp o n d in g  ro ta t io n a l  co n stan ts

A  5115 (M Hz)
В  4688
C 2865

a n d  p la n a r  p rinc ipa l m o m en ts

Z m f l f  (uA2) 92.7
Z m t f  83.7
Z m tcf  15.1

A lth o u g h  th e  e lec tron  d iffra c tio n  e x p e rim e n ta l d is trib u tio n s  cou ld  be  a p p ro x i­
m a te d  q u ite  well u sing  a  m o d e l w ith  b o a t  “ A ”  con form ation , th e  co m p ariso n  
o f  th e  ab o v e  q u a n titie s  w ith  tho se  o b se rv ed  in  th e  m icrow ave sp e c tro sc o p y  
s tu d y  ru le s  o u t th e  b o a t  fo rm .

T h e  choice b e tw een  th e  ring  c o n fo rm a tio n s  is th e  m ost im p o r ta n t  p o in t 
fo r  d iscu ssin g  th e  u t i l iz a tio n  of th e  m icro w av e  spectroscopy  d a ta  in  th is  
e le c tro n  d iffrac tion  s tru c tu re  analysis . T h e  e le c tro n  d iffrac tio n  d a ta  alone 
c o u ld  h a v e  n o t decided  u n am b ig u o u sly  b e tw e e n  th e  d ifferen t fo rm s in  th is
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p a r tic u la r  case. T he reason  is t h a t  th e  m olecule p roduces closely p a c k e d  in te r-  
n u c lea r  d is tan ces  causing  s tro n g  c o rre la tio n  am ong  th e  p a ra m e te rs  c h a ra c te r ­
iz ing  n o t on ly  th e  b o n d  angles h u t  also th e  rin g  con fo rm ation . F o r  decid ing  
b e tw een  th e  d iffe ren t co n fo rm atio n a l fo rm s, how ever, sim ple co m p ariso n s  like 
th o se  g iven  above an d  in  T ab les I I I  o r IV  w ould  have been  su ff ic ie n t. The 
inc lusion  of th e  m icrow ave sp ec tro sco p y  d a ta  in to  th e  le a s t-sq u a re s  p ro ced u re  
h a d  fu r th e r  m erits . F irs t , i t  d e fin ite ly  fa c il i ta te d  a fa s te r  con v erg en ce  o f  th e  
re fin e m e n t, a n d  second, b y  se lec ting  a p p ro p ria te  w eigh ts, th e  s ta n d a r d  d e ­
v ia tio n s  could  be red u ced . O f th e se , th e  f i r s t  m e rit p ro v ed  to  be v e ry  u se fu l in  
th e  re fin em en ts . N o a d v a n ta g e  w as ta k e n  o f th e  second  one in  th e  f in a l  a c c o u n t, 
how ever, since i t  w as p re fe rred  to  p re se n t th e  f in d in g s fo r th e  g eo m e tric  p a ra m ­
e te rs  in  te rm s  o f ra s tru c tu re  b a se d  so lely  on  th e  elec tron  d if f ra c tio n  in ­
te n s itie s .

I t  is d ifficu lt to  discuss th e  geom etric  p a ra m e te rs  ob ta in ed  in  th is  s tu d y  
because  of lack  o f reference d a ta . T h a t  th e y  a re  d iffe ren t from  th o se  g iven  in  
R efs [1] an d  [2] does n o t  m ean  t h a t  th e y  are  u n u su a l, since in  th e  c i te d  w orks 
th e  geom etric  p a ra m e te rs  w ere chosen , to  a c e r ta in  e x te n t, a rb itra r i ly . O n th e  
o th e r  h a n d , in  d iscussing  th ese  p a ra m e te rs , th e  large  u n c e rta in tie s  h a v e  to  be 
ta k e n  in to  co n sid e ra tio n .

T he r(C — H ) d is tan ce  seem s to  be n o rm a l a n d  well d e te rm in e d . T he 
r(C — C) d is tan ce  is n o t d iffe ren t fro m  th a t  in  cyclohexane [10] w ith in  th e  u n ­
c e r ta in ty . T he d ifference be tw een  th e  len g th s  o f th e  tw o  typ es of C — О b o n d s 
is n o t  s ig n ifican t b u t  th e  tre n d  is rea l.

K ew ley  fo u n d  no  in d ica tio n  o f f la t te n in g  o f th e  m olecule b y  o x y g en  
lone p a ir  rep u ls io n s as com pared  w ith  cyc lo h ex an e. This is v e ry  m u c h  in  
ag reem en t w ith  ou r find ings. T he to rs io n a l angles fo r 1 ,3-dioxane a re  p re ­
sen ted  in  T ab le  I .  T hese could  be co m p ared  to  th e  to rs io n  angles of cy c lo h ex an e  
an d  1 ,3 ,5 -trio x an e . B a stia n sen  et al. [10] o b ta in e d  54.9 +  0.4° in  te rm s  o f r a 
s tru c tu re  fo r th is  angle in  cyclohexane. The to rs io n a l angle a ro u n d  th e  О — C 
b o n d  in  1 ,3 ,5 -trio x an e  w as ca lcu la ted  to  be 58.6° from  th e  ra p a ra m e te rs  g iven  
in  Clark a n d  H ew itt’s w ork  [11]. No f la t te n in g  seem s th e n  to  o c c u r in
1 ,3-d ioxane an d  1 ,3 ,5 -trioxane as c o m p ared  w ith  cyclohexane. T he d a ta  in d i­
ca te  th e  opposite  tr e n d  a lth o u g h  th e  e ffec t m a y  be n o t s ign ifican t.

A cta  C h im . (B u d a p e st)  8 3 , 1 9 7 4
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Appendix

The num erical values of the to ta l experim en ta l intensities, 
l f ( s ) ,  and  experim ental backgrounds, l f ( s )

50 cm camera range

s i f  M jfw S ifW

2.25 0.3838 0.4700 6.75 0.8442 0.8530
2.40 0.4215 0.5019 6.90 0.8173 0.8530

2.55 0.4682 0.5341 7.05 0.8011 0.8530

2.70 0.5079 0.5667 7.20 0.7861 0.8530
2.85 0.5505 0.5983 7.35 0.7787 0.8530

3.00 0.5778 0.6260 7.50 0.7737 0.8531

3.15 0.6006 0.6511 7.65 0.7757 0.8531
3.30 0.6139 0.6729 7.80 0.7811 0.8530

3.45 0.6181 0.6915 7.95 0.7903 0.8530
3.60 0.6208 0.7097 8.10 0.8024 0.8528
3.75 0.6199 0.7274 8.25 0.8162 0.8526
3.90 0.6209 0.7437 8.40 0.8315 0.8530

4.05 0.6283 0.7592 8.55 0.8486 0.8535

4.20 0.6438 0.7741 8.70 0.8641 0.8540
4.35 0.6680 0.7879 8.85 0.8751 0.8547

4.50 0.6987 0.8008 9.00 0.8860 0.8552

4.65 0.7405 0.8128 9.15 0.8947 0.8563
4.80 0.7899 0.8228 9.30 0.9009 0.8578
4.95 0.8474 0.8312 9.45 0.9031 0.8592
5.10 0.9068 0.8381 9.60 0.9033 0.8611
5.25 0.9445 0.8432 9.75 0.9021 0.8635
5.40 0.9763 0.8468 9.90 0.9008 0.8662
5.55 0.9927 0.8488 10.05 0.8984 0.8697
5.70 1 . 0 0 0 0 0.8500 10.20 0.8969 0.8738
5.85 0.9953 0.8510 10.35 0.8926 0.8785
6.00 0.9790 0.8516 10.50 0.8930 0.8840
6.15 0.9571 0.8521 10.65 0.8919 0.8895
6.30 0.9307 0.8524 10.80 0.8921 0.9021
6.45 0.9021 0.8528 10.95 0.8933 0.9092
6.60 0.8693 0.8530 11.10 0.8955 0.9164
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Appendix

20 cm camera range

s i f « i f « 8 i f « i f «

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

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

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

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

7 .7 5 0 .9 9 7 5 1 .1 0 2 0 1 5 .2 5 0 .7 0 0 4 0 .7 1 9 4

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

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

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

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

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

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

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

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

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

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

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

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

11.00 0 .8 6 2 9 0 .8 7 3 0 1 8 .5 0 0 .6 7 4 4 0 .6 5 3 8

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

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

11 .75 0 .8 1 5 0 0 .8 3 8 9 1 9 .2 5 0 .6 5 5 1 0 .6 4 1 9

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

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

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

12 .75 0 .7 6 5 9 0 .7 9 6 0 2 0 .2 5 0 .6 1 6 6 0 .6 2 7 2

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

13 .25 0 .7 9 0 6 0 .7 7 7 0 2 0 .7 5 0 .6 0 9 4 0 .6 2 1 1

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

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

1 4 .0 0 0 .8 0 3 6 0 .7 5 2 8 2 1 .5 0 0 .6 0 6 9 0 .6 1 2 8
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20 cm camera range (continued)

s hE(f) ^T
rj

S i f « if(*>

21.75 0.6071 0.6100 26.00 0.5626 0.5675
22.00 0.6072 0.6074 26.25 0.5616 0.5656
22.25 0.6071 0.6046 26.50 0.5613 0.5640
22.50 0.6072 0.6020 26.75 0.5620 0.5624
22.75 0.6051 0.5994 27.00 0.5628 0.5608
23.00 0.6042 0.5968 27.25 0.5617 0.5594
23.25 0.6008 0.5942 27.50 0.5605 0.5580
23.50 0.5981 0.5914 27.75 0.5589 0.5566
23.75 0.5921 0.5886 28.00 0.5572 0.5554
24.00 0.5885 0.5860 28.25 0.5546 0.5542
24.25 0.5845 0.5834 28.50 0.5525 0.5532
24.50 0.5811 0.5808 28.75 0.5514 0.5522
24.75 0.5782 0.5784 29.00 0.5498 0.5513
25.00 0.5746 0.5760 29.25 0.5488 0.5505
25.25 0.5713 0.5735 29.50 0.5482 0.5497
25.50 0.5680 0.5715 29.75 0.5487 0.5490
25.75 0.5648 0.5695
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A num ber of transition  m etal and inner transition  m etal com plexes w ith  a-amino 
acids have been stud ied  m ostly  in  solutions employing ce rta in  physicochemical 
techniques [1 —10]. F rom  the lite ra tu re  it  appears th a t very lim ited  a tten tio n  has been 
paid  to  the iso lation  and  elucidation of the structure of ra re  e a r th  complexes with 
amino acids. The p resen t com m unication deals w ith the in te rac tio n  of L-aspartic acid 
w ith  trivalen t ra re  ea rth  ions (Y, La, Ce —Lu except Pm). The com plexes have been 
isolated and iden tified  by IR , m agnetic m easurem ent, therm ograv im etric  analysis, 
m olar conductance and elem ental analysis.

E x p erim en ta l

Freshly prepared rare earth carbonates were treated with L-aspartic acid in stoichi­
ometric proportions in aqueous solution. The mixture was stirred, filtered and concentrated, 
mixed with dehydrated alcohol and allowed to evaporate slowly in vacuum  at room tempera­
ture.

The complexes were analysed for С, H  and N, by the M icroanalytical Service, I.I.T. 
K an p u r (India) and rare  earths were estim ated  as oxalates [11]. The IR  sp ec tra  were taken  on 
a Beckm an Spectrophotom eter model BK-56 in  the  range 2.5 to 16 in  K B r pellets. Thermo­
gravim etric analysis were perform ed on a S tan ton  therm obalance (L ondon) betw een 25 and 
900°C w ith a heating ra te  o f 6°C per m inute  in  air. Molar conductances w ere recorded by 
using a Philips conductiv ity  bridge m odel P R  9500 in conjunction w ith  a d ip  ty p e  cell (cell 
factor 1.48) and m agnetic m easurem ents were carried out a t 27°C em ploying Faraday’s 
m ethod. R are earth  oxides were purchased from  KOCH-Light (London). These compounds 
are highly hygroscopic and  do no t dissolve in comm on organic solvents, have  h igh  solubity in 
w ater. No m elting is observed up  to  360°C. T able I gives the characteristic d a ta  of these com­
plexes.

R esu lts  an d  discussion

E lem en ta l ana ly ses  a n d  TG A  stu d ie s  ex h ib it th e  fo rm u la  M (A sp- H )3 • 3 
H 20  w here M s tan d s  fo r Y , L a , Ce, P r , N d , Sm, E u , Gd, T b , D y , H o , E r, Tm , 
Y b a n d  L u . The rem o v a l o f w a te r  a t  120 160°C (10 12%  w t. loss) confirm s
t h a t  all m olecules are  co -o rd in a ted  to  m e ta l ions an d  are  n o t  j u s t  w a te r  of 
c ry s ta lliz a tio n  [12]. T h e  p a r tia lly  d e h y d ra te d  com pounds a re  s ta b le  up  to  
230°C a n d  th e n  decom p o sitio n  se ts  in . M ost p ro b ab ly  CO a n d  C 0 2 are  pro-

* D epartm ent of M etallurgy and  M ateria l Science. U niversity of L iverpool, Liverpool, 
England.
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Table I

C o m p le x e s  p r e p a r e d  i n  t h i s  s t u d y  a n d  s o m e  c h a r a c te r i s t i c  d a ta

Complex ColoUT
c H N Métal Magnetic

moment
(BM)

Molar 
cond. in 

mhosCalcd. Found Calcd. Found Calcd. Found Calcd. Found

Y(Asp)33H 20 W hite 26.70 26.62 4.45 4.27 7.78 7.75 16.48 16.42 Diamag 0.31

La(Asp)33H 20 W hite 24.44 24.38 4.07 4.10 7.13 6.89 23.58 23.54 Diamag 0.31

Ce(Asp)33H 20 Rosy pink 24.39 24.65 4.06 4.16 7.11 7.16 23.71 23.81 2.5 8.30

Pr(Asp)33H 20 Yellowish areen 24.35 24.25 4.06 4.18 7.12 7.07 23.83 23.90 3.5 0.30

Nd(Asp)33H 20 Pink 24.22 25.00 4.04 4.01 7.23 7.15 24.30 24.50 3.8 0.30

Sm(Asp):,3H20 W hite 23.96 23.87 3.99 3.95 6.99 6.92 23.36 23.42 2.0 0.30
Eu(Asp)33H 20 W hite 23.91 24.00 3.98 3.96 6.97 6.99 25.26 25.32 3.4 0.32
Gd(Asp)33H 20 W hite 23.70 23.94 3.95 4.05 6.91 7.29 25.89 26.02 7.8 0.31
Tb(Asp)33H 20 W hite 23.64 24.28 3.94 4.43 6.89 7.28 26.09 26.12 — 0.32

Dy(Asp)33H 20 D irty  white 23.51 24.61 3.92 4.02 6.86 6.84 26.59 26.55 9.8 0.32

Ho(Asp)33H 20 D irty  white 23.41 23.30 3.97 4.04 6.79 6.77 26.80 26.98 10.7 0.31

Er(Asp)33H 20 W hite 23.24 23.20 3.85 3.97 6.84 6.80 27.00 27.10 9.7 0.32

Tm(Asp)33H 20 W hite 23.08 23.20 3.84 3.75 6.78 6.75 27.20 27.90 6.8 0.32

Yb(Asp)33H 20 W hite 23.05 23.00 3.84 3.76 6.76 6.71 27.70 27.40 4.6 0.32

Lu(Asp)33H 20 W hite 23.03 23.10 3.84 3.88 6.72 6.70 28.13 28.20 Diamag 0.31

Asp =  L-aspartic acid; H  =  (C4H e0 4N)
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d uced  a t  350 -7 0 0 °C  lead in g  to  th e  fo rm a tio n  o f  stab le  oxides. C e (I I I )  com plex  
d e v ia te d  from  th is  b e h av io u r an d  th e re  is d ire c t fo rm atio n  o f  C e 0 2 from  
340 °C onw ards w ith  a w eigh t loss of a b o u t 7 0 % .

T he u su a l u n e q u a l double h um ped  cu rv e  is o b ta in ed  on p lo tt in g  m ag n e tic  
v a lu es  in  В. M. a g a in s t a tom ic  n u m b e r [13]. T he m olar c o n d u c ta n c e s  of 
2 x l 0 -4 M  aqueous so lu tio n  are of th e  o rd e r  o f 0.21 +  0.01 m h o s, b u t  th e  
co rrespond ing  trich lo rid e s  have ab o u t 2.8 tim es  h igher va lues th e n  these  
com plexes. T hese la rg e r va lues o f th e  ra re  e a r th  halides m igh t be  d u e  to  th e  
h igh  ionic m o b ility  of th e  halide ions as co m p a re d  to  those of la rg e  am ino  
acid  an ions.

T he b an d s  w hich  th ro w  som e lig h t on  th e  co -o rd inating  p ro p e r tie s  of 
am ino  acids are : N H ^  sym . asym  [14], CO O -  sy m  COO asym  [15] CN s tr e tc h ­
ings an d  tw o  u n assig n ed  m edium  in te n s ity  c h a ra c te r is tic  b an d s a t  2060 and  
1905 o f L -aspartic  ac id  [17]. The N H j  a sy m  s tre tch in g s  of free a s p a r t ic  acid  
a p p e a r  as m ed iu m  in te n s ity  b an d s  a t  1610 a n d  1510 cm -1 , re sp e c tiv e ly . The 
p o sitio n  o f th ese  b a n d s  rem ain s u n a lte re d  o n  com plexa tion , w hereas a  s ligh t 
increase  o f 10—25 c m -1  in  th e  sym  v ib ra tio n s  is observed. T he C O O -  sym  
v ib ra tio n  (1420 c m -1 s) p re se n t in  th e  free a c id  is low ered b y  20 25 c m -1  and
th e  C O O -  asy m  (1640 c m -1  m) is red u ced  b y  5 —10 c m -1 only on  c o m p le x a ­
tio n . T he CN s tre tc h in g  b a n d  of m ed ium  in te n s i ty  a t  935 c m -1 in  L -asp artic  
acid  show ed a low ering  o f 20 40 c m -1  o n  co m p lex  fo rm atio n . U su a lly  in
am ino  acids, co -o rd in a tio n  tak es  p lace th ro u g h  th e  carboxylic  g ro u p  w ith  
co n seq u en t change in  th e  p o sition  of N H 31" s tre tc h in g s  [18]. The p re sen ce  of 
c o -o rd in a ted  w a te r  is rev ea led  b y  th e  p resen ce  of a m edium  in te n s i ty  O H  
s tre tc h in g  b a n d  n e a r 3400 c m -1 an d  O H  ro c k in g  v ib ra tio n s  of s tro n g  in te n s i ty  
a t  850 c m -1  [19, 20]. T he ex cep tio n a l h a n d s  o f L -aspartic  acid d is a p p e a r  on 
co m p lex a tio n .

H ence th e  fo rm a tio n  of ra re  e a r th  com plexes is ach ieved  th ro u g h  th e  
d isp lacem en t o f th e  p ro to n  o f th e  —CO O H  g ro u p  b y  the  ra re  e a r th  ions. 
M oreover, a sp a r tic  ac id  (H 2L) is ex p ec ted  to  loose a p ro to n  from  — C O O H  
(p K a ~ 4 )  r a th e r  th a n  from  N H 3 (p K a ~ 9 .8 )  a n d  th e  low  affin ity  of la n th a n id e  
ca tions fo r N H 2 is u n lik e ly  to , in  effect, rev e rse  th is  o rder of ac id ities . I t  m ay  
be concluded  th a t  z w itte r  ion  c h a ra c te r  o f L -asp artic  acid re ta in e d  o n  com ­
p le x a tio n  an d  th a t  th e  possib ility  of co -o rd in a tio n  th ro u g h  nitrogen  is ru le d  o u t.

*
I t  is a pleasure to  th an k  Prof. W. R ahm an  for providing laboratory facilities. One of 

the au thors (O. F .) is grateful to  C.S.I.R ., New Delhi for th e  aw ard of a Senior Fellow ship.
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DETERMINATION OF MANGANESE 
WITH N-BROMOSUCCINIMIDE

A . A b OUL K h EIR, M. A y AD,* and M. M. Amer

(Analytical Chemistry Department, Faculty o f  Pharmacy, Cairo U niversity, Cairo)

R eceived A pril 1, 1974

A procedure is suggested for the  sem im icro determ ination of M n(II) b y  its 
alkaline ox idation  w ith N -brom osuccinim ide (NBS). The reaction takes place a t  room 
tem peratu re  and  in the presence of an excess of N BS, which is irreversibly reduced to 
succinimide. The excess NBS is b ack -titra ted  w ith  standard  arsenite so lu tion  and  the 
end-point is detec ted  potentiom etrically .

The m echanism  of the reac tion  has been  studied , and the results are found  to  be 
equally precise and accurate as th e  com plexom etric and the form aldoxim e colori­
m etric m ethods; th e  accuracy am ounted to  99.63%  ±  0.626 (P =  0.05).

T he m ore com m on  m eth o d s fo r th e  d e te rm in a tio n  of m an g an ese  a re  th e  
sp e c tro p h o to m e tric  [1 — 12], co m p lex o m e tric  [13 —15] an d  g ra v im e tric  [16, 17] 
m e th o d s .

N -brom osuccin im ide  has b e e n  ap p lie d  in  inorgan ic  ana ly ses  [18 -2 2 ] .  
B a r a k a t  et á l. d e te rm in ed  iod ide  [18], t r iv a le n t  an tim o n y  [19] a n d  cy an id e  
a n d  th io c y a n a te  — e ith e r  alone o r  in  th e  p re sen ce  of each o th e r [20] — using  
N -b rom osucc in im ide . B e r k a  a n d  Z y k a  a p p lie d  N -brom osuccin im ide in  th e  de­
te rm in a tio n  of A s ( I I I ) ,  T1(I), t in ( I I ) ,  t i ta n iu m ( I I I )  and  su lph ide  [21]. T he 
a u th o rs  have also  u sed  N -b rom osuccin im ide  fo r  th e  sem im icro d e te rm in a tio n  
o f C u(I) [22].

T his co m m u n ica tio n  describes a sem im ic ro  p rocedure fo r th e  d e te rm i­
n a tio n  of M n (II), u s in g  NBS as a n  o x id iz ing  ag en t.

E x p e rim e n ta l

A pparatus

Beckm an poten tiom eter (expanded scale); sa tu ra te d  calomel electrode; p la tinum  
electrode.

Reagents

1 — S tandard  m anganous su lphate solution: 0.01M . 2 — Sodium hydroxide: T .S . 3 — 
S tandard  sodium arsenite solution: 0.0025M . 4 — S tan d a rd  N-bromosuccinimide solution: 
0.005M, aqueous solution. This solution m ust be fresh ly  prepared and standard ized  against 
standard  arsenite solution [19].

* The address: R esearch and C ontrol Centre, Cairo.
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Table I
Semimicro determination o f manganous sulphate by the N B S  

and the complexometric [13] procedures

Mn(II) taken, 
mg

NBS procedure Complexometric procedure

Mn(II) found, 
mg

Recovery,
%

M n(II) found, 
mg

Recovery,
%

1.070 97.3 1.070 97.3
1.100 1.070 97.3 1.100 100.0

1.125 102.3 1.100 100.0

1.375 100.0 1.348 98.0
1.375 1.375 100.0 1.348 98.0

1.404 102.1 1.375 100.0

1.674 101.6 1.593 96.5
1.650 1.650 100.0 1.622 98.3

1.650 100.0 1.622 98.3

2.795 101.6 2.698 98.1
2.750 2.750 100.0 2.717 99.0

2.717 99.0 2.772 100.8

5.428 99.0 5.500 100.0
5.500 5.428 99.0 5.395 98.0

5.500 100.0 5.395 98.0

8.132 98.6 8.099 98.2
8.250 8.132 98.6 8.132 98.6

8.158 99.0 8.132 98.6

10.850 98.6 10.791 98.1
11.000 10.904 99.1 10.823 98.4

10.904 99.1 10.823 98.4

Mean recovery
(p  =  0.05) 99.63 ±  0.626% 98.6 ± О CO O

"

*0.97S 0.814 (2.021)*

F 1.75 (2.18)*

* F igures in  parentheses are the theoretical values.

Procedure
In  a beaker of 50 ml capacity , introduce an accura te ly  m easured volume of th e  m anga­

nous sa lt solution (containing 1.1 to  11.0 mg of M n(II), ren d er alkaline w ith sodium hydroxide 
so lu tion  (abou t 2 ml) and shake. A dd the standard  N BS solution in excess (10 — 30 m l), allow 
to  s ta n d  for 3 — 5 m inutes, w hilst shaking, then  t i tr a te  th e  excess NBS w ith stan d ard  arsenite 
so lu tion  detecting  the endpoint potentiom etrically .

C arry ou t a b lank experim ent sim ultaneously. 1 m l of 0.005M  NBS solution is equiv­
a len t to  0.549 mg M n(II) or 1.69 m g M nS04 • H 20 .

R esu lts

T ab le  I  inc ludes th e  re su lts  o b ta in e d  b y  ap p ly ing  th e  su g g ested  N B S 
p ro c e d u re  an d  th e  com plexom etric  m e th o d  [13] on d ifferen t vo lu m es o f  th e  
s ta n d a r d  m anganous su lp h a te  so lu tion , c o rre sp o n d in g  to  1.1 —11 m g o f M n (II).

A c ta  C h im . (B u d a p e st)  83 , 1974
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D iscussion

O x id a tio n  o f  M n (II) in  acidic so lu tio n  is d ifficu lt; p e rm a n g a n a te  io n  is 
fo rm ed  only  b y  th e  a c tio n  o f v e ry  s tro n g  o x id iz in g  agen ts, such as P b 0 2. In  
a lkaline  m ed ium , M n (II) is oxidized to  M n (II I ) ,  as h y d ra te d  m a n g a n e se (III)  
h y d ro x id e  [23]. M n20 3 • n H 20  is th e  p ro d u c t  o f  o x id a tio n  of p re c ip ita te d  
M n(O H )2 w hich, on  d ry in g , gives (M n20 3H 20 )  [24].

The re a c tio n  b e tw een  N B S an d  M n(II) in  a lk a lin e  m ed ium  can  b e  re p re ­
se n te d  b y  th e  e q u a tio n :

CH2-C O  CH2-C O
^ N B r  +  OH“  -  I ^>N H  +  B r-  +  M n20 3 +  2 H 20  

2M n(0H ), +  C H 2- C O  CH2- C O

T he p resence o f B r -  w as confirm ed b y  th e  s ilv e r n itra te  an d  th e  ch lo rine 
w a te r  te s ts . S uccin im ide w as iso la ted  b y  f i l te r in g  th e  reac tio n  m ix tu re , d is ­
tillin g  th e  clear f i l t r a te  u n d e r  reduced  p re ssu re  a n d  recry sta lliz in g  th e  so lid  
residue  from  b en zen e ; th e  colourless c ry s ta ls  w ere  id en tified  as succin im ide  
o f  a  m .p . 124— 125°C.

Before th e  re a c tio n  w as applied  to  th e  q u a n ti ta t iv e  d e te rm in a tio n  o f 
M n (II), th e  effect o f th e  re a c tio n  m edium  w as s tu d ie d  an d  i t  w as co n c lu d ed  
t h a t  no reac tio n  ta k e s  p lace  in  acid m ed ium  w hile  in  alkaline m ed iu m  th e  
re a c tio n  is q u a n ti ta t iv e .  T w o m oles of sod iu m  h y d ro x id e  te s t  so lu tio n  w ere 
eno u g h  to  ren d e r th e  so lu tio n  su ffic ien tly  a lk a lin e  fo r  th e  reac tio n  b e tw een  
N B S an d  M n(II) to  be  q u a n ti ta t iv e .

I t  is e v id e n t fro m  th e  re su lts  in  T able I  t h a t  th e  accu racy  o f th e  p ro p o sed  
m e th o d  am o u n ts  to  99.63 +  0 .626% . S ta tis t ic a l  analy sis  o f th e  re su lts  in  
T ab le  I  reveals  t h a t  b o th  th e  v ariance  ra tio s  sn d  th e  t-te s ts  are w ith in  th e  
th e o re tic a l lim its , in d ic a tin g  th a t  th e  su g g ested  N B S  m eth o d  is as e q u a lly  
precise  an d  accu ra te  as th e  com plexom etric  m e th o d  [13]; th e  sam e conclusion  
w as also a rriv ed  a t  b y  com p ariso n  w ith  th e  fo rm a ld o x im e  co lo rim etric  m e th o d  
[8].

A pply ing  th e  p ro p o sed  m ethod  fo r th e  d e te rm in a tio n  of M n (II) in  
Z iem m erm an n ’s re a g e n t a lm o s t th e  sam e a c c u ra cy  h as  b een  o b ta in ed .

I t  is to  be m e n tio n e d  th a t  m anganous h y d ro x id e  is sensitive to  th e  
oxygen  dissolved in  w a te r , how ever, th e  re a c tio n  b e tw e e n  m anganous h y d ro x ­
ide an d  N B S is c o n sid e rab ly  fa s te r  th a n  th a t  b e tw e e n  m anganous h y d ro x id e  
an d  m olecu lar ox y g en . T h is fa c t has been  sh o w n  b y  ex p erim en ts ; s im ila r 
re su lts  w ere o b ta in e d  w h en  w a te r  was ae ra te d  a n d  w hen  i t  w as b o iled  a n d  
cooled p rio r to  th e  d e te rm in a tio n  of its  m an g an ese  co n te n t.
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The activ ity  and ac tiv ity  coefficient were determ ined for silver ions in  poly­
electrolyte solutions of carboxyalky lated  poly(vinylalcohol) w ith m ono-, di- or tr i­
chloroacetic acid, and of tw o different w eight exchange capacities.

The increase in the activ ity  coefficient of counter ion (at equal concentrations of 
salt-free silver salt polyelectrolytes) in  th e  above m entioned order of th e  polym er used, 
is significant in very dilute solutions (6250 — 781.25 X 10—7IV). A lthough its  value in­
creases w ith the capacity  of polym er, and  sharply increases w ith decreasing th e  con­
cen tration  of the silver salt polyelectrolyte, i t  does no t reach un ity  a t in fin ite  dilutions.

F or different m ixtures of salt-free silver sa lt and acidform polyelectrolytes, the 
ac tiv ity  coefficient of silver ion increases w ith decreasing the re lative q u a n tity  of 
silver salt polyelectrolyte and w ith  decreasing th e  to ta l concentration.

Introduction

T ra n sp o r t  an d  th e rm o d y n am ic  p ro p e rtie s  o f  counterions in  p o ly e le c tro ­
ly te  so lu tions are ab n o rm ally  low  as co m p ared  w ith  th e  sam e p ro p e r tie s  in  
so lu tio n s o f sim ple e lec tro ly tes . T h is p h en o m en o n  is re la ted  to  c o u n te r  ion 
b in d in g  [1 — 8]. The e le c tro s ta tic  in te ra c tio n  be tw een  th e  p o ly -io n  a n d  th e  
c o u n te r  ions m ay  arise from  localized  e ffec t o f each  charged  site  o n  th e  p o ly ­
ion  i.e ., s ite  b in d in g , or from  th e  o vera ll ch arg e  d e n s ity  on th e  ch a in s .

T he c o u n te r  ion  a c tiv ity  coeffic ien t o f th e  sodium  an d  s ilv e r  (poly)- 
s ty re n e su lp h o n a te s  have  been  d e te rm in ed  a t  d iffe ren t co n cen tra tio n s , a n d  th e  
re su lts  w ere an a ly sed  using  sim ple e le c tro s ta tic  m odel w hich assum es th e  p o ly ­
ion  to  be p a ra lle l sheets o f un ifo rm  charge  d e n s ity  d is tr ib u te d  in  th e  vo lum e 
o f so lu tio n  [7].

E x p e rim e n ta l research  on th e  a c t iv i ty  o f coun terions in  p o ly e le c tro ly te  
so lu tio n s , w as ca rried  o u t using  th e  silver- or silver-sod ium  sa lt of th e  ca rb o x y - 
m eth y lce llu lo se  as a po ly e lec tro ly te  sam ple  [6].

A  n u m b e r of w orkers have  s tu d ie d  th e  a c t iv i ty  of co u n te rio n s in  so lu ­
tio n s  o f  p o ly e lec tro ly te  b y  im m ersing  e lec tro d es reversib le  to  th e se  ions in  
th e  so lu tions o f p o ly (e thy lene im ine  h y d ro ch lo rid e ) — and  m e a su rin g  th e  
p o te n tia l  o f such  half-cell ag a in st a re fe rence  half-ce ll [6].

T h e  aim  o f th is  w ork  w as to  e v a lu a te  th e  a c t iv i ty  an d  a c tiv ity  co e ffic ien t 
o f  c o u n te r  silver ion  in  salt-free  p o ly e lec tro ly te  so lu tions of c a rb o x y a lk y la te d
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p o ly (v in y l alcohol) w ith  m o n o -, di- or tr ic h lo ro a c e tic  acid  [9], a t  d iffe ren t 
c o n c e n tra tio n s . M oreover e a c h  silver sa lt p o ly e le c tro ly te  was m ixed  w ith  th e  
re sp e c tiv e  acid-form  p o ly m e r in  d iffe ren t ra tio s  a t  v a r io u s  to ta l  co n cen tra tio n s  
a n d  th e  a c t iv i ty  of silv er io n  w as m easured .

Experimental

M aterials

C arboxyalkylated poly(vinylalcohol) w ith mono-, di- and  trichloroacetic acid were pre­
pared  a t  70°C (r]sp; 0.05 g/10 m l w ater a t 25 °C =  0.27107, 0.2798 and 0.2955, and  acid 
num bers =  34.064, 35.20 and  36.325 respectively); and  a t  3 0 —40 °C (r]sp =  0.3010, 0.3040 
and 0.3092, and acid num bers =  134.121, 150.20 and 166.72 [8]). The purified polym ers were 
fu rth e r d ilu ted  w ith deionized w ater, passed several tim es th ro u g h  a strong cation and  th en  
anion-exchange resin. The exchange capacities determ ined potentiom etrically  for the pure 
polyelectrolytes, in both deionized w ater and sodium chloride solutions (0.1, 0.5, 1.0 and 2iV) 
are m en tioned  elsewhere [10].

P repara tion  o f  silver salt o f  polyelectrolyte

T he polymer in  the  hydrogen  form (1 g) was dissolved in  deionized w ater (50 ml), then  
shaken  w ith  a large excess of fresh silver oxide [7], from  tim e  to  tim e, in the darkness for a 
period of 2 days. The solu tion  was then  filtered of th e  rem ain ing  oxide, stored and handled in 
the  absence of light.

T he exchange capacity  for each polyelectrolyte, re la tiv e  to  silver, was calculated, a fter 
boiling its  silver salt w ith anala r concentrated hydrochloric acid, to  precipitate silver chloride, 
and th e  am ount of silver w as determ ined gravim etrically [11]. Their capacity, m equiv. g~* 
re la tive  to  silver, were 0.6109, 0.6201 and 0.6522 for th e  f i rs t group of polymers prepared a t  
70 °C; and  2.4307, 2.5400 and  2.6770 for those prepared a t  30 — 40 °C, which were m ore or less 
near to  th e  respective values obtained  from poten tiom etric  titra tio n  curves (0.60720, 0.62744 
and  0.64680 for the firs t group; and  2.4161, 2.6019 and  2.6550 for the second group [Í0]).

M easurem ent o f  the activ ity  o f  silver ion

P o ten tia l m easurem ents were made using a P Y E  poten tiom eter in conjunction w ith  a 
scalam p galvanom eter ty p e  MSZ-808 (Hungary). A co n stan t voltage stabilized source ^ 2  
volts, and  also a 1.10191-volts standard  cell (for standard iza tion ) were also used. 

M easurements were carried  out using the cell [6, 8]

+ A g  I Ag Cl, Sam ple soln. || Sat. K N 0 3 || HgCl, Sat. KC11 Hg~
A В

where A =  saturated  K N 0 3 agar bridge, В =  sa tu ra ted  KC1 agar bridge, w ith  th e  cell a t  
25 ±  0.1°. Neglecting th e  liqu id  junction  potentials a t  th e  sa lt bridges A and B, th e  ac tiv ity  
of silver ions ад« • was ca lcu lated  from the equation,

log <iAg+ =  (я  — л 0)/0 .05909

in  w hich n  and rrn are th e  respective electrom otive forces for the studied polyelectrolyte 
so lu tion  and the standard  solution (0.053ÍV silver n itra te  solution, where the silver ion ac tiv ity  
is 0.0422 and the ac tiv ity  coefficient, удг+ is 0.789).

The concentrations (Сдц+) of salt-free silver-form  solution were 7.8125, 15.625. 31.25, 
62.5, 125, 250, 500, 1000, 2000 x 1 0 -5iV.

Partially  neutralized  solutions were also prepared  b y  mixing the desired proportions of 
th e  polyelectrolyte in  th e  acid-form (Ch +) w ith  the  respective solution in  th e  silver-form 
(0<Ag+) where Cp =  Сд„+ -j- Ch + , and the activ ity  of silver ion was calculated. The stan d ard  
e rro r in  calculating tb e  a c tiv ity  value was ±0.3261 X 10“ 8.
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R esu lts  an d  discussion

A ctiv ity  o f  counterion at d iffe ren t concentrations o f  polyelectrolyte in  salt-free
solution

R esu lts  g iven in  T ab le  I  (F ig . 1 illu s tra te s  th e  p o ly m ers  p re p a re d  a t 
70 °C as re p re se n ta tiv e ) , sho w  th a t ,  th e  a c tiv ity  coeffic ien t o f  coun te rion  
increases w ith  decreasing th e  p o ly e lec tro ly te  c o n c e n tra tio n  (fro m  0.2 to

0.000078125 N ) ,  in  accordance w ith  th e  p rev io u s find ings fo r sa lt-free  so lu tions 
o f silver ca rboxym ethy lcellu lo se  [6]. A t eq u a l co n cen tra tio n s th e  in c rea se  in  
th e  value of a c t iv i ty  coefficient o f  c o u n te iio n , in  th e  follow ing o rd e r  o f acid 
u sed  for c a rb o x y a lk y la tin g  p o ly (v in y laco h o l): m ono- <  di- <  tr ic h lo ro ­
ace tic  acid is s ig n ifican t in v e ry  d ilu te  so lu tions (0.000625 — 0.000078125 N ).

On e x tra p o la tin g  th e  a c t iv i ty  coeffic ien t curves to  in fin ite  d ilu tio n , i t  
does n o t reach  u n ity , differing th e re fo re , from  th e  b eh av io u r o f m e a n  a c tiv i ty  
coefficients of sim ple e lec tro ly te  a t  low  c o n cen tra tio n s . I t  has b een  m e n tio n e d
[6] th a t ,  th e  g re a te r  is the  ionic ch a rg e  o f m acro ion , th e  g rea te r  is th e  decrease 
o f  a c tiv ity  coeffic ien t, a lth o u g h  i t  is r a th e r  d ifficu lt to  t r e a t  s e p a ra te ly  th e  
ch arg e  .density  d is tr ib u tio n  an d  th e  degree o f p o lym eriza tion .

