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SOLID STATE CHEMISTRY OF SOME DIACETnENIC ACID 
DERIVATIVES 

Annie RUAUDEL-TEIXIER 
Centre d’Etudes Nucldaires de SACLAY 
Departement de Physico-Chimie 
91191 GIF SUR YVETTE CEDEX FRANCE 

Abstract An example of chemical reactivity in LB films 
is described. a and w diyne long chain fatty acids are 
synthetized and their polymerization in multilayers 
studied. The reactivity depends on the position of the 
diyne along the alkylchain and on the metallic ion S O  

far as the a diyonic acid salt is concerned.In LBfilms 
the chemical reactionsare followed by infrared spec- 
troscopy and the spectra are compared ta those of mod- 
el synthetic analyzed compounds. Decarboxylation often 
takes place under W radiation or heat and leads to un- 
polymerisable material. From an oxidative coupling of 
the copper salt a tetrayne formation is presumed and a 
fast polymerization under visible radiation is observed 

INTRODUCTION 

In our previous studies we examined the chemical reactivity 

in multilayers and we specially focused our attention on 
solid state polymerizations for ultimate photoresist appli- 

cations ( I ) .  

After w-tricosenoTc acid, we thought that the po- 

lymerization of diacetylene worked out by Wegner was well 
suited to LB film chemistry. Tieke and co-workers2 perfor- 

med their experiments with fatty acid salts where the poly- 
merizable function was located in various places along the 
chain. We tried to find out new compounds with the diyne in 
the a or w positions with respect to the carboxylic group. 

In the first part of the paper the syntheses will 
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366 A. RUAUDEL-TEIXIER 

be briefly described ; in the second part we shall deal 
with the chemistry of the a diyne because the reactivity is 

modified by the conjugation of  the acid group to the diyne 

one. 
Infrared spectroscopy proved to be a useful tool 

for studying ultrathin films by comparison of the spectra of 
the LB films to those obtained with the derivatives identi- 

fied under usual conditions i.e elemental analysis. 

SYNTHESES 

2.4. Tricosadiynoic Acid : CH3-(CH2)17-CZC-CX-COOH 

Starting from commercial 1-eicosene, bromination followed 

by dehydro- bromination in concentrated alcoholic potassium 
hydrhxyde solution yields a mixture of 1-eicosyne and 1- 

bromo-eicosene. Purification was performed through the sil- 
ver acetylide, insoluble in any solvent, which extracts all. 
the impurities. This acetylide reacts at once with an ethe- 

real solution of iodine giving rise to very pure l-iodoeico- 

sptle (yield 60%) : I-CZC-(CH2) ,7 -CH3.  Coupling with propio- 

lic acid under modified Chodkiewicz conditions (chloroform- 
alcohol-water (homogenious phase) as solvent) produces the 
2-4 tricosadiynoic acid in 80% yield. 

22.24 Pcntacosadiynok acid 

The w position for the polymerizable group had proved to 
promote easy polymerization in LB films since the strains 
are weakened in the vicinity of the plane between two layers 

The more freedom available to the polymerizable groups the 
better the reactivity. Nethertheless the synthesis is com- 

pelling : starting from w-tricosenoic acid, blocking the 
carboxylic acid group by esterification is the first step. 

Then the ethylenic function is worked up as above to gene- 
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SOLID STATE CHEMISTRY 361 

rate the methyl, 23-iod0, 22-23 tricosynoate : I-CZC-(CH ) 

-COOMe. A Chodkiewicz coupling as previously described pro- 

duces the methyl, 23-carboxy, 22-23 pentacosynoate COOH-CX 

-CEC-(CH ) COOMe - Decarboxylation in an amoniacal copper 
sulphate-acetone solution an then hydrolysis of the ester 

yield the 22-23 PentacosadiynoLc acid. 

2 20 

2 17 

All the compounds at each step are characterized 

by their infrared spectra. 

CHEMICAL REACTIVITY 

Polymerization of the 2-4 diyne 

It is followedby the infrared spectra on crystals as well 
as LB films. Under W irradiation of crystals a blue poly- 

mer is obtained. Neither solvents nor heat generate a red 

form. It swells in chloroform. The acetylenic bond of the 
-1 polymer absorbs at 2120 cm instead of 2240 cm-’ for the 

monomer. The frequency of the conjugated carboxy group 

shifts from 1680 cm-l to higher frequencies as a very broad 

band to 1760 cm , implying that the carboxyl i s  no longer 

conjugated to the unsaturated polymer backbone. The rotation 
mechanism which provides this solid state polymerisation 

forces the chain to tilt as well as the COOH. It is to be 

noticed that, from the infrared bands this acid before poly- 

merization is not dimerized (lack of the broad 950 cm-l band 

= OH out of plane of the dimer). 

