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ORGANIZATIONAL CHARACTERISTICS OF SOME I O N E N E  
OLIGOMERS BEARING THE VIOLOGEN MESOGENIC MOIETY 

C .M. PALEOS?;, G .  MARGOMENOU-LEONIDOPOULOU and 
C .  CHRISTIAS 
Chemistry and Biology Departments, Nuclear Research 
Center "Demokritos", Aghia Paraskevi,  A t t i k i  , Greece 

Abstract  The s y n t h e s i s  and c h a r a c t e r i z a t i o n  of  some 
ionene oligomers bear ing the  viologen moiety and 
sepa ra t ed  by methylenic space r s  of varying length is 
repor t ed .  The organizat ion of these  oligomers, which 
w a s  t h e  main subject of the c h a r a c t e r i z a t i o n  was studied 
by va r ious  methods inc lud ing  X-ray powder d i f f r a c t i o n  
p a t t e r n s ,  d i f f e r e n t i a l  scanning calor imetry and e l ec -  
t r o n  microscopy. For t hese  oligomers,  both i n  the  bulk 
and t h e  s o l u t i o n  a lamellar s t r u c t u r e  was proposed 
c o n s i s t i n g  of a l t e r n a t e  p o l a r  l a y e r s ,  formed through 
t h e  e l e c t r o s t a t i c  i n t e r a c t i b n  of quaternary n i t rogens  
with bromides, and of t h e  l i p o p h i l i c  l a y e r s  of t h e  
methylenic space r s .  

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

We r e p o r t  i n  t h i s  paper t h e  s y n t h e s i s  and c h a r a c t e r i z a t i o n  
of  a c l a s s  of ionene polymers', or r a t h e r  oligomers, bea r ing  
the  viologen mesogenic moiety' separated by methylenic spa- 
cers of the varying length i.e. 

Scheme where 

The main ob jec t ive  of t h i s  work was t o  

= 4,10,12 

i n v e s t i g a t e  the  
I 

effect of viologen mesogenic moiety, coupled with t h e  various 
space r s ,  on the  o rgan iza t iona l  c h a r a c t e r i s t i c s  of t he  above 
oligomers i n  the  bulk and the  aqueous phase. A second 

* I__.-- 

To whom correspondence should be addressed. 
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392 C. M. PALEOS er al. 

i n c e n t i v e  w i l l  be t o  i n v e s t i g a t e  whether t h e  i n c o r p o r a t i o n  
of  v io logeng t -oups in  t h e  main c h a i n  of  t h e  polymers or o l i -  
gomers a f f e c t s  t h e  well-known p r o p e r t y  of one e l e c t r o n  r e -  
duc t ion  o f  t h e  monomeric c o u n t e r p a r t  i . e . ,  of methyl  v i o l o -  
gen which i s  used  e x t e n s i v e l y  as a r e l a y  i n  photochemical 
s o l a r  conve r s ion3  and a l s o  as an e l e c t r o n - t r a n s f e r  c a t a l y s t  
(ETC) i n  ox ida t ion - reduc t ion  sys t ems4 .  I n  t h i s  paper  however 
t h e  i n v e s t i g a t i o n  i s  l i m i t e d  t o  t h e  f i r s t  o b j e c t i v e  i . e . , t o  
t h e  s t r u c t u r a l  o r g a n i z a t i o n  of t h e  o l igomer i c  c h a i n s .  

EXPERIMENTAL 
Polymer S y n t h e s i s  
Equimolar q u a n t i t i e s  of 4 ,4  b i p y r i d i n e  a r e  r e a c t e d  i n  a c e t o -  
n i t r i l e  w i th  c e r t a i n  unbranced d ibromides  i . e .  wi th  1 , 4  
dibromobutane, 1,10 dibromodecane and 1 , 1 2  dibromododecane 
r e s u l t i n g  i n  t h e  s y n t h e s i s  of PV2'C4, PV2+Cl0 and PV2'C12 
ionene polymers r e s p e c t i v e l y .  P o l y q u a t e r n i z a t i o n  w a s  per -  
formed a t  room tempera tu re  and t h e  polymers p r e c i p i t a t i n g  
from t h e  r e a c t i o n  mixture  were s e p a r a t e d  and d r i e d  i n  vacuum 
ove r  phosphorous pentoxide .  Oligomer format ion  and i t s  sub- 
sequen t  p r e c i p i t a t i o n  i s  r e l a t i v e l y  fas t  for PV2+Cq, whi le  
s e v e r a l  days  were r e q u i r e d  for t h e  q u a n t i t a t i v e  p r e c i p i t a t i o n  
of PV2'C10 and p r i m a r i l y  of  PV2+C12. 

