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O R C A N I L A T I O N A L  AND A G G R E G A T I O N A L  CHARACTERISTICS OF 
SOME. MONOMERIC AND POLYMERIZED QUATERNARY A M M O N I U M  
SALTS 

C . M .  PALEOS, G .  MARGOMENOU-LEONIDOPOULOU A N D  ANGELOS 
MALLIAKIS 
N a t i o n a l  Research  C e n t e r  "Demokri tos" ,  Aghia P a r a s k e v i  
1 5 3  1 0 ,  A t t i k i ,  GREECE. 

A b s t r a c t  I n  t h e  p r e s e n t  s t u d y  two m i c e l l e  f o r m i n g  
p o l y m e r i z a b l e  q u a t e r n a r y  ammonium s a l t s  b e a r i n g  t h e  
d o u b l e  bond e i t h e r  a t  thc i o n i c  h e a d ,  o r  a t  t h e  end o f  
t h e  a l i p h a t i c  c h a i n  were  p r e p a r e d .  F u r t h e r m o r e ,  t h e  
s t r u c t u r e  of t h e  p o l y m e r i z a b l e  g r o u p  w a s  d i f f e r e n t  i n  
t h e  two cases, one b r i n g  C H ? = C H - O - ( C = O ) -  and t h e  other 
C H 2 = C M - ( C = O ) - O - .  By means of t h i s  f u n c t i o n a l i z a t i o n  it 
was p o s s i b l e  t o  s t u d y  t h e  e f f e c t  o f  minor  m o l e c u l a r  mo- 
d i f i c a t i o n  on m i c e l l i z a t i o n  of  t h e s e  s u r f a c t a n t s  on one 
hand and t h e i r  me-,omorpkiic b e h a v i o r  on t h e  o t h e r .  It  was 
found t h a t  t h e  p o s i t i o n  of t h e  d o u b l e  bond on t h e  mono- 
mers  a f f e c t s  t h e  e x t e n t  of c o n s t r a i n t s  which a r e  imposed 
on t h e  polymers .  These c o n s t r a i n t s  s u b s e q u c n t l y  i n f l u e -  
n c e ,  boi  h t h e  m i c e l l i i a t i o n  o f  p o l y m e r i z e d  micel les  a s  
w e l l  as t h e i r  b e h a v i o r  i n  t h e  m e l t .  

I N T R O D U C T l O N  

A number o f  p u b l i c a t i o n s ,  p r i m a r i l y  i n  r e c e n t  y e a r s ,  have  

shown t h a t  a m p h i p h i l i c  compounds e x h i b i t  t h e r m o t r o p i c  meso- 

morphisni i n  t l i e  m e l t  i n  a d d i t i o n  Lo t h e  well-known a g g r e g a -  

t i o n a l  and o r i e n t a t i o n a l  p r o p e r t i e s  which t h e y  show i n  s o l u -  

t i o n  . I3 S p e c i f i c a l l y ,  t h e y  a g g r e g a t e  i n  aqueous  s o l u t i o n s  t o  

form m i c e l l e s ,  b i l a y e r s  or v e s i c l e s  and t h e y  a l s o  m e l t  t o  

smectic me.,ophases. I n  t h e  p r e s e n t  work w e  have  p r e p a r e d  two 

m i c e l l e  forming  p o l y m e r i z a b l e  q u a t c r n a r y  ammonium s a l t s  b e a r -  

i n g  t h e  d o u b l e  bond e i t h e r  a t  t h e  i o n i c  head  ( I )  o r  a t  t h e  
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ond of  t h e  a l i p l ! a t i i  c l ia in  ( I I ) , S ~ h e m e .  By mrans of t h i s  fun- 

c t i m a  1 i 7 a t  i o n  i t  wd:, e x p v c t e d  t o  s t u d y  t h e  e f f e c t  of 

minor  moleLular m o d i f i c a t i o n  on t h e  m i c r l l i z a t i o n  of tliese 

ur fac ta r i t :  on t h e  on(\ l i m d ,  drid t h e i r  mc-omorphic b e h a v i o r  

01-1 t h e  other. Mortover ,  L l i ~  Lor>rrsponding  p r o p e r t i e s  of t h e  

poiymer ized  m a t e r i a l s  werv c i l ~ o  i n v e s t i g a t e d  and compared t o  

t h e i r  nun-polynierizc ti ( o u n t r r p a r t s .  

