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CHAPT-T 1

INTRODUCTION

In  g e n e r a l ,  s o l i d - s t a t e  c h em ica l r e a c t i o n s  โ-:h ic h  a re
h e te ro g e n e o u s , d i f f e r  m ark ed ly  from  homogeneous r e a c t i o n  a c c o rd in g
to  la c k  o f  r o l e  o f  s o lv a . t io n .  T here a re  s e v e r a l  f a c t o r s ,  such  a s
i m p u r i t i e s ,  s t r u c t u r a l  e f f e c t s  and i r r a d i a t i o n  โ-โh ic h  can  a f f e c t

( l )s o l i d - s t a t e  c h e m ic a l r e a c t i o n s .  S e v e ra l  r o s s i h l e  b u l k  d i f f u s i o n
( l )mechanism oy โ:h ic h  th e  d i f f u s i o n  o f  atom s in  s o l i d  m ig h t o c c u r ,  

a.re sho’,?ท in  P ig  1 .1  .

D if f u s io n  m echanism : (a )  i n t e r s t i t i a l ,  (b ) d i s s o c i a t i v e ,  
( c )  v a c a n c y , (d ) r i n g .

i g .  1 .1
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The vacancy (c) and i n t e r s t i t i a l  (a) mechanisms are most im portan t, 
in  the l a t t e r  ease , an i n t e r s t i t i a l  atom, whether i t  i s  an impurit^r 
atom or a d isp laced  atom of the host c r y s ta l  can move in to  an 
ad jacen t i n t e r s t i t i a l  s i t e .  Successive moves r e s u l t  in  atomic motions 
over many l a t t i c e  d is ta n c e . A v aria tio n - OI the i n t c r s t i t i a . l  mechanism 
fo r  d if fu s io n , shown in  (๖), in  o ften  c a lle d  " d is so c ia tiv e  d if fu s io n " . 
In th i s  case fo re ig n  atoms p resen t in  normal s u b s t i tu t io n a l  l a t t i c e  
3 i ' t c s  m igrate v ia  i n t e r s t i t i a l  s i t e s .  C erta in  im purity  system s, such 
as cooper in  germanium, show th is  behaviour, the Conner can occupy 
both normal l a t t i c e  s i t e s  and i n t e r s t i t i a l  p o s it io n s , w ith an 
equ ilib rium  governing the d is t r ib u t io n  between the tiro k inds of s i t e s .  
Another d e fec t d if fu s io n  mechanism, shown in  (c) depends upon the 
presence of vacancies in  the c r y s ta l .  An atom occupying a normal 
l a t t i c e  u o s it io n  ad jacen t to a. vacancy can move in to  the o o s it io n  of 
the vacancy, thus e f f e c t iv e ly  in terch an g in g  p o s it io n  w ith i t .  
Successive jumps of th is  kind r e s u l t  in  n o tion  of the vacancy over 
macroscopic d is ta n c e s , Both im purity  and host l a t t i c e  atoms can 
d if fu se  by the vacancy mechanism. In the ease of im p u ritie s ,m ig ra tio n  
i s  p o ss ib le  only when the vacancy i s  ad jacen t to the s i t e  of an 
im purity  atom. D iffu sio n  mechanisms a lso  include another broad 
c la s s  invo lv ing  atom ro ta t io n s  (d ) , the cooperative no tion  of two 
(or more) .''.toms can r e s u l t  in  a, n e t d if fu s iv e  n o tio n . The atoms 
sim ultaneously  in terchange th e i r  p o s it io n , whom they arc  a lik e  or 
reasonably  s im ila r  in  chemical p roperty  as in  m etals or a l lo y s .
A simple exchange i s  p o ss ib le  because the r e s u l t in g
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s t r u c t u r e  i s  e n e r g e t i c  n s  th e  s t r u c t u r e  b e f o r e  th e  ex ch an g e , and. 
t h i s  h o ld s  t r u e  in  th e s e  s o l i d s  f o r  d i f f u s i o n  o f  e i t h e r  an i n p u r i t y  
o r  h o s t  l a t t i c e  atom ,

IJhcntTrer • tlie i n cch an ism  in  th e  b u lk  s in g l e  c r y s t a l  is ; vacancy*,
i n t e r s t i t i a l  o r  in te r c h a n g e ,  th e  h ig h  v ac a n cy  c o n c e n t r a t io n s  and  l a r g e r -

