
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 20 February 2013, At: 13:31
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

Metal Salts and Complexes as Structural
Models and Templates for The Solid State
Polymerization of Substituted Acetylenes
Bruce M. Foxman a & J. D. Jaufmann a
a Department of Chemistry, Brandeis University Waltham, MA, 02254,
U.S.A.
Version of record first published: 20 Apr 2011.

To cite this article: Bruce M. Foxman & J. D. Jaufmann (1984): Metal Salts and Complexes as Structural
Models and Templates for The Solid State Polymerization of Substituted Acetylenes, Molecular Crystals
and Liquid Crystals, 106:3-4, 187-197

To link to this article:  http://dx.doi.org/10.1080/00268948408071443

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948408071443
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cryst., 1984, Vol. 106. pp. 187-197 
0026-894 11841 1064-0 187/$18.50/0 
0 1984 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

METAL SALTS AND COMPLEXES AS STRUCTURAL 
MODELS AND TEMPLATES FOR THE SOLID STATE 
POLYMERIZATION OF SUBSTITUTED ACETYLENES 

BRUCE M. FOXMAN and J. D. JAUFMANN 
Department o f  Chemistry, Brandeis U n i v e r s i t y  
Waltham, MA 02254, U.S.A. 

Abs t rac t  I n  an ex tens ive  s tudy  o f  t h e  prep- 
a r a t i o n  and s o l i d - s t a t e  r e a c t i v i t y  o f  t r a n s i t i o n  
metal  phosphine complexes i t  was found t h a t  
neares t -ne ighbor  i n t e r a c t i o n s ,  nuc lea t i on ,  temp- 
e ra tu re ,  doping, polymorphism and c r y s t a l  sym- 
m e t r y  g r e a t l y  i n f l uenced  t h e  course o f  t h e  t h e r -  
mal s o l i d  s t a t e  reac t i ons .  With t h e  pe rspec t i ve  
o f  t h e  s o l i d  s t a t e  chemis t r y  developed by  
Morawetz and Schmidt, t h e  p r i n c i p l e s  and tech -  
n iques  developed i n  our l a b o r a t o r y  have been 
app l i ed  t o  t h e  rad ia t i on - induced  so l  i d  s t a t e  
po l ymer i za t i on  o f  metal  a lkynoate  complexes, 
l ead ing  t o  t h e  f i r s t  r a t i o n a l l y  designed syn- 
t h e s i s  o f  s u b s t i t u t e d  po lyacety lenes  i n  t h e  
so l  i d  s t a t e .  The s t r u c t u r a l  p r i n c i p l e s  which 
l e d  t o  t h i s  syn thes i s  arp descr ibed here in .  The 
r e a c t i v i t y  o f  severa l  d i f f e r e n t  monomer phases 
i s  con t ras ted  i n  t h e  con tex t  o f  c r y s t a l  s t r u c -  
t u r e ,  metal  e l e c t r o n i c  s t r u c t u r e  and r a d i a t i o n  
s e n s i t i v i t y .  

general  fo rmula  NiX,L, (X = C 
P( CH,CH,CN), ) which undergo s 

t i o n  po lymer i za t i on  r e a c t i o n s  

Our recen t  research e f f o r t s  have concent ra ted  on 

s t u d i e s  o f  monomeric t r a n s i t i o n  metal  complexes o f  t h e  

, Br,  I ,  NCS; L = 

n g l e - c r y s t a l  coordina- 

1-5 I n  these r e a c t i o n s  

187 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
31

 2
0 

Fe
br

ua
ry

 2
01

3 



188 B. M. FOXMAN AND J .  D. JAUFMANN 

square p lanar  monomer i s  smoothly t ransformed t o  

oc tahedra l  polymer ( v i a  b r i d g i n g  n i t r i l e  groups) i n  

t h e  s o l i d  s ta te ;  t h e  r e a c t i o n s  are cha rac te r i zed  b y  

chemical and c r y s t a l  l og raph ic  s p e c i f i c i t y ,  s te reo-  
d i r e c t i o n a l  i ty ,  h i g h l y  a n i s o t r o p i c  " f r o n t  mot ion" i n  

s i n g l e  c r y s t a l s ,  and r e v e r s i b i l  i t y .  Comparative 

s tud ies  o f  complexes w i t h  s u b t l e  chemical ( s u b s t i t u -  

t i o n a l  o r  doping) d i f f e r e n c e s  l e d  t o  a s e r i e s  o f  
guide1 ines  f o r  understanding, p r e d i c t i n g  and con- 