1 4 , l ' i  

I 

S ch erne 

CXPF:RTMEN'I'AT, 

S v n t l i e s i s  01 rnuriorrierb 

0 - C  -C H= C HI 

II 0 

I : lo 0 . 0 1  mole of d o d r c y ~ d i m c t h y l n m i n e  which w a s  d i s s o l v e d  

i n  e l l i y l a ~ e t a t e ,  0.0175 mole of  d i s t i l l e d  v i n y l b r o m o a c e t a t e  

( P o ~ y s c i c n c r )  was added. T h r  p r e c i p i t a t e d  qua ternar iy  dmmo- 

n i u r  sdlt wds filtered , recrystallized from e t h y l a c e t a t e  arid 

dried under  vacuum o v e r  phosphorus p e n t o x i d e .  Anal. Calcd 

for [18H360?NBr : C,57.17"0;  H,9.525; N,3.70. Found: i ,51.54%; 

H , 9.87?7 ; N ,3 . bO% . 
11: I n t o  a-bromoundecylacrylate (which w a s  p repa red  by the 

r e a c t i o n  of w-bromoundecanol w i t h  acryloyl c h l o r i d c )  d i  7 -  

, ;olvcd i n  r t h y l a c e t a t e ,  t r i m e t h y l a m i n e  gas w d s  b u b b l e d .  The  
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O R G A N I Z A T I O N - A G G R E G A T I O N  PROPERTIES OF QUATERNARIES 387 

p r e c i p i t a t e d  sa l t  was f i l t e r e d ,  r e c r y s t a l l i z e d  and d r i e d  ove r  

phosphorous pen tox ide .  Anal.  Calcd f o r  C17H3,+N02Br : C,56.08%; 

H,9.33%; N,3.84%. Found: C,56.15%; H,9.73%; N,3.78%. 

Polymer iza t ion  

The monomers were e a s i l y  polymerized by UV i r r a d i a t i o n  i n  de- 

gassed  m i c e l l a r  s o l u t i o n s .  T h e i r  po lymer i za t ion  was monitored 

by t h e  d e c r e a s e  of NMR i n t e n s i t y  of  t h e  polymer izable  groups .  

Mice 1 l a r  c h a r a c t e r i z a t i o n  

C r i t i c a l  m i c e l l e  c o n c e n t r a t i o n s  (cmc) at  25OC were de te rmined  

by e l e c t r i c a l  c o n d u c t i v i t y .  For bo th  monomers cmc w a s  found 

approximate ly  e q u a l  t o  5x10 m o l e / l i t .  Polymerized s u r f a -  

c t a n t s  d i d  no t  show cmc, as expec ted ,  e v i d e n t l y  due t o  t h e  

f a c t  t h a t  t h e y  form i n t r a m o l e c u l a r  m i c e l l e s  even a t  t h e  low- 

e s t  c o n c e n t r a t i o n .  F luorescence  measurements of  m i c e l l e  as- 

s o c i a t e d  pyrene were r eco rded  f o r  b o t h  monomers, b e f o r e  and 

a f t e r  po lymer iza t ion ,on  a p r e v i o u s l y  r e p o r t e d  in s t rumen t  . 
Liquid  C r y s t a l l i n e  C h a r a c t e r i z a t i o n  

O p t i c a l  microscopy was performed wi th  a Re iche r t  "Thermopan" 

p o l a r i z i n g  microscope ,  €'or t he rma l  s t u d i e s  a Du Pont 910 D i f -  

f e r e n t i a l  Scanning Ca lo r ime te r  system wi th  R90 Programmer was 

employed. 

-3 

16 

-. RESULTS AND DISCUSSION 

The o r g a n i z a t i o n a l  and/or  a g g r e g a t i o n a l  c h a r a c t e r i s t i c s  of 

bo th  monomeric and polymerized m i c e l l e s  were i n v e s t i g a t e d  by 

f l u o r e s c e n c e  s t u d i e s .  Thus t h e  pa rame te r s  ob ta ined  from f l u -  

o re scence  measurements a r e  shown i n  Table  I .  The r a t i o  13/11, 

which i s  an  e x c e l l e n t  index17 for t h e  p o l a r i t y  of  t h e  mice l -  

l a r  i n t e r f a c e , d o e s  no t  change upon m i c e l l a r  po lymer i za t ion  
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388 C. PALEOS, G. MARGOMENOU AND A .  MALLIARIS 

of  ( I )  and t l i e r e f o r e  t h c  m i c r o p o l a r i t y  i n  t h e >  v i c i n i t y  o f  

s o l u b i l i z c d  pyrenc remain:, u r i a i f e c t e d  by t h e  p o l y r n e r i z a t i o n .  

I t  i s  concluded  t l i e r e i o r e  t h a t ,  w i t h  or w i t h o u t  t h e  polymer 

backbone, carbonyl -hydra t ion  water is  kept  i n s i d e  t h e  i n t e r -  

f a c e  c r r a t i n g  i n  b o t h  case:, t h e  same p o l a r i t y  i n  Llie i m m e -  

ci i a t e  envi ronment  of the> p r o b e .  