Ana lys i s  Calcd f o r  PV2'C4 ( C  H N2Br2):C,45.20%, H,4.30%; 
N ,  7.52%. Found: C ,  44.79%; 4: 4618%; N, 7.26%. 

Ana lys i s  Calcd for PV2+C10 (C20H20NzBr2): C ,  52.67%;H,6.14%; 
N ,  6 .14%.  Found: C ,  52.35%; H ,  6 . 0 7 6 ;  N ,  6.39%. 

Ana lys i s  Calcd for PV2+C12 (C22H32Br2N2) : C ,  54.58%;H, 6.66% ; 
N, 5.78%. Found: C ,  54.79%; H ,  6 . 5 6 % ;  N ,  5.89%. 

Du Pont R90 t he rma l  a n a l y z e r  i n  con junc t ion  wi th  910 d i f f e -  
r e n t i a l  s cann ing  c a l o r i m e t e r  o p e r a t i n g  a t  100C/min. 

Pro ton  NMR s p e c t r a  were r eco rded  on a Varian s p e c t r o -  
meter  o p e r a t i n g  a t  80M Hz. For PV2+C4 D20 was used as so lven t  
whi le  DMSO-d6 was used  as s o l v e n t  f o r  PV2+C10 and PV2+C12.  

X-ray powder d i f f r a c t i o n  p a t t e r n s  were ob ta ined  wi th  a 
P h i l l i p s  1130 d i f f r a c t o m e t e r ,  u s i n g  CoKa r a d i a t i o n .  

E l e c t r o n  microscopy exper iments  were performed wi th  a 
Siemens Elmiscope e l e c t r o n  microscope o p e r a t i n g  a t  75 kV. 
A n  a l i q u o t  Of  0.01 M aqueous PV2+C4 s o l u t i o n  w a s  app l i ed  
on carbon-coa ted  e l e c t r o n  microscope g r i d s  and t h e  m a t e r i a l  
adhe r ing  on t h e  g r i d s  was s t a i n e d  by a 2% u r a n y l  a c e t a t e  
s o l u t i o n  by washing it s e v e r a l  times w i t h  t h i s  s o l u t i o n .  The 
d i s s o l u t i o n  o f  PV2+Cl? and PV2'Cq was f a c i l i t a t e d  by s o n i -  
c a t i n g  t h e i r  agueousd i spe r s ions  wi th  a MSE s o n i c a t o r .  How- 

The  t h e r m a l  behav io r  of  t h e  polymers was s t u d i e d  with a 
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VIOLOGEN IONENE OLIGOMERS 393 

e v e r t h e s e  oligomers were n o t  completely dissolved a t  room 
temperature.  

RESULTS AND DISCUSSION 

The "ol igoquaternizat ion" was p r e f e r e n t i a l l y  performed a t  
room temperature i n  o rde r  t o  avoid poss ib l e  decomposition 
of t h e  oligomers. A c e t o n i t r i l e  w a s  used as so lven t  s ince  
t h e  r e a c t i o n  proceeds f a s t e r  i n  it5 as compared t o  s e v e r a l  
o t h e r  s o l v e n t s .  For the  c h a r a c t e r i z a t i o n  experiments t h e  ma- 
t e r i a l s  were used as obtained from p r e c i p i t a t i o n  from aceto-  
n i t r i l e  without any a f te r  t r ea tmen t ,  

Proton NMR s p e c t r a  were c o n s i s t e n t  with t h e  ionene 
s t r u c t u r e  formation. Thus, f o r  PV2'Cq (Fig.  1) t h e  peak a t  
4.74 pprn is a t t r i b u t e d  t o  $Nt- CH2- whi le  t he  peak a t  
2.30 ppm t o  
assigned t o  BrCH2-. i . e .  t o  unreacted t e rmina l  group of t h e  
dibromide and t h e  peaks between 9-7.5 ppm t o  t h e  heterocy- 

t c l i c  protons.  PV2'C10 and PV2 (212, bear ing long spacershave, 
as expected similar s p e c t r a ,  Fig.  2 and Fig.  3, showing i n  
a d d i t i o n  t o  t h e  above assignments, a peak a t  1 . 2 5  ppm of 