9* A cta  Chim . (B u d a p e s t)  8 3 , 1974
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Table I

Activity coefficient o f Ag ion at varying polyelectrolyte concentrations

Concentration 
of silver 

CAg+t iVx 10“7

Carboxylated poly(vinylalcohol) with

VcAg+ x io’ Monochloroacetic acid Dichloroacetic acid Trichloroacetic acid

aAg+ XlO® Y A g  +  X 10« aAg+ X 10® Y A  g+ X10« °Ag+ X 10® Y A g +  X  10*

781.25 88,384 3261
(3962)

417,408
(507,136)

3491
(4218)

446,848
(539,904)

3622
(4446.1)

463,616
(569,088)

1562.5 102,710 6501
(7922)

416,064
(507,008)

6842.875
(8336)

43,944
(535,936)

7030
(8598.05)

459,920
(563,088)

3125.0 173,550 12.647
(15,804)

404,704
(505,728)

13,452
(16,255)

433,664
(533,504)

14,223
(17,415)

455,427.47
(557,280)

6,250 245,460 25,198
(31,013)

403,168
(496,208)

25,703
(32,531)

411,248
(520,496)

265,460
(34,515.99)

424,736
(552,256)

12,500 353,000 50,000
(61,000)

400,000
(488,000)

51,250
(62,400)

410,000
(499,200)

51,875
(65,000)

415,000
(520,000)

25,000 500,000 89,000
(98,700)

356,000
(394,800)

89,500
(94,000)

358,000
(380,000)

90,000
(100,000)

360,000
(400,000)

50,000 707,000 142,500
(153,000)

285,000
(306,000)

147,500
(155,000)

295,000
(310,000)

150,500
(157,000)

301,000
(314,000)

100,000 1 000,000 221,000
(232,000)

221,000
(232,000)

225,000
(243,000)

225.000
(243,000)

230,000
(237,000)

230,000
(237,000)

200,000 1 414,200 384,000
(395,000)

192,000
(197,560)

390,000
(397,000)

195 000 
(198 500)

396,000
(399,000)

198,000
(199,500)

D a ta  in  b ra ck e ts  a re  fo r po lym ers p re p are d  a t  30 — 40°C
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A c tiv i ty  coefficient o f  silver ion at d ifferen t degrees o f  neutralization

T he to ta l  co n cen tra tio n s  (Cp) o f m ix tu re  from  salt-free  s ilv e r  s a lt , and  
th e  re sp ec tiv e  ac id-form  p o ly e lec tro ly te  (in  d iffe ren t ra tio s o f (САй+/Сн+) were 
0 .0025 , 0.0075 an d  0.20 N .

F o r e v e ry  v alue  o f Cp (cf. T ab le  I I  a n d  F ig . 2), th e  a c tiv ity  co e ffic ien t of 
s ilv e r ion  increases w ith  th e  re la tiv e  q u a n t i ty  of acid-form  p o ly e le c tro ly te

F i g .  2

(Cp). T he s lig h t change in  th e  va lu e  o f  a c t iv i ty  coefficient, w ith  th e  ty p e  of 
c a rb o x y a lk y la tin g  acid  (for th e  s tu d ie d  co n cen tra tio n s)  is s im ila r  to  t h a t  
fo u n d  in  case o f sa lt-free  p o ly e lec tro ly tes . A s a lre a d y  rep o rted  [6], th e  a c t iv i ty  
o f s ilv e r ion  increases w ith  increasing  th e  degree of n e u tra liz a tio n  a n d  falls 
a f te r  rea c h in g  a m ax im um .

T he ra te  o f increase in  a c tiv ity  co e ffic ien t o f silver ion w ith  in c re a s in g  
th e  re la tiv e  q u a n t i ty  o f acid-form  p o ly e le c tro ly te  w ith in  re la tiv e ly  h ig h er 
v a lu es  (1 0.6) of th e  CAg+/Cp ra tio  is less a t  a Cp v alue  of 0.02 N ,  as c o m p a re d
w ith  th e  sh a rp  increase in  case of low er v a lu e s  o f Cp (0.0075 an d  0 .0025 N ) .  
H o w ev er, th e re  is a s ligh t increase in  th e  o b ta in e d  value of yAg+ a t  low er 
ra tio s  (0.4 — 0.05) of CAg+/Cp.
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Table II

Dependence o f activity coefficient on the degree o f neutralization

t o

s

Total concentration
Concentration 

of silver,
Concentration 
of acidform 

polymer, 
CH+

N x  10*

Qá.g l ^ p

Activity of silver ion, a^g+ x 10e Activity of coefficient, yAg~*~ X 10*

=  ^Ag+ +  Qb + JVxlo*
A B c A В c

0.0025 1.25 23.75 0.05 125.27
(126 .65)

125.713
(127 .05)

125.805
(127 .4)

100.216
(101 .32 )

100.57
(101 .64)

100.645
(101 .92)

2.5 22.5 0.10 250.53
(253.025)

251.27
(253 .8)

251.59
(254 .575)

100.212
(101 .12)

100.508
(101 .52)

100.637
(101 .86)

5 20 0.20 501.0
(505.5)

502.0
(507 .0)

503.0
(509.0)

100.20
(101 .1)

100.40
(101.40)

100.60
(101.80)

10 15 0.40 970.0
(980 .0)

980.0
(985.0)

965 .0
(990 .0)

97.0
(98.0)

98.0
(98 .5)

98.50
(99 .0)

15 10 0.60 1300
(1400)

1343
(1410)

1363
(1430)

86.7
(93 .33)

89.53
(94 .00)

90.89
(95 .33)

20 5 0.80 1200
(1260)

1220
(1270)

1260
(1290)

60.0
(63 .0 )

61.0
(63 .5)

63.0
(64 .5 )

25 0 .0 1 .0 890
(990)

895
(991)

900
(993)

35.6
(39 .6)

35.8
(39 .64)

36.0
(39 .76)

0.0075 3.75 71.25 0.05 370.31
(376 .574)

375.75
(377 .325)

377.663
(377.70)

98.75
(100 .42)

100.2
(100 .62 )

100.71
(100 .72)

7.50 67.5 0 .1 740.62
(746.32)

741.75
(747 .90)

750.75
(753 .0)

98.75
(99 .51)

98.9
(99 .72)

100.1
(100 .4)

15 60.0 0.2 1480
(1492)

1482
(1494)

1485
(1496)

98.6
(99 .47)

98.8
(99 .6)

99.0
(99.73)

30 45.0 0.4 2900
(2910)

2904
(2920)

2913
(2930)

96.66
(97 .0)

96.8
(97 .33)

97.1
(97.7)

45 30.0 0.6 3500
(3610)

3555
(3620)

3564
(3640)

77.77
(80 .22)

79.0
(80 .44)

79.2
80.9)
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60 15.0 0.8 3250
(3360)

3264
(3380)

3288
(3400)

54.16
(56 .0)

54.4
(56 .33)

54.8
(56 .7)

75 0.0 1.0 2380
(2460)

2400
(2470)

2422
(2490)

31.73
(32.8)

32.0
(32 .93)

32.3
(33 .2)

10 190 0.05 609.4
(630 .0)

612.1
(635 .0)

622.3
(639 .0)

60.94
(63 .0)

61.21
(63 .5)

62.23
(63 .6)

20 180 0.1 1208
(1238)

1218
(1258)

1238
(1270)

60.4
(61.9)

60.9
(62 .9 )

61.9
(63 .5)

40 160 0.2 2408
(2500)

2432
(2510)

2460
(2530)

60.2
(62 .3)

60.8
(62 .75)

61.5
(63.25)

80 120 0.4 3400
(3510)

3440
(3530)

3488
(3550)

42.5
(43.87)

43.0
(44 .125)

43.6
(4 4 .3 7 5 )

120 80 0.6 3720
(3800)

3780
(3810)

3828
(3840)

31.0
(31 .67)

31.5
(31 .75)

31.9
(32 .0)

160 40 0.8 4000
(4110)

4080
(4121)

4128
(4160)

25.0
(25 .688)

25.5
(25 .76)

25.8
(26 .0 )

200 0.0 1.0 3840
(3920)

3900
(3950)

3960
(3990)

19.2
(19.6)

19.5
(19 .75)

19.8
(19 .95)

C ondensa tion  p ro d u c t o f po ly(v iny la lcohol) w ith  m onoch lo roace tic  acid  (A); d ich lo roace tic  acid  (B ); trich lo ro ace tic  acid  (C)
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ST U D IE S ON 4-T H IA ZO L ID IN O N E S,*  II
REACTION O F SECONDARY AMINES W ITH  5-A R Y L ID EN E R H O D A N IN E S
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5-A rylidenerhodanines (1) w ith secondary am ines give a m ixture of the am ine 
salt (2) and  2-thiazolin-4-one (3) in varying p roportions depending on the tim e of 
reaction. The route th rough  which the amine sa lts (2) are converted to  2-tbiazolin-4- 
ones (3) is discussed. The cleavage of 5-arylidene-3-phenylrhodanines w ith secondary 
amines has also been investigated.

M any o rg an ic  bases r e a c t w ith  rh o d an in es  a n d  a t ta c k  th e  carbon  a to m  
in  position  2 o f  th e  h e te ro cy c lic  ring . In  som e cases th e  rin g  is su ffic ien tly  
s ta b le  to  w ith s ta n d  c leavage, w hile in  o th ers  th e  r in g  is b ro k en . S u b s titu tio n  
a t  positio n  5 stab ilizes  th e  rin g  while a t  p o s itio n  3 enhances th e  c leavage. 
T h u s , w hereas an ilin e  condenses w ith  rh o d a n in e  to  give 2 -phenylim ino-4- 
th iazo lid in o n e  [1], 3 -p h en y lrh o d an in e  undergoes r in g  cleavage to  give sym .- 
d ip h e n y lth io u re a  [2], a n d  5 -benzy lid en erh o d an in e  g ives pheny lim ino  d e r iv a ­
tiv e s  [2, 3]. O th e r  p r im a ry  am in es behave s im ila rly  [4].

T he p re se n t w ork  d iscusses th e  ro u te  th ro u g h  w h ich  5 -ary lid en erh o d a- 
n incs 1 are c o n v e rte d  to  th e  corresponding  2 -th iazo lin -4 -o n es (3) b y  re a c tio n  
w ith  secondary  am ines, a n d  th e  cleavage of 5 -a ry lid en e-3 -p h en y lrh o d an in es  4 
w ith  secondary  am ines. T h e  5 -a ry lid en erh o d an in es  u se d  h a v e  been  p re p a re d  
using  th e  sod ium  a c e ta te -a c e tic  ac id  m eth o d  [5].

R eflu x in g  each  of l a — f  w ith  1 or 2 m ol o f  p ip e rid in e  gives th e  co r­
re sp o n d in g  5 -ary liden e-2 -p ip erid in o -2 -th iazo lin -4 -o n es (3a— f) w ith  ev o lu tio n  
o f h y d ro g en  su lfid e  gas. S im ila r tre a tm e n t w ith  m o rp h o lin e  leads to  th e  co r­
re sp o n d in g  2 -m orpho lino  d e riv a tiv e s  3g—1. T he s t ru c tu re  o f 3a— f  is su b ­
s ta n t ia te d  b y  a n a ly tic a l d a ta ,  th e  nega tive  co lo u r re a c tio n  p rev iously  re ­
p o rte d  b y  T u r k e v ic h  an d  M a k d k h a  [6 ] to  c h a ra c te r iz e  com pounds co n ­
ta in in g  a CSN H  g ro u p , an d  b y  th e  in fra red  sp e c tra  (c f. T ab le  I) w hich show  a 
s tro n g  an d  a w eak  a b so rp tio n  betw een  1680— 1690 c m -1  a t tr ib u te d  to  th e  
s tre tc h in g  m odes o f  th e  C = N  an d  C = 0  groups, re sp e c tiv e ly . T hese are  th e  
sam e reg ions o f a b so rp tio n s  as p rev iously  re p o rte d  fo r  2 -pheny l-2 -th iazo lin -4 - 
one [7]. The s t ru c tu re  o f 3a an d  g receives fu r th e r  s u p p o r t  from  m .p. an d

* P art I: J . P ra k t. Chem., 315, 492 (1973).
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Table I

Infrared (K B r  disc) and U V  spectra ( in  absolute methanol) o f  3 a—f

C om pound
Infrared  spectra (cm-1) Electronic spectra

A*nax
(nm)v C = 0 v C = N Стах (nm) Стах

3 a 1708 1690 239 9010 330 28 865
3 g 1710 1685 239 7700 331 28 860

3 b 1708 1685 243 8570 333 28 600
3 h 1710 1680 243 8980 334 29 670

3 c 1710 1690 ~ 2 3 5 —8 7380 337 28 660
243 7970

3 i 1710 1690 244 7995 337 30 750

3  d 1720 1690 ~ 2 4 6 —9 ■9070 307 11 915
~ 2 9 6 —9 11 240 353 30 125

3 j 1720 1695 251 8395 307 12 360
~ 2 9 6 —9 11250 352 31 435

3 e 1710 1695 253 13 n o 301 13 005
272 12 635 358 30 135

3 к 1710 1695 253 11 315 302 11 220
273 10 540 364 28 210

3 f 1710 1690 251 8385 300 11 910
^ 2 8 0 —9 10 615 361 33 135

3 1 1720 1690 251 10 205 301 21 680
~ 2 8 0 — 8 12 145 364 29 480

inflection

m a in in g  2-th iazo lin-4-ones h a v e  b een  e stab lish ed  from  th e  a n a lo g y  o f th e ir  
e le c tro n ic  sp ec tra  (c f. T ab le  I) w ith  th o se  o f 3a an d  g.

H ow ever, t r e a tm e n t o f  th e  ac e to n e  or alcoholic so lu tio n s  o f  l a — f  w ith  
1 m o l o r excess am ine  a t  ro o m  te m p e ra tu re  gives m ix tu re s  o f  am in e  sa lts  2 
a n d  th e  co rrespond ing  2 -th iazo lin -4 -o n es 3 in  v a ry in g  p ro p o rtio n s  depend ing  
o n  th e  tim e  of reac tio n  a n d  th e  so lu b ility  o f th e  sa lt in  th e  re a c tio n  m ix tu re . 
I t  is  n o te w o rth y  th a t  L o  e t  al. [10] h as  re p o rte d  th e  iso la tio n  o f  th e  am ine 
s a l ts  2 on ly  u n d er s im ila r c o n d itio n s . T h e  p ro p o rtio n  of th e  am in e  sa lts  2 in  the  
m ix tu re  o b ta in ed  is in c rea sed  in  th o se  cases w hen  th e  sa lts  a re  s e p a ra te d  ou t 
q u ic k ly  an d  th e  so lu tio n  is w o rk ed  u p  w ith in  a sh o rt tim e . F o r  lo n g e r reac tion  
t im e s , th e  y ield  o f th iazo lin o n e  3 is in creased  a t  th e  ex p en se  o f  th e  am ine 
s a l t  2. T h e sa lts w hich  are  o b ta in e d  in  a p u re  c ry sta llin e  fo rm  a re  2a— e. The 
re m a in in g  sa lts  c a n n o t be  o b ta in e d  in  a p u re  s ta te  m o st p ro b a b ly  because of 
th e i r  easy  decom position  in  th e  re a c tio n  m ix tu re . T hus, t r e a tm e n t  o f l a  an d  b
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R A O U F e t a].: STU D IES ON 4-T H IA ZO LID IN O N E S+, I I 361

w ith  p ip e rid in e  gives a m ix tu re  o f th e  am in e  sa lts  2a and  b an d  th e  2 -th iazo lin -
4-ones 3a a n d  b, re sp ec tiv e ly . S im ilar t r e a tm e n t  of la ,  b a n d  e w ith  m or­
pho line  g ives a m ix tu re  o f  m orpho line  s a lts  2c, d an d  e and  2 -th iazo lin -4 -ones 
3g, h  a n d  k, re spec tive ly . T h e  s tru c tu re  o f  2a— e is su b s ta n tia te d  b y  an a ly tic a l 
d a ta , e a sy  decom position  w ith  ace tic  o r  hyd ro ch lo ric  acid [10], a positive  
co lour re a c tio n  [6] and  b y  th e  in fra red  s p e c tra  (c f. T ab le  III), w h ich  show  an 
in ten se  b ro a d  ab so rp tio n  be tw een  3050 a n d  3200 c m -1 c h a ra c te r is tic  o f th e  
s tre tc h in g  m ode of th e  N H  group . T h e  s t ru c tu re  of 2a an d  b is f u r th e r  con­
firm ed  b y  th e  m .p . an d  m ix tu re  m .p . w ith  a u th e n tic  sam ples [10]. T h e  s tru c tu re  
of 3a, b, g, h  and  к is b a se d  exclusively  on  a com parison  (m .p . a n d  IR ) w ith  
th e  co rresp o n d in g  sam ples p rev io u sly  o b ta in e d .

T h e  fo rm a tio n  of rh o d a n in e  sa lts  2 c a n  be  exp la ined  b y  th e  a c id ity  o f th e
3- H  a to m  in  rho d an in es  [11— 13]; th e  p ro b lem  of th e  con v ersio n  o f  am ine 
sa lts  2 to  th e  2-th iazo lin -4 -ones 3 m erits  co n sid e ra tio n . This re a c tio n  can  be 
accom plished  e ith e r  by  h e a tin g  th e  so lu tio n  o f  th e  sa lt fo r a sh o r t  t im e  or by  
allow ing a co ld  so lu tion  to  s ta n d  fo r a lo n g e r period . T hus, re f lu x in g  o f th e  
alcoholic so lu tio n s of th e  am in e  sa lts  2a a n d  b give th e  2 -p iperid ino -2 -th iazo lin -
4- ones 3a a n d  b, re sp ec tiv e ly , as ev id en ced  b y  m .p . an d  IR  d a ta . T h e  m o th e r 
liquors c o n ta in  traces  o f  5 -a ry lid en e rh o d an in es  l a  and  b, re sp e c tiv e ly , as 
con firm ed  b y  m .p . an d  a co lour re a c tio n  [6]. S im ilarly , 2c, d a n d  e give 2- 
m orpho lino  d e riv a tiv es  3g, h  an d  к an d  tra c e s  o f  la ,  b and  e, re sp e c tiv e ly .

T h e  fo rm a tio n  of 5 -a ry lid en e rh o d an in es  1 as one of th e  d eco m p o sitio n  
p ro d u c ts  o f  am ine  sa lts 2 show s th e  re v e rs ib ility  o f sa lt fo rm atio n  s te p . F u r th e r  
su p p o rt is g a in ed  from  th e  iso la tio n  o f d iffe re n t th iazo linones on decom posing  
2a in  th e  p resence  o f m orp h o lin e . T h u s, t r e a tm e n t  o f th e  alcoholic so lu tio n  of 
2a w ith  m o rp h o lin e  gives a m ix tu re  o f th e  2 -p iperid ino - (3a) an d  2 -m orpho lino - 
(3g) -2 -th iazo lin -4 -ones. T h e  s tru c tu re s  o f  3a a n d  g are based  on th e  id e n ti ty  
w ith  th e  a p p ro p ria te  co m p o u n d s (c f. E x p e rim e n ta l) .

I t  h a s  been  rep o rted  t h a t  p ip e rid y lfo rm an ilid e  is o b ta in ed  on  re flu x in g
5- ary lid en e-3 -p h en y l-2 ,4 -th iazo lid in ed io n es w ith  excess p iperid ine  [14]. S im ilar 
tre a tm e n t o f  5 -a ry lid en e-3 -p h en y lrh o d an in es  w ith  secondary  am ines g ives th e  
co rrespond ing  th io fo rm an ilid es . T hus, on re f lu x in g  th e  alcoholic so lu tio n  of 
each o f 4a — f  w ith  p ip e rid in e  or m o rp h o lin e , p iperid y l- (5a) a n d  m o rp h o ly l- 
(5b) th io fo rm an ilid es  are o b ta in e d . T h e  s tru c tu re s  o f 5a and  b are s u b s ta n t ia te d  
b y  a n a ly tic a l d a ta  and  th e  I R  sp ec tra , w h ich  show  r NH a t  3265 c m -1  [15a] 
beside tw o  s tro n g  bands a t  700 an d  740 c m -1  (5 -a d ja c en t hydrogen  a to m s) [15b].

Experim ental

All m elting points are uncorrected . The IR  spectra  were recorded on a U nicam  SP  1200 
spectrophotom eter using the K B r W afer technique. The UV absorption spectra were m easured 
on a Model 4000 A Perkin-Elm er spectrophotom eter in  absolute m ethanol solutions.

A cta  C h im . (B u d a p e s t)  8 3 , 1974
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HS— C=
I

=N
I

„ C = 0

s= c -
I

-N H
I

„ C = 0
UN

S ^ C - Q h O h N 
I I- x=o

(Г
CHAr CHAr CHAr

a; A r =  P h e n y l
b; A r =  4-Chloropheuyl
c; A r =  4-T olyl
d; A r =  4-M ethoxyphenyl
e; Ar =  3,4-D im ethoxyphenyl
f; A r =  3,4-M ethylenedihydroxyphenyl

a; Ar - P h en y l, X  =  CH2
b; Ar =  4-Chlorophenyl, X  =  C H 2
c; Ar =  P h en y l, X  =  О
d; Ar =  4-Chlorophenyl, X  =  О
e; Ar =  3,4-D im ethoxyphenyl, X  =  О

- H 2S

II
CHAr

3

a;
b;

d;
e;
f;

a;
Ь;
c;
d;
e;
f;

A r =  P h en y l, X  =  CH2
A r =  4-Chlorophenyl, X  =  C H 2
A r =  4-Tolyl, X  =  CH2
A r =  4-M ethoxyphenyl, X  =  C H 2
A r =  3,4-D im ethoxyphenyl, X  =  C H 2
A r =  3,4-M ethylenedihydroxyphenyl,
X  =  C H ,

s = -N—Ph
f  T
s - c - C = °

II
CHAr

4

A r =  P heny l
A r =  4-Chlorophenyl
A r =  4-Tolyl
A r =  4-M ethoxyphenyl
A r =  3,4-D im ethoxyphenyl
A r =  3,4-M ethylenedihydroxyphenyl

g; A r =  P heny l, X  — 0
h; Ar =  4-Chlorophenyl, X  =  О
i; A r =  4-Tolyl, X  =  0
j ;  A r =  4-M ethoxyphenyl, X  =  О
к; A r =  3,4-D im ethoxyphenyl, X  =  О
1; A r =  3,4-M ethylenedihydroxyphenyl,

X  =  О

а; X  =  CH, 
Ь; X  =  О

5-Arylidene-2-piperidino (or morphol ino)-2-lhiazoIin-4-CEes 3 c— 1

A m ixture  of each of l a —f  (5 mmol) and piperidine (or morpholine) (10 mmol) in  ethanol, 
was re f lu x ed  un til hydrogen sulfide gas ceases to  evolve. The reaction m ixture was concen­
tr a te d , cooled, the separated solid filtered  off, w ashed several times w ith ligh t petroleum  
(b .p . 60— 80°C) and dried. R ecrystallization  from th e  su itab le  solvents, gave the  T itle  com ­
pounds. R esu lts are shown in  T able II.

Reaction of cyclic secondary amines with 1 a, b and e (without heating)

T o a suspension of each of l a —f  (5 mmol) in  acetone or ethanol, piperidine (or m or­
pholine) (10 mmol or excess) is added  and the m ixture is allowed to  stand a t room  tem peratu re  
for 30 m in.

A c ta  C h im . ( Budapest)  83 , 1974
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Table П

b-Arylidene-2-piperidino (or morpholino) -2-thiazolin-i-ones (3 a —f)

1 Amine 3
m .p .
(°C)

Yield
о//о Formula

Analysis: Calcd. 
Found

c H N s

a Pip. a 202-4* 92 c 15h 16n 2o s 66.15
66.10

5.90
5.80

10.35
10.25

11.80
11.70

Morph. g 202-4** 90 ^14Hi4N20 2S 61.30
61.50

5.10
5.20

10.25
10.25

11.70
11.40

b Pip. b 232-4* 92 c 15h 15c in 2o s 58.75
58.60

4.90
5.10

9.15
9.10

10.45
10.50

Morph. h 218—9* 91 C14H 13C1N20 2S 54.45
54.50

4.20
4.20

8.70
8.65

10.40
10.40

C Pip. C 183-4*** 92 c 16h 18n 2o s 67.15
67.20

6.20
5.90

9.80
9.60

11.20
11.40

Morph. i 194-5** 93 C.-H16N20 2S 62.50
62.30

5.55
5.50

9.70
9.65

11.10
11.10

d Pip. d 195-6* 91 ^16^18^2^2^ 63.50
63.30

5.90
5.90

9.60
9.50

10.50
10.60

Morph. I 200—2** 90 Ci5H leN20 3S 59.20
59.10

5.25
5.15

9.20
9.00

10.50
10.40

e Pip. e 204-5* 90 C17H20N2O3S 61.45
61.30

6.00
6.10

8.45
8.30

9.65
9.50

Morph. к 222—4** 95 ^16Hi8N20 4S 57.50
57.20

5.40
5.30

8.40
8.30

9.60
9.80

f Pip. f 197—9* 90 CleH leN20 3S 60.75
60.50

5.05
5.10

8.85
8.80

10.15
10.20

Morph. 1 268—9** 94 c 15h 14n 20 4s 56.60
56.50

4.40
4.40

8.80
8.75

10.15
10.30

* From  benzene-alcohol 
** From ethanol

*** From benzene-light petroleum  (b.p. 60—80°C)

The yellow-orange products which separated  were filtered off and  recrystallized from 
th e  suitable solvent to  give the corresponding piperidine or morpholine salts. The salts which 
were obtained in a pure crystalline form are 2a—e. R esults are listed in T able I I I .

Evaporation  of the m other liquors a t  room  tem perature gave a fa in t yellow solid, 
w hich was fractionally crystallized from  benzene-alcohol to give the corresponding 2-thiazolin- 
4-ones. The relative am ounts of the am ine salts and the 2-thiazolin-4-ones a t  different times 
of the reaction shown in Table IV.

Decomposition of rhodanine salts 2 a—e

The ethanolic solution of each of the am ine salts 2a—e was refluxed u n til cessation of 
hydrogen sulfide gas (я«30 min). The solid precip ita ted  after cooling was filte red  off and re­
crystallized from a suitable solvent to  give the corresponding 2-thiazolin-4-ones in  a good yield 
(above 80%). D ilution of the m other liquors w ith  w ater gave yellow solids, w hich were crystal­
lized from  a suitable solvent to give the corresponding 5-arylidenerhodanines («^10%  yield).

A cta  C h im . ( B u d a p e s t)  8 3 , 1974
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Table TIT

R hodanine salts 2a—e

1 Amine
Salt m.p.

Formula
Analysis: Calcd. Found IR Spectra 

(cm- !) 
v NH

2 (°C) N s

a P ip . a 137—8*
(decomp.)

c 15h 18n 2o s 2 9.10
8.90

20.90
21.10

3050—3200

M orph. c 148—9*
(decomp.)

Ci4H leN20 2S2 9.10
9.20

20.80
20.60

3050—3150

b Pip. h 159—60** 
(decomp.)

C15H 17C1N20S2 8.25
8.40

18.80
18.65

3050—3100

M orph. d 158—6**
(decomp.)

c 14h 15c in 2o 2s2 8.15
8.00

18.70
18.60

3050—3100

e M orph. e 187—8***
(decomp.)

c 16h 20n 2o4s , 7.60
7.45

17.40
17.25

3050—3100

* From  benzene 
** From  benzene-ethanol 

*** F rom  ethanol

Table IV

The relative am ounts o f  2 and 3 at different intervals

1 Amine
Total yield 

(%) Product
Ratio of 2 to 3 after

30 min. 24 hrs 48 hrs

a Pip.

Morph.

80

85

3 a
2 a

3 g
2 c

10
90
13
87

60
40
70
30

95
Trace*

95
Trace*

b Pip. 80 3 b 10 65 96
2 b 90 35 Trace*

Morph. 82 3 h 10 75 97
2 d 90 25 Trace*

e Morph. 90 3 к 20 80 95
2 e 80 20 Trace*

* D etected by a positive colour reaction [6]

R eac tion  of morpholine w ith 2 a

A  m ixture of 2a (2.5 g) an d  m orpholine (0.7 g) was refluxed  in ethanol un til no more 
h y d ro g en  sulfide evolved. The reac tio n  m ixture was concen trated , trea ted  w ith charcoal and 
allow ed to  stand overnight. The p rec ip ita ted  solid was filtered  off and washed several tim es 
w ith  lig h t petroleum (b.p. 60— 80°C). Fractional crystallization  from  alcohol gave 3g (2.0g) 
as confirm ed by m.p. and IR . T he  combined m other liquor w as concentrated, dilute sodium 
hyd ro x id e  added and the whole m ix tu re  was warmed on a boiling w ater-bath . The insoluble 
fra c tio n  was filtered off (0.2 g) a n d  crystallized from alcohol to  give 3a as evidenced by  m.p. 
an d  IR .
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Reaction of secondary amines with 4 a—f

A m ixture of 4a—f  (5 mm ol) and piperidine (or morpholine) (10 mm ol) w as refluxed in 
e thano l un til all the solid dissolved («a48 hr). The reaction m ixture was co n cen tra ted , diluted 
w ith  w ater and extracted  w ith  ether. E vaporation  of the ethereal ex trac t gave a semi-solid 
w hich was digested several tim es w ith  light petroleum  (b.p. 60—80°C). The com bined petro­
leum  ether ex tract was trea ted  w ith  charcoal, filtered  and concentrated. T he prec ip ita ted  
colourless needles were crystallized from  light petro leum  (b.p. 60—80°C) to  give

Piperidylthioforinanilide (77% ), m .p. 88—90°C
Ci2H ,6N2S Calcd. C 65.4; H  7.27; S 14.5.

Found C 65.8; H  7.25; S 14.4% .

Morpholylthioformanilide (75% ), m .p. 120—2°C
Cn H 14N2OS Calcd. C 59.5; H  6.3; S 14.5.

Found C 59.2; H  6.2; S 14.4% .

R E F E R E N C E S

[1] M a m e l i, E., Zo rzi, L.: Farm aco (Pavia) E d. Sei. 9, 691 (1954); Chem. A bst. 49, 6229
(1955)

[2] Gr a n ä c h e r , C.: Helv. Chim. A cta 3, 152 (1920)
[3] D a n is , F. B., D a v is , S. I.: U niv. K ansas Sei. Bull. 15, 269 (1924); Chem. A bst. 20,

600 (1926)
[4] B r o w n , F. C.: Chem. R ev. 61, 463 (1961)
[5] Ca m pa ig n e , E., Cl in e , R. E .: J . Org. Chem. 21, 32 (1956)
[6] T u r k e v ic h , N. M., Ma k u k h a , M. P .: Zh. Anal. Khim. 6, 308 (1951); Chem. A bst. 46,

1924 (1952)
[7] J e n s e n , K. E ., Cro ssla n d , I.: A cta Chem. Scand. 17, 144 (1963); Chem. A bst. 59,

3912 a
[8] B esyadets, K a . O. L.: Farm . Zh. (K iev) 22, 9 (1967); Chem. A bst. 67, 82152 tu
[9] T u r k e v ic h , N. M.: B esyadets K aya USSR 196855; Chem. Abst. 68, 2 1 9 3 8 /

[10] L o, С.-P .: J. Amer. Chem. Soc. 80, 3466 (1958)
[11] G ir a r d , M. L., D r e u x , C.: Compt. R end. 260, 2285 (1965); G ir a r d , M. L ., D r e u x , C.r

Bull. Soc. Chim. F r. 3461 (1968)
[12] G in a k , A. I., So c h il in , E. G.: Zh. Org. Khim. 3, 1711 (1967)
[13] Co m r ie , A. M.: J. Chem. Soc. 3478 (1964)
[14] M u st a fa , A., Aska r , W ., S o b h y , M. E. E .: J . Amer. Chem. Soc. 82, 2597 (1960)
[15] B el la m y , L. J .:  The In fra red  Spectra of Complex Molecules. M ethuen and  Co.-

L td . 1960, (a) p. 65, (b) p. 13

A . R . A. R a o u f  
M. T . O m a r  
S. M. A. O m r a n  
К . E . E l -B a y o u m y

C h em istry  D e p a r tm e n t1
F a c u lty  o f  Science, A in  Sham s U n iv e rs ity , 
A h b assia , C airo, E g y p t.

A c ta  Chim . ( B u d a p e s t)  8 3 , 197 4





I

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 83 (1 ) , p p . 367 — 372 (1975)

ST U D IE S ON 4-T H IA Z O L ID IN O N E S, III
EV ID E N C E  FO R  T H E  CLEAVAGE O F 2,4-TH IA ZO LID IN ED IO N ES W IT H  AMINES 
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Cleavage of 5-(6-brom o-3,4-m ethylenedioxybenzylidene)-2,4-thiazolidinedione 
( lb )  and its 3-phenyl derivative ( l a )  w ith piperidine under controlled conditions gives 
a-thiol-/?-(6-bro m o-3,4-m ethylenedioxyphenyl)-N -piperidylcarbonyl acrylam ide (2b) and 
its  N -phenyl substitu ted  derivative (2a) respectively. However, th e  tre a tm e n t of 5- 
arylidene-2,4-thiazolidinediones w ith  excess benzylam ine gives the corresponding aryl- 
acetic acids (5). The structures of these products have been confirm ed b y  IR  LTV and 
NMR spectroscopy.

In  a p rev io u s p u b lica tio n  [1] i t  h a s  been  show n t h a t  5 -ary lidene-3 - 
p h en y l-2 ,4 -th iazo lid in ed io n es u n d e rg o  r in g  cleavage w ith  b en z y la m in e  and  
h y d ra z in e  a t  th e  1,2- as w ell as th e  4 ,5 -bonds. T h e  aim  of th e  p re s e n t  w o rk  is 
to  s tu d y  th e  sequence  of th is  c leavage.

Since i t  is n o t  possib le  to  iso la te  th e  p ro d u c ts  o f 1 ,2-cleavage on  tre a t in g
5 -a ry lid en e-3 -p h en y l-2 ,4 -th iazo lid in ed io n es w ith  ben zy lam in e  [1], o u r  a t te m p ts  
h e re  a re  a im ed  a t  c leav ing  th e se  co m p o u n d s w ith  seco n d ary  am in es su ch  as 
p ip e rid in e .

T h u s , sh o rt re flu x in g  o f  an  alcoholic  so lu tio n  o f l a  w ith  2 m ol o f  p ip e rid in e  
g ives a-th io l-/3 -(6 -b ro m o -3 ,4 -m eth y len ed io x y p h en y l)-N -p ip erid y lcarb o n y l-N - 
p h e n y l ac ry lam id e  (2a), as ev id en ced  b y  a n a ly tic a l an d  sp e c tra l d a ta .  T h u s, 
th e  in f ra re d  sp e c tru m  (cf. T ab le  I)  rev ea ls  vc=,0 a t  D 2 0  c m -1  (su b s ti tu te d  
non-cyc lic  im ides [2]), an d  th e  e lec tro n  sp e c tru m  (cf. T ab le  I) is an a lo g o u s to  
th e  sp e c tra  o f 5 -ary lid en e-2 ,4 -th iazo lid in ed io n es (cf. T ab le  IV ). T h is  in d ica te s  
th e  p resence  o f th e  sam e ch ro m o p h o re  sy stem s in  a ll of th e se  co m p o u n d s . T he 
s tru c tu re  of 2a h as  been  fu r th e r  co n firm ed , b y  chem ical d e g ra d a tio n . T h u s 
re f lu x in g  of i ts  alcoholic so lu tio n  w ith  excess p ip erid ine  g ives p ip e rid y l- 
fo rm an ilid e  as show n b y  m .p . an d  m ix tu re  m .p . w ith  an  a u th e n tic  sam p le  [3]. 
T h e  sam e p ro d u c t is also o b ta in e d  on  re flu x in g  l a  fo r a long  perio d  w ith  excess 
p ip e rid in e .

S im ilarly , c leavage o f th e  3 -u n su b s titu te d  d e riv a tiv e  l b  w ith  p ip e r i­
d in e  g ives <x-th io l-/?-(6 -b rom o-3 ,4 -m ethy lened ioxypheny l)-N -p iperidy lcarbony l 
a c ry lam id e  2b. T h e  s tru c tu re  of 2b is ev idenced  b y  an a ly tic a l as w ell as sp e c tra l 
d a ta .  T h u s , its  in f ra re d  sp e c tru m  (cf. T ab le  I) show s Гмн a n d  Fc=o (su b ­
s t i tu te d  non-cyclic  im ides [2]) an d  i ts  e lec tro n  sp ec tru m  (cf. T ab le  I )  is analo -
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Table I

IR  spectra K B r  disc and U V  spectra in  absolute methanol 
o f  2a, 2b, 5d and  5e

Compound
Infrared bands (cm-1) Electronic bands

V0 = 0 *4>H (nrn) ®max

2a 1720 370 23220
251 15100

2b 1710 3080* 366 16700
250 10565

5d 1750 3030-3700** 294 3075
250 2500

5e 1755 3030—3640** 287 2955
250 2710

* Characteristic o f uNH 
** B road absorption

Table II

N M R  spectra (D M SO ) o f  2b and  5d

т-values (p.p.m.)

Compound Olefinic proton Aromatic protons
Methylenedioxy

protons Other absorption

2b 2.5, 1H (S) 2.7, 1H (S) 
2.87, 1H (S)

3.87, 2H (S) 6.1—8.6, ЮН (M) 
(piperidyl 

protons)
5d 2.83, 1H (S) 

3.08, 1H (S)
3.95, 2H (S) 5.93, 1H (D) 

5.99, 1H (D) 
(a-methylene 

protons)

(S) =  singlet; (D) =  doublet; (M) =  m ultip let

Table III

5-Arylidene-2,4-thiazolidinediones la ,  l b  and  lc

Com- M.P. Yield
Formula

Analysis: Calcd. Found
pound (°C) (%) C H N s

l a 1 7 5 -7 7 74 CI7H 10BrNO4S 50.5 2.47 3.64 7.9
Canary yellow 50.2 2.60 3.90 7.9

lb 244—46 76 Cn H eB rN 04S 40.2 1.8 4.26 9.7
Pale yellow 40.6 2.0 4.10 9.9

lc 2 5 6 -5 8 87 C12H 10BrNO3S 41.9 2.9 4.06 9.0
Pale yellow 42.2 3.0 3.8 9.1
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Table IV

Infrared (K B r  disc), U V  ( in  glacial acetic acid) 
and N M R  (D M SO ) spectral data for  la ,  lb  and  l c

Com-
Infrared spectra (cm-1)

Electronic
spectra NMR spectra (т-values)

pound
VO — 0 VNH Amax ®max Olefinic protons Aromatic protons Other absorptions

l a 1740, 1695 — 369
255

17 870 
11655

2, 1H (S) 2 .3 5 -2 .9  7H 
(M)

3.78, 2H (S) 
(Methylenedi- 

oxy protons)

lb 1760, 1715 3200 366
254

15 690 
9500

2.17, 1H
(S)

2.47, 1H (S) 
2.98, 1H (S)

3.8, 2H (S) 
(Methylenedi- 

oxy protons)

lc 1760, 1710 3140 371
258

21 800 
11 200

2.05, 1H 
(S)

2.57, 1H (S) 
2.9, 1H (S)

6.28, 3H (S) 
6.35, 3H (S) 
(M ethoxy pro­

tons)

(S) =  singlet; (M) =  m ultip let.

gous to  tho se  o f l a  an d  2a. T he N M R  sp e c tru m  w hich show s u p o n  going  from  
low  to  h igh  fie ld s, th e  signals c h a ra c te r is tic  o f  olefinic, a ro m a tic , m ethy lene- 
d io x y  an d  p ip e rid y l p ro to n s  w ith  th e  in te g ra te d  p ro to n  areas o f  1 : 2 : 2 : 10, 
re sp ec tiv e ly , is co n sis ten t w ith  th e  p ro p o sed  s tru c tu re . T he a s s ig n m e n t o f the  
lo w est fie ld  signal to  th e  olefin ic p ro to n  is b ased  on co m p a riso n  w ith  the  
sp e c tra  of o th e r  5 -a ry lid en e-4 -th iazo lid in o n es [4]. F u rth e rm o re , th e  o b se rv a tio n  
o f one olefinic sing le t is c o n s is ten t w ith  a th io l ra th e r  th a n  a th io n e  fo rm  for 
ac ry lam id es 2. T h e  analysis  o f i ts  N M R  sp e c tru m  is given in  T a b le  I I .

X
l 'h C H ^ N U ^  \ j _ C O N R _ C O N H _ C H 2 p h

/
Y

1 2  3

0=0 -N— R
X NU -Y

S C = 0
c

0 = C ------N—К
I I

X—N—Y 

HS. X '= 0

CHAr CHAr

X,Y = -(С Н г)б- [ArCHjCHS]

4

ArCH2COOH -«-------------------------------------1

5

a ; A r =  6-brom o-3,4-m ethylenedioxyphenyl, R  =  P h  
b; Ar =  6-brom o-3,4-m ethylenedioxyphenyl, R  =  H 
c; Ar =  6-brom o-3,4-dim ethoxyphenyl, R  =  H 
d; Ar =  6-brom o-3,4-m ethylenedioxyphenyl 
e; A r =  6-brom o-3,4-dim ethoxyphenyl
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T h e  fo rm atio n  of 2 a  a n d  2b  ind icates t h a t  th e  c leav ag e  occurs p rim a rily  
a t  t h e  1 ,2 -bond , w hich c o n firm s  th e  previously  su g g e s te d  ro u te  of cleavage [1].