TABLE I Micelldri pardmeters ohta i r ied  Lrorn f l u o r e s c e n c e  
measurements  

b S u r f  act d l i t  I& N - 
Monomeric T 0 .83  63 

Monomer i c I I 

Polymer ized  I 

- - 
0.85 24 

Pol ymerizetl I1 0.72 '4 2 

a 

"Aigpcgat ion  Plumber 

Comparing t h e  1. / I  ratio between t h e  po lymwized  s u r f a c t a n t s  
3 1  

(I) and (11) we n o t e  t h t  it i s  smaller i n  11 Lhaii i n  (1). 

T h e r e f o r e  s o l u b i l i z e d  pyrerie s e n s e s  h i g h e r  polarity i n  poly- 

merizcil m i c e l l e s  (11) tliari i r i  micel.Les ( I ) .  In micel les  of 

I1 it is easy for water to p e n e t r a t e  i n t o  the interior, thus 

g i v i n g  r i s e  t o  h i g h e r  p o l a r i t y  i n  tlie former t h a n  i n  t h e  

l a t t e r  c a s e .  

I n t e n s i t y  ratio, pedk I3 t o  peak I1 

I t  s h o u l d  be n o t e d  t l idt  p y r e n e  s o l u b i l i z e d  i n  mono- 

m e r i c  rnicelles of (11) d o e s  n o t  g i v e  a n y  f l u o r e s c e n c e .  

S i n c e  i t  had been  foulid t h a t  the g r o u p  CH,=CH(C:O)- qucnel ies  

t h c  f l u o r e s c e n c e  of pyrene (unpubl i shed  d a t a ) ,  i n  t h i s  

case it may s a f e l y  be assumed t h a t  the l o n g  a l i p h a t i c  c h a i n  

of t l ie  monomer bends  i n  s u c h  a way t h a t  t h e  e f f e c t i v e  g r o u p  

CH = C r l ( C = O ) -  i s  l o c a t e d  i n  t h e  i n t e r f a c i a l  r e g i o n .  There it 

c a n  e n c o u n t e r  s o l u b i l i z e d  p y r e n e  m o l e c u l e s  and quench t h e i r  

e m i s s i o n .  

L 

2 

After miccllar p o l y m e r i z a t i o n  of (111, m i c c l l e -  
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ORGANIZATION-AGGREGATION PROPERTIES OF QUATERNARIES 389 

bound pyrene f l u o r e s c e s  normally.  

By s t e a d y - s t a t e  quenching of  t h e  f l u o r e s c e n c e  of pyrene 

wi th  ce ty lpy r id in ium c h l o r i d e  

and polymerized ( I )  and (11) it was p o s s i b l e  t o  de t e rmine  t h e  

mean m i c e l l a r  aggrega t ion  number of Ns o f  t h e s e  m i c e l l e s  (Ta- 

b l e  I).18 Determination of Ns o€ monomeric (11) by f luo resce -  

nce was no t  p o s s i b l e  a s  d i s c u s s e d  above. It  i s  seen  t h a t  N, 
for monomeric (I) i s  6 2  which i s  i n  agreement wi th  t h e  va lue  

expec ted  for a m i c e l l e  b u i l t  from s u r f a c t a n t  which h a s  a 

twelve  carbon atom chain!' However, N, for t h e  polymer ic  m i -  

c e l l e  of ( I )  i s  only  24 which probably  r e f l e c t s  t h e  s t r u c t u -  

r a l  c o n s t r a i n t s  a r i s i n g  when t h e  polymer ic  bonds form a t  t h e  

i n t e r f a c e .  N, f o r  polymerized (11) i s  42  i . e .  a lmost  t w i c e  

a s  l a r g e  as N, f o r  polymerized m i c e l l e s  of (I). I n  t h i s  case 

t h e  s t r u c t u r a l  c o n s t r a i n t s  a r e  n o t  s o  s e r i o u s  s i n c e  t h e  po- 

lymer backbone i s  formed a t  t h e  m i c e l l a r  c o r e .  

i n  m i c e l l a r  s o l u t i o n s  of  ( I )  

P e c u l i a r  a n i s o t r o p i c  phases Fig .  1 and F ig .  2 were obse- 

rved  d u r i n g  t h e  m e l t i n g  of I and 11. I n  analogy w i t h  o t h e r  

long-cha in  f u n c t i o n a l i z e d  qua te rna ry  ammonium s a l t s 8  t h e s e  

FIGURE 1. Smec t i c - l i ke  t e x t u r e  of  monomer I. See Color Plate X. 