)\Nt - CH2-CH2- , The peak a t  3.60 ppm is  

10 6 4 2 0 

2 t  FIGURE 1. Proton NMR spectrum of PV C4 i n  D20 
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394 C. M. PALEOS d d. 

c e n t r a l  methylenes -(CH2)n- whi le  t h e  peak 
was s h i f t e d  a t  about 1.90 ppm. NMR s p e c t r a  were employed 

of :\N+-CH2C_H2- 

I I I I 
10 8 6 4 2 

ppm 

FIGURE 2 .  Proton NMR spectrum of PV2+C~o i n  DMSO-d6. 

w m  

FIGURE 3. Pro ton  NMR spectrum of PV2+Ci2 i n  DMs0-d~. 
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VIOLOGEN IONENE OLIGOMERS 395 

for t h e  de t e rmina t ion  of t h e  degree  of po lymer iza t ion  (5) 
by t h e  end group method, Thus t h e  i n t e r g r a t e d  va lues  of 
B r C H 2 -  p ro tons  a b s o r p t i o n  were compared t o  h e t e r o c y c l i c  or 
c e n t r a l  methylenes,  - ( C H P ) ~ - ,  va lues  and t h e  for t h e  
t h r e e  o l igomers  were determined t o  be equa l  t o  3-4. 

format ion  of main-chain l i q u i d  c r y s t a l l i n e  polymers which 
r e q u i r e s  t h e  e x i s t e n c e  of r i g i d  rod  groups connec ted  by 
f l e x i b l e  space r s ,  it may be assumed t h a t  t h e  i n t r o d u c t i o n  
of t h e  r i g i d  v io logen  mesogenic-like moiety i n  t h e  main 
cha in  of  t h e  oligomers coupled  wi th  t h e  f l e x i b l e  methylenic 
s p a c e r s  would r e s u l t ,  i n  p r i n c i p l e ,  i n  t h e  e x h i b i t i o n  o f  
mesomorphic c h a r a c t e r .  The f i r s t  member of t h e  s e r i e s  ,with 
n = 4 ,  which was examined on t h e  h o t  s t a g e  of a p o l a r i z i n g  
microscope,decomposed b e f o r e  mel t ing .  This  i s  a t t r i b u t e d  t o  
t h e  predominance of t h e  " s a l t - l i k e ' '  c h a r a c t e r  of t h e  qua- 
t e r n a r y  n i t r o g e n s  over  t h e  l i p o p h i l i c  c h a r a c t e r  of t h e  
s h o r t  s p a c e r .  I t  w a s  a l s o  shown, thoughnot  expec ted ,  t h a t  
t h e  two o t h e r  oligomers wi th  s p a c e r s  - ( C H 2 )  lo- and-(CH2) 12- 
a l s o  decompose be fo re  me l t ing ,  t h i s  behavior  aga in  a t t r i -  

b u t e d t o  t h e  same reason  as b e f o r e .  Oligomer b l ends ,  d i d  no t  
a l s o  show s i g n i f i c a n t  mel t ing  p o i n t  dep res s ion .  I t  i s  
however p o s s i b l e  t h a t  t h e  i n t r o d u c t i o n  of a l o n g e r  s p a c e r ,  
i . e . ,  C18 or C 2 0  could  lower  t h e  me l t ing  p o i n t  a l lowing  t h e  
appearance of a mesophase. 

Eowever, t h e  suspected s u b t l e  mod i f i ca t ions ,  i n  t h e  o l i -  
gomer s t r u c t u r e  du r ing  h e a t i n  were r evea led  by d i f f e r e n t i a l  