H o w ev er, reflu x in g  th e  a lcoho lic  so lu tion  o f  ea c h  o f  l b  an d  l c  w ith  excess 
b e n z y la m in e  gives 6 -b ro m o -3 ,4 -m e th y len ed io x y p h en y l- (5d) an d  6-brom o-3,4- 
d im e th o x y p h e n y l-  (5e) a c e tic  ac id s , respective ly , w ith  th e  evo lu tion  o f h y d ro ­
g en  su lf id e . In  ad d itio n , a n  u n id e n tif ie d  n itro g e n -c o n ta in in g  sem i-solid is also 
o b ta in e d . T he s tru c tu re  o f  b o th  5d an d  5e is s u b s ta n t ia te d  b y  an a ly tica l d a ta , 
s o lu b il i ty  in  sodium  c a rb o n a te  so lu tion  and b y  in f ra re d  spectro scopy  w hich  
sh ow s i>c=o and  Гон c h a ra c te r is t ic  of a lip h a tic  ac id s  [5] (cf. T ab le  I) . T h e  
s t r u c tu r e  o f 5d receives f u r th e r  su p p o rt from  N M R  sp ec tro scopy . I t s  N M R  
s p e c tru m  (cf. T able I I )  show s, u p o n  going from  low  to  h ig h  fie lds, th e  signals o f 
a ro m a tic ,  m eth y len ed io x y l a n d  a-m ethy lene  p ro to n s  in  th e  ra tio  of 2 : 2 : 2, 
re sp e c tiv e ly . The a p p e a ra n c e  o f  th e  a -m eth y len e  p ro to n s  as tw o d o u b le ts  
p o in ts  to  th e ir  m agnetic  n o n eq u iv a len ce . The s t ru c tu re  o f 5e is fu r th e r  p ro v ed  
b y  a n a lo g y  of its  e lec tron  s p e c tru m  w ith  th a t  o f 5d (cf. T ab le  I). T he n itro g en - 
c o n ta in in g  semi-solids a re  su p p o se d  to  be m ix tu re s  o f  d iffe ren t decom position  
p r o d u c ts .

I t  is noteworthy th a t  ary lacetic  acids were prepared from  2,4-thiazolidenc- 
d io n es b y  the m ultistep G r ä nach er  synthesis [6]. Our procedure here pro­
v id es  a sim ple one-step m eth o d  for obtaining a ry lacetic  acids from the sam e  
s ta r tin g  materials.

F o rm a tio n  of 5d a n d  5e  ind ica tes th a t  th e  c leav ag e  of th e  p rim a rily  
fo rm e d  acry lam ides 2 o ccu rs  a t  th e  4,5-bond. T h is a lso  su p p o rts  our p rev io u sly  
p ro p o s e d  ro u te  in  w hich  th e  4 ,5 -b o n d  is c leaved .

C o m bina tion  of th e s e  re s u lts  and  those r e p o r te d  earlie r [1] p e rm it th e  
c o n c lu s io n  th a t  th e  c leav ag e  o f  5 -a ry lidene-2 ,4 -th iazo lidened iones, e ith e r  s u b ­
s t i t u t e d  or u n su b s titu te d  a t  t h e  3-position, w ith  a m in e s  invo lves a 1 ,2 -bond  
r u p tu r e  b y  a tta c k  a t  C — 2 to  give 2. In  th e  p re se n c e  o f excess am ine, a f te r  
lo n g e r  re a c tio n  tim es f i r s t  c le av ag e  is followed b y  a t t a c k  a t  C — 4 w ith  fission  
o f  th e  4 ,5 -bond  and s u b s e q u e n t fo rm ation  of 3 a n d  4 . O x id a tio n  of 4 u n d e r  th e  
r e a c t io n  conditions w ill le a d  to  th e  fo rm ation  o f th e  a ry la c e tic  acids 5. F u r th e r  
a c t io n  o f  th e  am ine on 3 g iv es  n itro g en -co n ta in in g  d ecom position  p ro d u c ts .

E xperim ental

M elting points are n o t co rrected . Infrared spectra  w ere recorded on a Carl Zeiss U R  
spectropho tom eter. U ltrav io let sp ec tra  were taken on a U n icam  SP 8005 spectrophotom eter 
in  g lac ia l acetic acid solution. N M R  spectra  were obtained on a  Perkin-E lm er R12 A instrum en t 
using  DM SO as a solvent and  TM S as internal reference.

Synthesis of bromoaldehydes

A solution of brom ine (0.001 m ol) and iodine (0.5 g) in  20 m l carbon tetrachloride-acetic 
ac id  m ix tu re  (1 : 1 v/v) was added  dropwise over 30 m in to  a  stirred  solution of the  app ro ­
p r ia te  a ldehyde in 75 ml of th e  sam e m ixture of solvents a t  room  tem perature. The reaction
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m ixture was stirred  for 3 hrs, shaken for fu rther 24 hrs, concentrated over a boiling w ater-ba th  
and  poured into cold water. The p rec ip ita ted  solids were filtered off and crystallized  from  a 
suitable solvent to  give the title com pounds.

Piperonal gave 6-brom o-3,4-m ethylenedioxybenzaldehyde (87% ), m .p . 127— 129°C, 
undepressed on adm ix ture  with an  au th en tic  sam ple [7].

V eratral gave 6-brom o-3,4-dim ethoxybenzaldehyde (75% ), m .p. 148— 150°C, unde­
pressed on adm ix tu re  w ith an au th en tic  sample [8].

Synthesis of la , lb  and lc

These p roducts were obtained b y  refluxing th e  appropriate 2,4-thiazolidinedione (0.002 
mol), th e  brom aldehyde (0.002 mol) and  fused sodium  acetate  (0.006 mol) in  glacial acetic 
acid (20 ml) for 15 hrs. The reaction w as carried ou t in  the usual m anner [9]. R esu lts  are 
given in  Tables I I I  and IV.

Action of 2 mol piperidine on la  and lb

To a suspension of la  (0.001 mol) in e thanol (15 ml), piperidine was added  and  the 
whole m ixture refluxed  for 3 hrs. The reaction  m ixture was concentrated, trea ted  w ith  charcoal 
and  left standing overnight. The p rec ip ita ted  crude p roduct was recrystallized from  e th an o l to 
give a-thiol-ß-(()-bromo-3,i-rnethylenedioxyphenyi)-1S-piperidylcarbonyl- 'S-phenyl acrylamide 2a 
(72% ) in yellow clusters, m.p. 187— 189°C.

C22H 21B rN 20 4S Calcd. C 53.9; H  4.2; N  5.72; S 6.4.
Found C 54.3; H  4.0; N  5.77; S 6.9%.

Similar tre a tm en t of lb  (0.001 mol) w ith piperidine (0.002 mol) gave a solid w hich was 
crystallized from  m ethanol to give a.-thiul-ß-(b-bromo-Z,4!-methylenedioxyphenylS-piperidyl- 
-carbonyl acrylamide 2b (75%) in yellow crystals, m .p. 179— 180°C.

CI0H 17BrN 2O4S Calcd. C 46.68; H  4.1; B r 19.37.
Found C 46.50; H  4.3; B r 19.30%.

Action of excess piperidine on la

A solution of la  (0.001 mol) an d  excess piperidine was refluxed un til hydrogen  sulfide 
ceased to  evolve. The reaction m ixture was trea ted  w ith  charcoal, concentrated  an d  th e  pre­
c ip ita ted  solid was recrystallized from  dilute e thanol to give piperidylform anilide (60% ), 
m .p. 158—159°C, undepressed on adm ix tu re  w ith an  au then tic  sample [3].

Degradation of 2a

To a solution of 2a (0.001 mol) in  e thanol (10 ml), excess piperidine was added  and  the 
m ixture refluxed un til hydrogen sulfide ceased to  evolve. The reaction m ix ture  was trea ted  
w ith  charcoal, concentrated , diluted w ith  w ater and  the  precip itated  solid was recrystallized  
from  dilute e thanol to  give piperidylform anilide (50% ), m.p. 158—159°C, undepressed  on 
adm ix ture  w ith an  au then tic  sample [3].

Action of benzylaniinc on lb  and lc

To a suspension of lb  (0.001 m ol) in ethanol (15 ml), benzylamine (0.005 m ol) was 
added and the m ix ture  was refluxed for 3 hrs (or un til hydrogen sulfide ceased to  evolve). The 
reaction  m ixture was concentrated, tre a te d  w ith charcoal and allowed to stand  overn igh t. The 
crude solid product was filtered off an d  recrystallized from  n-butanol to  give 6-bromo-3,4- 
-methylenedioxyphenylacetic acid 5d (85% ), m.p. 198— 200°C.

C„H,Br04 Calcd. C 41.3; H  2.7.
Found C 41.6; H  2.9% .
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Sim ilar trea tm en t of l c  (0.001 mol) w ith benzylam ine (0.004 mol) gave a product 
w hich w as crystallized from  glacial acetic acid kto  give 6-bromo-3,4i-dimethoxyphenylacetic 
acid 5a (85% ), m .p. 193— 195°C.

C10H u BrO4 Calcd. C 43.6; H  4.0.
Found  C 43.3; H  4.3%.

E v ap o ra tio n  of the original m other liquors gave a sem i-solid neu tral fraction containing 
n itrogen ; th e  separation and identification  of these p roducts is in  progress.
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The synthesis of 4-0-m esyl-3-0-tosyl- ( l ile ) , 3-0-m esyl-4-0-tosyl- (H id) and
3.4- di-O-tosyl- (IHe) derivatives of 2 ,5-anhydro-l,6-thioanhydro-D -glueitol is described.
The tosy loxy  groups o f these compounds could be split by reduction w ith  sodium
am algam , yielding the 3-hydroxy-4-0-m ethyl- (Ilik), 4-hydroxy-3-0-m esyl- (I llg ) and
3.4- d ihydroxy (ШЬ) derivatives.

R e c e n tly  we describ ed  th e  syn thesis  [1] o f  2 ,5 -an h y d ro -3 ,4 -d i-0 -m eth y l-  
su lfo n y l-l,6 -th io an h y d ro -D -g lu c ito l (Ilia ). O f th e  tw o  m esyloxy  g roups p re se n t 
in  I lia , on ly  th e  one a t  C-4 cou ld  be rep laced  b y  nucleoph iles w ith  re te n tio n  of 
co n fig u ra tio n , w hile th e  o th e r  a t  C-3 re m a in e d  in ta c t .  As for our fu r th e r  ex ­
p e rim en ts  th e  co rresp o n d in g  3 ,4 -d ih y d ro x y  d e r iv a tiv e  IH b  w as n eed ed , a  new  
syn th esis  h a d  to  be w o rk ed  o u t.

T osy l e s te rs  —  w hich  are  v e ry  s im ila r to  m esy l esters  in  m o st o f  th e ir  
reac tio n s  —  can  be easily  sp li t  w ith  sodium  a m a lg a m  [2] w hereby  th e  h y d ro x y l 
group is reco v e red  w ith  re te n tio n  of c o n fig u ra tio n . F o r th is  reason , th e  sy n ­
thesis  o f th e  tw o  m ono-O -tosy l- (IIIc  and  H id ) , as w ell as th a t  of th e  d i-O -to sy l 
d e riv a tiv e  (H ie) w as dec ided .

CH„Br

ROCH .0. RüO

AcOCH

HCOR

HCOAc

CH2Br
la  R  =  H  Н а X  =  B r, R 3 =  H , R 2 =  Ms
lb  R =  Ts НЬ X =  Br, R j =  Ts, R 2 =  Ms

l ie  2X =  BzS +  B r, R j =  T s , R , =  Ms 
l id  X  =  BzS, R j =  Ts, R 2 =  Ms 
I le  X  =  Br, R , =  H , R 2 =  Ts 
I l f  X  =  B r, R x =  Ms, R 2 =  Ts 
H g 2X =  BzS +  B r, R , =  Ms, R 2 =  Ts 
III. X  =  BzS, R , =  Ms, R„ =  Ts 
H i X  =  B r, R j =  Ts, R 2 =  Ts

I l ia  Ri =  Ms, R 2 =  Ms 
Ш Ь I?! =  II, R2 =  II 
IIIc  Ri =  Ts, R2 =  Ms 
I l id  R , =  Ms, R2 =  Ts 
IIIc  R, =  Ts, R2 = T s 
i n f  R , =  H, R 2 =  Ms 
IH g R 3 =  Ms, R2 =  H 
I l lh  Rj =  Ts, R2 =  Bz 
1Ш R t =  Ts, R2 =  H 
I l l j  В г =  Ac, R2 =  Ac 
I l ik  R , =  H, R" =  CH3 
III1 Ri =  Ac, R 2 =  CH3

* P a rt I : Carbohyd. Res. 27, 157 (1973).
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Synthesis o f th e  3 -O -tosy l derivative  IIIc

C o m p o u n d  I I Ic  w as sy n th es ized  acco rd in g  to  th e  ro u te  d esc rib ed  [1] fo r 
I l i a ,  s ta r t in g  from  2 ,5 -an h y d ro -l,6 -d id eo x y -4 -0 -m esy l-D -g lu c ito l (H a), w h ich  
on to s y la t io n  gave  th e  co rresp o n d in g  4 -0 - to s y l  d e riv a tiv e  ( lib ) . T re a tm e n t  of 
l ib  w ith  o n e  e q u iv a le n t o f p o ta ss iu m  th io lb e n z o a te  in  acetone a ffo rd ed  a  c ru d e  
m ix tu re ,  c o n ta in in g  besides th e  desired  m ono-S -benzoy l d e riv a tiv e s  ( lie )  som e 
u n c h a n g e d  s ta r t in g  m a te r ia l ( lib )  a n d  th e  co rresp o n d in g  d i-S -benzoy l e s te r  
( l id ) . T h e  l a t t e r  could  be  o b ta in e d  in  p u re  s ta te  b y  tre a tin g  th e  d ib ro m id e  l ib  
w ith  a n  excess of p o ta ss iu m  th io lb e n z o a te .

A s th e  m ono-S-benzoyl d e r iv a tiv e s  l i e  cou ld  n o t be p u rified  b y  co lu m n  
c h ro m a to g ra p h y , th e  crude  m ix tu re  w as t r e a te d  w ith  sodium  m e th o x id e , 
w h e n  a  1 ,6 -th io a n h y d ro  lin k  w as fo rm ed  a n d  th e  4 -0 -m e sy l-3 -0 -to sy l d e r iv a tiv e  
I I I c  w as  o b ta in e d  in  a y ie ld  o f  n e a r ly  5 0 % .

T h e  to s y l  e s te r g roup  in  I I Ic  cou ld  be  sp lit  re d u c tiv e ly  b y  so d iu m  a m a l­
g am  in  a q u eo u s  m e th an o l, b u t  s im u lta n e o u s ly  th e  4-O -m esyl g roup  w as su b ­
s t i tu te d  w ith  re te n tio n  o f c o n fig u ra tio n  b y  a m e th o x y l group , le a d in g  in s te a d  
o f th e  e x p e c te d  3 -h y d ro x y -4 -0 -m esy l c o m p o u n d  I l l f  to  th e  co rre sp o n d in g  
4 -O -m e th y l d e riv a tiv e  I l ik .  R e te n tio n  of th e  c o n fig u ra tio n  a t  C-4 co u ld  n o t  be 
p ro v e d  b y  th e  N M R  sp ec tru m  o f co m p o u n d  I l i k  itse lf, as th e  co rre sp o n d in g  
H -3  a n d  H -4  p ro to n s  gave an  o v e rlap p in g  m u ltip le t  (see T ab le ), th e re fo re

Table

N M R  data (8, ppm ) o f  2,5-anhydro-l,6-thioanhydro-o-glucitol derivatives

Compd. Ri Ra H-3
(2xd)

H-4
0)

mesyl
(CH,)

tosyl
(CH3)

acetyl
(CH3)

methoxy
(CH3)

I l i a Ms Ms 5.33 5.67 3.32 — — _
3.34

I l lb H H 225--265* — —

IIIc Ts Ms 5.27 5.58 3.06 2.47 — —

H id Ms Ts 5.08 5.68 3.04 2.48 — —

IH e Ts Ts 4.99 5.50 — — — —

n ig Ms H 290--310* 3.22 2.42 — —

H h Ts Bz 5.28 5.70 — 2.23 — —

H i Ts H 4.85 5.05 — 2.50 — —

n i j Ac Ac 5.30 5.65 — — 2.10
2.13 —

I l ik H CH3 235--275* — — — 3.45
n i l Ac CH3 5.15 4.40 — — 2.10 3.36

* O verlapping m ultiplets (Hz)
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I l ik  w as co n v erted  in to  th e  4 -O -ace ty l d e r iv a tiv e  III 1. In  th e  N M R  spec trum  
o f th e  la t te r  H -4  g av e  a d o u b le t a t  4.40 p p m , an d  H -3 a p p e a re d  as a p a ir  o f 
d o u b le ts  a t  5.15 p p m , accord ing  to  th e  d iffe ren t couplings o f  th e se  p ro to n s 
w ith  th e  a d ja c e n t H -3  an d  H -4 [1].

Synthesis of th e  4-O -tosyl derivative H id

F o r th e  sy n th es is  o f c o m p o u n d  IH d, 2 ,5 -a n h y d ro -l,6 -d ib ro m o -l,6 -  
d ideoxy-4-O -tosy l-D -g lucito l (He) w as n eed ed , w hich  w as p re p a re d  b y  con­
v e r tin g  l,6 -d ib ro m o -l.,6 -d id eo x y -3 ,5 -d i-0 -ace ty l-D -m an n ito l (la ) in to  th e  cor­
re sp o n d in g  2 ,4 -d i-O -tosy l d e r iv a tiv e  (lb) a n d  tre a t in g  th e  l a t t e r  w ith  h y d ro ­
ch loric  acid  in  m e th a n o l. D urin g  th is  p ro ced u re  d e a c e ty la tio n  a n d  elim ination  
o f p -to ly lsu lfo n ic  ac id  to o k  p lace  re su ltin g  in  th e  2 ,5 -an h y d ro  d e riv a tiv e  lie .  
M esy la tion  of co m p o u n d  l i e  a ffo rd ed  I lf , from  w hich  c ry s ta llin e  m ono-S- 
benzoy l e s te r (Ilg) w as o b ta in ed  on t r e a tm e n t  w ith  one e q u iv a le n t o f p o ta s ­
sium  th io lb en zo a te  in  acetone. As b y -p ro d u c t th e  co rresp o n d in g  d i-S -benzoate  
l i b  w as iso la ted . W h en  H g w as tr e a te d  w ith  sodium  m e th o x id e  th e  1,6- 
th io a n h y d ro  rin g  w as fo rm ed , g iv ing  th e  ex p ec ted  3 -0 -m e sy l-4 -0 -to sy l 
d e r iv a tiv e  H id. T h e  to sy l este r g ro u p  cou ld  be  sp lit re d u c tiv e ly  in  th is  com ­
p o u n d  to o , lead ing  to  th e  know n [1] 4 -h y d ro x y  d e riv a tiv e  IH g.

Synthesis of the 3,4-d i-O -tosyl derivative H ie

F o r sy n th esiz in g  th e  d esired  d ito sy l e s te r  l i l e ,  to sy la tio n  (to  Hi) of 
2 ,5 -an h y d ro -l,6 -d ib ro m o -l,6 -d id eo x y -4 -0 -to sy l-D -g lu c ito l (He) w as a tte m p te d . 
D esp ite  th e  fac t t h a t  th e  b u lk y  to s y l  g ro u p  cou ld  be in tro d u c e d  in to  th e  cor­
re sp o n d in g  4-O -m esyl com pound  I la , th e  sam e re a c tio n  fa iled  co m p le te ly  in  
th e  case o f th e  4 -O -to sy l d e r iv a tiv e  l ie .  T h erefo re  a n o th e r ro u te  h a d  to  be 
devised .

W hen  th e  4 -0 -m e sy l-3 -0 - to sy l d e r iv a tiv e  IIIc w as t r e a te d  in  h o t di- 
m eth y lfo rm am id e  w ith  sodium  b e n z o a te , th e  4-O -m esyl g roup  w as se lectively  
rep laced  b y  b en zo a te  w ith  re te n tio n  o f co n fig u ra tio n . D eb en zo y la tio n  of th e  
o b ta in e d  este r I l lh  b y  a c a ta ly tic  a m o u n t o f sodium  m e th o x id e  gave  th e  4- 
hyd rox y -3 -O -to sy l d e riv a tiv e  I l i i ,  w hich  on  to sy la tio n  a ffo rd ed  th e  d itosy l 
e s te r  H ie . B oth  co m p o u n d s (1Ш an d  H ie) gave on t r e a tm e n t  w ith  sodium  
am alg am  2 ,5 -an h y d ro -l,6 -th io an h y d ro -D -g lu c ito l (Illb ). A c e ty la tio n  and  
m esy la tio n  of co m p o u n d  I llb  le d  to  th e  d i-O -ace ty l I l lj  a n d  d i-O -m esyl 
d e riv a tiv e  I lia , re sp ec tiv e ly , p ro v in g  n o t  o n ly  th e  presence, b u t  also  th e  con­
f ig u ra tio n  of th e  tw o  h y d ro x y ls , as th e  la t te r  com pound  w as id e n tic a l w ith  
th e  know n  [1] 2 ,5 -an h y d ro -3 ,4 -d i-0 -m esy l-l,6 -th io an h y d ro -D -g lu c ito l (Ilia ).

T he IR  an d  N M R  d a ta  o f  th e  sy n th es ized  co m p o u n d s w ere  in  full 
ag reem en t w ith  th e  p roposed  s tru c tu re s ;  th e  N M R  d a ta  of th e  d e riv a tiv e s , 
co rresp o n d in g  to  th e  genera l s tru c tu re  III are  sum m arized  in  th e  T a b le .
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E xperim en ta l

M .p .’s are uncorrected. TLC w as effected on Kieselgel G w ith  the solvent system s carbon 
te tra ch lo rid e  e thy l acetate 1 : 1 (A), 2 : 1 (B), 5 : 1 (C), and  у : 1 (D). A m ixture of 0.1 M  
p o tass iu m  perm anganate ad 1 M  su lfuric  acid (1 : 1), w ith heating  a t 10?°C, was used for 
de tec tion . F o r column chrom atography , silicic acid was used w ith  carbon tetrachloride. The 
NM K sp e c tra  were recorded a t 60 M H z, with a V arb n  A-50D spectrom eter, for solutions in 
CDC13 w ith  Me4Si as internal s ta n d a rd . All evaporations were carried ou t in a ro ta ry  evap­
o ra to r u n d e r  diminished pressure, a f te r  drying the organic solutions over sodium sulfate. The 
ligh t p e tro leu m  used had b.p. 60— 80°C. Optical ro tations were determ ined in  chloroform 
(c =  1), unless otherwise sta ted .

3 ,5 -D i-0 -a c e ty l- l,6 -d ib ro m o -l,6 -d id eo x y -2 ,4 -d i-0 -p -to ly lsu lfo n y l-D -m an n ito l ( lb )

A solution  of 3 ,5 -di-0-acety l-l,6-dibrom o-l,6-dideoxy-D -m annito l ( la )  [3] (39.2 g) in 
d ry  p y rid in e  (200 ml) was tre a ted  a t  0°C w ith p-tolylsulfonyl chloride (42 g). The reaction 
m ix tu re  w as kep t for four days a t  room  tem perature and th e n  poured into w ater. The oil 
w hich separa ted  was extracted  w ith  chloroform to give, a fter th e  usual work-up, a syrup 
(51 g), w hich after crystallization from  10-fold m ethanol afforded pure lb  (42 g; 60% ), m .p. 
115— 117°C; Rf  0.4 (solvent D ); M g ' + 41 .3°.

C24H ,8Br2O10S2 (700.43). Calcd. C 41.15; H 4.03; B r 22.82; S 9.16.
F o u n d  C 41.32; H  4.19; B r 22.88; S 9.19% .

2 ,5 -A n h y d ro -l,6 -d ib ro m o -l,6 -d id eo x y -4 -0 -m e th y lsu lfo n y l-3 -0 -p -to ly lsu lfo n y l-D -g lu c ito l (П Ь )

A solution of compound I l a  [3] (156 g) and p-to ly lsulfonyl chloride (242 g) in  d ry  
py rid in e  (500 ml) was kept a t room  tem peratu re  for five days. W ate r (17 ml) was th en  added 
to  th e  reac tio n  m ixture and after fu r th e r  2 hrs a t room tem p era tu re  it  was poured into ice- 
w ate r, contain ing cone, sulfuric acid  (75 ml). The precip ita te  w as filtered off, washed w ith 
w ate r an d  dried to give, a fter recrystallization  from m ethanol (1750 ml), pure l i b  (149 g; 
67 .5% ), m .p . 116—118 °C; Rf  0.40 (so lven t C); [ajg + 46.2°.

C14H 18Br20 7S2 (522.25). Calcd. C 32.19; H  3.47; B r 30.60; S 12.28.
F o u n d  C 32.30; H  3.58; B r 30.78; S 12.34%.

2 .5 -  A n h y d ro -l(6 )-S -b e n z o y l-6 ( l)-b ro m o -6 (l)-d e o x y -4 -0 -m e th y lsu lfo n y I-l(6 )- th io -
3-O -p-to ly lsu lfonyl-D -g lucito l ( l ie )

A solution of lib  (10.4 g) an d  potassium  thiolbenzoate (3.8 g) in d ry  acetone (200 ml) 
w as k e p t overnight at room tem p era tu re . The slurry was boiled for 15 min and evaporated . 
T he res id u e  was partitioned betw een  chloroform and w ater, th e  organic solution was washed 
w ith  w a te r, dried and evaporated . T races of solvent were rem oved from  the rem aining syrup 
a t  100 °C and 0.01 torr. The sy ru p y  p roduct (11.4 g) contained, besides the desired mono-S- 
benzoy l derivatives lie , some s ta r tin g  m aterial (ПЬ) and the corresponding di-S-benzoyl ester 
l i d ,  b u t  no fu rther purification could  be achieved by chrom atography  because of the similar 
Rf  v a lu es  o f these three com ponents. [x ]f( -(-38°; Rf  0.40 (solvent C).

C21H 23B r0 8S3 (579.51). Calcd. B r 13.79; S 16.60.
F o u n d  B r 13.90; S 16.43%.

2 .5 -  A n h y d ro -l,6 -d i-S -b en zo y l-4 -0 -m eth y lsu lfo n y l-l,6 -d ith io -3 -0 -p -to ly lsu lfo n y l-D -
glueito l ( l id )

A solution of l ib  (1.04 g) an d  potassium  thiolbenzoate (1.1 g) in d ry  acetone (10 ml) was 
tr e a te d  as described for I lh .  The c rude  ester obtained gave on recrystallization  from  m ethanol 
p u re  l i d  (0.96 g; 75.5%); m .p. 95— 97°C ; Rf  0.40 (solvent C); [a ]p  +35.5°.

C28H 280 9S4 (636.77). Calcd. C 52.81; H  4.43; S 20.14.
F o u n d  C 52.66; H 4.45; S 20.07%.

A c ta  C h im . (B u d a p est)  83, 1974



KUSZM ANN, SOHÁR: H E X IT O L  D ER IV A TIV ES, I I 377

2 ,5 -A n h y d ro -l,6 -d ib ro m o -l,6 -d id eo x y -4 -p -to ly lsu lfo n y l-D -g lu c ito l(IIe )

Crude sirupy Ib  (19.7 g) was boiled on a steam  b a th  in a m ixture of m ethano l (400 ml) 
and cone, hydrochloric acid (100 ml) for 7 hrs. The cooled solution was neutralized  w ith  solid 
sodium hydrogen carbonate, the salts were filtered off and the filtra te  was concen tra ted  to  a 
syrup. This was dissolved in chloroform, washed w ith w ater, dried and evaporated. T he residue 
was dissolved in m ethanol and trea ted  w ith w ater till tu rb id ity  to obtain a crude m ateria l 
(5.4 g; 43% ), which on recrystallization from m ethanol w ater afforded pure l i e  (4.5 g ; 36% ); 
m .p. 118— 120°C; R j  0.45 (solvent D); [a ]g  + 43 .1°.

C13H lcBr20 5S (444.28). Calcd. C 35.15; H  3.63; Br 35.99; S 7.22.
Found C 35.19; H  3.69; Br 35.93; S 7.53% .

2 ,5 -A n h y d ro -l,6 -d ib ro m o -l,6 -d id eo x y -3 -0 -m e th y lsu ]fo n y l-4 -0 -p -to ly lsu lfo n y l-D -g lu c ito l ( I l f )

A solution of lie  (8.9 g) in d ry  pyridine (50 ml) w as trea ted  w ith m ethylsulfonyl chloride 
(4 ml). The reaction m ixture was kep t a t room  tem peratu re  overnight to  give, a fte r  usual 
w ork-up, 9.5 g crude diester, w hich on recrystallization  from  methanol (50 ml) afforded  pure 
I l f  (7.7 g; 74% ); m.p. 79—81°C; By 0.55 (solvent C); [<x]B +42.8°.

C14H 18Br20 7S2 (522.25). Calcd. C 32.19; H  3.47; Br 30.60; S 12.28.
Found C 32.46; H  3.65; Br 30.78; S 12.32% .

2.5- Anhydro-1 (6) - S-!m‘iizoy1-6( 1)-dcoxy-3-0 - met h\ lsuli'onyl-1 (6 )-t h io-4-0  
tolylsulfonyl-D-glucitol (I lg )

A solution of com pound I l f  (8.8 g) and potassium  thiolbenzoate (3.3 g) in  acetone 
(170 ml) was boiled for 5 hrs. The slurry was evaporated , the residue trea ted  w ith  w ater, 
filtered  and washed w ith w ater. Recrystallization of the  crude m aterial from  chloroform - 
m ethanol afforded pure Ilg  (6.25 g; 64% ); m .p. 194—196°C; R j 0.50 (solvent C); [a]jy + 4 2 .2  
(chloroform, c — 0.5).

C21H 23B r0 8S8 (579.51). Calcd. C 43.52; H  4.00; Br 13.79; S 16.60.
Found C 43.75; H  4.08; Br 13.42; S 16.75% .

2.5-Anhydro-I.(>-di-S-benzoyl-3 -0 -met hylsulfonyl- !,(>-dithio-4-0 -p-tolylsulfonyl-1>-
glucitol (I lh )

The m other liquor of com pound Ilg  was evaporated  and the crude m ixture of th e  mono- 
and di-S-benzoyl derivatives was dissolved in dry  acetone (20 ml) and boiled in th e  presence of 
potassium  thiolbenzoate (2 g). The residue of the evaporated  slurry was trea ted  w ith  chloro­
fo rm -w ater. E vaporation  of the washed and dried organic solution gave crude I lh  (3.5 g) 
which was purified by recrystallization from chloroform -light petroleum  to ob ta in  th e  pure 
product (2.2 g; 20.6% ); m.p. 126— 127°C; Rf  0.50 (solvent С); [<x]b° +55°.

C.,8H ,80 9S4 (636.77). Calcd. C 52.81; H  4.43; S 20.14;
Found C 52.64; H  4.50; S 19.91%.

2 ,5 -A n h y d ro -l,6 -th io an h y d ro -D -g lu c ito l ( I l lb )

A slurry  of I l ii  (9.5 g) or the ditosylate H ie  (14.1 g) and freshly prepared 4 %  sodium  
am algam  (95 g) in m ethanol containing 20%  w ater (100 ml) was stirred for 3 hrs a t room  
tem perature . During the first period gentle cooling was necessary to m aintain the tem p era tu re  
a t 25°C. The decanted clear solution was neutralized w ith  carbon dioxide, evapo ra ted , th e  
residue was trea ted  w ith ethanol (200 ml) and the filtered  solution was evaporated . T he sam e 
procedure was repeated twice w ith acetone. The residue was trea ted  w ith ether to  g ive, a fte r 
recrystallization from acetone, pure I llb  (4.3 g; 88.5% ); m.p. 113—115 °C; Rr 0.40 (e thy l 
acetate); [ot]f$ + 15° (chloroform, c =  0.5).

C6H 10O3S (162.21). Calcd. C 44.43; H  6.21; S 19.77.
Found C 44.26; H 6.35; S 19.52%.
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2,5-A nhydro-4-0-m ethylsulfonyI-l,6-thioanhydro-3-0-p-tolylsulfonyl-D -glucitol (H Ic)

Crude sirupy l ie ,  o b ta in ed  from 10.4 g of l ib  w as dissolved in chloroform (50 ml) and 
4 N  methanolic sodium m ethox ide  (6.8 ml) was added. T he slu rry  was kept a t room tem peratu re  
for 24 hrs. After neu tra liza tion  w ith  carbon dioxide i t  w as w ashed w ith water, dried and  evap­
o ra ted . The residue was tr e a te d  w ith benzene-light pe tro leum , and the crude IIIc  obtained 
was recrystallized from  m ethano l (4.0 g; 48.8%); m .p. 147 — 149°C; Rr 0.35 (solvent C); [a]n 
— 15.9°.

C14H 180 7S3 (394.48). Calcd. C 42.62; H  4.60; S 24.39.
Found C 42.61; H  4.58; S 24.42%.

2,5-A nhydro-3-0-m ethylsiilfonyl-l,6-thioanhydro-4-0-p-tolylsulfonyl-D -glucitol (H id )

A solution of I lg  (6.25 g) in dry chloroform w as tre a te d  w ith 4 JV sodium m ethoxide 
(1.3 ml). After I h r  a t  room  tem peratu re  the solution w as w ashed w ith w ater, dried and  evap­
o ra ted  to  yield crude I l id  (2.45 g), which on recrysta lliza tion  from m ethanol afforded the 
pu re  di-ester (2.1 g; 49 .3% ); m .p . 113—115 °C; Rf 0.50 (so lven t B); [a]o  —13.15°.

C14H 180 7S3 (394.48). Calcd. C 42.62; H  4.60; S 24.39.
Found C 42.63; H  4.62; S 24.24%.

2.5-A llhydro-1,6-thioanlndro-3.1-di-0-/>-!olyIsulfonyl-D-glucítol ( l ile )

A solution of I l i i  (3.16 g) in dry pyridine (15 m l) was trea ted  w ith p-tolylsulfonyl 
chloride (3 g). The reac tion  m ix tu re  was kept a t room  tem p era tu re  overnight and th e n  poured 
in to  w ater. The p rec ip ita ted  oil was extracted w ith  chloroform  to  give, after the usual w ork-up, 
th e  ditosyl ester l i le  as a colorless and chrom atographically  pure syrup (4.5 g; 96% ); Rr 0.75 
(solvent B); [a]g  — 13°.

C20H 2,O7S3 (470.57). Calcd. S 20.44. F o u n d  S 20.12%.

2,5-A nhydro-3-0-m ethylsulfonyl-l,6-thioanhydro-D -glucitol (I llg )

Compound H id  (7.9 g) was treated  w ith sodium  am algam  as described for I l lb . The 
residue obtained after ev apo ra ting  the acetone solution w as dissolved in ethyl ace tate , trea ted  
w ith  e ther until tu rb id , filte red  w ith  charcoal, and  evapora ted . Recrystallization of th e  residue 
from  ethyl ace ta te-ligh t pe tro leum  afforded I l lg  (1.85 g; 38.5% ), m.p. 98—100°C, alone and 
in  adm ixture w ith au th e n tic  m aterial [1].

2 ,5-A nhydro-4-0-benzoyl-l,6-thioanhydro-3-0-p-tolylsulfonyl-D -glueitol ( I l lh )

A solution of II Ic  (19.7 g) and sodium benzoate (8.65 g) in dim ethylform am ide (200 ml) 
was boiled for 30 m in. T he residue obtained on evapo ra tion  was dissolved in chloroform and 
w ashed w ith w ater to  give, a fte r  evaporation and tre a tm e n t w ith  methanol, pure I l lh  (16.25 g; 
77.5% ), m.p. 184—195°C, Rf  0.65 (solvent C); [a ]g  — 126.3° .

C20H 20O6S2 (420.49). Calcd. C 57.12; H  4.79; S 15.25.
Found C 57.08; H  4.82; S 15.23%.

2.5 -\u h yd ro- i ,6-1 hioanhydro-3-0-/>-toIvkiilfonyl-1»-ginéitől (I lii)

A solution of I l l h  (8.4 g) in dry chloroform (80 ml) and  m ethanol (10 ml) was trea ted  
w ith  4 N  sodium m ethoxide (0.1 ml). The reaction m ix tu re  was kept overnight a t room  tem ­
p era tu re  and then  w ashed w ith  water. The residue ob ta ined  after evaporation was trea ted  
w ith  ether and filtered . R ecrystallization from m ethano l gave pure I l i i  (5.75 g; 91% ); m.p. 
159— 160°C; Rf  0.6 (so lven t Á ); [a]g  +13.9°.

C13H 160 5S2 (316.39). Calcd. C 49.35; H  5.10; S 20.27.
Found C 49.56; H  5.24; S 20.25%.
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3,4-Di-0-acetyI-2,5-anhydro-l,6-thioanhydro-D-gIucitoI (Híj)

A solution of I l lb  (4.85 g) in dry pyrid ine (40 ml) and  acetic anhydride (30 ml) w as k ep t 
a t room  tem perature for 24 hrs and then  poured into w ater. The filtered precipitate was w ashed 
w ith w ater (5.55 g) to  give, after recrystallization from  e th e r light petroleum, th e  d i-ester 
I l lj  (5.0 g; 67.5% ); m .p. 77-79°C, R /0 .45  (solvent C), [a]j3 —62°.

C10H 14O5S (246.28). Calcd. C 48.77; H  5.73; S 13.02.
Found C 48.65; H  5.82; S 13.13%.

2,5-Anhydro-4-0-methyl-l,6-thioanhydro-D-glucitol (I lik )

A slurry of IIIc  (7.9 g) and freshly p repared  4%  sodium  am algam  (40 g) in m eth an o l— 
w ater 4 : 1 (80 ml) was stirred  overnight a t room  tem p era tu re  and then w orked up  as 
described for com pound I l lb . The semi-solid residue, ob tained  after the evaporation of acetone 
was dissolved in m ethanol and tr itu ra ted  w ith  w ater. U nchanged starting  m aterial (0.17 g) 
was filtered off and th e  concentrated filtra te  was chrom atographed  on a column (silicic acid, 
carbon tetrachloride) using solvent В for elution. E vapo ra tion  of the fractions w ith  R f  0.25 
gave, after recrystallization  from  a m ixture o f e thy l ace tate  and  ether, pure I l ik  (2.2 g; 62% ), 
m.p. 75—76°C; [a ]g  + 3 1 ° .

C ,HI20 3S (176.23). Calcd. C 47.70; H  6.86; S 18.19.
Found C 47.61; H  6.93; S 18.00%.

3 -0 -Acetyl-2,5-anhydro-4-0-methyI-l,6-thioanhydro-D-glucitol (III 1)

A solution of com pound I l ik  (0.35 g) in d ry  pyrid ine (2 ml) was treated  w ith  acetic 
anhydride (1 ml). The reaction  m ixture was k ep t overn igh t a t  room tem perature and  th en  
evaporated. The residue was trea ted  w ith w ater and ex trac ted  w ith chloroform to give, a fter 
usual work-up, the crude ester (0.40 g), w hich on recrystallization  from ether-ligh t pe tro leum  
afforded pure H I 1 (0.32 g; 76% ), m.p. 80—82°C; Rf  0.75 (solvent A); [a]g  -2 7 ° .