t r o l l i n g  t h e  s o l i d - s t a t e  r e a c t i v i t y  o f  t h e   material^.^ 
We were ab le  t o  draw impor tan t  conc lus ions  f o r  these 
thermal  so l  i d  s t a t e  r e a c t i o n s  rega rd ing  t h e  i n f l u e n c e  

o f  nearest-neighbor i n t e r a c t i o n s ,  nuc lea t i on ,  c r y s t a l  

symmetry and polymorphism on r e a c t i ~ i t y . ~  
Given t h e  fo rego ing  r e s u l t s ,  we f e l t  i t  d e s i r a b l e  

as a nex t  s t e p  t o  dev i se  a general  scheme f o r  t h e  
po lymer i za t i on  o f  v i n y l  and a c e t y l e n i c  monomers i n  t h e  

s o l i d  s ta te ,  us ing  metal  complexes as a "bas is "  f o r  
c o n t r o l 1  i n g  bo th  s t r u c t u r e  and r e a c t i v i t y .  The 
i n f l u e n c e  o f  t h e  c r y s t a l  l a t t i c e  on t h e  r a d i a t i o n -  

induced so l  i d  s t a t e  po l ymer i za t i on  o f  meta l  a c r y l a t e  
s a l t s ,  acrylamide and o t h e r  v i n y l  monomers was d i s -  

cussed i n  t h e  l i t e r a t u r e  as e a r l y  as 1956.6 These 

ideas were developed more f u l l y  i n  t h e  n e x t  t e n  years  

th rough a s e r i e s  o f  e legant  exper iments conducted b y  

Pro fessor  Herbe r t  Morawetz7 and coworkers a t  t h e  Po ly -  

t echn ic  I n s t i t u t e  o f  Brooklyn and by  Pro fessor  Gerhard 
Schmidt and c o l l a b o r a t o r s  a t  t h e  Weimann I n s t i t u t e  o f  

science .8 

Our i n i t i a l  ideas, then, were a l o g i c a l  ex tens ion  
o f  a l l  o f  t h e  above work i n  t h e  con tex t  o f  Schmidt 's 

" topochemical  pos tu la te " :  i .e. , f o r  aY8-unsatura ted  
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SOLID STATE POLYMERIZATION OF ACETYLENES 189 

carboxy l  i c  acids, cen te rs  capable o f  undergoing 

s t e r e o s p e c i f i c  (2+2) pho tocyc loadd i t i on  i n  t h e  sol i d  
s t a t e  must be o r i e n t e d  p a r a l l e l  t o  one another and a t  

d i s tances  < - 4.0A. Such con tac ts  c h a r a c t e r i z e  t h e  
r e a c t i v e  phases o f  c innamic ac id8  and 2 ,5 -d i s t y ry l -  

py raz ineg which d i m e r i  ze and po l  ymeri ze r e s p e c t i v e l y  

b y  pho tocyc loadd i t i on  processes. Examination o f  t h e  

s t r u c t u r a l  1 i t e r a t u r e  suggested t h a t  several  forms o f  

sa tu ra ted  carboxy l  ate-metal complexes and s a l t s  had 

packing arrangements remin iscent  o f  those o f  t h e  
c innamic acids,  and thus  t h e i r  unsatura ted  analogues 

migh t  be expected t o  undergo so l  i d - s t a t e  po l yne r i za -  

t i o n .  
I n  o rde r  t o  t e s t  t h i s  idea, i t  was f i r s t  necess- 

a r y  t o  f i n d  a p o t e n t i a l  metal  ( sa tu ra ted -ca rboxy la te )  

"model s t ruc tu re ' '  w i t h  r e l a t i v e l y  sho r t  C-C con tac ts ,  
and then t o  prepare a n e a r l y  isomorphous unsatura ted  

analogue where t h e  pendant o rgan ic  mo ie t i es  made an 
approach which migh t  a l l ow  f o r  a r e a c t i o n  t o  occur.  