i t s  s h o r t  space r  and very  p o s s i b l y  t o  t h e  l a c k  of conforma- 
t i o n a l  t r ans fo rma t ions ,  decomposes a t  about 131OC without any 
i n t e r m e d i a t e  phase t r a n s i t i o n ,  whereas PV2'C10 (Curve 11) 
and PV2+C12 (Curve 111) show m u l t i p l e  mel t ing  behav io r .  
S p e c i f i c a l l y  PV2+C1o e x h i b i t s  two phase t r a n s i t i o n s  b e f o r e  
decomposing a t  about 12OoC whi le  PV2'C12 shows analogous 
t r a n s i t i o n s  b e f o r e  i t s  decomposition a t  about 126OC. These 
s o l i d - s o l i d  phase t r a n s i t i o n s ,  which were n o t  observable  
during t h e  hea t ing  on the  ho t  s t a g e  of t h e  p o l a r i -  
z ing  microscope a r e  c e r t a i n l y  a t t r i b u t e d  t o  t h e  conformatio- 
n a l  m e l t i n g  o f  t h e  long  s p a c e r s  of PV2'C10 and PV2+C12. I n  
t h i s  connec t ion  it is  i n t e r e s t i n g  t o  n o t i c e  t h a t  analogous 
polymers7, d I I 2 N  ( CH2!m NH2ZnX2:fi, c o n t a i n i n g  polymethylcnic 
groups a l t e r n a t i n g  wi th  p o l a r  -NH2ZnX2- m o i e t i e s  a r e  c r y s t a l -  
l i n e  and s p e c i f i c a l l y  t h a t  member wi th  a C12 space r  and X = C 1  
a l s o  shows smectic mesophase with long range l a y e r  s t ack ing .  
A s  seen by x-ray powder d i f f r a c t i o n  p a t t e r n s ,  Figs .  5-7, t h e  
oligomers used i n  t h i s  study without any attempt t o  c r y s t a l -  
l i z e  them showed peaks c h a r a c t e r i s t i c  of c r y s t a l l i n e  s t r u c t u r e  

According t o  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s 6  f o r  t h e  

scanning  c a l o r i m e t r y .  Thus PV 8+ C4 (Curve I ) ,  F ig .  4 .  due t o  
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396 C. M. PALEOS et al. 

f '  

- T.'C 

FIGURE 4 .  DSC traces of t h e  o l igomers .  

superimposed on wide ang le  bands c h a r a c t e r i s t i c  of amorphous 
m a t e r i a l s .  It is c l e a r  t h a t  PV2+C4 posses ses  h ighe r  degree  
of c r y s t a l l i n i t y ,  as compared t o  PV2+Cl0 o r  PV2+C12 due t o  
i t s  s h o r t e r  space r  c o n t r i b u t i n g  t o  a more e f f i c i e n t  packing  
of t h e  o l igomers .  By analogy w i t h  t h e  p rev ious ly  mentioned 
polymers and the s t r u c t u r a l  hypo thes i s  that i o n i c  o r  

1 J 
11 m n aQ 1s I0 I 1 

I @  d. d.,,... 

FIGURE 5. X-ray d i f f r a c t i o n  p a t t e r n  of PV2+Clr. 
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VIOLOGEN IONENE OLIGOMERS 391 

FIGURE 6 .  X-ray d i f f r a c t i o n  p a t t e r n  of PV2+C1,. 

FIGURE 7. X-ray d i f f r a c t i o n  p a t t e r n  of PV2+CI2. 

s t r o n g l y  p o l a r  groups included i n  hydrocarbon p o r t i o n s  tend 
t o  segregate  i n  l a y e r s  f o r  e l e c t r o s t a t i c  r easons”* ,  we may 
envisage t h a t  t h e  v io logen  oligomers run  p a r a l l e l  i n  such a 
way t h a t  bidimensional p o l a r  l a y e r s  c o n s i s t i n g  of t h e  qua r t e r -  
nary n i t r o g e n s  and bromides are formed which a r e  sandwiched 
between t h e  l i p o p h i l i c  l a y e r s  formed by t h e  methylenic 
space r s .  I n  i o n i c  l a y e r s  ionic- type bonding i s  involved 
while van d e r  Waals f o r c e s  are a c t i n g  between t h e  hydro- 
carbon space r s  of  t h e  l i p o p h i l i c  l a y e r s .  Thus t h e  weak peaks 
i n  t h e  r eg ion  of h i g h e r  a n g l e s  than  20=30° are assigned t o  
t h e  f rozen  hydrocarbong” s p a c e r s  while  thosa i n  t h e  low 
angle r eg ion  t o  t h e  i o n i c  layers’.  Layered s t r u c t u r e s  are 
a l s o  formed by long-chain ammonium” and quaternary ammo- 
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398 C .  M. PALEOS et al. 

