
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
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

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Electroreduction Kinetics of Alkyl Polyviologens Studied by In Situ
Spectroscopy
Zhaoxi Lianga; Xiaoyun Wanga; Yi Hea

a Institute of Polymer Science, Zhongshan University, Guangzhou, China

To cite this Article Liang, Zhaoxi , Wang, Xiaoyun and He, Yi(1995) 'Electroreduction Kinetics of Alkyl Polyviologens
Studied by In Situ Spectroscopy', Journal of Macromolecular Science, Part A, 32: 1, 113 — 119
To link to this Article: DOI: 10.1080/10601329508020320
URL: http://dx.doi.org/10.1080/10601329508020320

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or 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.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601329508020320
http://www.informaworld.com/terms-and-conditions-of-access.pdf


MACROMOLECULAR REPORTS, A32(SUPPLS. 1&2), 113-1 19 (1995) 

ELECTROREDUCTION KINETICS OF 
ALKYL POLYVIOLOGENS STUDIED BY 

/N SITU SPECTROSCOPY 

Zhaoxi  Liang, Xiaoyun Wang and Yi He 
( I n s t i t u t e  of Polymer  S c i e n c e ,  Zhongshan U n i v e r s i t y ,  

G u a n g z h o u ,  C h i n a ,  5 10275)  

A b s t r a c t  

The electroreduct ion kinet ics  o f  several  a lkyl  polyviologens ( I ) ,  such as  
polypropyl  viologen.  polybutyl  viologen. polyhexyl viologen as  well as  the i r  
respective low molecular  analogs (II) and a bisviologen have been s tudied by i n -  
s i f u  npectroacopy. The react ion order  (Q) and rate  constant (&) of the 1st 
e lectroredact ion have been calculated according t o  dA/df=&Ca. The resul ts  show 
that the effect  of  a lkyl  cha in  length (n)  i s  obvious for  II, k values decrease i n  the 
order: PrV>BV>HxV. k v a l s e s  of  I a re  lower than those of  n a n d  depend on Mw. 
but  slightly on n. These facts may be at t r ibuted t o  the diffusion-control led 
nature of  the electroreduct ion process .  The inf luences of viologen concentrat ion,  
the support ing electrolyte  and the pH value have also been inveetigated. In  
general ,  the  memory t ime of  I i s  longer  than those of P. 

INTRODUCTION 

The viologen. a kind of redox compound, can undergo two-step 
reduction accompanied by obvious color changes induced by electric 
current. I t  has a number of important advantages over the inorganic 
materialsI1J. such  as relatively high charge efficiency, quick response 
time, ease in molecular design. Therefore i t  has been of great interest  
in electrochromic display application. 

The clectroreduction of  

viologen extensively in  solution studiedI2-41, has been but pJ-Qzl,+ n # i , ! $ ~ & . + + l  

comparatively l i t  t 1 e i s  known I 1 

kinetics. In order t o  study the  
about the clectroreduction 

electroreduction kinetics of 
alkyl polyviologens and their  

c,,ctwz&&Q-.pcR, p 
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114 LIANG, WANG, AND HE 

low molecular  a n a l o g s ,  some polyvio logens  w i t h  main c h a i n  s t r u c t u r e  a s  
I (n=3,  4 ,  6 a b b r e v i a t e d  PPrV,  PBV,  P H x V  respec t ive ly)  a n d  a lkyl  
viologen I[ (n=3,  4,  6 abbrevia ted  PrV,  BV, H x V  respec t ive ly)  and  
b isv io logen  BI (EtV-Hx-EtV) have b e e n  synthes ized  a n d  t h e  
e l e c t r o r e d u c t i o n  k i n e t i c s  h a s  been  s t u d i e d  by  in-s i tu spec t roscopy.  