C9H 140 4S (218.27). Calcd. C 49.53; H  6.47; S 14.69.
Found C 49.54; H 6.34; S 14.65%.
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The orientation  in  brom ination  and n itra tio n  reactions are studied in th e  2-(p-X- 
phenyl)-4-chlorom ethyl- and  2-(/>-X-phenyl)-4-chloromethyl-5-Y-t hiazole system s by 
varying the substituen ts on the  phenyl group and  in  position  5 of the thiazole ring.

In  p rev io u s  p ap ers  [ 1 - 3 ]  we h av e  re p o r te d  on th e  b ro m in a tio n  an d  
n itra tio n  p a t te r n  o f som e 2 -p h en y l-4 -R -th iazo les  an d  o f sim ilar co m p o u n d s 
su b s titu te d  in  p a ra  or meta  p o s itio n  o f th e  p h e n y l g roup .

To co m p le te  th e  s tu d ie s  on the- b e h a v io u r  o f th e  2 -(p -X -p h en y l)-4 -R - 
th iazo le  sy s tem  in  various e lec tro p h ilic  s u b s ti tu t io n  reac tio n s [4], in  th e  p re se n t 
p ap e r we re p o r t  th e  b ro m in a tio n  and  n itr a t io n  o f  som e o f these  co m pounds.*

R ro m in a tio n  w as c a rr ie d  o u t in  sev e ra l so lv en ts  an d  w ith  v a r io u s  
am o u n ts  o f  b ro m in e .

U pon b ro m in a tin g  2 -(p -to ly l)-, 2 -p h en y l- an d  2 -(p -ch lo ropheny l)-4 - 
ch lo ro m eth y lth iazo le  (la , b, c) in  glacial ace tic  a c id , ace tic  an h y d rid e  a n d  cone, 
su lfuric  ac id  a n d  also 2 -(p -b ro m o p h en y l)- a n d  2 -(p -n itro p h en y l)-4 -ch lo ro - 
m e th y lth iazo les  (Id, e) in  cone, su lfuric  acid  w ith  a sm all excess o f b ro m in e , we 
have  found  th a t ,  regard less o f  th e  n a tu re  o f th e  s u b s ti tu e n t  on th e  p h e n y l re s t  
and  o f th e  so lv e n t used , o n ly  th e  co rresp o n d in g  5 -R r-d e riv a tiv es  (H a, b ( l) ,  
c, d ( l) , e ( l) )  w ere o b ta in ed .

* The com position of the crude reaction products w as studied  by thin-layer ch rom ato ­
graphy on silica gel. The spots were visualized in UV ligh t a t 360 nm  and their identification  
was made by com paring them  w ith  com pounds of know n stru c tu re , on the basis of R F  values 
and the colour of fluorescence.
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T h e  presence o f th e  b ro m in e  a to m  in  p o sitio n  5 of th e  th ia z o le  r in g  is 
c o n f irm e d  b y  th e  fa c t t h a t  th e  o x id a tiv e  d e g ra d a tio n  o f com pounds I la , b, c, 
d, e le a d s  to  th e  co rresp o n d in g  benzene m ono- or d icarboxy lic  ac ids ( te re p h - 
th a l ic  ac id , benzoic ac id , j»-chlorobenzoic ac id , p -b ro m o b en zo ic  ac id  a n d  p -  
n itro b e n z o ic  acid, w h ich  w ere  id e n tif ie d  as su ch  o r as m e th y l e s te rs). L ik e  in  
fo rm e r  in v es tig a tio n s  [3, 5] also in  th is  case co m pounds II do n o t  sho w  IR  
a b s o rp tio n  a t  3075— 3100 c m -1 , a f re q u e n c y  c h a rac te ris tic  fo r th e  C— H  
v ib r a t io n  in  p o sitio n  5 o f th e  th iazo le  rin g .

T h e  ex p e rim en ta l d a ta ,  w h ich  in d ic a te  p o s itio n  5 of th iazo le  to  b e  th e  
m o s t  re a c tiv e  site  in  th e  sy s te m  s tu d ie d , is in  ag reem en t w ith  q u a n tu m -  
c h e m ic a l d a ta  on 2 -p h en y lth iazo le  (th e  com m on  fram ew ork  o f all th e  com ­
p o u n d s  s tud ied ) [6] a n d  2 -(p -X -p h en y l)-4 -ch lo ro m eth y lth iazo les  [7].

T h e  ra te  of b ro m in a tio n  depends on  th e  n a tu re  o f th e  s u b s t i tu e n t  in  th e  
p a r a  p o s itio n  of th e  p h e n y l re s t  [8].

I t  w as possible to  p re p a re  com pound  I la  also  from  2 -(p -to ly l)-4 -h y d ro x i-
4 -  c h lo ro m e tliy l- /i2-th iazo lin e  h y d ro ch lo rid e  [9] b y  boiling  i t  w ith  a c e tic  a n ­
h y d r id e  an d  by  ad d in g  b ro m in e  to  th e  co ld  so lu tio n .

A s th e  th e o re tic a l p o ss ib ility  of in tro d u c in g  th e  brom ine a to m  in to  th e  
p h e n y l  r in g  exists, we h a v e  tr ie d  to  c a rry  o u t th e  b ro m in a tio n  o f co m p o u n d s 
la ,  b , c , d, e w ith  an  excess o f  b rom ine (1 : 6 m o l, in  glacial ace tic  ac id ). W ith* 
in  th e  p a ra  position  o f th e  p h e n y l re s t, a n i tro  g roup  (Ie), a b ro m in e  (Id) or a 
c h lo r in e  (Ic) atom , on ly  th e  co rresp o n d in g  5 -b rom o deriv a tiv es  ( l ie ,  d, c) can  
b e  o b ta in e d . F rom  2 -p h en y l-4 -ch lo ro m eth y lth iazo le  (lb), besides th e  5-b rom o 
d e r iv a t iv e  (lib) as th e  m a in  p ro d u c t, also d ib ro m o  d eriv a tiv e  (lid )  w ith  th e  
b ro m in e  atom s in  p o s itio n  5 o f th e  th iazo le  a n d  in  th e  p a ra  p o s itio n  o f th e  
p h e n y l  re s t  is o b ta in ed . 2 -(p -T o ly l)-4 -ch lo ro m eth y lth iazo le  (la) fu rn ish e s  th e
5 - b ro m o  d eriv a tiv e  (Ila) as th e  m ain  p ro d u c t to g e th e r  w ith  sm all a m o u n ts  of 
th e  S ^ ^ S ^ -d ib ro m o  a n d  5 ,2 ’,5’- trib ro m o  d e riv a tiv e s  (I lia  an d  IVa):

F ro m  these  re su lts  w e conclude t h a t  u n d e r  th e  cond itions a p p lie d  th e  
m o s t  re ac tiv e  positio n  fo r b ro m in a tio n  is p o s itio n  5 o f th e  th iazo le  r in g  fo llow ed
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b y  th e  p a ra  p o sitio n  o f th e  p h e n y l re s t  i f  th is  position  is free  (lb ), or position  
5’(3’) o f th e  p h en y l re s t  ’f  th e re  is a m e th y l g roup  (la) in  p a ra  p o s itio n .

In  o rd er to  see w h e th e r a c a ta ly s t  leads to  a possib le  c h a n g e  in  the 
se lec tiv ity  o f b ro m in a tio n , we h a v e  a t te m p te d  th e  b ro m in a tio n  o f  som e 2-(p- 
X -p h en y l)-4 -ch lo ro m eth y lth iazo les  w ith  b ro m in e , in  cone, su lfu ric  ac id , in  the  
p resence  o f a c a ta ly s t .  U pon b ro m in a tin g  com pounds la , b, d, e w ith  1 m ol of 
b rom ine  in  th e  p resence  of 0.5 m o l A g2S 0 4, th e  follow ing c o m p o u n d s  are 
o b ta in e d :

la Va

U pon b ro m in a tin g  com pound  la  w ith  excess brom ine (1 : 3.5 m ol) in  th e  
p resence  of excess A g2S 0 4 (1 : 2 m ol) th re e  com pounds are  o b ta in e d  (Va, I l ia  
a n d  IVa). T he com pounds o b ta in e d  b y  b ro m in a tio n  of 2 -(p -to ly l)-4 -ch lo ro -

III d
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m e th y lth ia z o le  (la) h a v e  p ro m p te d  us to  in v e s tig a te  also th e  b ro m in a tio n  o f 
c o m p o u n d  Ila  in  s im ila r c o n d itio n s  (using 2.5 m o l o f  b rom ine an d  2 m ol o f 
A g2S 0 4). I n  these c irc u m s ta n c e s  we have o b ta in e d  co m pounds I l ia  an d  IVa,

d e m o n s tra tin g  th a t  th e  p re se n c e  of brom ine in  p o s it io n  5 of th e  th iazo le  rin g  
(И  a) does no t m odify  th e  o r ie n ta tio n  of th e  n ew  su b s titu e n ts .

B y  b ro m in a tin g  c o m p o u n d  Ya w ith  b ro m in e  (1 : 1.2 mol) in  ace tic  acid , 
w e h a v e  ob tained  c o m p o u n d  (I lia ) which is id e n tic a l  w ith  th a t  o b ta in ed  before .

A s th e  b ro m in a tio n  o f  Id u n d er th e  co n d itio n s  m en tio n ed  also y ie ld s H id  
to g e th e r  w ith  lid , w e h a v e  tr ie d  to  b ro m in a te  c o m p o u n d  l id  in  th e  p resence  
o f  a  c a ta ly s t, o b ta in in g  c o m p o u n d  H id.

T h e  stru c tu res  o f  t h e  new  com pounds ( I l ia ,  IVa, Ya, an d  I lid )  w ere 
e s ta b lish e d  in an  id e n tic a l w a y  w ith  those  m e n tio n e d  before.

I n  conclusion, th e  b ro m in a tio n  of som e 2-(j> -X -pheny l)-4 -ch lo rom ethy l- 
th ia z o le s  (la , b, d, e) in  co n e , sulfuric acid  in  p re sen ce  of Ag2S 0 4, a t  a m ole 
r a t io  o f  1 : 1 : 1/2, show^s t h a t ,  except for Ie , th e  c a ta ly s t  increases th e  re la tiv e  
r e a c t iv i ty  of ce rta in  p o s it io n s  of the  a ry l re s t  in  com p ariso n  to  th e  re a c tiv i ty  
o f  p o s itio n  5 of th e  th ia z o le . T hus, while b ro m in a tio n  o f la , b, d w ith  b ro m in e  
in  cone, sulfuric acid  le a d s  o n ly  to  the  fo rm a tio n  o f  th e  correspond ing  5-b rom o 
d e riv a tiv e s , in  th e  sa m e  so lv e n t and in  th e  p re sen ce  of Ag2S 0 4 co m pounds 
lb , d are  b ro m in a ted  n o t  o n ly  in  position  5 o f th e  th iazo le , b u t  also in  th e  a ry l 
r e s t ;  in  th e  case o f c o m p o u n d  la , how ever, t o ta l  ch an g e  o f th e  o r ie n ta tio n  can  
b e  observed , th e  b ro m in e  a to m  entering  o n ly  th e  a ry l re s t. T he b ro m in a tio n  
o f  com pounds la  w ith  N a O B r  in  acidic so lu tio n s , w h ere  th e  b ro m in a tin g  a g en t 
is  B r + or B r + O H 2, o ccu rs  in  position  5 o f th e  th ia z o le , sim ilarly  to  i ts  b rom i-
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n a tio n  in  cone, su lfu ric  acid  in  th e  absence  o f a ca ta ly s t. T he ch an g e  in  b rom ine 
o r ie n ta tio n  for th is  com pound  u n d e r  c a ta ly t ic  cond itions, w h en  th e  b ro m in a t- 
in g  a g e n t is B r +, is due, in  our op in io n , to  th e  fo rm atio n  o f a co m p lex  betw een  
c o m p o u n d  la  a n d  Ag2S 0 4 p rio r  to  b ro m in a tio n . T his p rob lem  w ill be  discussed 
in  one o f o u r su b seq u en t p ap ers .

T h e  n itra t io n  of la ,  d w ith  a m ix tu re  o f  su lfuric an d  n i t r ic  ac id  affords 
co m p o u n d s V ia ,. T he h y d ro ch lo rid es  o f  th e  co rrespond ing  2 -(p -X -p h en y l)-4 - 
h y d ro x y -4 -ch lo ro m cth y l-z l2-th iazo lin es  (Г а ,)  a re  also c o n v e rte d  in to  V ia, d 
in  th e  p resence  o f su lfuric  a n d  n itr ic  ac id :

T h e  n itra tio n  o f la  in  ace tic  a n h y d rid e  w ith  cone, n itr ic  a c id  leads to  
co m p o u n d  V ila . I t  is in te re s tin g  t h a t  in  o rd e r to  tran sfo rm  c o m p o u n d  la  in to

V ila , i t  is ab so lu te ly  n ecessary  to  leav e  th e  re a c tio n  m ix tu re  s ta n d in g  a t  room  
te m p e ra tu re  before  h ea tin g  i t  up  to  60°C. O therw ise  com pound V ia  is  o b ta in ed .

I t  shou ld  be  em phasized  t h a t  n o  n itr a t io n  of com pounds la ,  b, d can 
be e ffec ted  in  glacial ace tic  acid  w ith  n i tr ic  ac id , regard less o f  th e  reac tio n  
te m p e ra tu re  ( < 6 0  °C) an d  th e  q u a n t i ty  a n d  co n cen tra tio n  o f th e  la t te r .

N itra tio n  o f com pound  H a, d w ith  a m ix tu re  of su lfu ric  a n d  n itr ic  acid 
affo rds p ro d u c ts  id en tica l w ith  th o se  o b ta in e d  b y  b ro m in a tin g  V ia , d, i.e. 
V illa , d:
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W h en  com pounds V ila , V lld  [1] are  t r e a te d  w ith  a m ix tu re  of fu m in g  
n itr ic  ac id  an d  cone, su lfu ric  acid , n itra tio n  occu rs a t  positio n  3’ (5’) o f th e

VII a, d

a ry l  re s t:  U nder th e se  c o n d itio n s  2 -p h en y l-4 -ch lo ro m eth y l-5 -n itro th iazo le  is n i t ­
r a te d  also in  positio n  3 ’(5’) o f th e  pheny l re s t a n d  n o t  in  th e  para  positio n  [1].

T h e  position  o f th e  n i tro  g roup  in  th e  co m p o u n d s  o b ta in ed  (V ia, d, V ila , 
IX a , d) has been e s ta b lish e d  b y  sep ara tio n  o f th e  ac id s from  th e ir  o x id a tiv e  
d e g ra d a tio n  and  b y  I R  spec tro scopy .

F ro m  th e  re su lts  w e can  conclude th a t  2 -a ry l-4 -ch lo ro m eth y lth iazo les  
a re  b ro m in a te d  easie r th a n  th iazo le  itse lf  [10] a n d  th a t ,  regardless o f th e  so l­
v e n ts  used , in  th e  ab sen ce  o f  a c a ta ly s t, th e  re a c tio n  occurs in  position  5 o f th e  
th ia z o le  ring . In  th e  p re sen ce  o f Ag2S 0 4 as c a ta ly s t  th e  reac tiv itie s  of som e a ry l 
p o s itio n s  change re la t iv e  to  th e  re a c tiv ity  of p o s itio n  5 of th e  th iazo le  ring .

F o r th e  n i t r a t io n  re a c tio n  th e  o r ie n ta tio n  o f  th e  n itro  group  in  th e  
sy s te m  s tu d ied  d ep en d s on th e  n itra tin g  ag en t. I f  th e  n itra t in g  ag en t is a c e ty l 
n i t r a te  p ro to n a te d  a t  th e  e th e ric  oxygen [11], th e  n itro  group p re d o m in a n tly  
e n te rs  position  5 o f th e  th iazo le  ring . I f  th e  n i t r a t in g  ag en t is th e  n itro n iu m  
io n , n itra tio n  occurs on  th e  a ry l re s t, in  th is  case th e  position  of th e  n itro  
g ro u p  depends on th e  n a tu re  o f th e  su b s titu e n t in  p o s itio n  5 of th e  th iazo le  ring .

E xperim en ta l

Melting points have n o t been corrected. All recrystallizations have been carried ou t 
w ith  added charcoal.

2 -(p -X -p lien y l)-4 -ch lo ro m etliy I-5 -b ro m o th iazo Ie  I la ,  b, c)

a) To 0.001 mol of la , b, c dissolved in the m in im um  am oun t of glacial acetic acid is 
ad d ed  0.0012 mol of brom ine w ith  cooling the m ix ture , w hich is subsequently left a t  room  
tem peratu re  for 30 min. The m ix ture  is then  poured on ice, th e  precipitate filtered, washed 
w ith  w ater and recrystallized.
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Table I

Formula
M.w.

m.p. (°C) N(%)
Compound

(from ethanol)
Found

a b a b

Ha Cn H„ClBrNS
302.63

138.5-139.5 137—138 4.63 4.73 4.75

lib C10H ,C lB rN S
288.60

88—89 — 4.85 5.08 —

lie C10H„Cl.,BrNS
(323.05)

127.5—128.5 — 4.34 4.41 —

b) 0.001 mol of Г а  is heated for 5 m in w ith  5 m l of acetic anhydride, th en  th e  solution 
is cooled and. keeping it  cool, 0.0012 mol of brom ine is added. Further processing as under (a).

2-[5,(3 ’)-bromo-4’-methylphenyl]-4-chloromethylthiazole (Va)

To 0.002 mol of la  dissolved in 15 m l of cone. H „S04 is added 0.001 mol of Ag„S04 and 
then 0.002 mol of brom ine. The m ixture is stirred  for 4 hrs, then  filtered through a G -filter and 
poured on ice. The precip ita te  is filtered, w ashed in  abundance w ith w ater, dried and  dissolved 
in absolute ethanol. F rom  the filtered solution a fter adding w ater, compound Va is separated , 
which is then  recrystallized from aqueous e thano l; m .p. 115°C.

C „H 9ClBrNS (302.63). Calcd. N 4.62; Found  N 4.84% .

2- [5 ,( 3 ,) -b ro m o -4 ’-m e th y lp h e n y l]  -4-chloromethyl-5-bromothiazoIe (I lia )

To 0.001 mol of Va dissolved in glacial acetic acid is added 0.0012 mol of brom ine, th e  
m ixture is left standing a t room  tem perature, for 30—40 min then  poured on ice. The substance 
obtained is recrystallized from  aqueous e thanol; m .p. 128—129°C.

CjjHgCIBrjNS (381.54). Calcd. N 3.67; Found  N 3 .66% .

2-(2’,5,-dibronio-4’-methylphenyl)-4-ehIoromethyl-5-bromothiazole (lV a)

To 0.003 mol of H a dissolved in 15 ml of cone. H 2S 0 4 is added 0.006 mol of Ag.,S04 and 
then  0.0075 mol of brom ine. F u rther steps as for Va; m .p. 142—143°C (aqueous ethanol).

Cu H ,ClBr3NS (460.44). Calcd. N 3.04; Found  N 3.35% .

2-(4',5'-(libroniophcnvl)-4-cliloromet by 1-5-bromo-thiazolr (H id)

To 0.004 mol of lid  dissolved in 15 m l of cone. H ,S 0 4 is added 0.008 mol o f Ag2S 0 4 
and then  0.006 mol of brom ine. The fu rther operations as for Va; m.p. 124—125°C (aqueous 
ethanol)

C10H5ClBr.,NS (446.42). Calcd. N 3.13; Found  N 3.35% .

2-(3’-nitro-4’-X-phenyl)-4-chloromethylthiazole (Via, d)

a) To 0.001 mol of la , d dissolved in 0.6 ml cone. H ,S 0 4 is added a m ix tu re  of 0.6 ml 
cone. H ,S 0 4 and 0.4 ml H N 0 3 (d =  1.42, g/cm 3) keeping the tem perature below 60 °C. The 
reaction m ixture is k ep t a t 60 °C, for 30 m in th en  poured on ice. The suspension form ed is 
filtered, the precip ita te  washed w ith much w ater and  recrystallized from ethanol.
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Table П

Formula
M.w.

m.p. (°C) 
(from ethanol)

N (%)
Compound Found

a b a b

V ia Cu H 9C1N20 2S
268.72

88— 89 88—89 10.42 10.74 10.28

VId C10H 6ClBrN.O2S
333.60

116— 116.5 114 8.39 8.46 8.48

b ) 0.001 mol of Г а, d is in troduced  in small po rtions in to  a m ixture of 0.75 m l cone. 
H 2S 0 4 an d  0.5 ml H N 0 3 (d =  1.42 g/cm 3), keeping th e  tem pera tu re  below 60°C. The p ro ­
cedure is con tinued  as under (a).

2-(4,-m ethylphcnjl)-4-chloromethyl-5-nilrolhiazolc (V ila)

T o 0.01 mol of la , dissolved in  a m inim um  am oun t o f acetic anhydride is added, u nder 
cooling , 10 m l I IN 0 3 (d =  1.42 g/cm 3) keeping the tem p era tu re  below 30°C. The reaction  
m ix tu re  is le ft standing a t room  tem p era tu re  for 30 m in th e n  for 30 min a t 60°C and  sub­
seq u en tly  poured  on ice. The p rec ip ita te  is filtered, w ashed w ith  much w ater and  recry sta l­
lized  from  ethano l; m.p. 124—125.5°C.

CtlH 9ClN20 2S (268.72). Calcd. N  10.42; Found N  10.67% .

2- (3’-nitro-4’-X-phenyl) -4-chloromethyl-5 -hromothiazole (V illa , d)

a) To 0.001 mol of Via, d dissolved in a m inim um  am o u n t of glacial acetic acid is added  
0.076 m l o f brom ine. The solution is left a t standing fo r 30 m in a t room tem perature , th en  
p o u red  o n  ice. The precipitate is filte red , washed w ith w ate r and  the dry substance is rec ry sta l­
lized  fro m  ethanol.

b ) To 0.001 mol of Па, d dissolved in 1 ml of cone. H 2S 0 4 is added a m ixture of 0.9 m l 
cone. H 2S 0 4 and  0.6 ml H N 0 3 (d =  1.42 g/cm3), keeping th e  tem perature below 60°C. The 
m ix tu re  is le ft for 30 min a t 60°C and subsequently poured  on ice. F urther steps as under (a).

Table III

Compound
Formula

M.w.

m.p. (°C) 
(from ethanol)

N (%)

Calcd.
Found

a b a b

v n ia c ^ c i B r i m s 122.5—123.5 122—123 8.06 8.15 8.27
347.63

VIHd C10H6ClBr,N2O2S 147—148 148—149 6.79 6.99 7.03
412.51

2-(3’-ш1го-4’-Х-р11епу1)-4-сЫого1пе111у1-5-ш1го1Ыа2о1е (IXa, d)

T o 0.001 mol of V ila, d dissolved in  1 ml of cone. H 2S 0 4 is added a m ixture o f 1.65 m l 
cone. H 2S 0 4 and 1.10 ml fum ing H N 0 3 keeping the tem p era tu re  under 60 °C. The m ix tu re  is 
le f t s ta n d in g  a t  60°C for 30 m in, th e n  poured on ice. T he precipitate formed is filte red  and  
w ashed  w ith  w ater. The dry  substance is recrystallized from  ethanol.
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Table IV

Compound
Formula m.p. (°C) 

(from ethanol)
N (%)

M.w. Calcd. Found

IX a Cu H 8C1N30 4S
313.72

102.5—103.5 13.39 13.33

ixa C10H6ClBrN3O1S
378.60

123.5—124.0 11.09 10.89
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The IR  and  N M R spectra of ten  simple representatives of a-am inooxycarboxylic 
acids and the ir hydrochlorides are discussed. T otal assignment of th e  IR  bands of 
racem ic and op tica lly  active (l)- a-am inooxypropionic acid has been accom plished 
using the IR  d a ta  of the hydrochlorids, and  of alanine for com parison. The IR  fre­
quencies of the  functional groups, am ong th em  the v C —О and v C — N bands being 
specific for th is ty p e  of com pounds, are characteristic  of the spectra of th e  homologues, 
too.

The PM R  param eters of R —CH(ON H 2)COOH type com pounds are character­
is tic  of the R  su b s titu en t and  no t of the type  of compound.

In  the PM R  spectrum  of the isopropylidene derivative of a-am inooxypropionic 
acid and its e thy l ester there are two m ethy l signals owing to the d iastereo top ic  relation 
of the m ethyl groups.

A lthough  th e  f i r s t  re p re se n ta tiv e  o f a -am in o o x y carb o x y lic  ac id s  —  dif­
fe r in g  from  n a tu ra l  am ino  acids b y  a sing le oxygen  atom  —  h a d  b e e n  know n 
a t  th e  en d  of th e  la s t  c e n tu ry  [1], th e  p h y s ica l an d  chem ical p ro p e r tie s  o f these  
co m p o u n d s were n o t  th o ro u g h ly  in v e s tig a te d  u n til  th e  reco g n itio n  t h a t  some 
o f th e m  in h ib ited  th e  g ro w th  o f M ycobacterium  tuberculosis [2— 4 ]. A ccord ing  
to  o u r stud ies, h o w ever, on ly  ce rta in  d e riv a tiv e s  possess s ig n if ic a n t a c tiv ity  
[5— 7]. P rev io u sly  w e re p o rte d  a b o u t th e  sy n th es is  o f th e  p a re n t  su b stan ces  
[8] a n d  th e ir  d e riv a tiv e s , as well as a b o u t som e of th e ir  chem ical a n d  p h ysica l 
p ro p e rtie s  [9]. In  th e  p re se n t p ap e r, th e  I R  an d  NM R c h a ra c te r is tic s  o f a- 
am in o o x y carb o x y lic  ac ids are  d iscussed .

T o our know ledge, no sy s te m a tic  I R  a n d  N M R stu d ies  o f  a -a m in o o x y ­
ca rb o x y lic  acids h a v e  been  ca rried  o u t so fa r . T h e  IR  sp ec tru m  o f  a -am in o o x y - 
/З-p h en y lp ro p io n ic  ac id  an d  its  h y d ro c h lo rid e  is found in  th e  l i te r a tu r e  [4] 
w ith o u t an y  co m m en t; fu rth e rm o re , th e  rC =  0  and  rC = N  I R  freq u en c ies  of 
som e a -am in o o x y carb o x y lic  acid  d e riv a tiv e s  o f th e  a ldoxim e a n d  k e to x im e  
e th e r  ty p e  are d esc rib ed  [10, 11]. T h u s  i t  seem ed in te re s tin g  to  s tu d y  th e  
m o d ifica tio n s  of s p e c tra  caused  b y  s t ru c tu ra l  differences in  c o m p ariso n  w ith  
sim p le  am ino  acids a n d  d ev ia tio n s  o f th e  chem ical p ro p erties  as re f le c te d  by  
d ifferences in  th e  sp e c tra .
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a-A m in o o x y p ro p io n ic  a c id  (I) was chosen as a m o d e l fo r our in v es tig a tio n s . 
F ir s t  o f  a ll i t  h ad  to  be e lu c id a te d  i f  the  am inooxy  an a lo g u es  exist in  a d ip o la r  
io n  (zw itte rio n ) s tru c tu re  as i t  is  general for am ino  ac id s , or th e  non-ionic fo rm  
p re d o m in a te s  due to  th e  lo w e r b asic ity  of th e  a m in e  g roup . This non -io n ic  
fo rm  m ig h t he stab ilized  b y  cy c lic  dim eric a sso c ia tio n  o f  th e  carboxyl g ro u p s .

T h e  I R  spec trum  (S p e c tru m  1) of I an d  a ll o th e r  a -am in o o x y carb o x y lic  
ac id s  in v e s tig a te d  (cf. T a b le  IY ) have  p roved  u n a m b ig u o u s ly  th a t  th e se  s u b ­
s ta n c e s  e x is t  exclusively  in  t h e  zw itte rion  fo rm  (cf. T a b le  I).

T h e  I R  spectrum  o f th e  en an tiom ers is, o f  co u rse , com pletely  id e n tic a l, 
w h ile  t h a t  o f th e  racem ic fo rm s  is  s ligh tly  d iffe ren t (S p e c tru m  2), a ph en o m en o n  
also  o b se rv e d  in  several o th e r  com pounds [11].

T h e  d ivergence is th e  m o s t  sign ifican t in  th e  sh a p e  o f  th e  vN + H 3 b a n d : th e  
s u b m a x im a  a t  abou t 3300 c m -1  w hich a p p ea r d is t in c t ly  on th e  d iffuse a b ­
s o rp tio n  betw een  3500 a n d  2200  c m ” 1 in  th e  s p e c tra  o f  th e  o p tica lly  a c tiv e  
su b s ta n c e s , are  ab sen t in  th e  case of rac e m a tes . A s th e  analogous b a n d  o f 
p r im a ry  am ine  salts a p p e a rs  in  m o st cases w ith  a m a x im u m  betw een 3000 a n d  
3100 c m -1  [12], th e  lo w e r-fre q u en c y  p a r t  of th e  sp e c tru m  m ay  be assigned  to  
so m e se c o n d a ry  s tru c tu re , w h ic h  is possible o n ly  in  zw itte rio n ic  com p o u n d s. 
(T he  s h if t  o f frequency  is o b se rv a b le  in  th e  sp e c tra  o f  sim p le  am ino acids, to o .)  
T h e  a b so rp tio n  a t low er f re q u e n c y  p ro b ab ly  co rre sp o n d s  to  polym eric ‘m o lec­
u la r  co m p o u n d s’ fo rm ed  th r o u g h  th e  in te ra c tio n  o f  d ipo les; fu rth e rm o re , th e  
e q u ilib r iu m  betw een th e se  p o ly m e rs  and  th e  a n a lo g o u s  d im ers is e v id e n tly  
s h if te d  to w ard s  th e  fo rm er in  th e  case of th e  ra c e m a te  com pared  w ith  th e  
o p tic a l ly  p u re  form . (The e n a n tio m e ric  couples c a n  ea s ily  estab lish  a c h a in  b y  
a l te rn a t io n ,  b y  m eans o f  l in k in g  o f the  oppo site  po les.)

A  s im ila r ten d e n c y  is o b serv ed  w hen c o m p a rin g  th e  IR  sp e c tru m  o f 
s u b s ta n c e  I w ith  th a t  o f  L -a lan in e  (S pectrum  3): th e  p ro p o rtio n  of th e  p o ly ­
m eric  com pounds is h ig h e r t h a n  in  I: th e  in te n s i ty  d is tr ib u tio n  of th e  vN + H 3 
b a n d  is  sh ifted  in  fav o u r o f  t h e  subm ax im um  a t  a b o u t  3080 c m -1 . T h is ca n  be 
e x p la in e d  b y  tak in g  in to  co n sid e ra tio n  th a t  th e  fo rm a tio n  of a p o ly m eric  
c h a in  is  fav o u red  b y  th e  o x y g e n  bridge re n d e rin g  th e  ion ic  groups s te r ic a lly  
m o re  a v a ilab le . This is in d ic a te d  b y  th e  s t ru c tu re  o f th e  vN +H 3, <5 + N  + H ,, 
rasCO^”, TjCOj', e tc. b a n d s , b e long ing  to  th e  io n ic  g ro u p s, w hich a re  m ore  
d iffu se  in  th e  sp ec tru m  o f I, b e in g  th e  energy  lev e ls  o f  th e  m ore flex ib le  a g g re ­
g a te s  m o re  diffuse. T he a ss ig n m e n ts  given in  T a b le  I  a re  also confirm ed  b y  a 
c o m p a r iso n  of th e  sp e c tra .

A c ta  C h im . ( B u d a p e s t ) ,  83  1974
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Tabic I

IR  data, cm - l  (K B r)'

Spec­
trum
No.

Compound rN+H, <5N+H,b гСО£-ь (5CH,b /ЗСН
yCH

0
01 

1

o,
i f
1и
St

И
1 a «о

<o
Icо
&

gf
1

4

1 M и О CJ

l I-L 3300—1900 1610° 1560" 1455 1335 1285 1090 840 490
SM: 3030, 2600, 1220 1135 900

2140 1560d 1410 1370 775 990 1030 695 370
(2940 : rCH3)

2 I-DL 3300—1900 1610" 1580" 1450 1335 1290 1085 840 490
1440

SM: 2700, 2110 1210 1130 895
(2985 : vCH3) 1580d 1410 1370 770 990 1025 695 360

3 L-Alanine [12] 3300—2000 1620" 1500' 1455 (1310)" _1 1115 850 540
SM: 3080, 2600 1235 1150 920

2120 1510 1415 1360 775 — 1015 650 410

4 I-L • HC1 and 3300-2300 1575 ___ 1455 1325 1210® 1110 ___ —

1230" 1175 1090 880
I-DL • HC1 SM: - 1500 1370 770 1045 1000 — —

* Concerning the v ibration  symbols, see Ref. [12, 13]

b Sym m etric-antisym m etric v ibration  pairs
'  The two bands are overlapped; an alternative assign­

m en t is also possible
d The <5SN + H 3 band is completely overlapped by the dif­

fuse band
• Overlapped

* The v C —N band replacing the vC—О and i>N—О bands 
and covering the ß C H  band appears a t 1310 c m -1, the ß C —N 
band  appears a t  650 cm -1

8 vC—О type group vibration  band of the carboxyl group.
Frequencies of other bands characteristic of the carboxyl 

function  are given in  the tex t

* The two bands of the degenerated vibrations are split.
SM: Subm axim um
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T h e  spectrum  of th e  h y d ro c h lo rid e  o f I (S p ec tru m  4) a ffo rd s  fu r th e r  
e v id e n c e  fo r th e  orig inal z w itte r io n ic  s tru c tu re . N am ely , th e  c h a ra c te r is tic  
b a n d s  o f  th e  ca rb o x y la te  io n  a re  a b se n t, h u t  th e  sp ec tru m  c o n ta in s  a b so rp tio n s  
c h a ra c te r is t ic  of carboxy lic  ac id s , e.g. th e  m o st specific  an d  v e ry  in te n se  a b ­
s o rp t io n  o f  th e  ca rb o n y l g ro u p  a t  1735 c m -1  (cf. T ab le  I I  a n d  S p e c tru m  4, 
re s p .) .  T h e  observation  t h a t  th e  sp e c tra  o f  th e  racem ic  an d  o p tic a lly  ac tiv e  
c o m p o u n d s  are fu lly  id e n tic a l, su p p o rts  o u r ex p la n a tio n  o f th e  d ivergences 
fo u n d  b e tw e e n  th e  zw itte rio n ic  p a re n t  su b stan ces . As th e  sa lts  e v id e n tly  an d  
in v a r ia b ly  form  ca rb o x y lic  ac id  d im ers, fu r th e r  in te ra c tio n  b e tw een  th e  
m o le c u le s  is possible o n ly  b e tw e e n  th e  — N + H 3 g roups, an d  from  th is  p o in t o f 
v ie w  th e  con figu ra tion  is in d iffe re n t. (This co n fig u ra tio n  h as  im p o r ta n c e  only  
in  th e  case  w hen tw o  o p tic a lly  ac tiv e  m olecules are  ‘a t ta c h e d ’ a t  two po in ts .)

B y  com paring  th e  S p e c tra  1, 2, 3 an d  4, th e  m a jo rity  o f th e  b a n d s  can  be 
a ss ig n e d  w ith  a re la tiv e  g re a t  a ssu rance .

T h e  sim plest w ay  o f d e riv in g  th e  n o rm a l v ib ra tio n s  o f co m p o u n d  I is th e  
s e p a ra t io n  of su b s titu e n t a n d  sk e le ta l v ib ra tio n s . T he to ta l  n u m b e r  o f th e  
n o rm a l  v ib ra tio n s  is 3iV —  6 =  3 -  14 —  6 =  36.

T h e  — X Y 3 ty p e  g ro u p s  show  5(8) h a n d s , each  h av in g  sy m m etric  an d  
a n tis y m m e tr ic  s tre tc h in g  ( r asX Y 3, r sX Y 3) an d  d e fo rm atio n  (0 ^С Н 3, <5SC H 3) 
v ib ra t io n s ,  fu rth e r, a d e fo rm a tio n  v ib ra tio n  (th e  so-called  ro ck in g  v ib ra tio n ) 
o f  id e n t ic a l  phase (ő^C H 3) [12, 13]. T he th re e  an tisy m m e tric  v ib ra tio n s  are  
tw o fo ld  d egenera ted ; th e  tw o  n o rm a l v ib ra tio n s  w ith  co in c id en t freq u en cy  
b e lo n g  to  th e  co rrespond ing  h a n d s . T h u s , each  m e th y l an d  am m o n iu m  group 
sh ow s 5 b an d s  (8 v ib ra tio n s) .

E a c h  carb o x y la te  io n  h a s  tw o , an d  each  m e th in e  g roup  one s tre tc h in g  
v ib r a t io n ,  in-plane v ib ra tio n s  an d  o u t-o f-p lan e  d e fo rm atio n  v ib ra tio n s  (6 —(— 3 
b a n d s , 6 +  3 v ib ra tio n s). T h u s , in  th e  sp e c tru m  19 b an d s  d e riv ed  from  25 
v ib r a t io n s  correspond to  th e  su b s titu e n ts .

C4
A m o n g  the  9 v ib ra tio n s  o f  th e  — О— N  ske le ton  ( N  =  5, 3iV —  6 =

=  9 ), 4  s tre tch in g  v ib ra tio n s  (due to  th e  4 b onds), 3 in -p lan e  a n d  2 o u t-o f­
p la n e  v ib ra tio n s  are fo u n d . T h e  la t te r  f iv e  are th e  scissoring a n d  rock ing  
v ib ra t io n s  of th e  C— C— C c h a in  (ßsCCC, ßasCCC), th e  b en d in g  v ib ra t io n  o f th e  
C— О — N  chain  (/5C0N), a n d  th e  p e rp e n d ic u la r  v ib ra tio n  o f th e  tw o  a to m  
t r ip le t s  (ysCCC, yCON).

F in a lly , one in -p lan e  a n d  one o u t-o f  p lan e , o rig ina lly  n o n -g en u in e  v ib ra ­
t io n  ( th e  ßCCO in -p lane  a n d  o u t-o f-p lan e  C C C -torsional: yasCCC v ib ra tio n )  b e ­
co m e g en u in e  since th e  s u b s t i tu e n ts  c o u n te rb a la n ce  th e  m o m e n t o f th e se  v ib ­
r a t io n s ,  w hich  there fo re  do n o t  cause tra n s la tio n  an d  ro ta tio n .

T a b le  I I  con ta in s th e  a b o v e -m e n tio n e d  v ib ra tio n s  a sso rted  acco rd in g  to  
th e i r  freq u en c ies . S ta r tin g  f ro m  th is  p o in t, a like ly  a ssig n m en t o f th e  sp ec tru m  
b a n d s  c a n  be carried  o u t.

A c ta  C h im . (B u d a p est) 83 , 1974
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Table II

Vibration types o f a-aminooxypropionic acid and their presumed frequency regions

4000 2000 cm 1 200(1 650 cm“ 1 650 250 cm“ 1 <  250 cm-1

Vibrations vCH3* vasC° 2 <5+N+H3* ßsCOj** r„sco3
of the sub- ”asN +H 3* rsC07 <5SN +H 3 ßasСО?** ysC 03 —
stituen ts vsCH3 <5fl+sCH3* <5a-sN + H 3* yCH**

*,N +H 3 <5“SCH3* /ЗСН
vCH <5SCH3

Vibrations — vC(H3)-C (H ) ßsCCC ysCCC
of the rC (03)-C (H ) ß a s^ C “yCON
skeleton

О1u

/SCON yCCC

£о

ßCCO

* Twofold degenerated v ib ra tion : two norm al v ib rations belong to one or two bands 
** Frequencies of these v ib ra tions are about 650 c m -1 and cannot be classified safely 

either in to  the region from  2000 to  650 c m -1 or into th a t  from  650 to  250 cm 1

F ro m  am ong th e  f iv e  h ig h -freq u en cy  b a n d s , th o se  o rig in a tin g  from  th e  
— N + H 3 group  are  easy  to  id e n tify  an d  th e  vosC H 3 b a n d  can  be also recognized  
as a sh a rp  m ax im u m , b e in g  superim posed  on th e  r asN  + H 3 a b so rp tio n  (a t 
2940 c m -1  on S p ec tru m  1). I t s  sy m m etric  p a ir  an d  th e  vCH b an d  are  ab sen t 
(com ple te ly  o v erlap p ed  b y  th e  rasN + H 3 h an d .)  T h e  vsN + H 3 b a n d  is fo u n d  a t 
a b o u t 2140 c m -1 .

