
CHAPTER I 
INTRODUCTION

A s an env ironm entally  friend lier and  m o re  efficient energ y  p roducing  
te ch n o lo g y  th an  u p -to -d a te  ones, fuel cells a re  ex p ec ted  fo r a  p rac tica l p o w er 
g en era tio n . F uel cells are  e lec trochem ical dev ices th a t co n v e rt chem ical energy  
d irectly  to  e lectrical energy  and heat. O ne o f  th e  fuel cells, w h ich  rece ives m uch 
in te res t to d ay , is based  on  po lym er e lec tro ly te  m em brane  fuel cells (P E M F C s). T he 
co n cep t o f  P E M F C s has been  w ell estab lished  since early  I 9 6 0 ’ร (L arm in ie and 
D icks, 2 0 0 0 ), and  reach ed  to  th e  level o f  com m erc ia liza tio n  fo r n iche applications, 
such  as e lec trica l p o w er so u rces in spacecrafts , subm arines and  veh ic les fro m  1980.

P E M F C s o p e ra te  at re la tively  low  tem p e ra tu res  (60°c -100°C ) w ith  th e  
h ighest p o w e r  density  th an  all o th e r o f  fuel cell ty p es  (T h o m as and  Z albow itz). T he 
variab le  and  qu ick  resp o n se  fo r th e  dem and  p o w e r o u tp u t, m ake P E M F C s suitable 
fo r app lica tions, especially  fo r au tom obiles, w h e re  qu ick  s ta rtu p  is requ ired . R ecen t 
ad vances in designs, syn theses and p rep a ra tio n s  o ffer P E M F C s to  be  m o re  a ttrac tiv e  
th an  any o th e r  type.

P o ly m er e lec tro ly te  m em brane  (P E M ) is an  essen tia l p a rt in P E M F C s 
func tions as a  sep a ra to r fo r ano d e  and  ca th o d e , solid  e lec tro ly te , and  gas separa to r. 
A s a  resu lt, th e  p ro to n s  are  fac ilita ted  from  an o d e  to  ca th o d e . C o m p arin g  to  the  
trad itio n a l liquid e lec tro ly te , th e  solid e lec tro ly te  p ro v id es th e  p ro to n  im m obilization  
w ith o u t p ro b lem s o f  handling  e lec tro ly te  so lu tion  and  p lum bing  co rro s io n  by acid 
an d /o r alkaline so lu tions. In add ition , th e  solid  e lec tro ly te  m em b ran es are low  
w eig h t and  can be p rep a red  by casting  to  v a rio u s  sizes and shapes o ffering  flexibility 
in p ackag ing . In  the ir ro le  as gas sep ara to rs , th e  P E M s p rev en t m ixing o f  fuel and 
oxidizer.

P erflu o rin a ted  po lym er as P E M  is dev e lo p ed  to  th e  level o f  com m ercia lized  
p ro d u c t u n d e r th e  trad en am es o f  N afion® and Dow®, w hich , trad itionally , are 
h yd ra ted  p e rflu o ro su lfo n ic  po lym er m em branes. A lthough , th e  lo n g -te rm  stability  o f  
th ese  p o ly m er m em branes have been  p ro v en  to  be  m o re  th an  2 0 ,0 0 0  h ou rs, th e  high 
co st ( - 9 0 0  $ /m 2) lim its th e  p rac tica l uses. F uel cell o p e ra tin g  te m p e ra tu re  is an o th er
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po in t to  b e  considered . N ation® and Dow® show  su p erio r p e rfo rm an ce  in fuel cells 
o p e ra tin g  a t m o d e ra te  tem p era tu re  (<  90°C ), b u t th e  applicability , such  as th e  w a te r 
m anagem en t in h y d ra ted  e lectro ly te , o f  th e se  po lym er m em b ran es are  insufficient at 
h igher te m p e ra tu re  and  n o t su itab le fo r p u re  hyd ro g en  cells. C u rren tly , the  u ses o f  
h y d ro g en -rich  gases p ro d u ced  by refo rm ing  m ethano l o r  ev en  g aso lin e  a re  p roven  to  
be a ttra c tiv e  in te rm s o f  clean  and cheap  energy. S uch  g a ses  co n ta in  traces  o f  C O , 
w h ich  re d u c e  th e  activ ity  o f  th e  ca ta ly st (Ianniello  et a l ,  1994). T h e  C O  to lerance, 
how ever, increases w ith  increasing  tem p era tu re , and, th e re fo re , fuel cell opera tio n  at 
h igher te m p e ra tu re  b eco m es an indeed  condition .