-1 

In monolayers, on CaF2, substrates, the same pheno- 

mena are observed. The yield of the polymer lies between 50 

and 70% depending on the quality of  the film ; the visible 

absorption reaches 010 nm. By prolonged W irradiation 

decarboxylation occurs. Then, since there are no longer any 

polar groups causing adherence, the polper is ret~oved from 

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

0:
49

 2
1 

Fe
br

ua
ry

 2
01

3 



368 A. RUAUDEL-TEIXIER 

the substrate by dipping in chloroform. 

Polymerization of the 22-24 Pentacosadiynoic acid 

This molecule polymerizes readily in a red form only (Xmax- 

500 nm). Neither solvents nor heat make a blue form appear. 

In monolayers the polymerization yield is nearly 100% (fol- 

lowed from the disappearance of the acetylenic C-H stret- 

ching of the monomer at 3310 cm ). - 1  

Metal Derivatives of The 2-4 Tricosadiynoic acid : 

This acid is the only compound where the vicinity of the 
diyne groupe can influence the chemical resistivity of the 
carboxylic group and vice versa. The polymerizations of 

various salts were studied. Among monovalent salts, silver 

and ammonium derivatives undergo an UV polymerization. 
Sodium and potassium salts do not. Morawetz3 in the early 
sixties, already noticed the influence of the crystalline 
network in the solid state polymerization of acrylic salts. 

This can account for the fact that the monovalent salt may 
polymerize or not. But in this case of di-or trivalent 
salts, we never observe any polymerization (the Cadmium 
salt i s  reported to polymerize to an extent of 1% only and 
this may be due to an impurity, for instance domains of 
free acid which i s  known to polymerize). The lattice para- 
meters could of course explain the failure of the polymeri- 

zation but another argument is proposed : multivalent ca- 

tions bind stiffly two or three monomers either in the same 
layer or in neighbouring layers. Then the motion required 
for the polymerization can be prevented as has been previou- 

sly described by Bloor in various bulky substituted PTS. 

The heavy metal salts, namely silver and copper, have 
an interesting chemistry as far as their acetylenic deriva- 

tives are concerned. Their reactivity in monolayers fits 
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SOLID STATE CHEMISTRY 369 

with  t h e  r e s u l t s  ob ta ined  by t h e  classical chemis t ry .  

S i l v e r  s a l t  : 

1 .  I n  t h e  c r y s t a l l i n e  s t a t e  : We syn the t i zed  t h e  s i l v e r  sa l t  

from an ace tone  s o l u t i o n  of s i l v e r  n i t r a t e  and t h e  01 diynoic  

a c i d .  The hemihydrated s a l t  i s  p r e c i p i t a t e d  as  proved by 

elementary a n a l y s i s  ( I R  Vc0o- 1590 and 1570 cm-' f o r  t h e  

anhydrous and hydrated environment r e s p e c t i v e l y  - v a t  

2230 cm-'). Heat e f f e c t  on the  powder gene ra t e s  t h e  s i l v e r  

a c e t y l i d e  hemihydrate (vCEc 2195 c m  ) .  I n  presence  of 

s i l v e r  n i t r a t e  a complexe R -CEC-CEC-Ag, 112 NO3Ag i s  o b t a i -  
-1 

ned (vczc 1900 c m  1. No polymerizat ion i s  observed f o r  

e i t h e r  one o r  t h e  o t h e r  a c e t y l i d e s .  

C X  

-1 

Under U v i r r a d i a t i o n ,  t h e  s i lver  sal t ,  a t  room tempera- 

tu re ,produces  a b lue  polymer, t h e  carboxyla te  f requency of 

which i s  s h i f t e d  t o  1530 cm-l. This  va lue  i s  c l o s e  t o  t h a t  

of s i l v e r  behenate  (1520 cm-') which i s  a s a t u r a t e d a c i d  salt.  

Hence t h i s  s h i f t  could aga in  mean t h a t  t h e  c a r b o x y l a t e i s  no 

longer  conjugated wi th  t h e  polymer backbone. Warming t h i s  

polymer produces decarboxyla t ion  and breaking of conjugated 

bonds s i n c e  d i s c o l o r a t i o n  t akes  p l ace .  