F ro m  am ong th e  b a n d s  ex p ec tab le  in  th e  m id d le  (f in g erp rin t)  reg ion  of 
th e  sp ec tru m , those  o r ig in a tin g  from  rasC 0 2~, <5<iN+ H 3 an d  <5sN + H 3 show  th e  
h ig h es t frequencies. A t a b o u t 1600 c m -1 , tw o  m a x im a  are  d is tin g u ish ab le  
an d  as th e  ab so rp tio n  h ig h e r th a n  1600 c m -1  is a b se n t from  th e  sp ec tru m  of 
th e  h y d ro ch lo rid e , i t  is lik e ly  t h a t  vasC O j abso rbs a t  1610 c m -1  an d  0 ^N  + H 3, 
m erged  in to  th e  sy m m etric  c o u n te rp a r t , abso rbs a t  1560 c m -1 . T h e  0 ^С Н 3, 
ősC H 3 an d  rsC 0 2~ b an d s  a re  a lso  easy  to  recognize a t  a b o u t 1460, 1370 an d  1410 
c m -1 , since th e y  a p p e a r  w ith in  a re la tiv e ly  n a rro w  in te rv a l c h a ra c te r is tic  
of th e  respective  v ib ra tio n  form s [12] an d  are  sh a rp . In  c o n tra s t, th e  
<5“ N + H 3 m ax im um  can  be assigned  by  th e  b ro a d  sh ap e  of th e  b a n d  a t  
1220 c m -1 . P resu m ab ly , th e  w eak  b a n d  a t  1330 c m -1  co rresponds to  th e  /?CH 
v ib ra tio n .

Id e n tif ic a tio n  o f th e  o th e r  b an d s  of th e  f in g e rp r in t a rea  is m ore d ifficu lt. 
I t  is ex p ec tab le  th a t  th e se  a re  th e  m e th y l rock ing  v ib ra tio n s , th e  b an d s  o f th e  
fou r ske le ta l s tre tc h in g  v ib ra tio n s  an d , w ith in  th e se , th e  h an d s  of vC— О an d  
vO— N , respective ly , c h a ra c te r is tic  of a -am in o o x y ca rb o x y lic  acids, fu r th e r ­
m ore one or b o th  b an d s o f th e  in -p lan e  d e fo rm atio n  v ib ra tio n  o f th e  carboxy l- 
a te  g roup . I t  is possible t h a t  th e  b a n d  o f th e  yCH  v ib ra tio n  also ap p ears  here .

A cta  C h im . ( B u dapest)  8 3 , 1974
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I t  seem s likely  t h a t  th e  in te n se  p a ir  o f b a n d s  a t  a b o u t 1290 a n d  990 c m -1 
b e lo n g s  to  th e  c h a ra c te r is tic  C— О— N  sy stem  o f a -am in o o x y ca rb o x y lic  acids. 
T h e  fo rm e r  m ay  arise fro m  a  rC — О a n d  th e  la t te r  from  a vO— N  ty p e  v ib ra tio n . 
T h e  a ss ig n m en t of th e  vC— О b a n d  is con firm ed  b y  th e  absence  o f  th is  b an d  
fro m  th e  spec trum  (S p e c tru m  3) o f a lan in e  (it is rep laced  b y  th e  vC— N  b an d  
b e in g  v e ry  in tense  a n d  sh a rp  a t  1310 c m -1) an d  b y  its  b ro ad en in g  ( th e  energy  
o f  v ib r a t io n  is in fluenced  b y  th e  asso c ia tio n  s tru c tu re , too ; th e re fo re , S p ec tru m  1 
h a s  a  sh o u ld e r a t  a b o u t 1300 c m "  a n d  S p ec tru m  2 is sh a rp e r d u e  to  th e  m ore 
u n ifo rm  association  s t ru c tu re ) , f in a lly  b y  th e  h ig h  freq u en cy ; s im ila rly  to  
a ro m a tic  e thers, th e  CO b o n d  o rd e r a n d  th u s , th e  vC— О fre q u e n c y  are 
in c re a s e d  b y  th e  e le c tro n -a ttra c tin g  effect o f th e  N + H 3 ion  b o u n d  to  th e  
o x y g e n  (cf. th e  m esom eric  s t ru c tu re  la ) . O f course, th e  fre q u e n c y  decreases 
in  th e  case  of th e  h y d ro c h lo rid e , as th e  flow  o f th e  e lec trons is p o in tin g  now  
in  t h e  opposite  d irec tio n  i.e. fro m  th e  sk e le ton  to  th e  ca rb o n y l ox y g en . T h ere ­
fo re  t h e  vC— 0  b a n d  is fo u n d  a t  1175 c m -1 . A  b a n d  o f s im ila r c h a ra c te r  
b e lo n g in g  to  th e  acid  g roup  [ v C ( = 0 ) — 0 (H )]  ap p ears  a t  1210 c m -1 .

Me О
_ _ I II _ e

НзХ—O-r-OH-T-C-T—Ole~ Kjy \s r

Me
4 ( + )  _

H , N o —OH

О
II ..*(-)
C— Ol

la la

Me OH
+ Cle  -------►

Me OH

1  н з ^ п ^ 5 г с ^ ° >
*(+) 1 1 ... i(-) HC1

h 2.n  о  ( 'll • • ( '-  Ol

la  HCl l a  HC1

F o r  sim ilar reaso n s, th e  N O  b o n d  o rd e r a n d  p o la r ity  are  in c rea sed  in  th e  
case  o f  th e  h y d roch lo ride  ( th e  m esom eric  sy s tem  is sh ifted  to w a rd s  s tru c tu re  
l a  • HC1); as i t  is ex p ec ted , th e  rN — О b a n d  becom es m ore in te n se  a n d  appears 
a t  h ig h e r  w ave-num bers. O f course, th is  b a n d  is ab se n t from  th e  sp e c tru m  of 
a la n in e . W hen all th e se  fa c to rs  are  ta k e n  in to  co n sid e ra tio n , i t  is lik e ly  th a t  
th e  b a n d  a t  990 c m -1 , i.e. a t  1045 c m -1  in  th e  sp ec tru m  o f th e  h y d ro ch lo rid e , 
b e lo n g s  to  th e  vN— О v ib ra tio n .

T h e  tw o b an d s  b e tw e e n  1115 an d  1000 c m -1  arise  p re su m a b ly  from  th e  
m e th y l  rocking v ib ra tio n . T h is  is in d ic a te d  b y  th e  re la tiv e ly  s ta b le  frequency  
w h ic h  is s ligh tly  in creased  d u e  to  th e  decreased  e lec tron  d e n s ity  o f th e  m eth in e  
c a rb o n  in  th e  case o f a la n in e  an d  h y d ro ch lo rid e .

O f th e  carbon—carb o n  sk e le ta l s tre tc h in g  v ib ra tio n s , th e  one a d ja c e n t to  
th e  c a rb o x y la te  ion  g roup  h as  th e  h ig h er freq u en cy  an d  is sh if te d  s tro n g ly  in  
th e  s a l t  in  consequence o f  co u p lin g  w ith  th e  vC— 0  v ib ra tio n ; how ever, th is  
f re q u e n c y  increases in  th e  case  o f a lan ine , w here th e  e le c tro -a ttra c tin g  — N +H 3

A c ta  C h im . ( Budapest)  8 3 , 1974
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g ro u p  is d ire c tly  co nnec ted  w ith  th e  ca rb o n  a to m . I t  is c o n c lu d ed  fro m  all 
th e s e  fac ts  t h a t  in  S p ec tra  1, 2, 3 an d  4 th e  m ax im a  a t  1135, 1130, 1150 and  
1090 c m -1 , re sp e c tiv e ly , shou ld  b e  assig n ed  to  th is  v ib ra tio n .

I t  follow s fro m  th e  n u m b e r o f  b a n d s  o f th e  f in g e rp rin t reg io n  t h a t  tw o 
c a rb o x y la te , o n e  sk e le ta l d e fo rm a tio n  a n d  even  th e  yC H  v ib ra t io n  absorb  
in  th e  in te rv a l o f  frequencies h ig h e r th a n  650 c m -1 . T h e  b a n d s  a t  840 and  
695 c m -1 can b e  assigned to  th e  /?sC O j a n d  ß ^C O ^  v ib ra tio n s  re sp ec tiv e ly , 
acco rd in g  to  th e i r  g rea t in te n s i ty  as w ell as because of th e ir  ab sen ce  fro m  th e  
sp e c tru m  of th e  h y d ro ch lo rid e .

O n th e  b a s is  of th e se  co n sid e ra tio n s , th e  tw o rem a in in g  h a n d s  ( a t  900 
a n d  775 c m -1 , in  S p ec tru m  1) sh o u ld  co rresp o n d  to  th e  v ib ra tio n s  rC— C (H 3) 
a n d  yC H , acco rd in g  to  th e ir  freq u en c ies . T he ap p earan ce  o f  th e  yC H  b an d  
m a y  he due to  th e  associa tion  s t ru c tu re :  th e  m olecule h as  a fa v o u re d  p lan e  in  
r e la tio n  to  w h ich  a jSCH a n d  yC H  ty p e  v ib ra tio n  m ay  rea lly  e x is t.

B etw een  650 an d  250 c m -1  o n ly  th e  b a n d s  of tw o o u t-o f-p lan e  c a rb o x y l­
a te  io n  and  fo u r  in -p lane  d e fo rm a tio n  sk e le ta l v ib ra tio n s  are  e x p e c te d  (p re­
su m a b ly , th e  th r e e  ou t-o f-p lane  sk e le ta l d e fo rm a tio n  v ib ra tio n s  h a v e  fre q u e n ­
cies low er th a n  250 c m -1). T he h a n d s  o f th e  c a rb o x y la te  ion  a re  in te n se  a n d  do 
n o t  a p p ea r in  th e  case of th e  ac id ; o f  th e  h a n d s  of th e  ske le ta l v ib ra t io n s , only 
tw o  (jSosCCC a n d  /?SCCC) a re  fo u n d  in  th e  sp ec tru m  o f a lan in e  a n d  th e  o th e r 
tw o  can  be re p la c e d  b y  th e  ŐC— N  h a n d .

B ased on  th e  above co n sid e ra tio n s , th e  ysCO.T an d  an  in -p la n e  bend in g  
sk e le to n  freq u en cy  (an  a lte rn a tiv e  ass ig n m en t is also possib le) a p p e a r  a t  
a b o u t 490 an d  370 c m -1  in  S p ec tru m  1, w hich  is su p p o rted  b y  th e  absence  of 
th e se  b an d s fro m  S p ec tru m  4, a n d  b y  th e ir  h ig h er frequencies in  S p e c tru m  3. 
(T he — COj" a n d  — N + H 3 ion  g ro u p s t h a t  a re  n e a re r  in  a lan in e , h in d e r  th e  ou t- 
o f-p lan e  v ib ra tio n s  o f each o th e r a n d  in c rease  th e  energy  o f th e  v ib ra tio n .)  As 
a n  a b so rp tio n  a t  650 c m -1  is fo u n d  on ly  in  S p ec tru m  3, its  in te rp re ta t io n  as 
ßC N  b a n d  is u n d o u b tfu l.

T he a ssig n m en ts  of th e  m a x im a  o f th e  sa lt n o t ex p la in ed  so fa r  and  
a p p e a rin g  in  th e  f in g e rp rin t reg ion , a re  th e  follow ing: v C = 0 :  1735, /ЗОН: 
1400, yO H : 825, /ЗС— C ( = 0 ) — 0 :  795, 725, 715 c m -1 an d  yCO: 720 c m -1 .

СНз-СН—-COOH СНз—CH—СООСНг—CH3

0
I

N

О

N

НзСГ СНз

И III

I t  is in te re s tin g  to  n o te  t h a t  th e  c h a ra c te ris tic  d ivergence  d esc rib ed  by  
U n d h e im  et al. [11], accord ing  to  w h ich  th e  carboxy lic  c a rb o n y l b a n d  o f an

A cta  C him . ( B u d a p e s t )  8 3 , 1974
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o p tic a lly  ac tiv e  co m p o u n d  w ill be sp lit, d id  a p p e a r  n e ith e r  in  th e  I R  sp e c tra  
o f  ra c e m a te s  an d  o p tic a lly  a c tiv e  m o d ifica tio n s o f th e  I h y d ro ch lo rid e , n o r in  
th e  S ch iff base  II an d  e s te r  III. A lthough  th e  s p e c tra  a re  d iffe ren t for co m p o u n d  
II, th e re  is only  one c a rb o n y l b a n d  ap p earin g  a t  1725 c m -1  (racem ate) a n d  a t  
1740 c m -1 . In  th e  case o f  I  • HC1 an d  III, th e  s p e c tra  o f th e  racem ic  a n d  
o p tic a lly  ac tiv e  m o d ifica tio n s  an d  th e  freq u en cy  o f  th e  ca rb o n y l a b so rp tio n s  
( a t  1735 c m -1 in  I • HC1 a n d  a t  1755 c m -1  in  III) a re  id en tica l.

A lth o u g h  th e  d a ta  o b ta in e d  b y  th e  d e ta ile d  an a ly s is  o f th e  IR  sp e c tru m  
o f эс-a m in o o x y prop ion ic  ac id  (I) are  v e ry  u sefu l in  th e  in te rp re ta t io n  o f  sp e c tra  
o f  th e  hom ologues, th e  P M R  sp ec tru m  o f I (S p e c tru m  5) has few  signals, 
g iv in g  v e ry  lim ited  in fo rm a tio n  for o th e r a -a m in o o x y  carboxy lic  acids. T he 
re a so n  is t h a t  th e  fu n c tio n a l g roups d e te rm in in g  th e  I R  sp ec tru m  are  th e  sam e 
in  a ll a -am in o o x y c a rb o x y lic  acids, w hereas th e  P M R  signals arise from  C H  
g ro u p s  b u ild in g  u p  th e  m o lecu la r skele ton  a n d  d iffe rin g  in  every  hom ologous 
co m p o u n d ,*  fu r th e rm o re  th e re  are  no P M R  signa ls ch a ra c te ris tic  of th e  
fu n c tio n s  CO ^ an d  О— N  + H 3. (The am m o n iu m  p ro to n  signals are n o t c h a ra c ­
te r is t ic ,  as th e ir  sh ap e  a n d  p o sitions depend  on  th e  ex p e rim en ta l co n d itio n s, 
m a in ly  d u e  to  ex ch an g e  processes [14]).

H ow ever, th e  con c lu sio n s o b ta in ed  fro m  th e  I R  sp ec tra  for th e  e lec tro n  
d is tr ib u tio n  o f I an d  th e  co rrespond ing  h y d ro c h lo rid e , a re  su p p o rted  b y  th e  
P M R  d a ta .  O n th e  basis  o f  th e  chem ical sh if ts  m easu red  in  DM SO-d6 (T able  
I I I ) ,  a p a ra m a g n e tic  sh if t b y  0.22 p p m  of th e  m e th y l d o u b le t an d  b y  0.70 p p m  
o f th e  m e th in e  q u a r te t  is o b serv ed  in  th e  case o f  th e  hyd ro ch lo rid e , u n d e r  th e  
in flu e n c e  o f th e  e le c tro n -a ttra c tin g  ca rb o x y l g ro u p  rep lac in g  th e  c a rb o x y la te  
ion .

O p tica lly  ac tiv e  a n d  racem ic  m o d ifica tio n s o f  I give, of course, th e  sam e 
P M R  sp e c tru m  in  all a c h ira l so lven ts. As m e n tio n e d  above, these  sp ec tra  a re  
v e ry  sim p le : in  a d d itio n  to  th e  doub le t a n d  q u a r te t  signals of th e  coup led  
m e th y l a n d  m e th in e  g ro u p s , on ly  th e  c h a ra c te rle ss  ab so rp tio n s of th e  acid  
p ro to n s  ap p ea r, o v e rla p p e d  b y  th e  w a te r c o n te n t o f  th e  so lv en t (S p ec tru m  5). 
T h e  sp e c tra l d a ta  a re  show n  in  T ab le  I I I .  W h en  th e  v alues of th e  chem ical 
sh if ts  o f  a lan ine  also l is te d  in  T ab le  I I I  are re la te d  to  th e  co rrespond ing  d a ta  
o f I, th e  in fluence  o f th e  oxygen  a to m  in c rea s in g  th e  chem ical sh if t o f th e  
m e th in e  p ro to n  is w ell o b se rv ed , th e  d ifference b e in g  0.76 ppm . T h e  sh if t is 
h a rd ly  s ig n ifican t (— 0.03 pp m ) an d  of o p p o site  d ire c tio n  in  th e  case o f th e  
m e th y l  signal. T he re a so n  fo r i t  is p a r tly  t h a t  th e  — I effect of th e  oxygen , 
w h ich  w ould  sh ift th e  m e th y l signal p a ra m a g n e tic a lly  is a lm o st en tire ly  iso la te d  
b y  th e  in te rp o la te d  m e th in e  group , and  p a r t ly  t h a t  th e  decreased  desh ie ld ing  
e ffec t is co m p en sa ted  (a n d  slig h tly  even o v e r-co m p en sa ted  accord ing  to  th e

* Table IV contains characteristic  PM R da ta  of th e  a-am inooxycarboxylic acids in 
vestiga ted  in our experim ents.
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Spectrum  1. IR  spectrum  of I (l) in KBr
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Spectrum  4. IR  spectrum  of the hydrochloride of I (l) in  KBr
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Table 111

P M R  data o f compounds I ,  II , II I  and alanine (chemical shifts are given in  p p m
units, hTM S - - 0 p p m )

Spec­
trum
No.

Compound Solvent Triplet* (ethyl) 
3H

асы,

Doublet*
3H

Singlet
(i-Pr)
2 x 3H

«5СН,
Quartet* (ethyl) 

2H

<5CH
Quartet*

III

D.,0 1.42 4.48
5 1(D) = I(D L )

DMSO-de — 1.20 — — 4.07

— I  • HC1 DMSO-d6 — 1.42 — — 4.77

— Alanine d2o — 1.45 — — 3.72

1.80
7 II DMSO-de _ 1.35 _ 4.50

1.83

8 III CDC13 1.25 1.43
1.85

4.21 4.62
1.90

e x p e rim e n ta l d a ta )  b y  th e  an iso tro p ic  n e ig h b o u rin g  g roup  effect a ris in g  fro m  
th e  am m o n iu m  io n  w h ich  becom es m ore p ro n o u n c e d  in  th e  v ic in ity  o f  m e th y l 
p ro to n s  b ecau se  o f  th e  o x y g en  bridge (th e  — N  + H 3 io n  can  get n e a re r  to  th e  
m e th y l p ro to n s) .

W hen  iso la tio n  o f  th e  oc-am inooxypropionic ac id  (I) w as f ir s t  a t te m p te d  
by  tr e a tm e n t  w ith  ace to n e , th e  IR  sp ec tru m  o f  th e  p ro d u c t (S p ec tru m  6) in ­
d ica ted  t h a t  i t  cou ld  n o t  h a v e  th e  ex p ec ted  s t ru c tu re .  B ands o f  a m m o n iu m  
an d  c a rb o x y la te  ions c h a ra c te r is tic  o f th e  z w itte r io n ic  s tru c tu re  d id  n o t  
ap p ear, b u t  a b so rp tio n s  o f  v ib ra tio n s  o f free  ac id s  w ere id e n tif ie d  in  th e  
sp ec tru m : rO H  (3500—2300 c m -1), r C = 0  (1740 c m -1 ), /ЗОН (1450 c m -1 ), 
vC— О (1205 c m -1 ) an d  y O H  (920 c m -1 ). T h ese  b a n d s  an d  th e  b a n d  a t  1640 
c m -1  t h a t  c an  on ly  a rise  fro m  a  double b o n d  in d ic a te d  th a t  com p o u n d  I  w as 
a c tu a lly  o b ta in e d  in  th e  fo rm  o f an  iso p ro p y lid en e  d e riv a tiv e  II . T h is  w as 
p ro v ed  b y  P M R  in v e s tig a tio n . T h is sp ec tru m  (S p e c tru m  7) h ad  tw o  s in g le ts  
co rresp o n d in g  to  th e  to ta l  n u m b e r of six p ro to n s ;  in  ad d itio n  to  th e se , th e  
m e th y l d o u b le t a n d  m e th in e  q u a r te t  could o n ly  b e  d e tec ted . T hus, s t ru c tu re  
of I I  w as accep ted  w hich  w as la te r  su p p o rted  b y  co m p ariso n  w ith  th e  p h y s ic a l 
d a ta  o f an  a u th e n tic  sam p le .

In  o rd e r to  ex p la in  th e  ap p earan ce  of tw o  lin es  o f  th e  m e th y l s ig n a l o f 
th e  iso p ro p y lid en e  g ro u p , th e  follow ing p o ss ib ilitie s  w ere ta k e n  in to  c o n ­
sid e ra tio n .

(I )  M ost p ro b a b ly , th e  tw o  m eth y l g ro u p s a re  an isochronous b ecau se  o f  
th e  d ia s te re o to p y  due  to  th e  p resence of a c e n tre  o f  a sy m m etry . In  th is  case ,

12 A c ta  C h im , (B u d a p e st)  8 3 , 1974



A
cta

 
C

hitn
. 

(Budapest)
 

83
, 

1974

Table IV
yC O O H

P M R  dataa o f R —C H  type a-aminooxycarboxylic acids (in  D M SO -d(1 solution), in  ppm  (8T M S  — 0 ppm )
\ o n h 2

Compound^
R асн. <5CCHt

(5XCH,
(X  =  0 ,  N, S, At) <5CCH <50CH <5AtH

- H A — — 4.43, s - - —

- H в — — 4.08, s — — -

- C H 2- C H 3 A 0.95, t (7 Hz) 1.80, m - - 4.70, t (5.5 Hz) -

- C H 2- C H 3 в 0.90, t (6.5 Hz) 1.65, — — 3.95, t (6 Hz) -

- ( C H 2)2- C H 3 A 0.90, t (7 Hz) 6 0 -1 1 5  Hz 
m (4H)

— — 4.75, t (5.5 Hz) —

-C H (C H 3)2 A 0.93, d (7 Hz) 
1.03, d (7 Hz)

— — ^ 2 .3 ,  m 4.55, d (5.5 Hz) —

— CH(CH3)2 в 0.90, d (7 Hz) 
0.95, d (7 Hz)

— — ~ 2 .0 , m 3.95, d (6 Hz) —

- ( C H 2)3- C H 3 A 0.90, t (7 Hz) 6 0 -1 2 0  Hz 
m (6H)

— — 4.70, t (5.5 Hz) —

— (CH2)3—CH3 В 0.90, t (7 Hz) 7 0 -1 2 0  Hz 
m (6H)

— — 4.00, t (6 Hz) —

- C H 2-C H (C H 3)2 A 0.97, d (7 Hz) 
(6H)

1.67, 2 X d  
(5 and 7 Hz)

— ~ 2 .1 , mc 4.67, t (5.5 Hz) —

- C H 2-C H (C H 3)2 В 0.90, d (6 Hz) ~ 1 .5 , 2 x d  
(5 and 6 Hz)

— ~Л .5, mc 4.03, t (6 Hz)

SO
H
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~ (C H 2)4- N H 2 A — ~ 2 .8 , m  (6H) ~ 2 .6 , f — 4.75, t (5.5 Hz)

~ (C H 2)2SCH3 A 2.10, s ~ 2 .1 0 , td ~ 2 .6 , te — 4.80, t (6 Hz)

^ (C H 2)2SCH3 В 2.10, s ~ 1 ,9 5 , mJ ~ 2 .6 , m f - 4.15, t (6 Hz)

- C H 2Ph A — — 3.15, m« — 5.05, 2 xd"
(5 and 7 Hz')

-C H jP h В — — 3.18«
3.35«

(Ja b  =  15 Hz)

5.03, 2 xdft 
(5 and 7 Hz')

a The given spectral da ta  of the optically active forms and racem ates are identical in  all cases investigated 
b A: H ydrochloride, B: Base
0 O verlapped by  th e  <5CH, signal
л Overlapped by  the <5SCH3 signal 
6 Overlapped by absorption of th e  solvent
1 A 2B , m ultip let
e AB p a rt of the  A BX  m ultip let 
h X  p a rt of th e  A BX  m ultip let 
' Coupling constant J a x  and J b x
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t h e  d is ta n c e  of th e  lines sh o u ld  be te m p e ra tu re - in d e p e n d e n t. H o w ev e r, th e  
d ia s te re o to p ic  re la tio n  o f m e th y l  g roups does n o t  necessarily  cause  a sp littin g , 
a s  f r e q u e n t ly  an  in c id e n ta l iso c h ro n y  o ccu rs, f i r s t  of all w hen  th e  iso p ro p y lid en e  
g ro u p  is  n o t  d irec tly  a t ta c h e d  to  th e  a sy m m e tr ic  ca rbon  a to m , as in  th e  case

(2) In  a zw itte rio n ic  s tru c tu re , a sp li t t in g  m a y  he cau sed  in  th e

w o u ld  b e  in  good ag re e m e n t w ith  th is  ph en o m en o n ). H ow ever, i t  is u n lik e ly  
t h a t  co m p o u n d  I I  w ith  no zw itte rio n ic  fo rm  in  th e  solid phase , m ig h t e x is t in 
th i s  fo rm  in  D M S 0-d6 so lu tio n .

(3) I t  is possible t h a t  a s ix -m em b ered  cycle is fo rm ed  w ith  h y d ro g en  
b o n d  b e tw een  th e  n itro g e n  a to m  an d  th e  h y d ro x y l group , le ad in g  to  a d if­
f e r e n t  en v iro n m en t o f th e  tw o  m e th y l g ro u p s , owing to  th e  s te r ic a lly  fix ed  
s t r u c tu r e .

(4) A n an isoch rony  m a y  also re s u lt  from  th e  g eo m etrica l (sy n —a n ti) 
is o m e r is m  of th e  C = N  d o u b le  bond .

I n  o rder to  c la rify  th is  p ro b lem , th e  P M R  sp ec tru m  of th e  e th y l  e s te r  of 
I I  ( I I I )  w as also in v e s tig a te d  (S p ec tru m  8).

A s in  th is  sp ec tru m  (cf. T ab le  I I I ) ,  th e  isop ropy lidene  g ro u p  gives in ­
v a r ia b ly  tw o  lines, in te rp re ta t io n s  acco rd in g  to  (2) an d  (3) shou ld  be  re jec ted . 
F o r  ex c lu d in g  th e  ex is ten ce  o f  in v e rse  iso m ers  accord ing  to  (4), a te m p e ra tu re -  
d e p e n d e n t  PM R e x a m in a tio n  w as c a rr ie d  o u t. Since th e  d is tan ce  o f  th e  tw o 
l in e s  re m a in e d  u n ch an g ed  b e tw e e n  20 a n d  160°C, th e  se p a ra tio n  o f  th e  line 
c a n  b e  d u e  only to  th e  d ia s te re o to p ic  c h a ra c te r  o f th e  m e th y l g ro u p s.

Synthesis of the com pounds m entioned in  th is paper has been reported  elsewhere [8]. 
I R  spectra were tak en  w ith  a Perkin-E lm er 457 spectrom eter in  K B r pellets. NMR 

s p e c tra  were recorded a t room  tem p era tu re  by  a  V arian  A -60D  device using te tram ethy lsilane 
as in te rn a l standard.

T he authors are grateful to  D r. Mrs. Cs. M é h e s f a l v i , Mr. A. F ü r j e s , Mrs. B. C s á k v á r i  
a n d  Miss V. W i n d b r e c h t i n g e r  fo r th e  useful technical assistance.
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I t  has been proved th a t  two identical molecules of a Schiff base can undergo an 
exchange reaction. U nlabeled and labeled benzylideue-p-anisidines inves tiga ted  by 
NM R and MS techniques resulted  in an equilibrium  w ith  a constan t o f К  =  1. Some 
conclusions have been draw n on the m echanism  of the azo coupling of a rom atic  Schiff 
bases.

In  o u r p rev ious p a p e r  [1] th e  exchange re a c tio n  o f a ro m a tic  S ch iff bases 
h a s  b een  rep o rted  to  (i) fo llow  a second o rd e r r a te  law , (ii) lead  to  an  equ i­
lib riu m  in  all cases an d  (iii) to  be p ro to n  c a ta ly z ed  as show n b y  k in e tic  m ea­
su rem en ts .

A ccord ing  to  th e  p ro p o sed  m echan ism , th e  in itia l s tep  o f e x ch an g e  is th e  
in te ra c tio n  o f a n e u tra l a n d  a p ro to n a te d  S chiff base  m olecule, fo llow ed  b y  th e  
rev ersib le  reactions of th e  p ro to n a te d  dim eric in te rm e d ia te  th u s  fo rm ed .

T he azo coupling o f S ch iff bases re p o rte d  earlie r [2, 3] ta k e s  p lace  p ro ­
b a b ly  v ia  an  in te rm e d ia te  w ith  th e  sam e d im eric  s tru c tu re . Since in  th e se  cases 
th e  re a c tio n  m ix tu re  c o n ta in s  on ly  a single S ch iff base , i t  seem s n ec e ssa ry  to  
d e m o n s tra te  th a t  tw o id e n tic a l m olecules of a S ch iff base  can  s im ila rly  undergo  
an  exchange reaction .

T h is chem ically  ‘in v is ib le ’ re a c tio n  w as s tu d ie d  using  d o u b ly  labe led  
b en zy lidene-p -an isid ine  as m odel com pound . F o r  th is  p u rp o se  ben zy lid en e-p - 
an is id in e-d  (I) was p re p a re d , in  th e  N M R  sp e c tru m  ( la )  o f  w h ich  no  azo- 
m e th in e  p ro to n  could he d e te c te d  as a consequence of labeling  w ith  d e u te riu m . 
O n th e  o th e r h an d , b en zy lid en e-p -an is id in e-16N  (II) gives sp e c tru m  li> in  
w h ich  th e  N M R signal o f th e  azo m eth in e  p ro to n  (d =  8.30 pp m ) is sp li t  in to  
a d o u b le t as a re su lt o f in te ra c tio n  w ith  th e  n e ig h b o u rin g  15N  a to m  (J»n =  c h  

=  3.9 H z). T he coupling  c o n s ta n t is in  acco rdance  w ith  th o se  o f  o th e r  15N- 
lab e led  Schiff bases [4]. T h e  iso top ic  p u r i ty  o f b o th  co m pounds w as h igher 
th a n  9 8%  as show n b y  th e  m ass sp ec tra .

T h e  ra te  of exchange can  be  d e te rm in ed  from  th e  v a r ia tio n  o f  th e  in ­
te n s i ty  o f th e  azom eth ine  p ro to n  signal. T he in te n s ity  o f th e  s ta r t in g  d o u b le t

* Presented in p a rt a t  th e  U nd  IU PAC Conference on Physical O rganic C hem istry, 
N oordw ijkerhout, The N etherlands, April 29 - May 2, 1974.
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decreases d u rin g  th e  re a c tio n  w hile th e  sing le t o f  th e  u n lab e led  b en zy lidene-p - 
an isid ine fo rm ed  ap p e a rs  in  th e  cen te r o f th e  d o u b le t (S pec trum  lc ) . A t 
equ ilib riu m  a v ir tu a l  t r ip le t  is form ed w ith  th e  in te n s i ty  ra tio  o f  1 : 2 : 1, 
co rrespond ing  to  an  eq u ilib riu m  co n stan t o f К  =  1.

K in e tic  m e a su re m e n ts  show  th a t  th e  re a c tio n  is o f second o rd e r, th e  
o rd e r of th e  ra te  c o n s ta n ts  b e ing  th e  sam e as fo r  th e  exchange re a c tio n  o f  tw o  
d iffe ren t S chiff bases:

к — 5.97 X 10-4 1/mol sec (in tetrachloroethylene a t  36°C) 
к =  3.50 X 10~3 1/mol sec (in nitrobenzene a t  36°C).

T he re a c tio n  is p ro to n  ca ta ly zed : in  th e  p resen ce  o f 0.01 m ol tr if lu o ro - 
ace tic  acid th e  e q u ilib riu m  is se t u p  v e ry  ra p id ly  a n d  th e  N M R sp e c tru m  lc  
can  be im m ed ia te ly  o b serv ed .

In  th e  m ass sp e c tru m  o f th e  equ ilib rium  m ix tu re  th ree  m o lecu la r ions 
can  be d is tin g u ish ed :

M 1 =  213, benzy lid en e-p -an is id in e-15N -d  (III),
M 2 =  212, benzy lid en e-p -an is id in e-15N  (II), a n d  

b enzy lidene-p -an isid ine-d  (I),
M 3 =  211, b en zy lid en e-p -an is id in e  (IV).

T he in te n s ity  ra t io  o f  th e  th ree  peaks is 1 : 2 : 1, in  ag reem en t w ith  th e  
N M R  sp ec tra .

T he above re su lts  p ro v e  th a t  tw o id e n tic a l m olecules of a S c h iff  b ase  
re a c t in  th e  sam e w ay  as th o se  o f tw o d iffe ren t a zo m eth in es . This fa c t s u p p o r ts  
th e  suggestion  th a t  th e  azo coupling  of a ro m a tic  S ch iff bases m ay  t a k e  p lace  
th ro u g h  a sim ilar d im eric  in te rm ed ia te .

*

The authors are grateful to  Dr. J . T a m á s  for th e  m ass spectra, Dr. J . H e m e l a  for 
com puting the kinetic d a ta  and  D r. J . W o l f o r d  for p reparing  the labeled starting  m ateria ls.
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The physicochem ical characteristics of th e  C haratchok crude oil and its ligh t and 
middle fractions obtained  by technical d is tilla tion  gasoline, kerosene and gas oil are 
reported.

H ydro trea ting  of the kerosine and gas oil fractions was carried ou t w ith  the 
purpose of studying  the possibility of the ir upgrad ing .

The crude oil was distilled under a tm ospheric pressure into five cuts. F u rth e r 
distillation under reduced pressure (40 to rr) afforded tw o other fractions. The hyd ro ­
carbon ty p e  and  th e  structu ra l group analyses w ere carried ou t for th e  narrow  cuts as 
well as for th e  fractions of technical distillation.

In tro d u c tio n

The chem ical e v a lu a tio n  of crude oils is o f  sup rem e im p o rtan ce  from  th e  
p o in t o f v iew  th e  re fin in g  an d  p e tro ch em ica l in d u s tr ie s . No sy s te m a tic  s tu ­
dies concern ing  th e  chem ical n a tu re  an d  e v a lu a tio n  o f S y rian  crude  oils h av e  
b een  re p o rte d . T he f i r s t  pu b lish ed  d a ta  [1] w ere on Sw idia S y rian  c ru d e  
oil. The C h a ra tch o k  oil fie ld  is s itu a te d  in  th e  n o r th e a s te rn  reg ion  of th e  S y ­
ria n  A rab R ep u b lic , n e a r  th e  Sw idia oil f ie ld .

The te c h n iq u e  o f h y d ro tre a tin g  has b een  w ide ly  a d o p ted  to  im prove  th e  
q u a lity  of th e  d is tilla te  frac tio n s b y  re d u c in g  th e  su lfu r, n itro g en  a n d  u n ­
sa tu ra te d  h y d ro c a rb o n  c o n ten ts , as well as th e  ca rb o n  residue . A large n u m b e r 
o f c a ta ly s ts  h av e  b een  developed  for h y d ro g e n a tin g  p e tro leu m  frac tio n s  [2, 3]. 
N ickel and  p la tin u m  c a ta ly s ts  as well as c o b a lt m o ly b d a te  [4] an d  tu n g s te n  
sulfide [5] have  b een  app lied  for th is  p u rp o se . T he reac tio n  cond itio n s, te m ­
p e ra tu re , p ressu re  an d  re a c tio n  tim e  m u st be c o n tro lled  in  th e  h y d ro tre a tin g  
o f d iffe ren t feed  s to ck s [6, 7].

The s tu d y  o f  th e  re sid u a l frac tio n s (ab o v e  300°C) of th is  crude will be 
re p o rte d  in  a fu tu re  co m m unica tion .

Experim ental

The c rude  oil sam ple u n d er in v e s tig a tio n  w as k in d ly  supp lied  b y  th e  
M in istry  o f P e tro le u m  o f th e  S yrian  A rab  R ep u b lic .
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1. Physicochem ical characteristics o f the crude oil

(A) Physical characteristics

T h e  general c h a ra c te r is tic s  o f th e  c ru d e  oil an d  its  p ro d u c ts  h a v e  been  
d e te rm in e d  according to  I P  or ASTM  s ta n d a rd  m eth o d s unless o th erw ise  s ta te d .

(B ) Component ana lysis

T h e  schem e ap p lied  to  th e  c rude  oil f ra c tio n a tio n  an d  co m p o n e n t 
a n a ly s is  is show n in F ig . 1.

Crude oil

A tm ospheric distillation
1

I „  ' I
D istillation up to  200°C Residue R t

[ . 1
Fractionation  D istillation  a t 40 to rr

i _________________ 1

F r. 1 F r. 2 Fr. 3 F r. 4 F r. 5 F r. 6 F r. 7 R esidue R 2
< 60°C  60 —95°C 95 —122°C 122 —150°C 1 5 0 - ° " 0  „  200 -250°C  250-300°C

P etr, e ther (40 — 60°C)

Oils Resins A sphaltenes
I

A lum ina colum n chrom atography 

Cyclohexane R enzene-E thanol (1 : 1 by  vol.)
I . I

Oily constituen ts Resins

Fig. 1. F rac tionation  of C haratchok crude oil

(C) D eterm ination o f  vana d iu m  and  n ickel in  the crude oil, resins and  
asphaltenes

V a n a d iu m  an d  n ick e l h a v e  been  d e te rm in e d  using  th e  flam e sp e c tro p h o to - 
m e tr ic  m e th o d  [8]. A cco rd in g  to  th is  m e th o d , th e  ash o b ta in e d  fro m  th e  
c ru d e  oil w as dissolved in  su lfu ric  acid . E xcess o f th e  ac id  w as e v a p o ra te d  an d  
th e  s u lfa te d  ash  was d isso lved  in  d is tilled  w a te r . M easurem ents w ere ca rried  
o u t  on  a flam e sp e c tro p h o to m e te r  (U n icam  M odel S P  900) a t  w ave le n g th s  of
352.5  a n d  550 nm  fo r n ick e l a n d  v a n a d iu m , re sp ec tiv e ly . T he c o n c e n tra tio n s  
w ere  e s tim a te d  from  th e  c a lib ra tio n  cu rves o f  s ta n d a rd  so lu tions a g a in s t th e  
g a lv a n o m e te r  read ings o f th e  f lam e  sp e c tro p h o to m e te r .
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2. F rac tions ob ta in ed  by tech n ica l d istillation

T he c rude  oil w as d istilled  to  o b ta in  gaso line , kerosene, gas o il, a  w ax y  
d is tilla te  a n d  residue  (Table I).

T able  I

F r a c t io n s  o b ta in e d  b y  te c h n ic a l  d is t i l la t io n

Fraction
Cutting temp., °C 
(under 760 torr)

Pressure, torr 
(during distillation)

Gasoline 3 2 -1 5 0 760
Kerosene 1 5 0 -2 5 0 40
Gas oil 2 5 0 -3 5 0 20
W axy distillate 3 5 0 -5 0 0 2
Residue — —

3. H ydrocarbon  type analy sis  o f th e  d istilla te  frac tions

T h e  fo llow ing m eth o d s h av e  b e e n  a d o p te d .
(a) V o lu m etric  m e th o d  b y  F lu o re scen t In d ic a to r  A dso rp tion  (F .I .A ) , I P 15e.
(b) G rav im e tric  m e th o d s:

1. A niline p o in t m e th o d  fo r th e  d e te rm in a tio n  of a ro m a tic s  [9].
2. D e te rm in a tio n  of n o rm a l p a ra ff in s  in  frac tio n s  up  to  200°C b y  gas 

ch ro m a to g ra p h y  [10]. A n F  & M Gas C h ro m ato g rap h  M odel 500 
w as used  w ith  K a th a ro m e te r  as d e te c to r .