Im idazo le  m olecu les are  k n o w n  to  involve in p ro to n  tra n sp o rt across 
b io log ical m em branes (Y osh ikaw a, 1999). T he m elting  te m p e ra tu re  o f  im idazole is 
h igher th an  th a t o f  w a te r  at am bient p ressu re . T h is m ay be  an  a d v an tag e  w ith  respect 
to  techn ica l app lica tions since po lym er m em branes co n ta in ing  im id azo le  phases m ay 
be  ex p lo ited  fo r fuel cells (M ünch  et al., 2001). T h e  h igh  p ro to n  conductiv ity  o f  
h y d ra ted  po lym ers is re la ted  to  th e  p resen ce  o f  w a te r, h o w ev er, th e  su b stitu tio n  o f  
w a te r  by he terocyclic , such  as im idazole, as p ro to n  tran sfe rin g  g ro u p  also leads to  
high p ro to n  conductiv ity . It w o u ld  be  possib le  to  significantly  in c rease  th e  opera ting  
te m p e ra tu re  o f  th e  P E M F C . K reu er et al. (1 9 9 8 ) d e m o n stra ted  th e  function  o f  
he te rocyc lic  in m em branes fo r fuel cells w as  fro m  th e  rep lacem en t o f  im idazole for 
w a te r  in su lfonated  p o ly e th e rk e to n e  m em branes to  re su lt in h igh p ro to n ic  
co n d u c tiv ity  at high tem p era tu res . F o r p rac tica l app lica tion , h o w ev er, the  p ro to n ic  
co n d u c tiv ity  still n eed s im provem ent and th e  im idazole  m o lecu les a re  ex p ec ted  to  be 
im m obilized  (K reuer, 1997), w h ich  is cu rren tly  a ttem p ted  by  S ch u s te r et al. (2001).

A lth o u g h  heterocyclic  m o lecu les such  as im idazo le  g ro u p  show s an 
im p o rtan t fe a tu re  to  co n trib u te  th e  p ro to n  co n n ec tio n  ro u te  in P E M  m em brane 
w ith o u t u sing  w a te r  as a m edia, up  to  now , th e re  is no  re p o rt ab o u t functionaliza tion  
o f  p o ly m er chain w ith  he terocyclic  m o lecu les fo r  th e  o b jec tiv es  o f  PE M . 
C o n sid erin g  th e  u p -to -d a te  P E M , th e re  are  som e req u irem en ts  to  p ro d u c e  m em brane 
to  o v e rco m e  th e  p rob lem s at p resen t stage, especia lly  ab o u t th e  use  in high 
te m p e ra tu re  and th e  w a te r  requ ired  in th e  m em brane. T h e  p re sen t w o rk  (P art I 
H e te ro cy c lic  D eriva tives o f  P o lym eric  C hain), thus, s tan d s on  th e  v iew p o in t ab o u t a 
co n tro lled  s tru c tu re  m aterial from  fundam en ta l m o lecu la r design  and practical
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synthesis pathw ay . T h e  p ro d u c ts  designed  is c o n cen tra ted  on  a  heterocyclic  
functional g ro u p  w h e re  p ro to n  co n n ec tio n  ro u te  is p ossib le  v ia  im id azo le  unit. T he 
ach ievem ent o f  this th esis  w o rk  will be  a gu ideline  to  d evelop  a novel m aterial fo r 
P E M F C s in  th e  nex t area.
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