EXPERIMENTAL 

Mater ia ls  
Alkyl  v io logens ,  po lyvio logens  and b isv io logen  were synthes ized  a s  

descr ibed  i n  our  prev ious  paper"]. The molecular  weight  (M,) o f  
polyvio logen  was de te rmined  by t h e  laser  s c a t t e r i n g  method.  
Elec troreduct ion K i n e t i c s  

Kinet ics  s tudy  was  car r ied  o u t  i n  a quar tz  c e l l  (Fig.  l ) ,  a n  I T 0  
g lass  e lec t rode  was  p laced  i n  t h e  sample beam pos i t ion  of  a Shimadzu 
UV-240, t h e n  m o n i t o r e d  t h e  in-s i tu  changes of t h e  absorp t ion  maximum 
of V? with t ime d u r i n g  e lec t roreduct ion .  According t o  t h e  e q u a t i o n  
dA'dt=kCa,  t h e  r e a c t i o n  o r d e r  (a) and t h e  r a t e  c o n s t a n t  (k) of 1 s t  
e lec t roreduct ion  c a n  be  ca lcu la ted .  
Memory Time (MT) 

M T ,  d i f i n e d  a s  t h e  recovery t ime of  V +  t o  V2+ s imul taneous ly  a f te r  
the a p p l i e d  vol tage  b e i n g  c u t  of f ,  was measured by u s i n g  t h e  same 
appara tus  a s  d e s c r i b e d  i n  F ig .  1 .  

RESULTS AND DISCUSSION 

Inf luence  of Viologen S t r u c t u r e  
The r e s u l t s  l i s t e d  i n  Tab .1  show tha t  t h e  e f fec t  o f  a l k y l  cha in  

length (n)  i s  o b v i o u s  f o r  II, k values  decrease  i n  t h e  order :  PrV > B V  > 
HxV, in  t h e  c a s e  o f  I, k va lues  are  lower t h a n  the i r  low molecular  
ana logs  (F ig .  2) a n d  d e p e n d  o n  M,, but  s l igh t ly  on  n .  Accord ing  t o  our  
previous t h e  e l e c t r o d e  process  of f i r s t  e lec t roreduct ion  i s  
d i f fus ion-cont ro l led ,  c o n s i s t e n t  w i t h  t h e  Nerns t  equat ion ,  therefore  k 
values  of t h e  v io logens  w i t h  longer  a lkyl  chain may be lower a s  wel l  a s  
tht: po lyvio logens  w i t h  h igher  M w  due  t o  t h e i r  s lower  d i f fus ion  ra tes .  
Dependence of Electroreduction Rate  upon Viologen Concentration (C) 

In  Fig. 3, i t  is c l e a r  t h a t  t h e  h igher  C of a lkyl  viologen,  t h e  fas te r  
i s  t h e  e l e c t r o r e d u c t i o n  ra te .  However, for  polyviologen,  t h e  ra tes  
i n x e a s e  w i t h  i n c r e a s i n g  C i n  t h e  in i t ia l  per iod ( F i g .  4a,  b)  a n d  l a t e r  
fa i l  s l i g h t l y  wi th  C (Fig.  4c) .  These  fac ts  may be  in te rpre ted  a s  t h a t  t h e  
v i>i logens  a b s o r b e d  o n  t h e  e lec t rode  are  be ing  reduced  a t  f i r s t  a n d  t h e n  
t h s  e lec t rode  p r o c e s s  i s  d i f fus ion-cont ro l led ,  whi le  a t  h igher  C, t h e  
en tanglement  of  po lyvio logen  themselves  makes the i r  d i f f u s i o n  more 
d i f f icu l t ,  t h u s  t h e  r a t e s  f a l l  s l i g h t l y  with increas ing  C. 
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Violwen soln. 

ITO, area lOmm" 
Quartz ce I I 

Fig. 1 IT0 quartz cell for 
e I ec t r oreduo t 1 on 

Tab. 1 k , a  and NT values of viologens 

V i o I ogens 

Pr V 
BV 

HxV 
EV-HX-EV 

PPr V 
PPr V 

PBV 
PHxV 

~~ ~ 

A,, k a m  
(nm) (L/mo 1. s 1 ( 6 )  

550 357 1.49 72 
544 97.3 1.28 84 
543 78.3 0.88 66 
570 12.4 0.86 114 
538 10.4 0.85 138 
538 8.84 0.74 -- 
588 8.80 0.84 288 
580 9.38 0 .80  270 