3. U rea  a d d u c t m e th o d  [11] fo r th e  d e te rm in a tio n  of n o rm a l p a ra ff in s
in  th e  frac tions o f bo iling  range  200 250° and  250 — 300°C.

4. D e te rm in a tio n  o f n a p h th e n e s . E a c h  fra c tio n  was d e a ro m a tiz ed  b y  
su lfu ric  acid  (98% ) an d  th e  an iline  p o in t (t) of th e  s a tu ra te s  so 
o b ta in e d  was d e te rm in e d . T he c o n te n t o f n a p h th e n e s  w as ca l­
c u la te d  as follow s:

N a p h th e n e s  (iei % ) = ---- (tx —  t)
d

w h er К  is c o n s ta n t, d  a n d  t x are th e  d e n s ity  an d  aniline p o in t  re sp e c ­
tiv e ly , of th e  p u re  n a p h th e n e s , o b ta in e d  from  tab les  c ite d  in  R ef.
[9].

4. Investiga tion  o f bicyclic a ro m a tic s  in  fractions 
of boiling  ra n g e  2 0 0 —285 °C

B icyclic  a ro m atics  w ere d e te rm in e d  b y  c u ttin g  th e  fra c tio n  o f  bo iling  
ran g e  200 285 °C in to  fou r f rac tio n s  a n d  m easu rin g  th e  u ltra v io le t a b so rp tio n
a t  d iffe re n t w ave leng ths, using  a B eck m an  M odel D U  sp e c tro p h o to m e te r  
[12, 13].
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B efore  c a rry in g  o u t th e  m easu rem en t th e  frac tio n s  w ere desu lfu rized  
w ith  m ercu ric  n i tr a te  to  av o id  any  in te rfe ren ce  o f  su lfu r com pounds w ith  th e  
s p e c tra l  d e te rm in a tio n  [13]. The in v es tig a tio n  w as th e n  carried  o u t as follow s.

F ra c tio n  a, o f b o ilin g  ran g e  200 —248°C w as used  fo r th e  d e te rm in a tio n  
o f n a p h th a le n e , 1 -m e th y ln a p h th a le n e  an d  2 -m e th y ln ap lith a len e  b y  m easu rin g  
th e  a b so rb an ce  a t  th e  w av e len g th s  311, 314 a n d  319 nm .

F ra c tio n  b, 248 — 265°C, was ap p lied  fo r th e  d e te rm in a tio n  o f th e  C12- 
n a p h th a le n e s  b y  m easu rin g  th e  absorbance  a t  th e  w av e leng ths 280 a n d  324 nm .

F ra c tio n  c, 265 — 275°C, served  for th e  d e te rm in a tio n  o f C12- a n d  C13- 
n a p h th a le n e s  b y  m e a su rin g  th e  absorbance  a t  th e  w ave leng ths 280 a n d  324 nm .

F ra c tio n  d, 275 — 285°C, was used  fo r th e  d e te rm in a tio n  o f C13-n a p h th a -  
len es  b y  m easu ring  th e  abso rbance  a t  280 n m .

5. S tru c tu ra l g roup  an a ly s is

T h e  s tru c tu ra l g ro u p  analysis of th e  m id d le  d is tilla te  frac tio n s  of bo iling  
ra n g e  200 — 300°C w as c a rr ie d  ou t acco rd ing  to  th e  n.d .M . m e th o d  [14] using  
th e  H a s tin g  co rrec tio n .

6. H y d ro trea tin g  o f  C h ara tch o k  kerosine  a n d  gas oil d istilla te  frac tio n s

(A) Catalyst W N iS ja l

T h is  was p ro v id e d  b y  B adische A nilin  u n d  Soda F a b rik  (C a ta ly s t No. 
8376): p e lle ts  (3 m m ), com posed  of 25%  tu n g s te n  su lfide and  3 %  n ick e l su lfide 
s u p p o r te d  on a c tiv a te d  a lu m in a .

(B ) H ydrogenation technique

A  rock ing  b a tc h  au to c lav e  (A ndreas H ofe r) of tw o lite rs  c a p a c ity  w ith  
e le c tr ic  h e a tin g  device w as used  th ro u g h o u t th is  w ork . The w eigh t o f th e  feed 
as w ell as th e  w eigh t o f  th e  c a ta ly s t w ere f ix e d . I n  each  ex p e rim en t, th e  feed 
(200 g) a n d  a fresh  sam p le  o f th e  c a ta ly s t  (20 g) w ere in tro d u c e d  in to  th e  
a u to c la v e . I t  was p u rg e d  once w ith  n itro g e n , th e n  tw ice w ith  low  p ressu re  
h y d ro g e n  before fillin g  w ith  hyd rogen  to  th e  re q u ire d  in itia l h y d ro g en  p ressu re . 
B y  th e  “ in itia l h y d ro g e n  p ressu re” , it  is m e a n t th e  pressure in side  th e  a u to ­
c lav e  a t  ro o m  te m p e ra tu re  before  s ta r tin g  th e  h y d ro g e n a tio n  ex p e rim e n t.

A f te r  checking  fo r  a n y  leakage, h e a tin g  w as s ta r te d  to  a t ta in  th e  desired  
w o rk in g  te m p e ra tu re  w h ich  w as a u to m a tic a lly  c o n tro lled . A t re q u ire d  re a c tio n  
te m p e ra tu re  ro ck ing  w as s ta r te d  an d  h e a tin g  w as co n tin u ed  d u rin g  th e  desired  
r e a c tio n  period , th e n  h e a tin g  and  ro ck ing  w ere  s to p p ed . The a u to c lav e  was 
th e n  le f t  o v e rn ig h t to  cool to  room  te m p e ra tu re .

Acta Chim. (Budapest) 83y 1974



KHATTAB e t  «1.: ST U D IE S ON CHARATCHOK SY R IA N  CRU DE O IL 413

In. th is  w ork , th e  re p o r te d  reac tio n  p e rio d  w as considered  to  b e g in  w hen 
th e  re q u ire d  w orking  te m p e ra tu re  w as re a c h e d , la s tin g  u n ti l  h e a tin g  was 
s to p p ed .

T he genera l c h a ra c te ris tic s  o f  th e  h y d ro g en a te s  w ere d e te rm in e d  acco rd ­
in g  to  I P  s ta n d a rd  m e th o d s .

R esu lts  an d  d iscussion

1. G eneral ch a ra c te ris tic s  o f C h ara tch o k  crude oil

T he general c h a ra c te ris tic s  o f C h ara tch o k  c rude  oil as c o m p a re d  w ith  
S w id ia  c rude  oil are g iven  in  T ab le  I I .  The d a ta  show  th a t  th is  c ru d e  oil h as  a 
h ig h er su lfu r co n ten t, c a rb o n  residues an d  a sp h a lta n e s  th a n  S w id ia  c ru d e  oil.

Table II

G en era l c h a r a c te r is t ic s  o f  C h a r a tc h o k  a n d  S w id ia  c r u d e  o ils

Characteristics
Crude

Remarks
Charatchok Swidia [1]

Sp. gr. 15/4 °C 0.9370 0.9010 IP  160
A .P .I. gravity 19.51 25.55
Sulfur content, w t.-% 4.4 3.9 IP  63
W ater content Nil Nil IP  74
Engler viscosity a t 37°C, sec/sec 15.09 8.40
Pour-point, °C — 24.0 — 10.0 IP  15
Carbon residue, Conradson w t.-% 14.9 11.55 IP  13
Ash content, w t.-% 0.0189 0.0178 IP  4
W ax content, wt.-% 2.10 3.38 Holds

m ethod
A sphaltanes, w t.-% 17.1 14.3 IP  6
Engler distillation I.B .P ., °C 55.0 50.0

T e m p . ,  °C  °/0 - V o l .  R eco vered , m l

75 3.0 3.0
100 8.0 7.0
125 11.0 12.0
150 16.0 18.0
175 19.0 22.0
200 23.0 26.0
225 26.0 30.0
250 30.0 34.0
275 34.0 38.0
300 41.0 50.0

Residue 58.0 49.0
Loss 1.0 1.0
Total 100.0 100.0

O n th e  o th e r h a n d , i t  is o f a m uch  b e t te r  q u a lity  w ith  re g a rd  t o  i ts  pou r- 
p o in t;  th is  is due to  its  low er m a x  co n te n t. A h ig h e r p e rcen tag e  o f  d is tilla te  
f ra c tio n s  u p  to  300°C is n o tic e d  in  case of Sw idia  c rude  oil.

G enera lly , th e  Sw idia  crude  oil can  be  considered  as b e in g  o f  b e tte r  
q u a lity .
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(A) Component a n a ly s is

C om ponent a n a ly s is  w a s  carried  o u t u s in g  a lu m in a  co lum n c h ro m a to ­
g r a p h y  fo r th e  se p a ra tio n  o f  th e  oily c o n s titu e n ts  fro m  th e  resin  co m p o n en ts . 
T h e  re su lts  o b ta in ed  a re  g iv e n  in  Table I I I .  I t  is seen th a t  a sp h a lte n e s  are 
p r e s e n t  in  a co n sid erab le  a m o u n t (17 .1% ). T h e  am o u n ts  o f res in o u s com ­
p o n e n ts  are higher th a n  th e  aspha ltenes, b u t  lo w er th a n  th e  oily  c o n s titu e n ts .

Table I I I

Component analysis o f Charatchok crude oil

Component wt.-% in crude oil

D istillate u p  to  300°C 29.20
Oil constitu ants 29.57
Resins 23.12
Asphaltenes 17.11
Gases and losses (by difference) 1.00

T h e am oun t o f d is t i l la te  up  to  300°C is m a rk e d ly  low er th a n  th a t  ob­
ta in e d  b y  the  E ng ler d is t i l la t io n , due to  th e  e ffec t o f frac tio n a tio n .

(B) Trace elements

T h e van ad iu m  a n d  n ic k e l con ten ts in  th e  c ru d e  oil an d  th e ir  f rac tio n a l 
d is t r ib u tio n  in  th e  c ru d e  oil com ponents are  sh o w n  in  T able IV .

Table TV

V anadium  and  nickel distribution in  the crude oil, 
resins and asphaltenes [8]

Crude oil Resins Asphaltenes

Ash content, w t.-% 0.0189 0.0 0.1167
Vanadium, ppm 46.0 0.0 268.0
Nickel, ppm 22.0 0.0 127.0
V/Ni ratio 2.11 — 2.11

I t  is of in te re s t to  n o tic e  th e  absence o f b o th  v a n a d iu m  an d  n ick e l in  th e  
re s in o u s  com ponents. A s p h a ltic  com ponents c o n ta in  all th e  v a n a d iu m  an d  
n ic k e l p re se n t in  th e  c ru d e .
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(2 )  C harac te riza tio n  o f th e  lig h t an d  m iddle fractions o b ta in ed  
by te c h n ic a l d is tilla tio n

T he sam ple of C hara tchok  c ru d e  oil w as frac tio n a ted  in to  f iv e  c u ts ; 
gaso line, kerosene , gas oil, w axy  d is ti l la te , a n d  a residue . The bo ilin g  ra n g e s  of 
th e se  frac tio n s  w ere selected  ta k in g  in to  co n sid e ra tio n  th e  p ro d u c tio n  o f  th e  
h ig h es t possible y ie ld  of m iddle d is tilla te s  (kerosene and  gas oil), w ith  th e  le a s t 
possib le  c o n te n t o f su lfu r com pounds. T he p h y s ica l ch a rac teris tic s  o f  gaso line , 
kerosene  an d  gas oil are show n in  T ab le  V.

Table У

P h y s ic a l  c h a r a c te r is tic s  o f  th e  l ig h t  a n d  m id d le  f r a c t io n s  o b ta in e d  
b y  te c h n ic a l  d i s t i l la t io n

Characteristics
Fraction

Gasoline Kerosene Gas oil

Cutting tem perature, °C — 150 — 250 - 3 5 0
W t.-%  on crude 12.8 10.2 13.0
Refractive index a t 20°C 1.4096 1.4532 1.4886
D ensity a t 20°C 0.7151 0.8079 0.8739
Mean molecular weight 103 187 251
Sulfur content, w t.-% 0.15 0.7 2.3
Aromatics content, vol.-% 2.4 26.2 40.2
Olefins content, vol.-% 0.3 0.7 1.2
Saturates content, vol.-% 97.3 73.1 58.6
Normal paraffins, wt.-% 10.6 7.3 7.4
Aniline p t., °C 61.4 57.6 61.2
Diesel index — — 42.28
Cetane num ber — — 46.0
Pour-point, °C — — 10.0
Freezing point, °C — — 47 —
Smoke point, mm. 
ASTM distillation

20

Tem p., °C

Initial boiling point 
%-Vol. recovered, ml

55 150 246

10 76 171 262
20 88 185 274
30 95 192 280
40 104 199 286
50 113 204 293
60 122 212 304
70 132 223 314
80 145 235 326
90 158 251 344

Final boiling point 176 268 364

T he a ro m a tic , olefinic an d  su lfu r  c o n te n ts  increase from  gaso line  to  
kerosene  to  gas oil frac tions, w h ereas  th e  s a tu ra te s  co n ten t decreases in  th e  
sam e d irec tion . T he sm all a m o u n ts  o f o lefins p re sen t m ay be due  to  som e 
crack in g  d u rin g  frac tio n a tio n .

13 Acta Chim. ( Budapest) 83, 1974



416 K HATTAB e t a l.: STU D IES ON CH ARA TCH O K  S Y R IA N  CRUDE OIL

(A) Gasoline

T h e gasoline f r a c t io n  con ta ins a co n sid e rab le  am o u n t of su lfu r (0 .15%  
b y  w t.). I t  is v e ry  p o o r  in  a rom atics an d  n o rm a l p a ra ff in s . The m a jo r p a i t o f  
th e  fra c tio n  is th u s  co m p o sed  of cycloparaffins a n d  isoparaffin s. I t  is e x p e c te d  
th e re fo re  th a t  th is  f ra c t io n  co n stitu tes  a so m e w h a t h igh  grade m o to r gaso line, 
w h ich  could  be fu r th e r  u p g ra d e d  th ro u g h  a re fo rm in g  process.

(B) Kerosene

T h e ch a rac te ris tic s  o f  th e  kerosene f ra c t io n  a re  a h igh su lfur c o n te n t a n d  
freez in g  p o in t. T he sm o k e  p o in t, being 20 m m , is in  accord  w ith  spec ifica tio n s 
fo r  illu m in a tin g  p u rp o se s . H ow ever, in  o rd e r  to  o b ta in  a refined  kerosene  
m e e tin g  je t  fuel sp ec if ica tio n s , h y d ro tre a tin g  u s in g  ca ta ly s ts  w ith  h ig h  h y d ro - 
su lfu r iz a tio n  and  iso m e riz a tio n  activ ities w o u ld  be  advan tageous.

(C) Gas oil

T he gas oil f ra c tio n  is r ic h  in  a ro m atics  a n d  su lfu r co n ten ts. On th e  o th e r  
h a n d , th e  p araffin ic  c o n te n t  is low as re f le c te d  b y  its  low p o u r-p o in t. T he 
a ro m a tic s  co n ten t is 4 0 .2 %  b y  vol. These a ro m a tic s  can  be of in te re s t  to  th e  
p e tro ch em ica l in d u s try . S o lven t e x tra c tio n  a n d /o r  desu lfu riza tion  o f th is  
f ra c tio n  th ro u g h  h y d ro tre a tin g  would also b e  u se fu l.

T h e  s tru c tu ra l g ro u p  analysis (by th e  n .d .M . m ethod) of th e  fra c tio n s  
(o b ta in e d  b y  tech n ica l d is tilla tio n ) is given in  T ab le  V I.

Table V I

Structural group analysis o f  the kerosene 
and gas oil fractions (by n .d .M . method)

Characteristics
Fraction

Kerosene Gas oil

%  % 7 2 .6 6 0 .7

%  c A 11 .8 1 9 .4

% 15 .6 1 9 .9

%  C R 2 7 .4 3 9 .3

r a 0 .2 7 0 .6 0

0 .3 0 0 .6 0

R j 0 .5 7 1 .2 0

T h e  H astin g  c o rre c tio n  w as used

I t  is no ticed  t h a t  th e  % С д increases w ith  th e  increase in  bo ilin g  ra n g e . 
T h e re  is also an  in c rea se  in  th e  m ean  n u m b e r  o f  a rom atic  and  n a p h th e n ic  
r in g s  p e r  m olecule, go ing  fro m  kerosene to  th e  gas oil fraction .
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(3 )  U pgrading o f  C h a ra tch o k  kerosene 
and  gas oil distillate fra c tio n s  th ro u g h  h y d ro trea tin g

T he h y d ro tre a tin g  cond itions, re a c tio n  te m p e ra tu re , in it ia l  h y d ro g e n  
p re ssu re , reac tio n  p e rio d , and  th e  tu n g s te n  n ick e l su lfide (on a lu m in a ) c a ta ly s t  
w ere se lec ted  on th e  basis  o f p rev io u s p ra c tic a l conditions [15]. T h e  re su lts  o f 
th is  in v e s tig a tio n  are  c ited  in  T ab le  V I I .

Table VII

H y d r o tr e a t in g  o f  C h a ra tch o k  k e r o s e n e  a n d  g a s  o il d is t i l la te  f r a c t io n s

Conditions Kerosene Gas oil

R eaction tem p., °C 350 400
In itia l hydrogen pressure, atm 80 80
R eaction period, hr. 4 4
C atalyst W N iS/alum ina WJNiS/alumina

Characteristics Feed Hydrogenate Feed Hydrogenate

R efractive index a t 20°C 1.4532 1.4505 1.4886 1.4671
D ensity  a t  20°C 0.8079 0.8039 0.8739 0.8379
Mean molecular weight 187 191 251 212
Sulfur content, w t.-% 0.7 0.0 2.3 0.1
Sulfur removed, w t.-% , of total

sulfur — 100 — 95.6
A rom atics content, vol.-% 26.2 21.4 40.2 34.5
% arom atics reduced — 18.3 — 14.2
Olefins content, vol.-% 0.7 0.2 1.2 0.3
S aturates content, vol.-% 73.1 78.4 58.6 65.2
Pour-point, °C — — -1 0 .0 — 16.0
Freezing point, °C - 4 7 - 3 7 — —
Smoke point, mm 20 24 —
ASTM distillation

Temp., °C

In itia l boiling point
%-Vol. recovered, ml 150 143 264 185

10 171 176 262 235
20 185 184 274 242
30 192 198 280 254
40 199 208 286 263
50 204 218 293 273
60 212 223 304 281
70 227 236 314 290
80 235 250 326 303
90 251 269 344 319

p ina l boiling point 268 319 364 348

(A) Kerosene

F ro m  th e  kerosene  frac tio n  th e  su lfu r  com pounds w ere co m p le te ly  
rem o v ed . The s a tu ra t io n  of a ro m atic  h y d ro c a rb o n s  is e v id en t. T h e  c o n te n t  o f  
a ro m a tic s  is 21 .4%  in  th e  h y d ro g e n a te , as co m p ared  w ith  2 6 .2%  in  th e  feed ;
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T his is ev id en ced  also  b y  th e  s ligh t increase in  m o lecu la r w eigh t, an d  in  th e  
c o n te n t  o f s a tu ra te s . R efin ed  kerosene w ith  no  su lfu r  an d  w ith  a h ig h er sm oke 
p o in t  is  o b ta in e d  w h ich  w ill easily  m eet th e  d o m estic  specifications.

I t  sh o u ld  be m en tio n ed , how ever, t h a t  a f te r  h y d ro g en a tio n  o f  th is  
f ra c tio n , som e lig h t f rac tio n s  o f th e  p ro d u c t h a v e  d e p a rte d  d u ring  d eg asifi­
c a tio n . A ccord ing ly , th e  d a ta  of th e  h y d ro g e n a te  shou ld  be consid ered  as 
a ffe c te d  b y  th is  fa c to r .

(B ) Gas oil

T h e  re fra c tiv e  in d e x  a n d  d e n s ity  are d ec rea sed , w hich  is due to  a decrease  
in  th e  a ro m a tic  c o n te n t. T he decrease in  m o lecu la r w eigh t is a re su lt o f th e  
s ig n if ic a n t e ffec t of h y d ro tre a tin g . This is fu r th e r  show n b y  th e  in itia l an d  f in a l 
b o ilin g  p o in ts  of th e  p ro d u c t u ndergo ing  h y d ro g e n a tio n . Im p ro v em en t in  th e  
p o u r-p o in t is c lea rly  n o ticed , b e ing  — 16°C fo r  th e  liqu id  h y d ro g en a te , as 
c o m p a re d  w ith  — 10.0°C fo r th e  feed stock .

T h e  su lfu r rem o v a l n e a rly  goes to  c o m p le tio n , be ing  95 .6% . In co m p le te  
su lfu r  rem o v a l m a y  be due to  th e  p resence o f  tliio p h en ic  su lfu r co m pounds 
w h ich  are  h a rd ly  d esu lfu rized . T he s a tu ra t io n  o f  a ro m atic  com pounds is 
a p p a re n t  as th e  p e rc e n ta g e  of a ro m atics  re d u c e d  is 14.2% . H ow ever, th e  
p e rc e n ta g e  of s a tu ra t io n  o f a ro m atics  is g re a te r  in  th e  kerosene fra c tio n  th a n  
in  th e  gas oil f ra c tio n . T his m ay  be due to  th e  c o m p lex ity  of th e  m olecules in  
th e  h ig h e r  f rac tio n s  an d  to  th e  la rg e r am o u n ts  o f  th e  a ro m atic  h y d ro ca rb o n s  
p re se n t in  th e  gas oil fra c tio n . In com ple te  s a tu ra t io n  of th e  olefinic com pounds 
is o b se rv e d  in  b o th  th e  kerosene an d  gas oil fra c tio n s .

(4 )  D eta iled  ev a lu a tio n  of th e  c ru d e  oil n a rro w  cuts 
o f bo iling  ran g e  up to  300°C

(A) Physicochem ical characteristics

T h e p h y sicochem ica l ch a rac te ris tic s  are  sh o w n  in  Fig. 2.
W ith  in c reasin g  bo iling  ran g e , th e re  is an  in c rease  in  th e  re frac tiv e  in d e x , 

d e n s ity  an d  a decrease in  th e  aniline p o in t. T h is in d ica tes  an  increase in  th e  
a ro m a tic  c o n te n t, w h ich  is ju s tif ie d  b y  th e  h y d ro c a rb o n  ty p e  analysis (T ables 
V I I I  a n d  IX ) . A n increase  in  th e  su lfu r c o n te n t is also observed.

T h e  re frac tiv e  in d ex , th e  d en sity  a n d  th e  an iline  p o in t of th e  s a tu ra te d  
fra c tio n s  increase  w ith  th e  increase in  th e  b o ilin g  ran g e .

(B) Chemical com position

T he d a ta  of th e  g rav im e tric  and  v o lu m e tric  h y d ro ca rb o n  ty p e  ana ly ses  
a re  g iv en  in  T ab les V I I I  a n d  IX . A g rad u a l in c rea se  in  th e  co n ten ts  of a ro m a tic  
a n d  n a p h th e n ic  h y d ro c a rb o n s  w ith  increasin g  b o ilin g  range is n o ticed . T h is

Acta Chim. ( Budapest) 83, 1974



K H A TTA B e t al.: STUDIES ON CHARATCHOK S Y R IA N  CRU DE OIL 419

Fig. 2

Table VIII

G r a v im e tr ic  h y d r o c a r b o n  ty p e  a n a ly s i s  o f  d i s t i l l a t e  f r a c t i o n s  u p  to  3 0 0 °C

Hydrocarbon type wt.-%
Fraction No.

2 3 4 5 6 7

Aromatics, UOP m ethod (1) 2.50 4.80 16.40 30.70 34.50 40.90

Aniline point m ethod (2) 2.90 5.00 15.40 31.20 34.60 40.20
Average 2.70 4.90 15.90 31.00 34.60 40.60

Olefins; UOP m ethod (1) 0.30 0.50 0.70 1.00 1.20 1.30

Naphthenes (2) 17.10 18.80 17.80 29.40 34.00 33.90

Normal paraffins (3 or 4) 11.20 9.50 11.70 21.30 6.10 7.30

Isoparaffins (by difference) 68.70 66.30 53.90 17.50 24.10 16.90

Isoparaffins/normal paraffins ratio 6.13 6.98 4.61 0.82 3.95 2.31

Methods used:
(1) U OP m ethod  [16]
(2) M anual Chim istului [9]
(3) Gas chrom atography [10] (for fractions Nos 2 — 5)
(4) U rea adduc t m ethod [11] (for fractions Nos 6 — 7)
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Table IX

Volumetric hydrocarbon type analysis o f  distillate fractions up to 300°C 
(F .I .A . method, I P 1™)

Hydrocarbon,
voL-%

Fraction No.

2 3 4 5 6 7

Aromatics 0.9 1.4 7 .0 22.1 29.6 31.3

Olefins 0.2 0.4 0 .4 0.4 0.9 1.2

Saturates 98 .9 98.2 92 .6 77.5 69.5 67.5

in c re a se  is m ore p ro n o u n ced  in  th e  case o f a ro m a tic  h y d ro carb o n s. A t th e  sam e 
t im e ,  a  m a rk e d  decrease in  th e  iso p ara ffin s  is observed . A rom atic  h y d ro c a rb o n s  
p re s e n t  in  frac tio n s  N os 2, 3 an d  4 re p re s e n t benzene, to lu en e  a n d  x y len es, 
re sp e c tiv e ly . I t  is a p p a re n t t h a t  th e se  f ra c tio n s  are of a h ig h ly  p a ra ff in ic  
n a tu r e .  F ra c tio n  N o. 4 can  be  considered  a  good source for th e  p ro d u c tio n  of 
x y le n e s  as i t  co n ta in s  a b o u t 16%  of th e s e  p e tro ch em ica l ra w  m a te r ia ls . 
F r a c t io n s  Nos 5, 6 an d  7 are  rich  in  a ro m a tic  h y d ro ca rb o n s, th e re fo re  th e  
p a ra f f in ic  n a tu re  genera lly  decreases w ith  th e  increase in  bo iling  ra n g e .

T h e  ra tio  of iso- to  n o rm a l p a ra ffin s  decreases w ith  th e  increase  in  bo iling  
ra n g e , th e  decrease bein g  no ticeab le  in  case o f  frac tio n  N o. 5. T h is is ex p ec ted  
b e c a u se  o f th e  decrease of iso p araffin s  w ith  th e  increase in  bo iling  ra n g e , th is  
d e c re a se  b e ing  m ark ed  in  f ra c tio n  N o. 5.

T h e  in te g ra l chem ical com position  o f  th e  frac tions of b o ilin g  ran g e  
60 — 200°C  an d  200 — 300°G is show n in  T ab le  X .

Table X

Integral chemical composition o f light and middle distillates up to 300°C

Hydrocarbon, wt.-%
Fraction

Light distillate 
60 —200°C

Middle distillate 
200 —300°C

Aromatics 15.0 38.0

Olefins 0.7 1.3

Naphthenes 21.3 33.9
Normal paraffins 14.0 6.8

Isoparaffins 49.1 20.0

T h e  lig h t d is tilla te  o f  bo iling  ran g e  60 — 200°C ap p ears  to  be  m ore 
a ro m a tic  th a n  n a p h th e n ic  in  n a tu re . T he s itu a tio n  is rev ersed  in  th e  case of 
th e  m id d le  frac tio n  of bo iling  range  200 — 300°C.
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(C) S tructura l group analysis o f  the fra c tio n s  o f  boiling range 2 0 0 — 250° 
and 250 300°C

The an a ly s is  w as carried  o u t b y  a p p ly in g  th e  n .d.M . m e th o d  a n d  using  
th e  H astin g  c o rre c tio n  (Table X I) . I t  is seen  t h a t  th e  increase in  % C A in  
th e  frac tio n  o f  b o ilin g  range 250 — 300°C h as  o ccu rred  m ain ly  a t  th e  expense  
o f th e  % C p. T h e re  is also a n  increase  in  th e  m ean  n u m b er o f to ta l  rin g s 
p e r  m olecule fro m  frac tio n  N o. 6 to  f ra c tio n  N o. 7. T his increase  is due  to  
an  increase in  th e  a ro m atic  rin g s r a th e r  th a n  n a p h th e n ic  rings.

Table XI
Structural group analysis o f fractions o f boiling range 

200—250 °C and 250—300°C by the n .d .M . method

Method
characteristics 200 —250°C 250 —300°C

%  s 68.48 63.79

%  с л 12.00 15.78

%  CN 19.52 20.43

%  %
31.52 36.21

r a 0.28 0.48

0.40 0.35

R r 0 .6 8 0.83

The H asting  correction was used

The re su lts  o f  ca rbon  d is tr ib u tio n  c o u p led  w ith  those  o f th e  g ra v im e tric  
ty p e  analysis (T ab le  V III )  in d ica te  t h a t  th e  in crease  in  th e  a ro m a tic  h y d ro ­
carbons w ith  in c reas in g  boiling  ran g e  from  200 — 250°C to  250—300°C can  be 
a t tr ib u te d  to  th e  presence o f la rg e r a m o u n ts  o f  a ro m atics  r a th e r  th a n  to  th e  
increasing  n u m b e r  o f  p a ra ffin ic  side chains a n d /o r  th e  len g th en in g  o f th e  a lk y l 
side chains a t ta c h e d  to  th e  a ro m a tic  r in g  s tru c tu re . This o b se rv a tio n  is in  
ag reem en t w itli th e  re su lts  o b ta in e d  from  th e  d e te rm in a tio n  of n a p h th a le n e  
(T able X I I ) ,  w here  th e  p e rcen tag e  o f n a p h th a le n e  h y d ro carb o n s increases 
ap p rec iab ly  in  th e  frac tions above 248°C.

(D) D istr ibu tion  o f  a lkylnaphthalenes in  the fractions o f  boiling range 
2 0 0 - 2 8 5  °C

The p ro d u c tio n  of n a p h th a len e  from  p e tro le u m  th ro u g h  c a ta ly tic  h y d ro ­
d ea lk y la tio n  h as  gained  re c e n tly  g rea t im p o rta n c e , since n a p h th a le n e  is 
considered  a v a lu a b le  raw  m a te ria l in  p e tro c h e m ic a l in d u s try .

T herefo re , i t  w as our ob jec tive  in  th is  w o rk  to  ev a lu a te  th e  n a p h th a le n e  
h y d ro ca rb o n  a n d  i ts  m e th y l d e riv a tiv e s  u p  to  th e  tr im e th y l isom ers in  th e
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Table X II
Quantitative determination o f naphthalene [13] in  distillate fractions 

o f boiling range 200 — 285°C

Aromatics
Naphthalene 1-Methyl-

naphthalene
2-Methyl-
naphth.

Dimethyl-
naphth.

Trimethyl-
naphth.

Total
diaromaticsFractions boiling 

range, °C wt.-%

2 0 0  — 248 5.22 0.0 3.21 0.46 ___ — 3 .67

2 4 8 - 2 6 5 1.78 — — — 8.67 — 8 .67

2 6 5 - 2 7 5 2.01 — — — — — 9 .5 8

2 7 5 - 2 8 5 1.55 — — — — 15 15

f r a c t io n s  o f boiling  ran g e  o f 200—285°C. T he re su lts  o b ta in ed  (T ab le  X I I )  
in d ic a te  t h a t  th e  am o u n ts  o f n a p h th a le n e  h y d ro ca rb o n s  increase  w ith  th e  
in c re a se  in  boiling  ran g e . T h e  f ra c tio n  w ith  bo iling  range  248 — 285°C o f th is  
c ru d e , co rrespond ing  to  t h a t  u se d  fo r in d u s tr ia l  p ro d u c tio n  of n a p h th a le n e , is 
v e ry  su ita b le  for th is  p u rp o se .

*

T hanks are due to the N ational Research Centre, Giza, Cairo, for the facilities p rovided 
th o ro g h o u t th is work and to  the  s ta ff  of th e  P etro leum  Technology Laboratories for th e ir  help 
and  co-operation.
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К . D i m r o t h : Phosphorus-C arbon D ouble B onds. T opics in  C u rre n t C h em istry , 
N o. 38

Springer Verlag, B erlin—Heidelberg — New Y ork 1973. pp. 147

In  the excellent series “ Topics in  C urrent Chem istry” , several in teresting  m onographs 
have already been published. In  this successful volume No. 38 th ree special types of compounds 
in  organophosphorus chem istry  are com prehensively trea ted , nam ely, th e  re la tive ly  less 
know n phospham ethine-cyanines, and th e  tr iv a len t (Я3-) and p en tav a len t (A5-) phosphorins. 
A lthough research in  th is  field was sta rted  hardly 10 years ago the  theoretical and  practical 
im portance of these com pounds is clearly indicated  by  the  more th a n  hund red  publications 
dealing w ith them.

The firs t fundam ental steps in the w ork for the synthesis and elucidation of th e  chem istry 
of th e  new organophosphorus compounds were made p artly  by th e  au th o r of th e  presen t book, 
K . D i m r o t h  and his co-workers and partly  b y  G. M ä r k l  and his research team . I t  is not sur­
prising th u s th a t D i m r o t h  can handle th e  accum ulated data  so clearly and comprehensively.

In  the structure of th e  book the well-known system  is followed: syn thesic  methods, 
physical properties of th e  compounds, followed by th e  chemical characteristics in  three suc­
cessive chapters. The survey is supplem ented by w ell-constructed tables com prising the data  
o f th e  compounds prepared  up  to now. T his system  ensures a uniform  approach  and easy 
handling of the book.

The volume of th e  chapters is determ ined by the am ount of inform ation available ra ther 
th a n  the im portance of th e  individual com pounds. A lthough the chap ter dealing w ith  phospha­
m ethine-cyanines is th e  shortest, these com pounds m ay still p lay  a m ajor role in  the  hetero­
cyclic chem istry in th e  fu tu re , because th e ir reactions are similar to , b u t the  reactiv ities exceed 
those of m ethin and azam ethin-cyanines.

The other two chapters in which th e  A3- and A5-phosphorin com pounds are described 
are by no means less in teresting . The two groups of compounds, w hich can be derived from one 
ano ther and possess re la ted  properties from  several points of view , represent a new type of 
heterocyclic systems, th e  phosphabenzenes, and  can be considered as the phosphorus analogues 
of pyridine. The chem istry of A5-phosphorins, resonance-stabilized cyclic phosphinem ethylenes, 
is particu larly  interesting. A lthough these phosphinem ethylenes are quite unsu itab le  for the 
accom plishm ent of W ittig  reactions, owing to  the high degree of delocalization of th e  electrons, 
th e  reac tiv ity  of the phosphorus atom , together w ith the arom atic cyclic s truc tu re , provides 
possibilities for several o ther types of conversions which m ake th e  A5-phosphorins im portant 
no t only from the theore tica l h u t also from  th e  synthetic po in t o f view.

In  accordance w ith  th e  modern organic chemical concept applied in th e  book, these 
phosphorus compounds are no t trea ted  as isolated topics, b u t th e ir properties are compared 
system atically  w ith  those of the analogous nitrogen com pounds, including th e  correlation 
betw een experim ental d a ta  and the results of quan tum  chemical calculations.

The in troduction  of fascinating experim ental and unresolved theore tica l problems 
arousing the interest o f b o th  practical and  theoretical organic chem ists is a very  g rea t m erit 
of th e  book, which calls a tten tio n  to  the research of these compounds.

I .  P i n t é r

К . C a m m a n : D as A rbeiten  m it ionenselektiven  E lektroden  

Springer Verlag, B erlin—H eidelberg—New Y ork 1973. 226 Seiten

Die ionenselektiven E lektroden zogen in den le tz ten  10 Jah ren  eine revolutionäre 
E ntw icklung in der Po ten tiom etrie  nach sich. M it Hilfe dieser E lek troden  kann  die A k tiv itä t 
zahlreicher Ionen sowohl in wäßrigen, wie auch in n ichtw äßrigen Lösungen u n m itte lb a r ge-
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m essen  werden. Es ist daher k e in  Zufall, daß in V erbindung m it ih rer A nw endung ein p rak ti­
scher B ed arf für Bücher b esteh t, aus denen der Verwender jene w ichtigsten K enntnisse über 
die charakteristischen E igenschaften  der ionenselektiven E lek troden  schöpfen kann, die deren 
V erw endbarkeit fördern bzw. e inschränken . C a m m a n s  B uch is t diesem Ziel gew idm et. Im  Buch 
w ird  W e rt darauf gelegt, den L eser m it der Arbeitsweise der ionenselektiven E lektroden ver­
t r a u t  zu  m achen, um  dadurch die E lek troden  entsprechend anw enden zu können.

In  einem Umfang von 226 Seiten  is t das Buch auf 162 L itera tu rangaben  aufgebaut. Im  
R ah m en  der Grundlagen der P o ten tiom etrie  wird über 32 Seiten der w ichtigste theoretische 
H in te rg ru n d  der ionenselektiven E lek troden  behandelt.

A bschnitt 2 beschreibt ü b e r  20 Seiten das Messen des E lek trodenpoten tia ls, wobei die 
P rob lem e der Bezugselektroden, das D iffusionspotential u n d  die H erstellung der Bezugse­
le k tro d e n  besprochen werden.

D er Verfasser beschäftig t sich  über 56 Seiten m it den E inzelheiten der m nenselektiven 
E lek tro d en . Es werden die E igenschaften  der G laselektroden, der P räzip itä te lek trodeu  sowie 
der flüssigen  Ionenaustauscher-E lektroden diskutiert. O bzw ar dieser A bschnitt eine sehr gute 
O rien ta tio n  für Anfänger g ib t, k a n n  die E inteilung der E lek troden  bei der Diskussion der 
w ich tig sten  Eigenheiten derselben theoretisch  beanstandet werden. Diese E inteilung beruht 
n ic h t a u f  theoretischen G rundlagen. D ieser A bschnitt beschäftig t sich auch m it den Enzym - 
E lek tro d en  und den G asfühlci-E lek troden . Schade daß diese sehr knapp  im  B uch behandelt 
w erden , wo doch ihre B edeutung, besonders die der G asfühler-E lektroden in  den le tz ten  Jah ren  
s ta rk  zunahm . Abschnitt 4 b esch re ib t über 17 Seiten die M esstechnik der ionenselektiven 
E lek tro d en . Der A bschnitt b e faß t sich vor allem m it den G eräteproblem en der pX-M essung.

A bschnitt 5 beschreibt ü b e r  47 Seiten die bei der A nw endung von ionenselektiven 
E lek tro d en  zu verwendenden V erfahren . Der A bschnitt u m faß t die E ichkurvenm ethode, 
T itrie rverfah ren  und verschiedene K onzentrations-M eßm ethoden sowie deren Fehler. Dieser 
A b sch n itt is t eine ausgezeichnete H ilfe fü r jeden sich m it p rak tischer Potentiom etrie  befassenden 
F a c h m a n n  bei der W ahl des rich tig en  Verfahrens in  der A nw endung von ionenselektiven 
E lek troden .

A bschnitt 6 behandelt ü b e r 20 Seiten die A nw endung der ionenselektiven E lektroden 
au f  verschiedenen w issenschaftlichen u n d  technischen G ebieten. E s geht bereits aus der Kürze 
des A bschnittes hervor, daß h ier keine konkreten V orschriften zu erw arten  sind, sondern es 
w ird  eher au f die durch die ionenselek tiven  Elektroden gebotenen Perspektiven hingewiesen. 
D ies w ird  durch einen Blick in  die Z ukun ft über drei Seiten quasi zusam m engefaßt und  dam it 
abgeschlossen, daß die w eitere V erb re itung  der V erwendung s ta rk  durch die Geschicklichkeit 
u n d  E xperim entierfreudigkeit des V erwenders dieser E lek troden  entschieden wird.