Owing t o  t h e  change i n  carbon atom s tereochemis t ry  

w i t h  degree o f  sa tu ra t i on ,  it was o f  course imposs ib le  

t o  f i n d  a complex which would e x h i b i t  s t r i c t  mo lecu la r  

i sos ter ism10 w i t h  an unsatura ted  analogue. 

we reasoned t h a t  t h e r e  was s u f f i c i e n t  s t r u c t u r a l  s im i -  
l a r i t y  betweeen a c e t i c  ac id  and i t s  l i n e a r  s t r u c t u r a l  

analogue, p r o p i o l  i c  acid, H-CEC-COOH, t o  p rov ide  a 
s u i t a b l e  t e s t  o f  t h e  idea. The c r y s t a l  s t r u c t u r e  o f  

b i s (  ace ta to ) te t raaquon icke l  (11)" seemed an e x c e l l e n t  

cho ice  (see F igu re  1) as t h e r e  were H,C***CH, con tac ts  
o f  - 3.9A. 

- c o b a l t ( I I )  and - z i n c ( I I )  were prepared and found t o  

be isomorphous (N i ,  Co, Zn). Fur ther ,  these m a t e r i a l s  

However, 

Thus, bis(propiolato)tetraaquonickel( 11) ,  
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I90 B.  M. FOXMAN AND J .  D.  JAUFMANN 

e x h i b i t e d  a s i m i l a r  d i f f r a c t i o n  p a t t e r n  t o  t h e  ace ta te  

analogue. The c r y s t a l  s t r u c t u r e  ( F i g u r e  2) shows t h e  

g rea t  s i m i l a r i t y  i n  packing, and t h e  s h o r t  c o n t a c t s  

observed between molecules.  The n i c k e l ,  z i n c  and 

c o b a l t  p r o p i o l a t e  c r y s t a l s  r e a c t  under x- o r  y- 

i r r a d i a t i o n  t o  y i e l d  amorphous brown-black meta l  

po lyprop io la tes ,12  which are e a s i l y  separated from 

r e s i d u a l  monomer. We have now syn thes ized a l a r g e  

number o f  metal  p r o p i o l a t e  s a l t s  and complexes, and 

severa l  p a t t e r n s  a re  beg inn ing  t o  emerge, - viz. ,  

1. New s t r u c t u r e  types, i n v o l v i n g  unusual metal  
and/or carboxy l  a t e  coo rd ina ta t i on ,  cha rac te r -  

i z e  t h e  i no rgan ic  s t r u c t u r a l  chemis t r y  o f  
these m a t e r i a l s .  

2. C rys ta l  s t r u c t u r e s  i n v o l v i n g  bo th  t h e  s h o r t e s t  

C-C i n te rmo lecu la r  i n t e r a c t i o n s  and t rans1  a- 

t i o n a l  l y - r e 1  ated reac tan ts  show t h e  h ighes t  

r e a c t i v i t y ,  y i e l d  and p u r i t y  o f  po lymer ic  

p roduc t  (see F i g u r e  3 - - anhydrous sodium 

p r o p i o l  a te ) .  

3. S t ruc tu res  c o n t a i n i n g  r e a c t i v e  and un reac t i ve  

p r o p i o l a t e  groups (based on d i s tance  c r i t e r i a )  

produce (upon y - i r r a d a t i o n )  po lymer ic  p roduc ts  

which a l so  c o n t a i n  unreacted, monomeric prop- 

i o l  ates. 

4. Isomorphous phases may show d i f f e r i n g  reac- 

t i v i t y ,  e.g., f o r  M(H20)& (0,C-C 
M=Co and N i  phases are r e l a t i v e l y  unreac t ive ,  

w h i l e  h igh  r e a c t i v i t y  i s  observed f o r  M=Zn. 

Fur ther ,  t h e  M=Ni and Co complexes explode 
upon heat ing,  w h i l e  t h e  isomorphous Zn phase 

CH),, t h e  
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SOLID STATE POLYMERIZATION OF ACETYLENES 191 

F igu re  1. Two molecules o f  t e t raaquon icke l  (11) 
ace ta te  showing a s h o r t  CH,-CH, con tac t  o f  - 3.9A 

(drawn by ORTEP us ing  da ta  from re fe rence 11). 
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192 B. M. FOXMAN AND J.  D. JAUFMANN 

Zn C 0 

Figure 2. 
p io l a t e  showing the  ra ther  s imi la r  packing arrangement 
t o  t h a t  i n  Figure 1. 
moieties leads t o  shor t  contacts  o f  3.4-3.5h i n  this 
reac t ive  phase. 
phases are  isomorphous. 