2 .  LB. f i lms  : The s i l v e r  s a l t  i s  obta ined  by d i f f u s i o n  of 

an aqueous s i l v e r  n i t r a t e  s o l u t i o n  through l a y e r s  of t r i c o -  

sad iynoic  a c i d  depos i ted  on a CaF2 s u b s t r a t e .  The only  

carboxyla te  frequency recorded i s  1590 c m  . Under W rad ia -  

t i o n  the  b lue  back polymer absorbing a t  670 nm i s  formed and 

aga in  the  carboxyla te  frequency i s  s h i f t e d  t o  1530 cm-' as 

i n  c r y s t a l s .  The y i e l d  reaches 70%. By f u r t h e r  i r r a d i a t i o n ,  

decarboxyla t ion  occurs u n t i l  complete d isappearance  of t h e  

1530 cm-' band. By hea i n g  a t  100°C i n  a i r  a yel low co lour  

develops (absorp t ion  4 0 nm). This  i s  probably due t o  s i l v e r  

p a r t i c l e s  depos i ted  i n  t h e  s t r u c t u r e  by t h e  r u p t u r e  of t h e  

-1 
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370 A. RUAUDEL-TEIXIER 

bonds between t h e  polymer backbone and s i l v e r  atoms. An ex- 

periments which cons i s t ed  of reducing l a y e r s  of s i l v e r  behe- 

na t e  by hydrazine vapors  led  t o  the  formation of s i l v e r  glo- 

bules .  The absorp t ion  was a t  410 nm. 

While hea t ing  f i lms  of t h e  s i l v e r  s a l t  of t h e  d iynoic  

ac id ,  bands of s i l v e r  a c e t y l i d e  appear i n  the  i n f r a r e d  spec- 

trum. Here again,  a s  i n  c r y s t a l s ,  no polymerizat ion was de- 

t ec t ed .  

Copper s a l t s  

1 I n  t h i c r y s t a l l i n e  s t a t e  : When copper I s a l t  i s  syn the t i -  

zed, i t  r e a d i l y  decarboxylates  g iv ing  a yellow p r e c i p i t a t e .  

Analysis gives  t h e  formula of t h e  copper acetyl idehemihy-  

d r a t e  which does not  polymerize. The C-C s t r e t c h i n g  frequen- 
-1 cy i s  found a s  low a s  1919 cm . This  frequency i s  a l s o  ex- 

h i b i t e d  by t h e  complexe : Copper I c h l o r i d e - a c r y l o n i t r i l e  

where copper I has  a s t rong  i n t e r a c t i o n  wi th  t h e  t r i p l e  

bonds. The copper a c e t y l i d e  obta ined  wi th  t h e  2-4 t e t r acosa -  

no ic  acid i s  in so lub le  i n  a l l  t h e  so lven t s  ; a s  a r e s u l t  

w e  could not  bu i ld  any monolayers. 

2 .  I n  LB. f i lms  : We synthe t ized  " i n  s i t u "  the  monovalent 

coppersa l t  by dipping t h e  s u b s t r a t e  covered wi th  l a y e r s  of 

t he  ac id  i n  an aqueous reducing 

r i d e  (CuCR+NH20H, HCk). The co lour  i s  yel lowish (X=450 nm) 

and t h e  carboxyla te  frequency i s  1585 c m  . On s tanding  t h e  

carboxyla te  band broadens, the CZC s t r e t c h i n g  smoothens, and 

an important r e o r i e n t a t i o n  occurs .  Under W r a d i a t i o n  no 

more change occurs .  

Cu 

s o l u t i o n  of copper I chlo-  

-1 

It may be due t o  a dismuta t ion  of Cu + I 
+CuO s ince  t h e  copper I i n  moist  a i r  i s  uns tab le .  I1 

Since copper a c e t y l i d e  i s  in so lub le  w e  thought t h a t  a 

so luble  p i rydine  complex could be obta ined .  Actua l ly ,  copper 

a c e t y l i d e  does d i s so lve  i n  py r id ine ,  but by slow evaporat ion 
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SOLID STATE CHEMISTRY 37 1 

of the solvent yellowish crystals deposit which contains no 

copper. The analysis corresponds to the formula : 
c 

-1 

but not C-H stretching appears at 3300 cm which precludes 

n = 1 in the above formula. The only possibility is n = 2, 

the dimeric form a diyne named tetrayne. The crystals under 

go a very fast polymerization under daylight, giving a blue 

back compound insoluble in any solvent. By warming a suspen- 

sion in chloroform the filaments turn red and come back to 

the blue form by cooling. 

On the infrared spectra v CEC is formed at 2210 cm 
-1 

2 In LB films : 

Pyridine vapors dissolve LB films of the unstable copper I 
salt. But with the copper I1 salt a reaction is observed : 

-1 the carboxylate band on the infrared spectrum at 1565 cm 

wanishes as the blue back color develops under daylight 

( A  max = 710 nm). We think that a Glaser coupling mechanism 

is involved as above for the copper acetylide in crystals, 

leading to the same tetrayne and polytetrayne. 

4 

CONCLUSION 

The method described here is convenient for following chemi- 

eal reactions in LB films, i.e, comparison of the infrared 
spectra of known or analyzed compounds with those of reacted 

films. The results are roughly identical in both structures, 

but some intermediates, such as copper I salt, are stabili- 
zed for a while in monolayers. 

The possibility of a tetrayne formation is to be 

noted for future polymerization work. 
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