E in  kurzer Anhang b esch äftig t sich m it Problem en der K onzentration , A k tiv itä t und 
dem  A ktivitätskoeffizienten, so d an n  geben einige Tabellen über die T em peraturabhängigkeit 
ein iger Bezugselektroden A ufschluß un d  schließlich w ird zur A usw ertung einiger im  Buche 
an g e fü h rte r  Analyseverfahren eine tabellarische Hilfe geboten. Die le tz te  Tabelle g ib t den 
F lu o rid -S tan d ard  des NMS an.

D as Buch ist eine nü tzliche E inführung für jene, die sich im Them enkreis der ionen­
se lek tiv en  E lektroden zurech tfinden  wollen.

E .  PUNGOR

T o p ic s  in  Current Chem istry 43 . N ew  Concepts I I I

D er B a n d  um faßt zwei A ufsätze:

1. P . C Á R S K Y , R .  Z a h r a d n i k : A p p r o a c h  to  E le c t r o n ic  S p e c t r a  o f  R a d i c a l s

D ie Untersuchung von R ad ik a len  is t in letzterer Zeit das O bjekt vieler S truk tu rfo r­
schungsarbeiten . Die U ntersuchung  von E lektronenspektren  is t ein w ichtiges M ittel zur E r­
fo rschung  der R adikalstruk tur: das E lektronenspektrum  is t eine unerläßliche Angabe zur 
K on tro lle  der quantenchem ischen Berechnungsm ethoden fü r offenschalige Systeme. Zugleich 
sind die Ergebnisse der B erechnungen  von  großer B edeutung in  der Auslegung der E lektronen­
sp ek tren  un d  der allgemeinen R eak tiv itä tstheo rie .

D er vorliegende zusam m enfassende Aufsatz gibt au f 55 Seiten einen Ü berblick über die 
E lek tronenspek tren  der R adikale . D ie beiden H aup tabschn itte  um fassen eine kurze B ehand­
lung  der Methoden und eine ausführliche  Diskussion der A nwendungen. Die theoretische E in ­
le itu n g  be faß t sich m it der P ro b lem atik  der Selbstkonsistenz und  der W ahl der K onfigurations- 
W echselw irkungsbasis. A nschließend w ird das halbem prische SCF-CI-Verfahren von L o n g u e t -
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H i g g i n s  und  P o p l e  ausführlicher behandelt. Die Anwendungen sind nach der verw endeten 
M ethode gruppiert. E in  beträch tlicher Teil befaßt sich m it den л -E lektronenberechnungen 
nach dem PPP-V erfahren, und  innerhalb dessen m it der D eutung der E lektronenspektren  
einiger kleinen Moleküle und m ehreren konjugierten Systeme. Die berechneten  und  experimen­
tellen Ergebnisse sind in  m ehreren Abbildungen und  Tabellen dargestellt; d aru n te r befinden 
sich viele eigene Ergebnisse der Verfasser. Die m it dem G esam t-V alenzelektronenverfakren 
erhaltenen Ergebnisse w erden kurz erläu tert. Abschließend folgt eine tabellarische Ü bersicht 
über einige ab-iniiio-Berechnungen.

Man kann m it der Meinung der Verfasser übereinstim m en, daß die л -Elektronen- 
A pproxim ation noch lange das w ichtigste M ittel zur D eutung der E lek tronenspektren  von 
großen konjugierten R adikalen  bleiben wird. Die Zusammenfassung g ib t einen guten  Überblick 
über die Berechnung der л -E lek tronenstruk tu r und der E lek tronenspektren  von Radikalen 
und  leistet wertvolle Hilfe zur Forschung auf diesem Gebiet.

Á. K iss

2. H . H a r t m a n n , К. H . L e b e r t , К . P. W a n c z e k : I o n  C y c lo t r o n  R e s o n a n c e  S p e c t r o s c o p y

Die Ionen-Zyclotronresonanzspektroskopie is t eine eigenartige, äußerst genaue Methode 
der M assenspektroskopie. Bewegen sich Ionen m it einer konstan ten  K reisfrequenz auf einer 
zentralen B ahn, so sind sie fähig, elektrom agnetische S trahlung der gleichen Frequenz zu 
absorbieren. Die K reisfrequenz des im Zyclotron sich bewegenden Ions is t seiner spezifischen 
Ladung proportional. D urch R adiofrequenz-Resonanz kann die Energie dies Ions gesteigert 
und  das Ion von seiner B ahn  abgelenkt werden. Je  nach der A rt des D etek tierens unterscheidet 
m an  Ionen-Zyclotronresonanz (ICR ), wo die In tensitä tsänderung  des Radiofrequenzfelds ge­
messen wird, d. h. die A bsorption sowie das “ G esam tionenstrom -V erfahren”  (TIC), wobei der 
S trom  der von ihrer B ahn abgelenkten Ionen gemessen wird. Das V erfahren is t bei zahlreichen 
in  der Gasphase verlaufenden Ionenreaktionen zur U ntersuchung ihres M echanismus ver­
w endbar.

Der Aufsatz um faß t 51 Seiten und  besteh t aus folgenden A bschnitten:
1. Grundprinzipien und  A pparatur. Erw ähnensw ert is das P rinzip der Doppelresonanz, 

das in  Ion — M olekül-A ustauschreaktionen anw endbar ist. M it seiner H ilfe w ird dieAusbeute 
der R eaktion in A bhängigkeit von der Geschwindigkeit des reagierenden Ions gemessen.Die 
Geschwindigkeit des p rim ären Ions w ird dabei durch R adiofrequenzresonanz verändert und 
die K onzentration des sekundären Ions durch Anwendung der ibm  entsprechenden  Frequenz 
m it dem Gesam tionenstrom -V erfahren gemessen.

2. Linienform en und  G eschw indigkeitskonstanten. In  Resonanzabsorptionsm essungen 
is t die Linienbreite von der Lebensdauer des angeregten Ions abhängig. G eht das Ion schnell 
eine chemische R eaktion ein, w ird die Absorptionslinie breiter. Die L inienbreite s teh t m it der 
G eschwindigkeitskonstante bzw. der Kollisionsfrequenz in eindeutigem  Zusam m enhang.

3. Anwendungen. S toßquerschnitte  und  Kollisionsfrequenzen. N ukleophile Austausch­
reaktionen und Protonenaffin itä ten . Photochem ische R eaktionen. R eaktionen  von W asserstoff­
und  Deuterium m olekülen und  Molekülionen. R eaktionen von K ohlenw asserstoffen. U nter­
suchung von S truk turen  und  U m lagerungen. H aloalkane und -alkene. R eaktionen  von alipha­
tischen Alkoholen. R eaktionen von anorganischen V erbindungen (H ydride, Stickstoffoxide, 
Fluorverbindungen). Dieser A bschnitt en th ä lt ausführliche Tabellen und  Literaturhinw eise.

Das neue V erfahren ste llt ein einzigartiges M ittel zur Forschung der K inetik  von Gas­
reaktionen dar.

G y . V a r s á n y i

G. V a r s á n y i : A ssignm en ts fo r  the V ibrational Spectra o f  700 B enzene D erivatives, 
Vols I ,  I I

A kadém iai Kiadó, B udapest 1973

A fter an in troduction  of about 20 pages, the author gives in  th e  f irs t volum e the most 
im portan t da ta  of th e  v ib ra tional spectra of about 700 benzene derivatives. The normal 
frequencies of the com pounds, the  assignm ent of the frequencies and the  characterization  of 
the intensities as well as th e  pertinen t references are sum m arized in tables.

In  the grouping of the com pounds the au thor follows those principles the  expedience 
of wich has been pointed ou t in his book “V ibrational spectra of benzene derivatives” (Akadó-
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m iai K iadó). Light and heavy su b s titu en ts  are distinguished, depending on the fact w hether 
th e  a to m ic  weight of the f irs t  a to m  linked  to  the ring is lower or higher th a n  25. Molecules in 
w h ich  th e  num ber and position of th e  ligh t or heavy substituen ts are identical belong to  the 
sam e group . The usefulness of th is  grouping is emphasized by  th e  fac t th a t  the author has 
succeeded in  giving for both groups re la tive ly  narrow in tervals in  w hich th e  norm al frequencies 
o f th e  molecules are to be expected regardless of the natu re  of th e  lig h t or heavy substituents.

T he second volume contains th e  infrared spectra of m ost of th e  compounds discussed 
in  th e  f i r s t  volume. For 150 m olecules, spectra  recorded in the 250—4000 cm-1  region, and for 
207 com pounds spectra recorded in  th e  400—4000 cm-1  region are given. All the spectra 
w ere recorded  in H ungary, th e  nam es of the contributors to  th is  w ork are listed on page 4. 
R eg re tta b ly , the state in w hich th e  spec tra  were taken  is no t indicated . O n the other hand, the 
su b jec t index  according to su b s titu en ts  a t the end of Volume I I  is very  useful.

T he book is of great assistance to  organic chemists and  spectroscopists having assign­
m e n t problem s. The mass of d a ta , com piled w ith great care and  special knowledge, is easy to 
han d le  a n d  will be very helpful fo r a ll those engaged in  w ork on th e  physical chem istry of 
benzene derivatives.

F . T ö r ö k

A d va n ces  in  Chemistry. Yol. 16 . E d . B . C sákvári

A kadém ia i K iadó, Budapest 1973. 240 pages, 25 figures, 5 tables

T h is volume of the series ed ited  by  Béla C s á k v á r i  deals w ith  chem ical technology, and 
w ith in  th is  w ith three fields of chem ical engineering science, w hich to d ay  are in the highlight 
of research . The surveys on these fie ld s of science were w ritten  by  H ungarian  scientists most 
co m p e ten t in  the subject. In  ad d itio n  tc  an analysis of the presen t s ta te  of a rt, the  volume 
p red ic ts  th e  direction of research in  these fields.

T he firs t part (70 pp.) “ On som e chemical operations involving com ponent transfer” , has 
been  w ritte n  by Antal L á s z l ó . I t  sum m arizes the developm ent in  rectification, absorption 
an d  ex trac tio n  operations in the  la s t decade. The survey is com pleted w ith  125 references and 
15 m a jo r reviews primarily books.

T he three operations selected com prise 70 — 80% of the operational un its  used in chemical 
in d u s try . The author points ou t in  connection w ith these classical operations th a t recent 
developm ents brought new resu lts in  th e  field ol systems theory , com putation  techniques, 
o p tim iza tio n  and process dynam ics.

These advances are illu s tra ted  by  numerous references to  th e  w ork of distinguished 
rep resen ta tiv es . F irst, a survey is g iven  on equilibria, hea t and com ponent transfer and fluid 
m echan ics; th is is followed by  th e  discussion of com putation techniques introduced in design, 
a su m m ary  on the investigation of s tead y  states, and finally , b y  th e  reviews of innovations 
in tro d u ced  in  the field of com ponen t separating apparatus. In  th e  conclusions draw n, the 
a u th o r  discusses the possible fu tu re  developm ent of results ob tained  so far.

T he second part of the vo lum e (100 pp.) has been w ritten  by  T ibor B l i c k l e  under the 
ti t le  “ A lgebraic description of th e  system s of chemical engineering” . I t  sum marizes the results 
o b ta in ed  in  the Research In s titu te  for Technical Chemistry o f th e  H ungarian  Academy of 
Sciences b y  the author and co-w orkers in  the field of m athem atica l description of chemical 
techno log ical systems. Based on a v e ry  thorough analysis of chem ical production and applied 
n a tu ra l  sciences, the algebraic m eth o d s of systems theory  have developed very rapidly. 
R esu lts  a tta in ed  in H ungary are p resen ted  by the study.

In  th e  introduction, system s and  the fundam ental in fo rm ation  pertaining to  the 
s tru c tu re  of systems are sum m arized. T his is followed by  th e  descrip tion  of m aterial system  
and  th e i r  changes, and an analysis o f th e  relationships betw een them . F inally, the study  
deals w ith  chemical technological o p e ra to r systems. The w ork reports on the first phase of a 
research  pro ject still in progress. T he  final aim is to  explore th e  elem ents of technological 
processes, from  which the technological systems can th en  he bu ilt up . The exactness of the 
discussion is ensured by the stric t m athem atica l method using linear algebra.

T he au thor complements th e  discussion by the concrete p resen ta tion  of m atrices and 
g raphs, w hich makes the otherwise v e ry  abstract considerations easier to  follow.

T he th ird  part is a survey (70 pp .) by József H o l d e r i t h : “ On some problems of the 
s tim u la tio n  of chemical reactors” . T he  au tho r presents the m odern  m ethods developed in th is 
field  a n d  also reports some of his ow n  work. A very valuable p a r t of th e  survey is a critical 
analysis based on the 25 m ost im p o rta n t publications (m ainly m onographs) th a t have appeared 
on th is  sub jec t in the world li te ra tu re . The survey gives 140 references.
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The In troduction  deals w ith reactor models and  th e  evaluation of the lite ra tu re . Among 
the problem s discussed, phenomenological reaction  kinetics are of great im portance. W ithin 
this, the  stoichiom etric degree of freedom, reaction  ra te  and extent of reaction are those con­
cepts around w hich the results presented are grouped. The final part of the study  deals w ith the 
problems of heterogeneous cataly tic reactors. The th ree-p art model and various conditional 
equations are critically evaluated. The prim ary  m erit of th e  survey is the clear guideline given 
for this field of research, which is in a rapid  phase of developm ent and therefore no t easy to 
review.

This volum e of the series published by A kadém iai K iadó deserves also special a tten tio n  
because in  addition  to informing H ungarian  specialists engaged in th is field, it  is in strum en ta l 
in pointing o u t the directions of theoretical research in  H ungary.

P .  SZOLCSANYI

R eaktionsm echanism en der Organischen Chemie 
E in  S em in a rb u ch  von  H e r m a n n  H ö v e r

Verlag Chemie, W einheim /Bergstr., John  W iley and  Sons, F rankfu rt am Main 1973. 565 Seiten.

H ö v e r ’ s Buch is t eine hervorragende B earbeitung  der w ichtigsten R esu lta te  und  der 
neuesten E rkenntn isse  der organischen R eaktionsm echanism en.

Das B uch is t aber n icht nu r vom trad itionellen  S tandpunk t aus eine gute Monographie, 
sondern zugleich “ E in  Sem inarbuch” , m it anderen W orten , ein originelles W erk didaktischen 
W ertes. D as B uch besteh t aus zwei H aup tte ilen . D er erste Teil en thält die Problem stellungen 
(Seiten 1 — 75), der zweite Teil (Seiten 75 — 529) beschreib t in ca. 450 Seiten die “ L ösungen”  der 
Probleme. (D as W ort “ Lösung”  is t h ier in  übertragenem  Sinne zu verstehen.) In  diesem 
zweiten Teil sind natürlich  zuerst die unm itte lbaren  Lösungen der aufgcstellten Problem e an­
gegeben, außerdem  werden auch die, der gegebenen R eaktion  analogen Prozesse sehr gründlich 
diskutiert, un d  auch die tieferen theor etischen organisch-chem ischen E rläu terungen  angegeben. 
Die folgenden D aten  charakterisieren den ausgezeichneten Aufbau dieses Buches.

Der erste Teil stellt ca. 210 Problem e auf; diese beziehen sich auf R eaktionen , die aus 
verschiedenen R eaktionstypen d e r organischen Chemie, aufgrund L itera tu rangaben  ausge­
w ählt w urden: Die R eaktionen en thalten  im  allgem einen die S truk tu r der A usgangs- und 
E ndverbindungen, die Reaktionsbedingungen, spektroskopische D aten und gegebenenfalls die 
Neben- und  Folgereaktionen. In teressanterw eise is t die V erteilung der 210 Problem e, den 
w ichtigsten organisch-chem ischen R eaktionstypen  gem äß, die folgende:

A dditionsreaktionen (A): 41, C ycloadditionen (C): 36, Valenzisomerisierungen (V): 13, 
E lim inierungen (E): 15, Fragm entierungen (F): 7, A liphatische Substitutionen (S): 72, A rom a­
tische Substitu tionen  (AS): 10, R adikal-R eaktionen  (R): 6 und  Photochem ie (P): 11.

Die den R eaktionstypen entsprechende V erteilung der Aufgaben zeigt deutlich , daß die 
meisten Problem e noch im mer in  der A liphatischen Substitu tion  zu finden sind. E s darf 
freilich n ich t vergessen werden, daß dieses G ebiet das bisher eingehendst un tersuch te  Mecha- 
nismen-Them a bildet.

Das B uch ist einerseits, als “ Sem inarbuch” , ein Leitfader für S tudenten  un d  Sem inar­
leiter. Es kann  aber auch das Interesse der schon tä tig en  Forschungschem iker erregen, h au p t­
sächlich deren, die den modernen E rläu terungen  der R eaktionsm echanism en nachlesen wollen, 
da es die m odernen E rörterungen in  bündiger Form  und  klarem  Aufbau darb ietet.

Der zweite, H aup tte il des Buches befaßt sich näm lich m it den G rundzügen der Hückel- 
schen МО-Theorie, der Anwendung der W oodw ard — H offm ann-Regeln auf synchrone R eak­
tionen, den m odernen A spekten der Photochem ie, der B edeutung der nichtklassischen Carbo- 
nium ionen, sowie m it noch vielen neuen K onzeptionen, bzw. neuen E rö rterungen  von  älteren 
Konzeptionen. Die ca. 800 originalen L ite ra tu rangaben  und das ca. 30seitige R egister zeigen 
einerseits das inhaltliche Maß des Buches, andererseits vereinfachen sie dessen G ebrauch.

E in  kleiner, aber störender Mangel m uß doch erw ähnt werden. Dieser Mangel berührt 
hauptsächlich die sich fü r die organischen R eaktionsm echanism en fortlaufend interessierenden 
und die F ach lite ra tu r lesenden Kollegen. Die neue deutsche Ausgabe en th ä lt zw ar den ur­
sprünglichen T ite l des Buches: “ Problem s in  O rganic Reaction. Mechanisms, by  H erm ann 
H ö v e r , W iley, New Y ork 1970”  — es w ird aber nirgends, weder im Vorwort, noch in  irgend 
einem anderen Teil — erw ähnt, was übrigens allgem einer Brauch ist, ob die neue deutsche 
Ausgabe eine um redigierte, erw eiterte Form  der früheren englischen Version ist, oder aber eine 
unveränderte  Ü bersetzung. Der Rezensor m uß also die Leser auf die erfreuliche T atsache auf­
merksam m achen, daß hier von einer wesentlich erw eiterten  Ausgabe die Rede is t — zw ar, wie
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e rw ä h n t, is t dies im Buch n ich t angegeben. Diese T atsache w ird  durch folgende D aten  u n ten  
s tü tz t :  D er Umfang der neuen A usgabe ist ca. um 100 Seiten gestiegen und en th ä lt ca. 150 
m ehr L ite ra tu rangaben , von denen viele auf die 70er Ja h re  fallen. Von den m odernen In h a lts ­
än d eru n g en  soll nur eine erw ähnt w erden: der englischen A usgabe gemäß ist das T riphenyl- 
m e th y lrad ik a l, durch D im erisation, m it H exaphenyläthan  im  Gleichgewicht, die deutsche 
A usgabe berücksichtigt dagegen schon die neuere E rkennung , nach der das eine R ad ikal, im 
D im eren , du rch  das zentrale K ohlenstoffatom  an das Parakohlenstoffatom  des anderen R adikals 
geb u n d en  ist.

Zusam m enfassend kann  von  der deutschen A usgabe des HÖVER-Buches folgendes 
gesag t w erden: Volle A nerkennung zur Ausgabe des Buches au f deutschem  Sprachgebiet.

A . M e s s m e r

J .  J .  B i k e r m a n : F o a m s

Springer V erlag, B erlin—H eidelberg — New Y ork 1973. V II I  -j- 337 pages.

U n til  th e  appearance of th is  w ork only two m onographs dealing w ith foams proper, i . e .  
w ith  gas/liqu id  systems, were know n in  the literature . One of these was w ritten  by  the  au th o r 
h im self a n d  three co-authors in  1953 (Foam s: Theory and  A pplication), while th e  second, 
pub lish ed  in  the same year, is th e  w ork “ Schaum” , w ritten  b y  E . M a n e g o l d . This fac t illus­
tra te s  th a t  th e  publication of a  survey  on this subject is o f g rea t interest. Indeed, during th e  
la s t tw e n ty  years a large experim ental m aterial has accum ulated  particularly  in connection 
w ith  th e  m ost various practical applications of foams. H ow ever, in spite of this, only th e  first 
ru d im e n ta ry  experim ents have been undertaken  in  connection w ith  foams existing in th e  form  
of gas bubb les enclosed betw een th in  liquid lam ellae, and  to  in terp re t their properties as 
m acroscopical physical system s, involving a definite s tru c tu ra l com bination of the tw o com ­
p o n en ts  w ith  special regard to  th e  properties of th in  liqu id  film s, differing in m any respects 
from  th o se  o f bulk phases. Several schools have developed in  connection w ith th in  film s, of 
w hich th e  m ost notable are those of D e r y a g u i n , M y s e l s , O v e r b e e k  and S c h e l u d k o  in  the 
S ov ie t U n ion , the U nited S tates, th e  N etherlands and  B ulgaria, respectively. However, these 
schools cen te red  their a tten tion  p rim arily  on the th in  film s proper, so th a t even to d ay  there  is 
no com prehensive theory re levant to  th e  foam-like system s of these films.

B i k e r m a n , a former pupil o f F r e u n d l i c h  and a well known author of m any papers 
dealing  w ith  surface phenom ena, d id  no t aim a t filling th is gap. The present book is ra th e r  a 
rev ision  o f his earlier work m entioned, which takes in to  consideration the fac tual d a ta  
accu m u la ted  since then, resulting p a rtly  in an  extension and  p artly  in a restriction. The la tte r  
is to  be  understood  in the sense th a t ,  am ong others, th e  chap te rs on solid foams and flo ta tio n  
have  b een  om itted  because independen t books have in  th e  m eantim e been published on these 
su b jec ts . T he extension means prim arily  an updating  of th e  references ra ther th an  an essential 
rev ision  o f th e  first variant. (The la s t reference stems from  1971, which m ay serve as a basis to  
com parison  w ith  the m uch-criticised publication tim es of m anuscrip ts in th is country .) Sim i­
la rly  to  o th e r works of B i k e r m a n , Soviet literature  is am ply  cited, which is often m issing in 
m an y  U S publications.

T he  book is divided in to  13 chapters (and w ith in  these, into 195 sub-chapters). The 
ch ap te rs  are  as follows: General in troduction . Form ation and  structure. M easurem ent of foam ­
fo rm ing  ab ility . D ata  on foam -form ing ability. Three-phase film s. Drainage. M echanical p rop ­
erties. O p tica l properties. E lectrical properties. Theories o f foam  stability. Foam s in  na tu re  
and  in d u s try . Separation w ith  foam s. O ther applications.

T he  s tructu re  of the book is characterized by th e  frequen t interlacing of the con ten ts of 
v arious ch ap te rs , which leads to  repetitions, and in  fac t, m akes th e  work to  a certa in  degree 
m osaic-like. This follows from th e  fundam enta l concept of th e  au thor; as his starting  principle 
is th e  cap illa ry  theory in alm ost all chapters, considerations are traced back to  L a p l a c e , 
P l a t e a u  an d  M a r a n g o n i . R em arkab ly , however, th e  n o t less classical work of B a s f o r t h  
and  A d a m s  on capillary surfaces is n o t m entioned.

C uriously, the “ disjoining pressure” , a concept a lready  generally accepted to d ay , is 
no t m en tio n ed  in  the book, a t  least no t by  th is nam e, th o u g h  the existence of the  physical 
phenom enon  proper is discussed to  som e ex ten t in connection w ith  the description of th e  basic 
exp erim en t. However, the omission of a survey on m odern th in  film  theory  m ust be considered 
as a  deficiency, even if the au tho r m ay  no t agree w ith  th is  theo ry , or, as m entioned already, i t  
is n o t h is aim  to  set forth  a coherent foam  theory  on th is basis. N either is i t  easy to  u nders tand
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w hy th e  book does no t discuss interm olecular forces, th e  DLVO theo ry  (which was developed 
in  close connection w ith  research  on th in  films), ion flo ta tion , foam s formed from polym er 
solutions (w ith the exception  of a brief reference to  foam  fractionation), antifoam  m ethods 
and foam columns.

Of course, dem ands w ith  respect to  deficiencies are alw ays ra th e r excessive and perhaps 
exaggerated, and m ight even obscure th e  actual m erits o f th e  w ork. I t  is not mere chance th a t  
th is subject has not been w orked up un til 1953 or in th e  tw en ty  years elapsed since then , or 
th a t  M a n e g o e d ’s  work gives a leading role to  a single aspect, th e  morphological one.

The great m erits of B i k e r m a n ’s w ork are the com pilation of an extensive experim ental 
m ateria l, the  exceptionally concise and clear style, the dem onstra tion  of the subject on hand  
of simple numerical exam ples, and th e  richness in experim ental and  methodological detail. 
Therefore, no tw ithstanding a certa in  one-sidedness, the book is a  valuable contribution to  th e  
lite ra tu re  on surface chem istry .

E . W o l f r a m

H .-H . P e r k a m p u s : W echselw irkung von n-E lektronensystem en  m it M eta ll­
halogeniden

Springer Verlag, H eidelberg, 1973. 215 Seiten.

Die W echselwirkung von  ji-E lektronensystem en m it M etallhalogeniden (auch als 
Lewis- oder Ansolvosäuren zu bezeichnen) hängt von der G egenw art von Protonen (aus proton- 
haltigen Lösungsm ittels oder Verunreinigungen stam m end) ab. Sind P rotonen vorhanden, so 
resultieren sog. P ro ton  — A dditionskom plexe, fehlen P ro tonen , so en tstehen  л -Komplexe oder 
CT-Komplexe, letztere m it einer polaren Bindung zwischen K ohlenstoff und M etallatom. Diese 
drei Komplex-Typen w erden in  der vorliegenden M onographie behandelt. Besonders ausführ­
lich werden die Ergebnisse der U ntersuchungen an den reinen  b inären  Systemen, л -E lektronen- 
system  und  M etallhalogenid dargelegt. H ier fehlte bisher eine um fassende D arstellung, die den 
P rim ärschritt der W echselwirkung ohne Folgereaktionen zum  G egenstand hatte.

Nach einem kurzen  historischen Überblick behandelt der erste A bschnitt die m it dem 
Gegenstand der M onographie zusam m enhängenden G rundprinzip ien . Der nächste A bschnitt 
b efaß t sich m it den E igenschaften  der D onatoren und A kzeptoren m it besonderer H insicht au f 
die S tru k tu r der M etallhalogenide. D er dritte  A bschnitt b ehandelt die U ntersuchung der 
P ro ton  —Additions-K om plexe m it präparativen  und spektroskopischen Methoden. Der v ierte  
A bschnitt von größtem  U m fang beschreibt die я -Kom plexe au f G rund der Ergebnisse der an 
ihnen vorgenom m enen Phasenstud ien , spektroskopischen U ntersuchungen (UV-, IR -, NM R 
NQR- und ESR-M cssungen) un d  Dipolmoment-Messungen.

Der letzte A bschnitt beschäftig t sich m it den a -K om plexen von  Olefinen und A rom aten. 
Das B uch schließt m it einem  Nam enverzeichnis und Sachverzeichnis.

Die von einem in  diesem Fachgebiet in ternational bek an n ten  Forscher geschriebene 
M onographie wurde schon seit langem  entbehrt, und wird von jedem  an diesem Gebiet in teres­
sierten Forscher m it F reuden  begrüßt. Die L iteraturverzeichnisse am Ende eines jeden A b­
schnittes fördern nur noch die V erw endbarkeit des Buches.

G y . D e á k

Reaction Transition  States

Proceed ings o f th e  2 1 st A n n u a l M eeting of th e  S ocié té  de Chimie p h y siq u e  
P a ris , 20 — 24 S ep tem ber, 1970

E ditor Dubois Jacques-E m ile. Gordon and Breach Science P ub l., New York —London — P aris
1972

The book is a collection containing the complete te x t  o f th e  lectures delivered a t  th e  
1970 Annual Meeting of th e  F rench  Society of Chemical Physics on reaction transition  sta tes.

The timeliness of th is sub ject is well dem onstrated by  th e  g rea t progress of theories and 
m ethods in studying tran sition  s ta tes over the last decade. Arising from  the new and in teresting  
q u an tita tive  results of the in te rp re ta tion  of kinetic and stereochem ical processes in chemical
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reac tio n s , prim arily the detection of short-lived active interm ediates and  th e  s tu d y  of their 
ro le, th is  field has become the cen te r of in terest.

T hus i t  was the righ t m om ent to organize a symposium on th is sub jec t, w here the ou t­
s tan d in g  in ternational experts rep o rt th e ir recen t results, and call the a tten tio n  to  y e t unsolved 
p rob lem s. The standard of the lectures was ensured by inviting appropriate  con tribu to rs, who 
could  insp ire  high-level discussions, giving a good insight into the problem s to  th e  audience 
an d , th ro u g h  this volume, to  th e  reader.

T he broad spectrum  of the  papers em braces the discussion of general m odels on tran s­
itio n  s ta te s , the theoretical and  sem i-em pirical study  of homogeneous and  heterogeneous 
k in e tics , m ainly in the fram ew ork of organic chemical models and processes.

T o deal even briefly w ith th e  26 papers collected in the book is alm ost impossible in 
th is  review . W ithin the scope of th e  conference, th e  subjects of the lectures are  extrem ely 
d iv e rg en t, spanning from ab initio calculations on the transition  sta te , th ro u g h  th e  in teractions 
in  th e  tran s itio n  state and the stereochem istry  of transition  states, to  th e  experim ental kinetic 
in v es tig a tio n  of isotope and m edium  effects. The only th ing th a t can be done is to  discuss some 
p a rtic u la r ly  interesting lectures, and  thereby  encourage the reader to  s tu d y  th e  voluem 
th o rough ly .

A lthough the paper of M. K a r p l u s  (H arvard  University) w a s  read  in  th e  closing 
session o f th e  symposium, its  m erits ju s tify  a p rio rity  in  this review. The tra je c to ry  analy­
sis o f tran s itio n  states applied in  th e  paper perm its to  discuss in a general w ay  the pro­
blem s concerning the E yring —Polányi theo ry  of transition  states. As well know n, th is subject 
h as since then  stim ulated Several theo retical and  experim ental investigations, and  is still in 
th e  lim elight.

K . J . L a i d l e r  (U niversity  of O ttaw a) reports interesting resu lts on th e  sym m etry 
b eh av io u r of transition states. A ccording to  his theoretical studies, based on th e  activated 
com plex  theory , there is a correlation sim ilar to  th e  W oodw ard—H offm ann princip le in such 
reac tio n s , too, where no s tric t o rb ita l sym m etry  control exists. Q uantum  chem ical calculations 
on th e  s tructu res and geom etry of tran sition  s ta tes have been reported  in several papers. 
In te re s tin g  results were obtained, for instance, by  L. S a l e m  (Faculté des Sciences, Orsay) on 
th e  geom etrical isomerization o f cyclopropane from  SCF-MO a b  i n i t i o  calculations, and by 
W . T h . A. M. V a n  d e r  L u g t  and  P . R os (K oninklijke Shell L aboratorium , A m sterdam ) on 
th e  in term ed ia tes of the electrophilic or nucleophilic substitu tion  reactions a t  te trahedra l 
ca rb o n  a tom s ((.II-, and (.11 ■ ) from  LCAO-ILartree — Fock calculations.

T he problem  of pentacoord inate  carbon atom  was discussed from  experim en ta l aspects 
b y  G. A. O láh (Case W estern R eserve U niversity , Cleveland). The experim ental resu lts on the 
in te rm e d ia te  С. 11 - of electrophilic substitu tion  are in agreem ent w ith th e  q u an tu m  chemical 
ca lcu la tions. Of the papers concerned prim arily  w ith  experim ental aspects, i t  is w orth  noting 
th e  re p o r t of J . E. D u b o i s  and J .  F .  F o r t  (L aboratoire de Chimie O rganique, Paris) on the 
in te rp re ta tio n  of the stereochem ical results of th e  aldolic “a ,a ’-diastereogenie”  reaction , based 
on  th e  m easurem ent of k inetic and  therm odynam ic stereoselectivity.

In  th e  investigation of tran sitio n  s ta tes  it  is particu larly  im portan t th a t  th e  experim ental 
m eth o d s applied enable to  perform  quick delicate kinetic m easurem ents. F rom  th is  aspect the 
resu lts  o f F . T e r r i e r , Ch. D e a r i n g  and  R. S c h a a l  (ENSCP, Paris) should be noted. The 
au th o rs , using the stopped flow m ethod , have proved th a t  two kinds of in term ed ia tes exist in 
th e  nucleophilic reactions of n itroanisols, one of which participates only in a fa s t pre-equi­
lib riu m . A  differential m ethod has been developed by W. J . A l b e r y  (Physical Chemistry 
L ab o ra to ry , Oxford) for the m easurem ent of solvent isotope effect in solvolytic reactions. The 
accu racy  of a few parts  in a thousand  allows to  determ ine precisely th e  charac te r of the 
tra n s it io n  sta te .

T he standard  of the review ed papers is characteristic  of the to ta l co n ten t o f th e  volume, 
m ak ing  i t  a valuable collection.

I t  is perhaps only the edition  th a t  can be objected. A pparently, th e  ed ito r insisted on 
th e  chronological order of the lectures, w hich causes difficulties for the reader in  orientation. 
C om pletely  theoretical papers o ften  follow papers of experim ental n a tu re , and  v i c e  v e r s a ,  
w ith o u t an  underlying logical order. The book-form  would have required a th em atica l arrange­
m en t in s tead  of chronological, and  th is would probably  have made the volum e m ore consistent 
an d  easier to  survey.

A  second misfortune, occurring obviously w ith  every publication of th is k ind , is th a t 
th e  book  was published two years a fte r the sym posium . The results have since then  been 
re p o r te d  elsewhere, and fu rther progress has been m ade in these subjects. The reader m ay be 
com pensated  a t most by  obtain ing papers of comprehensive nature.

I t  m ust he stressed, how ever, as a g rea t m erit, th a t  the discussions following th e  lectures 
are also reported , making the reader feel as an ac tua l partic ipan t of th e  sessions.
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On the basis of the high standard  of the papers and discussions th is volum e can be 
recom m ended, irrespective of m inor insufficiencies, to  H ungarian chemists, particu la rly  to 
those dealing w ith the research of reaction m echanism s.

I .  P i n t é r

M. Y u d k i n  an d  R. O f f o r d : Comprehensible B iochem istry  

Longman Group L td ., Harlow, 1973. 576 pages, 231 figures, 28 tab les

The authors of the book are biochem istry professors of the U niversity  of O xford, who 
published earlier a revised edition of the short w ork of H a r r i s o n ’s “ A G uidebook to  Bio­
chem istry” . The present book is a considerably enlarged version of the form er. On the flap of 
th e  bookjacket the volume is recom m ended as a tex tbook  for university  s tu d en ts  studying 
biochem istry w hether as the principal or a subsid iary  subject. In accordance w ith  m odern 
d idactic concepts, the aim  of the authors was to give a sound fundation, i . e .  a book no t w ith 
com prehensive b u t comprehensible subject m a tte r . Instead  of learning th e  to ta l body of 
knowledge of the rapidly  developing science of m odern biochem istry, th e  s tu d en ts  m ust 
acquire an ability  for independent thinking and  the a ttitu d e  of considering biological processes 
in all th e ir interrelations.

In  the reviewer’s opinion the au thors have a tta ined  their objectives. The mode of 
discussion suits fundam ental biochem istry on cell-level, th a t is to say, subjects o f higher level 
and those no t generally characteristic of the living m a tte r  ( e .g . hormones, n itrogen fixation) are 
om itted . Em phasis is laid on macromolecules occurring in the living substance and on the 
constan tly  changing, dynam ic sta te  of these molecules. Characteristic is fu r th e r the therm o­
dynam ic consideration of the chemical changes and  the technique of illu stra tion  by three- 
dim ensional structures and the relevant functions. A large number of figures well support 
the  tex t.

In  addition  to the in troductory  general chapters, the book consists of four m ain parts, 
dealing w ith macromolecules, interm ediary m etabolic processes, inform ational macromolecules 
and regulation.

In  the in troductory  part, a separate chap te r is concerned with the therm odynam ics and 
the kinetics of biochemical processes, including non-equilibrium  states. This foundation  is 
successfully applied in the following parts  of the book.

The m ain p art, dealing w ith m acromolecules, discusses the structure and  the functions 
o f p roteins, particularly  the enzymic function (w ith  a therm odynam ically em phasized in ter­
p re ta tion  of the m echanism  of action). This is followed by a descripton of th e  s truc tu re  of 
nucleic acids, polysaccharides and lipids. H ere, th e  mode of discussion of th e  com ponent 
elem ents, such as the steric structure  of am ino acids, is very fortunate, and th e  elem entary  
in te rp re ta tion  of X -ray diagram s is also apposite.

In  the second main chapter, the fundam ental difference between the m etabolic process­
es proceeding w ith the participation  of NAD and N A D P is well stressed. A fter an in troduction  
and description of the cellular elem ents, the following topics are discussed: m ethods of in­
vestigation  of m etabolism , the respirato ry  chain and  oxidative phosphorylation , th e  light 
reaction  of photosynthesis, glycolysis, p y ruva te  oxidation  and the citrate cycle (it would have 
been proper to m ention also S z e n t - G y ö r g y i  in addition  to  K r e b s ) ,  the  ox idation  of fa tty  
acids, the  pentose cycle, mechanical and chem o-osm otic utilization of ATP, synthesis of carbo­
hydrates and lipids, the intracellular topology of carbohydrate and lipid m etabolism , the 
m etabolism  of amino acids, and finally, the synthesis of the other im p o rtan t N -containing 
com pounds. Here, the emphasizing of m em brane effects is very successfully done.

The th ird  main chapter deals w ith the synthesis of inform ational m acrom olecules (DNA, 
RNA , proteins); th is is perhaps the m ost delectable p a rt of the book. This sub jec t, w hich is 
ra th e r difficult on first reading, is expounded very  wdttily and logically. Following th e  chap ter 
dealing writh  molecular genetics, the synthesis of DNA and RNA and p ro tein  synthesis are 
discussed. One chapter is dedicated to  the evolutionary  aspect of amino acid sequences.

The main chapter on regulation grasps sim ilarly the essence. Here, regulations on the 
levels of enzyme action and enzyme synthesis are discussed.

The four main chapters are well com plem ented by the two parts of th e  A ppendix. The 
first of them  is a m athem atical description of the fundam ental phenomena of enzym e kinetics, 
while th e  second is concerned w ith the m ethods of separation  of m acromolecules, w ith w itty  
explanations.
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T he list of lite ra tu re  contains, in addition to  references to  several biochemical series 
fac ilita ting  fu rther o rien tation , 57 fundam ental references perta in ing  to  the m ateria l o f the 
various chapters, from  th e  period 1959 to 1973.

In  accordance w ith  its  objective, the book had  to  om it dealing w ith a num ber of subjects. 
E v id en tly , depending on th e  ind iv idual sphere of in terest, each reader might miss th is or th a t  
them e. In  the reviewer’s opinion i t  could have been po in ted  o u t perhaps, in general, in  con­
nection  w ith  the in term ediary  m etabolism  th a t several sm all molecules, linked by  covalent 
bonds to  some carrier molecule, accom pany the biochem ical happenings (e.g. acetyl co-enzyme A, 
acyl-A M P, UDP-glucose, (^-fragm ents, etc.). In connection w ith  regulation, an exam ple m ay 
have been  given for zym ogens, and  in the discussion o f th e  separation m ethods, affin ity  
ch rom atography  could have been m entioned.

A few minor faults occur, th u s  e.g. some sym bols m en tioned  in the tex t are missing in 
th e  figures on pages 89 and  160. In  the copy of the  review er, the figures on pages 123 and 
352/354 are interchanged, and  th e  page num ber of th e  references in the tex t is erroneous on 
pages 228 and 271.

The book is very  readable  and unnecessary repe titions are avoided by the use of a 
n u m b er o f cross-references.