nium salts’ ” 
conformational mel t ing ( s o l i d - s o l i d  phase t r a n s i t i o n )  t o  a 
smectic-like phase i n  which i o n i c  bonding i n s i d e  the  p o l a r  
l a y e r s  remains p r a c t i c a l l y  i n t a c t .  By f u r t h e r  hea t ing  cer- 
t a i n  of t hese  func t iona l i zed  monomeric qua te rna r i e s  a r e  
transformed t o  i s o t r o p i c  melts.  This w a s  no t  however t h e  
case with t h e  viologen oligomers,  apparent ly  because of t h e  
incorporat ion of t h e  quaternary n i t rogen  wi th in  t h e  ol igo-  
meric backbone. 

of  t h e  o l i -  
gomers showed t h e  formation o f  lamellar s t r u c t u r e s  (Fig.8-lo).  
A s  shown i n  the  e l e c t r o n  microscope photographs fo ld ing  or 
overlapping of lamellae u s u a l l y  occurs. The formation of  
t h e s e  s t r u c t u r e s  may be a t t r i b u t e d  t o  a p a r a l l e l  p l a -  

which upon hea t ing  are transformed through 

Electron microscopy of t h e  aqueous s o l u t i o n  

2+ FIGURE 8 .  E lec t ron  micrograph of PV C4. 

cement of t he  oligomers held toge the r  by i o n i c  and van 
de r  Waals f o r c e s  forming t h e  l a m e l l a r s t r u c t u r e .  A similar 
s t r u c t u r e  without however t h e  involvement of water, was 
proposed before  f o r  t h e  same oligomers i n  the  bulk.  I n  
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VIOLOGEN IONENE OLIGOMERS 

FIGURE 9. Electron micrograph of PV2'Cl0. 

FIGURE 1 0 .  Electron micrograph of PV2+C12. 
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400 C. M. PALEOS et al. 

Figure 11 i s  shown t h e  o rgan iza t ion  of t h e  oligomers i n  t h e  

FIGURE 11. P a r a l l e l  o rgan iza t ion  o f  oligomers 
r e s u l t i n g  i n  t h e  formation t h e  lamellar 
s t r u c t u r e .  

lamella t h e  th i ckness  of which corresponds t o  t h e  l eng th  of 
t h e  oligomer i.e. 3-4 monomer u n i t s .  I n  t h e  diagram only one 
s i te  of t h e  lamella is seen t o  be quaternized which however 
is  i r r e l e v a n t  t o  t h e  a c t u a l  s i t u a t i o n .  To o u r  knowledge t h i s  
i s  t h e  first time t h a t  monolayers are formed by ionene o l i -  
gomers, i n  which a l t e r n a t e  p o l a r  and hydrophobic m o i e t i e s  
are bound by covalent  bonding. S o l u b i l i z i n g  water molecules 
are placed a t  t h e  s u r f a c e  and t h e  i n t e r i o r  of t h e  lamella i n  
t h e  v i c i n i t y  of quaternary n i t rogen .  Also, c e r t a i n  a,w B i s  
( pa raqua t )  amphiphiles13 form, among o t h e r  organized assem- 
b l i e s  monolayer o rgan ic  c r y s t a l s  which were observed by 
e l e c t r o n  microscopy. These c r y s t a l s  r e s u l t  from an organi-  
z a t i o n  of t h e  amphiphiles analogous t o  t h e  ionene oligomers,  
F ig .  11. A s  far as t h e  accomodation of t h e  long-chain end 
groups of PV2+Cl0 and PV2+C12 i n  t h e  aqueous environment 
of t h e  qua r t e rna ry  n i t rogens  is  concerned, it, may be as- 
sumed t h a t  such a placement can occur i n  view of the  r e c e n t  
f i n d i n g s  on t h e  aggregat ion of s u r f a c t a n t s  i n  micelles. 
cording t o  these  new i d e a s  of m i c e l l a r  s t r u c t u r e  I’ hydro- 
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VIOLOGEN IONENE OLIGOMERS 401 

phobic p o r t i o n s  inc lud ing  chain t e rmin i  can c o e x i s t  with 
p o l a r  heads and water molecules forming t h e  unique environ- 
ment o f  S t e r n  region.  

Fu r the r  work w i l l  be done i n  o rde r  t o  extend t h e  series 
t o  these  ionene oligomers by t h e  use of va r ious  dibromides 
and t o  i n v e s t i g a t e  t o  what e x t e n t  t h e  cond i t ions  of qua te r -  
n i z a t i o n  affect molecular weights and consequently t h e i r  
o r g a n i z a t i o n a l  behavior  as well as t h e i r  one-electron redu- 
c t i o n  property.  
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