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

2:
47

 1
9 

Fe
br

ua
ry

 2
01

3 



390 C. PALEOS, G. MARGOMENOU AND A. MALLIAKIS 

compounds exki ibi t  tlie so-cdl led s rnec t i c - l i kc  t c x t u r c s .  In 
t l iese phases  t h e  i o n i c  bonding of polar heads wi th  counter -  

i o n s  i s  preserved up t o  the mesomorphic-isotropic t r a n s i t i o n .  It 

FIGURE 2 .  Srnec t ic - l ike  t e x t u r e  of monomer 11. See Color Plate XI. 

is a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s o l i d  l a m e l l a r  s t r u -  

c t u r e  of t h e  s u r f a c t a n t s  i s  r e t a i n e d  above t h e  f i rs t  t r a n s i -  

t i o n  t empera tu re ,  which cor responds  t o  t h e  m e l t i n g  of t h e  

long  a l k y l  cha ins , and  it i s  necessa ry  t o  p r e s s  t h e  cover  s l i p  

on t h e  specimen i n  o r d e r  t o  observe  the smectic phases .  The 

DSC d iagmms of I and I1 a r e  shown i n  F ig .  3 and Fig .  4 .  For 

s u r f a c t a n t  I t h e  small endothermic  peak a t  32 C i s  a t t r i b u t e d  

t o  the me l t ing  of t h e  a l k y l  c h a i n s  whereas t h e  r e s p e c t i v e  

t r a n s i t i o n  f o r  I1 is bur i ed  w i t h i n  t h e  peak of the mesophase- 

i s o t r o p i c  t r a n s i t i o n .  The l a t t e r  t r a n s i t i o n  i s  due t o  t h e  

breakage of t h e  i o n i c  bonding between p o l a r  heads and coun- 

t e r i o n s .  

0 

Polymerized s u r f a c t a n t s  e x h i b i t e d  comple te ly  d i f f e r e n t  

behav io r  i n  t h e  m e l t .  Thus t h e  polymer r e s u l t i n g  from t h e  

po lymer i za t ion  of I1 e x h i b i t s  mesomorphic t e x t u r e  (F ig .  5 )  

t h e  c l c a r i n g  p o i n t  of which3as a l s o  seen  i n  i t s  DSC diagram, 
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ORGANIZATION-AGGREGATION PROPERTIES OF QUATERNARIES 391 

FIGURE 3. DSC diagram of monomer I. 

Temperature,'C 

FIGURI 4. DSC diagram of monomer 11. 

occurs a t  s i g n i f i c a n t l y  h ighe r  temperature  compared t o  i t s  

monomeric coun te rpa r t .  Apparently t h e  b ind ing  of t h e  a l ipha -  
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392 il. PALCOS, G. MARC#OMENOU AND A.MALLIARIS 

L I G U R C  5 .  S m e c t i c - l i k e  t e x t u r e  of  t h e  polymer d e r i v e d  
l rom monomer 11. See Color Plate XII. 

1 

FIGURE 6. DSC diagram of t h e  polymer d e r i v e d  from 
monomer 11. 

tic cliains on t h e  backbone r e s u l t s  i n  t h e  d e m o s t r a t i o n  of 

rriesomorphi c b e h a v i o r  a t  higher t e m p e r a t u r e .  Lin t h e  c o n t r a r y  

d c o m p l e t e l y  d i f f e r e n t  material is o b t a i n e d  by  t h e  p o l y m e r i -  
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z a t i o n  of I .  A g l a s s y  mater ia l  r e s u l t s  which decomposes be-  

fore m e l t i n g .  I t  i s  t h e r e f o r e  s e e n  t h a t  t h e  p o s i t i o n  of t h e  

p o l y m e r i a a b l e  g r o u p ,  i n  t h e  monomers I and 11, a f fec t s  s i g n i -  

f i c a n t l y  t h e  t h e r m a l  b e h a v i o r  o f  t h e  r e s u l t i n g  p o l y m e r i z e d  

c o u n t e r p a r t s .  

CONCLUSION 

The main c o n c l u s i o n  of t h i s  i n v e s t i g a t i o n  i s  t h a t  t h e  p o s i -  

t i o n  of t h e  d o u b l e  bond on t h e  monomers a f f ec t s  t h e  e x t e n t  

of c o n s t r a i n t s  which a r e  imposed on t h e  macromolecules .These  

c o n s t r a i n t s  i n  t u r n  i n f l u e n c e  b o t h  t h e  m i c e l l i z a t i o n  of 

p o l y m e r i z e d  p r o d u c t s  as w e l l  as t h e i r  b e h a v i o r  i n  t h e  m e l t .  
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