N" 

4 0 0  
4 28 
484 
882 

4390 
7590 
6470 
5600 

~ ~~~~~~ 

CKBrl=0.3mol/L1 pH=6.8, Input volt=O.?v 
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P i g .  2 . P l o t s  o f  11:- I g C  f o r  B V  a n d  P B V .  

c i i i e :  1 0 
i i o l o g e a :  BY P B V  
1 (not: 6 6 6  6 6 8  
I K B r l = O .  S m o l / l ;  ~1.6 .  8 ;  i n p a l  v o l t . :  0 ,  7 l'. 

1.a - 

0.8 . 
< 

0 1 2 3 4 5 6  

c x 103 (mol/L) 

Fig. 3 Plots of A VS. cono. 
of viologens on 80 seoonds 
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2.0 I 
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8 
0.0 A 

0 2 4 6 
Igc + 4 

T Fig. 4 Plots of lg(dl/dt) VS. IgC for PllxV 
on various tlme 

Curvet a b C 
C q l  (dl/g): 0.32 0.1s 0.32 
Tlme (rnin.11 0-1.0 0-3.0 1.0-3.0 

Effect of Suppor t ing  Elect ro ly te  
Tab. 2 shows the  electroreduct ion rates decrease with the r is ing of 

[KBr]. The diffusion-  process  can be considered a s  a self-diffusion 
process  when ( K B r ]  is much higher  than C, it is  understandable that  the 
electroreduct ion rates  decrease because the diffusion coeff ic ients  of 
viologens decrease with the  increasing [KBr] according Onsager l imit ing 
equation[’]. 

Either RCI or KBr used as  support ing electrolyte, the rate is almost 
the same. However the  rate  decreases and precipitation takes  place 
while K I  is used as electrolyte  

Effect of pH 
The electroreduct ion ra tes  drop of f  with the raise of pH (Tab.3) .  

Apparently, the  rate can be s t rongly influenced by the s ta te  of the 
electrode surface, referable  to  the absorpt ion and desorpt ion of 
viologen. The I T 0  e lectrode surface is viewed to consist of hydroxyl 
groups which can be exchanged w i t h  a counter  ion X-Ial.  At higher  pH, 
it is unfavorable for  t h e  exchange equilibrium, thus presenrs the  
deposi t ion of V? on the  electrode surface. As regarding the  s tab i l i ty  of 
viologen, i t  is better t o  carry out  the reduct ion in neutral so lu t ion .  
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118 LIANG, WANG, AND HE 

Tab. 2 Effeot of CKBrl on the 
electroreduotion rate of viologens 

CKBrl d / d t  (w>l/L.s) 
(mol/L) 

Pr V PPr V 

0.18 1.28 0.140 
0.30 0.64 0.088 
0.80 0.25 0.053 

Tab. 3 Effeots of pH on k and (I values for viologens 

pH=2.0 pH=6.8 pH=lO.O 

k a k a k a 
V i o logens 

(mol/L. s) (DO I /L. s 1 (mol /L. s) 

HxV 78.6 1.41 76.8 0.86 13.8 0.75 
EV-Hx-EV. 18.5 0.96 12.4 0.86 0.gS 0.32 
PHxV 3.7 0.59 9.36 0.80 0.84 0.30 

Memory Time (hIT) 
The inherent  memory, a f f o r d e d  by t h e  reduced rad ica l  c a t i o n s  in t h e  

absence  o f  02, i s  a n  advantageous  fea ture  o f  t h e s e  e lec t rochromic  
Gisplay mater ia l s ,  t h a t  means  to main ta in  t h e  c o l o r a t i o n  o n  the 
e lec t rode  wi thout  a n y  power  consumpt ion .  In  genera l ,  M T s  of 
polyviologens a re  longer  t h a n  t h o s e  of  t h e i r  low molecular  a n a l o g s  t h a t  
may be a t t r ibu ted  to  t h e  d i f f u s i o n - c o n t r o l l e d  na ture  of  t h e  e l e c t r o r e d o x  
Ilrocess. 
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