Two molecules o f  tetraaquozinc (11) pro- 

Overlap o f  the acetylenic 

The analogous nickel and cobal t  D
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SOLID STATE POLYMERIZATION OF ACETYLENES 193 

s imp ly  me l t s .  
be r e l a t e d  t o  c e r t a i n  redox processes i n  

these s o l i d s ,  and experiments are i n  progress 
t o  t e s t  these ideas. Doping o f  d i f f e r e n t  

meta ls  i n t o  a host phase might be expected t o  

a l t e r  t h e  r e a c t i v i t y  o f  t h e  host,  which i s  

a lso  under i n v e s t i g a t i o n .  

The con jugated  polymers ob ta ined from var ious  

monomer phases have p r o p e r t i e s  d i r e c t l y  

r e l a t e d  t o  t h e  monomer s t r u c t u r e .  Thus, t h e  

s t r u c t u r e - t y p e  determines t h e  na tu re  o f  t h e  
polymer; t h e  metal  serves o n l y  t o  c o n t r o l  t h e  

r a t e  o f  reac t i on ,  e i t h e r  as i n  i t em 4 above, 

o r  by  a l t e r i n g  t h e  absorp t ion  c ross  s e c t i o n  

o f  t h e  sample f o r  t h e  i n c i d e n t  r a d i a t i o n .  

The r e a c t i v i t y  o f  a g i ven  m a t e r i a l  thus  
r e s u l t s  f rom a balance o f  a t  l e a s t  t h r e e  

impor tan t  f a c t o r s :  ( i )  s t r u c t u r a l  c r i t e r i a ,  

i .e. nearest-neighbor distances; ( i  i )  t h e  

i n f l u e n c e  o f  t h e  metal  on r a d i c a l  s t a b i l i t y  
and/or decarboxyl  a t i o n  w i t h  concomi t a n t  

p roduc t i on  o f  a metal  ace ty l i de ;  and ( i i i )  

t h e  r e l a t i v e  absorp t ion  (as t h e  metal  i s  

v a r i e d )  o f  t h e  i n c i d e n t  r a d i a t i o n  b y  t h e  

sample. 
c o n t r o l l i n g  and t a i l o r i n g  t h e  r e a c t i v i t y  o f  

va r ious  monomer phases. 

We b e l i e v e  these phenomena t o  

5 .  

These c r i t e r i a  p rov ide  a means o f  

Th is  p r o j e c t  has a s e r i e s  o f  long-term goals;  
these inc lude:  ( i )  t h e  development o f  new s t r u c t u r e  

types  a t  t h e  molecu la r  - and c r y s t a l  l e v e l ;  ( i i )  

development o f  s t r u c t u r e - r e a c t i v i t y  re1  a t  ionsh ips  f o r  
po lymer izab le  monomer phases; ( i i i )  p roduc t i on  o f  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
31

 2
0 

Fe
br

ua
ry

 2
01

3 



I 94 B.  M. FOXMAN AND J .  D. JAUFMANN 

Na C 0 

F igu re  3. S t r u c t u r e  o f  Sodium P r o p i o l a t e .  Dashed 

l i n e s  i n d i c a t e  s h o r t  1,2 con tac ts  (3 .29A) between 

r e a c t i v e  a c e t y l e n i c  centers .  
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SOLID STATE POLYMERIZATION OF ACETYLENES 195 

h i g h - c r y s t a l l i n i t y  polymers; ( i v )  p roduc t ion  o f  new 

amorphous o r  c r y s t a l  1 i n e  polymers ( o r  c o o r d i n a t i o n  
polymers) w i t h  unusual p roper t i es ;  ( v )  development o f  

a p p l i c a t i o n s  f o r  app rop r ia te  m a t e r i a l s .  A t  t h i s  t ime  

areas ( i ) ,  ( i i )  and ( i v )  are under a c t i v e  study. A 
p s e u d ~ p o l y m o r p h ' ~  o f  hydrated ca lc ium a c r y l  a te  shows 

cons ide rab le  promise as a p recursor  f o r  t h e  p roduc t i on  

o f  h i g h l y  o r i e n t e d  p o l y a c r y l  ates, and s i m i l a r  

exper iments are underway w i t h  new p r o p i o l  a te  phases. 

This research was supported i n  p a r t  by  t h e  O f f i c e  

o f  Naval Research. 
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