
CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

T h e  c h e m is try  o f  th e  s ta rtin g  in o rg an ic  p re c u rso r  is an  e s se n tia l to o l in the  
sea rch  fo r ra tio n a l sy n th e s is  d e s ig n s . T h is  w o rk  p ro v id e s  an  o v e rv ie w  o f  the  
c h e m is try  a s so c ia te d  w ith  th e  so l-g e l p ro cess  o f  c e ra m ic  o x id es  by  th e  m e ta l-o rg an ic  
ro u te  an d  h as  a tte m p te d  to  o u tlin e  th e  b asic  p h ilo so p h y  b e h in d  th e  d e v e lo p m e n t o f  
so l-g e l p re c u rso rs . T h e re  is no w  am p le  ev id en ce  su g g e s tin g  th a t c o m p le x  fo rm atio n  
is d e s ira b le  an d  d o e s  o c c u r  in  so l-g e l p re c u rso rs . H e re in , th e  c h e la te d  m eta l 
a lk o x id e s , a tra n e  an d  e th y le n e  g ly c o la te  co m p le x e s , w ere  su c c e ss fu lly  sy n th es ized  
by  th e  o x id e  o n e -p o t sy n th e s is  p ro c e ss  in  very  h ig h  y ie ld s . T h is  a n o d ic  d isso lu tio n  
can  p ro v id e  an  ea sy  an d  s tra ig h tfo rw a rd  w ay  to  sc a le  up  the  sy n th e s is  o f  m an y  m eta l 
a lk o x id es . T h e  c h e la tin g  n a tu re  o f  th e  g ly co l an d  tr iiso p ro p a n o la m in e  ach ie v e d  by 
th e  cen tra l a to m s  in  the  fin a l p ro d u c ts  ap p ea rs  to  b e  th e  m a in  fa c to r  fo r  th e ir  
h y d ro ly tic  s ta b ility  to  re ta rd  th e  h y d ro ly s is  and  c o n d e n sa tio n  re a c tio n  ra te s  to  o b ta in  
h o m o g e n e o u s  g e ls  ra th e r  th an  p rec ip ita te s . A tran e  an d  e th y le n e  g ly c o la te  c o m p lex es  
can  b e  u se d  as m e ta l a lk o x id e  p re c u rso rs  fo r  p re p a rin g  h ig h  su rfa c e  a rea  p o ro u s  
o x id e  m a te ria ls  v ia  th e  so l-g e l p ro cess .

M o re o v e r , it is e v id e n t th a t th e  p ro c e d u re  is a lso  a p p lic a b le  to  o b ta in  g e ls  and  
p o ro u s  m a te r ia ls . In  m o st c a se s , th ese  h igh  su rfa c e  a re a  m a te ria ls  c o n fe rs  on  th e ir  
in h e re n t th e rm o d y n a m ic  m e ta s ta b ility . C o n tro l o f  th e ir  p re p a ra tiv e  ch em is try  
e s se n tia lly  is k in e tic . B y  c o n s id e r in g  on  k in e tic  g ro u n d s , it is p e rfe c tly  p o ss ib le  to  
se le c t a  h y d ro ly s is  re ta rd in g  ag en t ad eq u a te  to  h a rm o n iz e  th e  h y d ro ly tic  p ro cesse s  
in v o lv in g  m e ta ls  o f  d iffe re n t b a s ic itie s . B ey o n d  a ll d o u b t, th e  v e rsa tili ty  o f  th e  a tran e  
an d  e th y le n e  g ly c o la te  c o m p le x e s  o p en  n ew  p ro sp e c ts  fo r  im p ro v in g  th e  p re p a ra tiv e  
c h e m is try  an d , th e re fo re , p e rfo rm a n c es  o f  p o ro u s  o x id e  m a te ria ls . A d d itio n a lly , th e  
o p e ra tio n  v a ria b le s , v iz . pH , h y d ro ly s is  ra tio  an d  te m p e ra tu re , a re  to  im p a c t on  th e  
g e la tio n  tim e  a n d  th e  p ro p e rtie s  o f  the  g e ls . In d e p e n d e n c e  o f  th e  s ta rtin g  
c o m p o s itio n a l c o m p le x ity , th e  re su lta n t m a te ria ls  a re  c h e m ic a lly  h o m o g e n e o u s . In 
m o st c a se s , th e  f in a l p o ro u s  o x id e  m a te ria ls  o b ta in e d  a re  th e rm a lly  s ta b le  an d  show  
u n im o d a l p o ro s ity , as w ell as h o m o g e n e o u s  m ic ro s tru c tu re  an d  tex tu re .
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T h e  p re se n t w o rk  d o es  n o t o n ly  g iv e  an  im p o rta n t in fo rm a tio n  ab o u t the  
re a c tio n  o f  a tra n e  an d  m e ta l e th y le n e  g ly c o la te  c o m p le x e s , b u t a lso  is a  u sefu l 
g u id e lin e  to  e x te n d  th e  e ffo rts  to  sy n th es ize  o th e r  c h e la te d  m e ta l a lk o x id e  p recu rso rs  
fo r  p re p a rin g  o th e r  p o ro u s  o x id e  m a te ria ls  in  th e  fu tu re . M o re o v e r , th e  o b ta in ed  
p o ro u s  o x id e s  w e re  e x p e c te d  to  b e  u se fu l m a te ria ls  fo r  a  w id e  ra n g e  o f  ap p lica tio n s , 
su ch  as c a ta ly s is , m e m b ra n e  sep a ra tio n  p ro cesse s , c o m p o s ite s , c o a tin g , f ib e r  and  
e le c tro n ic  an d  o p tic  f ie ld s , e tc . In  p a rtic u la r , th e  d e v e lo p m e n t o f  c e ra m ic s  tha t 
p o sse ss  h ig h e r  p u rity , s tren g th , an d  h o m o g e n e ity  is o f  m a jo r  in d u s tr ia l in te res t. D ue 
to  th e ir  v isc o u s  p ro p e rtie s , th e  so l-g e l te c h n o lo g y  is a lso  e a s ily  u sed  in  the 
d e v e lo p m e n t o f  th in  film s fro m  su ch  te ch n iq u es  as  d ip -c o a tin g , sp ra y in g , and  spin  
co a tin g . A d d itio n a lly , o x id e -o n e  p o t sy n th es is  o f  o th e r  a lk o x id e  lig a n d s  sh o u ld  be 
fu r th e r  in v e s tig a te d  so  as to  ex te n d  th e  s tru c tu ra l a sp e c ts  fo r  p re p a rin g  h ig h  su rface  
a rea  o x id e  m a te r ia ls  o v e r  a w id e  v a rie ty  o f  a p p lica tio n s . F u rth e rm o re , m ix e d -o x id e  
o r m u ltic o m p o n e n t p o ro u s  m a te ria ls  a re  o n e  in te re s tin g  a sp e c t to  im p ro v e  the  
p e rfo rm a n c e  a n d  s ta b ility  o f  th e  su rface  a rea  a t h ig h  te m p e ra tu re  an d  lead  to  
c o m m e rc ia l p ro d u c ts .
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