T he presentation  of th e  book and the quality  o f th e  figures are nice, and good use can 
be m ade o f the  subject index.

T he book can be used to  good advantage by every  biochem ist.
P . TOLNAY

W . S t r i e d e r  an d  R . A r i s : Variational M ethods A p p lied  to Problems o f
D iffu s io n  and R eaction

Springer, Berlin H eidelberg — New Y ork, 1973. 118 pages, 12 figures 
(Springer T racts in  N a tu ra l Philosophy, Yol. 24, E d ito r: B. D. Colimán)

The use of varia tional m ethods is spreading also in  technological sciences. A repre- 
se n ta n t o f th is developm ent process is the present w ork in w hich the two well known au thors 
app ly  th e  classical m ethod for th e  solution of problem s in m odern  chemical engineering.

The firs t p a rt of th e  book describes the m athem atica l appara tus. An im portan t p a r t  of 
i t  is th e  presen tation  of those functionals, which are used to  solve the envisaged tasks. This is 
followed by  the discussion of some special diffusion problem s. The basic principle of the m ethod  
p resen ted  is the m inim alization of the dissipation function . T his tool is used by  th e  au thors 
for th e  solution of tasks in  connection w ith models, w hich can be form ulated only sta tistica lly  
in  th e  phenomenological discussion of diffusion.

The basic question is answ ered, how com putation form ulas containing easily m easurable 
p a ram eters  can be deduced for diffusion processes proceeding betw een particles sta tistica lly  
d is trib u ted  in space.

T he firs t topic is flu id  flow  in a set of random  d is tribu tion  solid particles b o th  in  the 
norm al and  K nudsen’s region. In  th e  relationships deduced th e  void fraction is used.

The second topic is th e  case of the range-dependent diffusion coefficient. R elationships, 
called nom enclaturally  lower and  upper lim it cases, are ob ta ined .

The th ird  topic is m ass tran sfe r to random ly d is trib u ted  solid particles. L im it case 
relationsh ips, similar to  th e  preceding, are deduced on th e  basis of the cell model.

The fourth  topic is th e  inhib ition  by diffusion of reactions proceeding on porous solid 
ca ta ly sts . Using Thiele’s m odulus, relationships are derived for four types of lim it cases.

The m ain m erit of the book is to show the role of th e  dissipation function of the form  
D Л с A c in solving p ractical problem s. Though n o t expressedly  sta ted  in the hook, since 
th e  d issipation function is p roportional to the en tropy  p roduction  function, th e  au thors 
ac tu a lly  apply the therm odynam ical concept of non-equilib rium  processes to th e  deduction 
of m acroscopic form ulas describing diffusion processes and  fo r a more dxact outlining of their 
field o f validity .

P . SZOLCSÁNYI
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G a rth  L . L e e , H arris  О. v a n  O r d e n , R o n a ld  О. R a g s d a l e : Laboratory M a n u a l  
fo r  General and Organic Chem istry

W. B. Saunders Company, Philadelphia —L ondon—Toronto 1973. 305 p.

The book is intended for undergraduates who w ork 2 3 hours w eekly, or 2 hours
tw ice a week in the laboratory . A lthough the book is a laboratory  m anual connected  to  the 
tex tbook  “ General and Organic C hem istry” by the  sam e authors, it  can also be used inde­
pendently . The m anual contains 32 exercises em bracing m ost diverse fields o f chem istry , in­
cluding simple qualita tive analysis, synthesis, polym er preparation, chem ical equilibria, 
k inetics, stoichiom etry, acid-base reactions and th e  determ ination  of chemical form ulae.

The exercises consist of four parts. In  the firs t p a rts , the  discussion, the  requ ired  theo­
retical background is surveyed briefly. This is followed b y  the detailed description of the  ex­
perim ents to be perform ed. The th ird  p a rt is a p re-p rin ted  laboratory note-sheet, rem ovable 
from  th e  book, which facilitates the  work of b o th  the s tu d en t and the teacher. The s tu d en t is 
supposed to  record his experim ental da ta  and observations, and to answer various questions 
concerning the experim ents. The four p a rt can also be rem oved, and presents fu r th e r questions, 
problem s and exercises in connection w ith th e  subject.

The experim ents given in th e  book require re la tively  simple equipm ent. T he excellent 
m ethods m eet the purpose of th e  book: the underg raduates m ay grasp the laws of chem istry 
on th e  basis of own experiences, and study  the  fundam ents of analytical and  p repara tive  
chem istry  by  experim ents.

In  th e  reviewer’s opinion, th is book, on account of its size, has n o t been in tended 
prim arily  for chem istry undergraduates. I t  a ttem p ts  to  familiarize the s tu d en t w ith  several 
fields o f experim ental chem istry in one year, th rough  a few hours a week of lab o ra to ry  practice, 
which is necessarily insufficient for a chem istry undergraduate. The required  theoretical 
background is ra th er lim ited b u t the trea tm en t is trac tab le , thus the book can be used to 
advan tage  in any field of education where chem istry is no t a fundam ental sub jec t. Y et, this 
student-experim ent book m ay provide assistance in the education of chem ists. M oreover, it 
m ay  supply ideas even for the chem istry teaching in secondary schools, because of the sim plicity 
of th e  equipm ent required.

The book can be recom m ended to  everyone who is engaged in chemical education , and 
in tends to  connect theoretical tra in ing  to  experim ental work, particularly  to  s tuden t-ex ­
perim ents.

K . G y ő r b ir ó

G. L i p t a y : A tlas o f  Therm oanalytical Curves (TG-, D TG-, D T A -curves m easu red
sim u ltan eo u sly )

A kadém iai Kiadó, B udapest, and H eyden and Son L td ., London -N ew  Y ork R heine, 1974
(160 pages, 75 derivatogram s)

This volume of the series m ay com m and a wide range of in terest since am ong the 
in s trum en ta l m ethods therm oanalysis plays a special role both  from theoretical and  practical 
points of view. The knowledge of the behaviour of a m ateria l towards heat tre a tm e n t repre­
sents an im portan t inform ation as far as the stru c tu ra l properties are concerned and  also in 
industria l technologies.

The sim ultaneous m easurem ent of TG-, DTG- and  DTA-curves resu lts som etim es in 
very  useful new experiences, as dem onstrated  also by the content of this volum e. T he arrange­
m en t of the volume follows the principle of the form er ones. The two short A ppendices a t the 
beginning of the volum e describe those technical d a ta  of the D erivatograph and  M ettler 
Recording Therm oanalyser for the sim ultaneous testing  of TG, DTA and DTG, according to 
w hich the individual sam ples were tested . These are followed by 75 therm oanaly tica l curves 
and the volume is te rm inated  by a two-page index. E ach  curve was recorded b y  using the 
technique described in Yol. 1. A relatively small am oun t of the sample (20 120 mg) was
tested  a t a slow ra te  of heating  from 1 to 3°C • m in " 1 and a curve was recorded also by using 
(5 to  10 times) larger sample and a higher heating ra te ; the  characteristics of th e  derivatograin  
are shown by two (red and black) curves.

The th ird  volum e is w orthy continuation  of the former volumes of th e  series, which 
contains the therm oanalytical curves of 23 Czechoslovakian, Hungarian, Polish and  R oum anian
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researchers from academ ic, un iversity  and industrial in s titu tio n s. Among 75 carefully selected 
graphs, there  are 24 organic com pounds (arom atic m olecules, sugars, amino acids and  deri­
vatives, etc.), 27 inorganic com pounds (alkalies, ea rth -m eta l salts, lanthanides, heavy-m etal 
com pounds), 15 salts of organic acids w ith inorganic bases and  9 m ine-industrial and  m ineral 
p roducts. The success of th e  selection is characterized also b y  th e  fact th a t nearly every  curves 
o f th e  collection represents a m ateria l w ith particu lar and  in teresting  therm al behaviour. The 
evalua tion  of the curves and  th e  description of th e  th e rm al changes can also be used by  the 
therm oanaly tica l chem ist for th e  evaluation of analogous curves of other compounds.

The th ird  volume of th e  A tlas is, therefore, a v e ry  useful m anual for b o th  specialists 
and  for those getting acquain ted  w ith  the field. An index contain ing the m aterial of th e  form er 
volum es of the series could eventually  be included in  one of the forthcom ing volum es to 
fac ilita te  orientation.

Á . D á v id

C. D . J o h n s o n : The H am m ett E quation  
C am bridge C hem istry  T e x ts  

Cambridge 1973. viii -f- 196 pages

“ Since its conception over th ir ty  years ago, th e  H am m ett equation together w ith  sub­
sequen t m odifications, all o f w hich owed their m otiva tion  to  H am m ett’s original idea, has 
p rov ided  th e  main basis for q u an tita tiv e  structure reac tiv ity  relationships in organic chem istry” 
— w rites th e  author in  th e  in troduction  of his book. Indeed , very few sem i-quantita tive 
em pirical relationships have found  so far a wider application  in organic chem istry th an  the 
H am m ett equation

T he book is in tended for senior undergraduates and  f irs t year graduate s tuden ts, who, 
a lthough  fam iliar w ith fu ndam en ta l qualitative organic chem istry , often have little  o r no ex­
perience in  the q uan tita tive  assessm ent of the reac tiv ity  of organic molecules. H ow ever, the 
book will be used to good ad v an tag e  for the enlargem ent o f th e ir  knowledge by those chem ists 
g rad u a ted  earlier, who in th e  course of their studies have  n o t y e t gone into the  details of 
th eo re tica l organic chem istry.

The au thor discusses th e  selected field of knowledge in five chapters. F irst, th e  H am m ett 
re la tionsh ip  is explained, an d  th is  is followed by a detailed  discussion of how th e  H am m ett 
equa tion  can be used for th e  elucidation  of reaction m echanism s. The th ird  chapter deals w ith  
th e  separa tion  of the inductive  resonance and steric effects, and  w ith the application of the 
H a m m e tt equation to a lipha tic  system s. The T aft equation  and  th e  Y ukaw a—Tsuno equation 
are discussed in this pa rt.

The fourth  chapter deals w ith  the application of th e  H am m ett equation to  d a ta  o ther 
th a n  side-chain reactivities o f su b stitu ted  benzenes. C onsideration of the therm odynam ic basis 
of th e  equation  is delayed u n til th e  final chapter. This is th e  chap te r in which the H am m ond 
po stu la te  is discussed.

To encourage full understand ing , each chapter concludes w ith  a series of problem s, all 
d raw n from  research papers. A lis t of references helps th e  read e r in  the use of the book.

G y. D e a r

Topics in  C urrent Chemistry 46: Photochem istry
J .  M i c h l , K .-D . G u n d e r m a n n , W . C. H e r n d o n , W . D . S t o h r e r , P . J a c o b s ,

K . H . K a i s e r , G. W i c h , G. Q u i n k e r t

Springer-Verlag, B erlin  —Heidelberg —New Y ork, 1974. 236 pages
The publication of every  volum e of this series is received w ith  great interest by  chem ists, 

in form ation  w ith excellent sum m aries, even if no t in a spectacu lar form. This is true  also for 
V olume 46, published recently .

The volume contains four surveys, dealing w ith  organic photochem istry. The au th o r of 
the f irs t p a r t is J . M i c h l , professor of the U niversity  of U tah  in Salt Lake City. H is work 
sum m arizes the physical principles forming the basis of th e  qualita tive  evaluation of m olecular 
o rb ita ls, used in the pho tochem istry  of organic com pounds. In  organic chem istry, physical 
m odels are generally developed on the basis of the B orn — Oppenheimer approxim ation. 
H ow ever, if the bonds connecting th e  atom s of an organic molecule are no t in the ground sta te
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b u t are photochem ically excited, th is mode of approxim ation can only be used w ithin very 
narrow  lim its, and the accuracy is usually  unsatisfactory . Owing to  th is fac t, in the las t 10—12 
years, when both  the th eo ry  and the prepara tive  m ethods of photochem istry  have undergone 
very  rapid  developm ent, several approxim ation m ethods have been developed, which partly  
correct the shortcom ings of th e  Born —O ppenheim er method. The w ork o f Professor M i'h i is 
ac tua lly  a critical survey of these la t te r  m ethods. The survey consists of th ree  p a rts : the first 
sum m arizes the q u a lita tiv e  physical models of photochem ical processes in a readily  under­
standable  way, om itting th e  com plicated m athem atical apparatus.

The second p a r t is a concise, clearcut and well arranged sum m ary of q uan tum  m echan­
ical calculations, while in th e  th ird  p a r t th e  au tho r summarizes the use of qualita tive  molecular 
o rb ita l calculations. 149 references are given comprising, alm ost w ithou t exception, the most 
im p o rtan t publications of th e  la s t 20 years.

In  the second p a r t , K .-D . Gu n d e r m a n n , Professor of the U niversity  Clausthal-Zellerfeld, 
reviews recent results on th e  chemilum inescence o f organic com pounds. As a m a tte r  of fac t 
th is  chap ter is a com plem entation of a previous work of the author, en titled  “ Chemilumineszenz 
organischer V erbindungen” , published sim ilarly by Springer-Verlag. T hough i t  is modestly 
m entioned in the in troduction  th a t  instead of giving a complete survey of th e  field, only dealing 
w ith  some problems, considered essential by  the author, is in tended, th e  paper w ith  its 217 
references actually  covers, all im p o rtan t aspects.

In  the th ird  p a r t  of the book, W. C. H e n d o n , Professor of th e  Texas U niversity , dis­
cusses th e  effect of substituen ts  on photochem ical cycloaddition reactions on hand  of two 
photochem ical models considered m ost im portan t a t  present: th e  double bond-double  bond 
and the double bond-carbonyl cycloaddition reactions. These two reaction  types have become 
particu larly  interesting for p repara tive  photochem ists in the la s t 10 years. B y means of 
exam ples, H en d on  gives an account o f the present knowledge on th e  m echanism  of these 
reactions; the correctness o f the conclusions are also proved on th e  basis o f th e  cu rren t theories 
of m olecular orbitals. 146 references are given.

The fourth p a r t of the volum e is the collective work of five au tho rs on th e  s ta ff of the 
U niversity  of F rankfu rt. I t  sum m arizes th e  theory  and experim ental fac ts of the peculiar 
behaviour of four-m cm bered cyclic ketones in the excited state.

The excitation possibilities of th e  cyclobutanone ring containing various substituents 
and  the photochem ical reactions tak ing  place as a consequence of th e  various excitation  states 
are discussed in detail also including a trea tm en t of the steric conditions of the  compounds 
form ed. In  this p a rt o f th e  volum e 93 references are cited.

B . L o s o n c z i

K a rl H a u f e  u n d  S. R o y  M o r r i s o n : A d so rp tio n  
(E ine E in fü h ru n g  in  die P rob lem e der A d so rp tio n )

W alter de G ruyter, Berlin —New York 1974. 174 Seiten

Das vom V erlager W a l t e r  d e  G r u y t e r  betreute Buch m it einem  U m fang von 174 
Seiten, m it 78 Abbildungen im T ex t und  m it 257 Referenzen v e rm itte lt über die Adsorption 
ein sehr gutes, um fassendes Bild.

Das Buch ist durch A utoren- und  Sachregister ergänzt. In  den 6 A bschnitten  wird der 
Leser der Reihe nach m it den verschiedenen Problemen der A dsorption bek an n t gem acht. Im  
ersten A bschnitt w erden nach einer kurzen Ü bersicht der bei der A dsorption  in Frage kom­
m enden W echselwirkungen die fundam entalen  Zusammenhänge der A dsorptionsisotherm en 
d isku tiert. Die nächsten  drei A bschnitte  behandeln der Reihe nach  die Ionenadsorption , die 
an M etallen und H albleitern  au f die E lektronen-W echselw irkung zurückführbare Adsorption 
und  die Rolle der G itterdefekte. D er fünfte A bschnitt befaßt sich m it jenen  Prozessen, in 
welchen die A dsorption eine Schlüsselrolle spielt, wobei O berflächenreaktionen, K atalyse, 
Chrom atographie, F lo ta tion  und Korrosion besprochen werden. D er le tz te  A bschnitt befaßt 
sich m it den M eßm ethoden, von der D ruck- bzw. Volumenmessung bis zur Spektroskopie, ESR 
und  NMR, LEED  und  A uger-Spektroskopie. E s könnte vielleicht bem ängelt werden, daß die 
Gemisch-Adsorption in den verschiedenen Prozessen n icht die ih r gebührende Betonung er­
hielt. Zufolge der E instellung der V erfasser durchdringt die elektronentheoretische Betrach­
tungsweise das ganze W erk. Als L ehrbuch is t das W erk zur Aneignung der m odernen Grund­
kenntnisse über A dsorption sehr geeignet.

D . K a l l ó
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Определение фосфора в силикатных породах с помощью 
активационного анализа

С. О. Х А Л И Л

М етод н ей т р о н н о й  активации дл я  о п р ед е л е н и я  ф осф ора в виде ф осф ата  сер ебр а  
и та л л и я  Á g 2 Т1 Р 0 4 и з  и сх о д н о го  осадк а а м м он и й н ого  ф осф орм олибдата бы л прим е­
нен  к  силикатны м  пор одам .

Ф осф ат ам м он ия  бы л добав л ен  к о б л у ч ен н о м у  пор ош к у породы  в к а ч еств е  носи ­
т ел я , и ф осф ор бы л вы делен  в виде ам м он ий ного  ф осф орм олибдата. П о сл е д н и й  вы саж - 
д ал и  н еск ол ьк о  р а з  в присутствии соотв етств ую щ его  задер ж и в аю щ его  н о си т ел я  дл я  
обесп еч ен и я  е го  р ад и о х и м и ч еск о й  чистоты, а за т ем , нак онец , раств ор я л и  и в ы саж д ал и  
в ф орм е ф осф ата с е р е б р а  и  т а л л и я  (A g 2T l P 0 4) д л я  взвеш ивания и сч ета .

Отделение небольших количеств палладия от платины и иридия с помощью 
гидрологического высаждения на слабокислых катионо-обменных смолах

Л . Л . КОЧЕВА и Б . ТА БА КО ВА

Бы л р а зр а б о т а н  м ето д  отделения н е б о л ь ш и х  количеств п ал л ади я  (0 ,1 5 — 1,5 мг) 
от  платины  и и р и ди я . М етод основан на со р б ц и и  п а л л а д и я  на сл абок и сл ой  кати он о-обм ен ­
ной см оле A m b er lite  IR C -8 4  в натриевой форм е, п р о и сх о д я щ ей  вследствие ги др ол и ти ч еск ого  
вы саж ден и я  п р и  к ом н атн ой  тем пературе. В  э т и х  у с л о в и я х  платина и и р и д и й  остаю тся  
полностью  в р аств ор е . С орбируем ы й п ал лади й  эл ю и р у е т ся  20  м л 2М  с о л я н о й  кислоты . 
М етод был и сп ол ь зов ан  д л я  анализа бин арн ы х с м есей  пал ладия и платины  и л и  пал ладия  
и и р иди я , н а х о д я щ и х ся  в различны х отн ош ен и ях.

Исследование переохлажденной воды с помощью рассеивания света
Д Ь . Б Е К Е , Д Ь . И Н ЗЕ Л Ь Т  и Л . ЯНЧО

Р а ссеи в ан и е  света водой  было и ссл ед о в а н о  в  интервале тем п ер атур  — 8 — Ь8°С  
Д ан н ы е ин тен си вн ости  света выше точки за м е р за н и я  и в п ер ео х л а ж д ен н о м  со стоя н и и  не 
р азлич аю тся зн ач и тел ь н о . П ри близи тельно бы ла определена область  к он ц ен тр ац и и -  
агр егац и и  л едя н ы х за ч а т о к , в  которой, как  м о ж н о  бы ло заклю чить на о сн о в е  и зм ер ен ий , 
присутствием  л ед я н ы х  за ч а т о к  в п ер ео х л а ж д ен н о й  воде  м о ж н о  пренебречь.

Электролитическая поляризация на индий-сурьмяных электродах
Т. М. САЛЕМ и А. А. ИЗМ АИЛ

Д л я  и ссл ед о в а н и й  бы л вы бран анти м они д и н д и я  в качестве м еж м етал л и ч еск ого  со­
еди н ен и я  с небольш и м  энергетически м  барь ер ом . Э л ек тр од  одного к р и стал л а  бы л изучен  в 
пр исутствии  о к и сл и тел ь н о  — восстановительной систем ы  как под действием  о б л у ч ен и я , так  
и б е з  него. Н а б л ю д а л о сь , что анодн ое р аств ор ен и е  увеличивается под д ей ств и ем  обл уч е­
н и я  по м ере т ого , к а к  ды рк и внедряю тся в в а л е н т н у ю  связь. Д л я  в сех  о к и сл я ю щ и х  реа­
гентов ток  зав и си т  от ин тенсивности света. П о л а га е т с я , что избыток н оси тел я  м о ж е т  быть 
ген ер и р ов ан  опти ческ и , и сп ол ь зуя  луч  света, и  что обл уч ен и е м о ж ет  о к а за ть ся  полезны м  
п р и  введени и  н о си тел ей  на эл ек тр од  п ол у п р о в о д н и к о в  типа п.
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Образование и устойчивость хелатов 1-аспарагина и 1-глутамина палладия 
(II), платины (IV), золота (III) и висмута (III)

Р. С. Т Е В А РИ  и М. Н. СРИВАСТАВА

М ет а л л и ч еск и е  хелаты  P d (I I ) ,  P t(IV ), A u (III )  и  B i( I I I ) ,  образую щ иеся  с 1 -а сп а р а ги ­
ном , б ы л и  и зу ч ен ы  потенциом етрически . Б ы ли р ассчи тан ы  и х  ступенчаты е к он стан ты  
у сто й ч и в о ст и .

Возможности использование окиси вольфрама при каталитическом 
гидрировании в жидкой фазе

Д Ь . В Е РТЕ Ш  и Д Ь . Х О РА Н И

Б ы л и  рассм отрены  в о зм о ж н о ст и  и сп ол ьзован и я  ок и сн ы х вольф рамовы х к а т а л и за ­
торов, ак т и в и р о в а н н ы х  добавкам и б л агор од н ы х м етал лов .

Б ы л о  устан овл ен о, что ок и сь  вольф рам а, с о д е р ж а щ а я  небольш ие количества п л а ти ­
ны и п а л л а д и я , м о ж ет  быть с  у с п е х о м  и сп ол ьзован а п р и  ги др ир овани и  различ ны х о р г а ­
н и ч еск и х  соеди н ен и й .

Спектрофотометрическое исследование пурпурина и хинализарина в 
буферных растворах, содержащих органические растворители

И. М. ИССА, Р. М. ИССА, К. А. ИДРИСС и А. М. ХАММАН

С п ек тр ы  электронной а б со р б ц и и  п ур п ур и н а  и х и н а л и за р и н а  были сняты  к а к  в 
чисты х в о д н ы х  ср ед а х , так и в с м е с я х  воды  с орган и ч еск и м и  растворителям и, п р и  р а зл и ч ­
ны х p H . Б ы л и  использованы  сл ед у ю щ и е растворители: м етан ол , этанол, эти л ен гл и к ол ь , 
гл и ц ер и н  и  а ц ет о н . О бсуж дается  в л и я н и е пол ярн ости  р аств о р и тел я  на п ол ож ен и е п ол осы . 
Б ы ли о п р ед е л е н ы  величины р К  д л я  различ ны х и зуч ен н ы х равн овесий , которы е о б с у ж д а ­
ю тся в с в я з и  с пр иродой и кол ич еством  органич еск ого  раствори теля . Бы ло н а й д ен о , что 
р К , и  р К 2 д л я  о б о и х  соединений ум еньш аю тся  с у в ел и ч ен и ем  пропорции эти л ен гл и к о л я  
или г л и ц е р и н а , но увеличиваю тся с  увеличением  к ол и ч еств а  м етанола, эт а н о л а  и л и  
ацетона.

Комплексы а-диоксимина с переходными металлами. Комплексная 
кислота — цианогалогено-бис-диметилглиоксимато-кобальт (III) и

гидратация ионов
3 . Ф И Н ТА  и Ч . В А РХ ЕЙ И

Т р и  нов ы е м оноосновны е ком плексны е кислоты  — H [C o (D H )2(C N )X ], где  D H 2 =  
ди м ет и л гл и о к си м  и X  =  CI, В г и 1 — бы ли получены  с пом ощ ью  реакций л и га н д н о г о  
обм ена и з  соответствую щ и х ди га л о ген о к и сл о т  — H [C o (D H )2X 2] и KCN. Бы ло и зо л и р о в а н о  
и о х а р а к т ер и зо в а н о  18 солей эти х  см еш анн ы х кислот. Д л я  оп р еделен и я  силы эт и х  к и сл о т  
бы ли п р о в ед е н ы  p H -м етрические и зм ер ен и я . Бы ли сняты  и о б су ж д а ю т ся  их И К  спектры . 
В в одн ы х р а с т в о р а х  этих к ом п л ек сн ы х анионов гал ои дн ы е ионы замещ ены  водой . Б ы л а  
снята к и н е т и к а  эт и х  процессов ги др атац и и  в кислы х с р е д а х  и  бы ли определены  и х  к и н ет и ­
ческие п а р а м етр ы . О бсуж дается  м ех а н и зм  гидратации .

Анализ функций Грина молекулярных колебаний изотопных молекул озона
К. л .  Н А РА Я Н А  и Б . П. С А БА Л Е

С п о м о щ ь ю  анализа ф унк ций  Г р и н а и техн и к и  р а сп р ед ел ен и я , исп ол ьзуя  у р а в н е ­
ния Д е у э й м с а  и  сотр ., были рассчитаны  основны е и сим м етричны е ср едн е-к вадратич ны е  
ам п л и туды , си л овы е постоянны е, кор иоли совы  постоянн ы е и распр еделение п о т ен ц и а л ь ­
ной э н е р г и и  д л я  изотопны х м ол ек у л  озон а .



ИК-спектроскопические исследования анилов и их комплексов, I
Р. к. УПАДАЙ, М. Л . СИНГАЛ, А. К . САКСЕНА и Р. ПРАСАД

И К -спектры  ш естн адцати  ан и л ов  (пр одукты  к он ден сац ии  3-ф ен ан тр и л гл и ок сал ей  
с  первичны м и аром атическим и ам и нам и ) ин терпретировал ись на осн ов е  р а зл и ч н ы х  типов  
к о л еб а н и й  и оп р еделялась  и х  с тр у к т у р а . Б ы ло и зуч ен о т а к ж е вл и я н и е п р и р о д ы  зам ести­
т ел я  и  его  п ол ож ен и я  на в ал ен тн ое к о л еб а н и е  азом етиновой группы .

И К  и сследован ия к ом п л ек сов  N i( I I ) ,  С о(П ) и Z n (II) с п -ди м ети лам ин оани лом  
3-ф ен ан три гли ок сал я  указы ваю т н а  то, что к и сл о р о д  карбони льн ой гр уп п ы  и а зо т  азоме­
тин овой  группы  являю тся  м естам и  взаи м одей стви я  при образован и и  к о м п л ек са . Были  
оп р еделен ы  стабильности связей  м етал л -азот  и  м етал л-ки слор од.

Средние амплитуды колебаний соединений CH3N02, CF3N 02, CC13N 02 и
CBr3N02

Б . ВИ ЗИ , Б . Н. СИВИН и Ш. Й. СИВИН

Н а  основе ли тературн ы х сп ек тр оск оп и ч еск и х  данны х бы ли р ассчи тан ы  средние  
к ол ебател ьны е ам плитуды  C H 3N 0 2, C F 3N 0 2, CC13N 0 2 и CBr3N 0 2. Д а н н ы е д л я  соедин ен ий  
C F 3N 0 2 и С B r3N 0 2 сравни вались с р езул ь татам и  элек тр он н о-ди ф ф р ак ц и он н ы х и зм ер ен и й .

Определениеграничных значенийкорио л псовых постоянных, согласованных 
с экспериментальными нормальными частотами

И. Л У К О В И Ч  и Ф. Т Е Р Е К

Д л я  оценки граничны х зн ач ен и й  к ор и ол и сов ы х постоянны х д а н н о й  м ол ек ул ы  С*1' 
п р и води тся  способ, которы й м о ж е т  бы ть и сп ол ьзован  в случае, есл и  элем ен ты  матрицы  F  
не ф иксированы , а изм еняю тся в ин тер вале за д ан н ы х граничны х зн а ч ен и й . Д л я  реш ения  
проблем ы  был использован м етод  п ар ам етр и ч еск ого  и зобр аж ен и я  и гр ади ен тн ы й  способ  
пр оек тирован ия . С этой целью  бы ла р азр аботан а програм ма дл я  Э В М , к о т о р а я  применя»  
л а сь  д л я  расчета м олекулы  ф орм ал ьдеги да .

Бы ло устан овлен о, что к он стан та  с о п р я ж ен и я  С*,, и зм ер яем ая эк сп ери м ен тал ьн о, 
п оп ад ает  в у зк и й  интервал м е ж д у  рассчитанны м и максимальны м и м и ним альн ы м  значе­
н и ям и  С «г, -

Применение рентген-фотоэлектроннсй спектроскопии (ESCA) в области
координационной химии, V

Исследование комплексов тицианатов и изотицианатов
К. Б У Р Г Е Р , Д Ь . ЛИПТАИ и Ч. ВАРХЕЙИ

Бы ло проведено E SC A  и ссл едов ан и е  см еш анны х ком плексов т и о ц и а н а т о в  и  изотио­
ци ан атов , со дер ж а щ и х  конечны е родан идны е лиганды , а т а к ж е  м н о го я д ер н ы х  смеш ан­
ны х к ом плексов , с о дер ж а щ и х  родан и дн ы й  м остик. Бы ло устан ов л ен о , что к оор ди н ац и я  
атом а серы  и атома азота р од ан и д а , а т а к ж е  одноврем енно и х  о б о и х  ок азы вает  влияние  
на эл ек тр он н ое  строен ие р одан и да .

Гармоническое силовое поле и расчетные средние амплитуды для окисей 
вольфрама: W 02 и W 03 с учетом иона WOj-

Ш. Й. СИВИН и И. ХАРГИТТАИ

Б ы ло разработано гар м он и ч еск ое си л ов ое  поле для  W O , и  W 0 3, к о т о р о е  испол ьзо­
в ал ось  д л я  расчета ср едн и х  а м п л и туд  к о л ебан и й  эти х  м олекул  и эф ф ек та сок ращ ен и я  в 
с л у ч а е  W 0 3. О бсуж даю тся  п р еды дущ и е расчеты  средн и х ам п л и туд  д л я  W O j \  Было  
и зу ч ен о  вли яни е, оказы ваем ое на эти  величины  изменением н ек отор ы х частот  м олекул



W O j и  W 0 3. У казы ваю тся в о зм о ж н о с т и  определения э т и х  ч астот  с помощ ью  данн ы х н а ­
б л ю д а ем ы х  средн их а м п л и туд  и л и  эффекта сокращ ения , п о л уч ен н ы х методом  газовой  
эл е к т р о н н о й  дифракции.

Исследование молекулярной геометрии газового 1,3-диоксана методом
электронной дифракции

Д Ь . Ш У Л ЬЦ  и И. ХАРГИТТАИ

Н а  основе данны х э л е к т р о н н о й  диф ракции га за  бы ло зак л ю ч ен о, что м олекулы
1 ,3 -д и о к с а н а  принимаю т к о н ф о р м а ц и ю  кресла, что н а х о д и т с я  в со гл а си и  с данны ми м ик­
р о в о л н о в о й  спектроскопии [R . K e w le y , Can, J . Chem . 50, 1690  (1 9 7 2 ))] . Бы ли определены  
дл и н ы  и  углы  связей. В  х о д е  с т р у к т у р н о го  анализа бы ли и сп ол ьзов ан ы  и данны е м и к р о­
в о л н о в о й  спектроскопии.

Взаимодействие между металлами и аминокислотами, I

Изучение комплексов трехвалентных редкоземельных элементов 
з L-аспарагиновой кислотой

О. Ф А Р У К , А. У. МАЛИК И Н. АХМ АД

В н у т р ен н и е  ком плексы  п е р е х о д н ы х  м еталлов с О -ам инокислотам и были и ссл ед о ­
ваны  обы ч но в растворах, п р и м е н я я  некоторы е ф и зи к о-хи м и ч еск и е  методы  [1 — 10]. К а к  
в и дн о  и з  соврем енной л и тер а ту р ы , оч ен ь  ограниченное вн и м ан и е у д ел я л о сь  изолированию  
и о п р ед е л е н и ю  структуры  к о м п л е к с о в  редкозем ельны х эл ем ен тов  с ам инокислотам и. 
В  н а с т о я щ е й  работе зан и м аю тся  взаим одействием  L-а сп а р а ги н о в о й  кислоты  с тр ехвал ен т­
ны ми и о н а м и  редкозем ельны х эл ем ен то в  (Y , La, Се . . .  L u  з а  исклю чением  Р ш ). К ом п ­
л ек сы  бы л и  изолированы  и идентиф и цированы  на осн ове И К  сп ектроскоп ич ески х и ссл е­
д о в а н и й , м агнитны х и зм ер ен и й , тер м ограви м етр ич еского а н а л и за , м олярной  п р оводи ­
м ости  и эл ем ен тар ного а н а л и за .

Определение марганца с помощью N-бромосукцинимида
А. А Б У Л Ь  Х Е Й Р , М. АЯД и М. М. АМ ЕР

П р ед л а га ется  п р о ц ед у р а  д л я  п ол ум и к р о-оп р едел ен и я  М п (П ), основанная на его  
щ ел оч н ом  окислении с пом ощ ью  N -бром осук цин им и да (N B S ) . Р еа к ц и я  протекает п р и  ком ­
н атн ой  тем п ер атур е и в п р и су т ст в и и  избы тка N B S , к отор ы й  н еобр ати м о  восстанавливает­
ся  д о  сук ц и н и м и да. И збы ток N B S  обратн о титрую т с п ом ощ ь ю  стандартного раствора  
а р с е н и т а , а конечная точка т и т р о в а н и я  детектируется  потенц иом етр ич ески .

Б ы л  изучен  м ехани зм  р е а к ц и и . Бы ло найдено, что точ н ость  результатов  не у с т у ­
пает  то ч н о ст и , получаем ой ком плексом етрич ески м  т и тр ов ан и ем  и калорим етрическим  
м ето д о м  с помощ ью  ф ор м ал ьдок си м а . Т очность изм ерен ий  со о тв ет ст в у ет  9 9 ,63  ±  0 ,6262%  
(Р  =  0 ,0 5 ) .

Активность и коэффициент активности противоионов в водных 
полиэлектролитных растворах

Е. А. ХАССАН и М. М. Б . ЭЛЬ-С А ББА Х

А к ти в н ость  и коэф ф и ц и ен т  активности были оп р ед ел ен ы  д л я  ионов сер ебр а  в 
п ол и эл ек тр ол и тн ы х р а ст в о р а х  к ар бок си л а л к и л и р о в а н н о го  п о л и в и н и л о в о г о  спирта) 
с м о н о -, д и - ил и  тр и хл ор ук сусн ы м и  ки сл отам и  при д в у х  р а зл и ч н ы х  ем к остя х  обмена.

У в ел и ч ен и е  коэф ф ициента ак ти вн ости  противоион а (п р и  равны х к он ц ен трац и ях  
со л и  с е р е б р а  полиэлектролита, с в о б о д н о го  от др у ги х  со л ей ) в вы ш еупом янутом  п ор я дк е  
и с п о л ь зу е м о го  полимера я в л я е т ся  значительны м  в очень р а зб а в л ен н ы х  растворах (6 2 5 0 — 
7 8 1 ,2 5  • 10_7N ). Х отя  его в ел и ч и н а  увеличивается с ем к ость ю  п ол и м ера и  сильно у в ел и -



чивается с уменьшением концентрации соли серебра полиэлектролита, однако, не достигает 
единицы при бесконечном разбавлении.

Для различных смесей полиэлектролита в форме соли серебра, свободной от других 
солей, и в форме кислоты, коэффициент активности иона соли увеличивается с уменьше­
нием относительных количеств серебряной соли полиэлектролита и с уменьшением общей 
концентрации.

Исследование 4-тиазолидинонов, II

Действие вторичных аминов на 5-арилиден роданины и их соли
А. Р. А. РАОУФ, М. Т. ОМАР, С. М. А. ОМРАН и К. Е. ЭЛЬ-БАЙОУМ И

Взаимодействие 5-арилиден роданинов (7) с вторичными аминами приводит к обра­
зованию смеси солей амина 2 и 2-тиазолин-4-онов (3) в различных отношениях в зависи­
мости от времени контакта. Выл обсужден ход реакции, приводящий к превращению солей 
амина 2 в 2-тиазолин-4-оны. Были также исследованы превращения 5-арилиден-З-фенил 
роданинов с вторичными аминами.

Исследование 4-тиазолидинонов, III

Ход разложения 2,4-тиазолидиндионов с аминами
А. Р. А. РАОУФ, М. Т. ОМАР и М. М. ЭЛЬ-АТТАЛЬ

Взаимодействие 5-(6-бром-3,4-метилендиоксибензилиден)-2,4-тиазолиндиона (Те) и 
его 3-фенил производного (Та) с пиперидином в определенных условиях дает О-тиол-О- 
(6-бром-3,4-метилендиоксифнил)-!Ч-пиперидилкарбонил акриламид (2в) и его N-фенил за­
мещенное производное (2в), соответственно. Однако, обработка 5-арилиден-2,4-тиазоли- 
диндиона избытком бензиламина приводит к соответствующим арилуксусным кислотам 5. 
Структура этих продуктов была доказана на основе их ИК, УФ и ЯМР спектров.

Производные гекситола, содержащие 1,4-оксатиановое кольцо, II
Й. КУСМАН и П. Ш ОХАР

Был описан синтез 4-0-мезил-3-0-тозил-(Шс), 3-0-мезил-4-0-тозил-(1Пс1) и 3,4-ди- 
0-тозил-производных (Ше) 2,5-ангидро-1,6-тиоангидро-0-глуцитоля. Тозилокси-группы 
этих соединений могут быть отщеплены за счет восстановления натриевой амальгамой. 
При этом образуются 3-гидрокси-4-0-метил-(Ш к), 4-гидрокси-3-0-ме.зил-(11 lg), и 3,4- 
дигидрокси-производные (II1Ъ).

Исследование некоторых гетероциклов, XXXIV
И. ШИМИТИ и М. ФАРКАШ

Была исследована ориентация в реакциях бромирования и нитрования 2-(п-Х- 
фенил)-4-хлорметил- и 2-(п-Х-фенил)-4-хлорметил-5-У-тиазолей в зависимости от природы 
заместителей фенильного кольца или в положении 5 тиазоля.

Исследование О-аминооксикарбоксильных кислот с помощью ИК и ЯМР
спектроскопии

П. Ш ОХАР, Л . ДА Н Ч И  и Л . КИШ ФАЛУДИ

Хотя первые представители О-аминооксикарбоксильных кислот — отличающихся 
от природных аминокислот одним атомом кислорода—были известны уже в конце прошло­
го столетия [1], однако, физические и химические свойства этих соединений не были 
тщательно изучены лишь до тех пор, пока не было установлено, что некоторые их них



ингибируют рост Mycobacterium tuberculosis charatchok, [2—4]. Согласно нашим иссле­
дованиям, однако, лишь некоторые представители обладают значительной активностью 
[5 — 7]. Авторами ранее уже были описаны синтез некоторых основных соединений [8] 
и их производных, а также их физические и химические свойства [9]. В настоящей статье 
обсуждаются ИК и ЯМР характеристики а-аминооксикарбоксильных кислот.

Были описаны физико-химические характеристики сырой нефти charatchok, а так­
же ее легкой и средней фракций дестилляции (газолин, керосин и газовое масло).

Гидрообработка фракций керосина и газового масла была произведена с целью 
изучения возможности повышения их качества.

Сырую нефть подвергали дестилляции при атмосферном давлении с пятью отборами. 
Дальнейшая дестилляция при пониженном давлении (40 мм рт. ст.) приводит к  двум 
другим фракциям. Был произведен анализ на углеводороды и на структурные группы 
как для узких отборов, так и для фракций технической дестилляции.
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