( 2 )th a n  ~ norm al o p e n in g s  b e tw een  citons r e s u l t  i n  r a p id  d i f f u s i v i t i c s  .
Prom th e  d i s c u s s io n s  o f  d i f f u s i o n s  in  s o l i d s ,  i t  i s  c l e a r  t h a t  im p u r i t i e s  
can  have an im p o r ta n t  in f lu e n c e  o u  r a t e s  o f  d i f f u s i o n .  Such e f f e c t s  
have been  o b se rv e d  in  th e  r e a c t i o n ,

ZnO + CuSO,------> Z nSO  + ChO
The a d d i t i o n  o f  Li to  th e  ZnO re d u c e s  th e  a c t i v a t i o n !  e n e rg y  

th u s  i n c r e a s e s  th e  r a t e  o f  r e a c t i o n ,  w h ereas th e  a d d i t i o n  o f  Ga r a i s e s
th e  a c t i v a t i o n  e n e rg y  and  d e c r e a s e s  th e  r a t e  o f  r e a c t i o n s ! ^ In; 
o th e r  s i m i l a r  e a s e s ,  th e  e f f e c t  o f  th e  i m p u r i t i e s  i s  presum ed to  
be a change in  th e  c o n c e n t r a t io n  o f  l a t t i c e  d e f e c t s ,

A s o l i d - s t a t e  r e a c t i o n  sy stem  o f t e n  d e v i a t e s  from  i d e a l i z e d  
Cease c f  s i n g l e - c r y s t a l  s o l i d s .  The r e a c t a n t s  may he p ow ders , in  
w hich  th e  t r a n s p o r t  o f  r e a c t a n t s  i s  l im i t e d  by th e  o o n ta c ts  b e tw een  
p < ? .rtic le s  o r  by th e  v a p o r  p h a se  t r a n s p o r t  ir r  th e  r e g io n s  b e tw een  p a r t i c l e  
In  t h i s  c a s e ,  v ap o r t r a n s p o r t  i s  im p o r ta n t ,  and t h i s  p o s s i b i l i t y  
m ust be c o n s id e r e d .  T hus,w hen th e  r a t e  o f  r e a c t i o n  o f  a  r e a c t i n g  
c a rb o n a te  i s  fo und  to  ex ceed  tlio  r a t e  o f  e v a p o r a t io n  o f  C0 o , i t  can  
s a f e l y  be co n c lu d ed  t h a t  th e  r e a c t i o n  d o es  n o t  p ro c e e d  v ia  th e  v ap o r
p hase



4

On? tho o th er  hand, i f  th e ev a p o ra tio n  i s  com parable, l ib e r a te d  0อ2 
may be in v o lv e d .

In th e a d d it io n  r e a c t io n

CoO + ---------------^  C oC ^ O ^

th e  product forms by m ig ra tio n  o f  b oth  c a t io n s  in  the s o l id  product 
p h a se , in  th e  absen ce o f  gaseo u s oxygen . When oxygen i s  p r e s e n t ,
Co^+ m ig ra tes  through th e  s o l id  and oxygen i s  tra n sp o rted  through  
th e vapour p h a se .

S tr u c tu re s  a ls o  a f f e c t  s o l id  r e a c t io n s  when the s t r u c tu r e s  
o f  the r e a c ta n t s  an d /or  p rod u cts are h ig h ly  im p er fec t ( ’'a c tiv e "  
s o l i d s ) ,  s in c e  th e more rap id  d i f f u s io n  a c c e le r a t e s  the r a t e s .

S o l id - s t a t e  r e a c t io n s  can a ls o  be in f lu e n c e d  by i r r a d ia t io n .  
The fu n c t io n  o f  the r a d ia t io n  i n  many p h otoch em ica l r e a c t io n s  i s  to  
p rov id e  th e n e c e ssa r y  a c t iv a t io n  e n e r g ie s  to  th e r e a c t a n t s .  However, 
th e  d isp la cem en t o f  e i t h e r  e le c tr o n s  or atoms from t h e ir  normal 
p o s i t io n s  in  s o l id  le a d s  to  bond b rea k in g  and d efo rm a tio n .
Thus, produces d eco m p o sitio n , d e g r a d a tio n , c r o s s - l in k in g ,  
p o ly m e r iz a t io n , e t c .  Induced r e a c t io n s  in  s o l i d s  are th o se  in  
p olym ers. The r a d ia t io n  produces f r e e  r a d ic le s  ( and i o n s ) ,  which 
then  r e a c t  w ith  o th er  monomer m o lecu le s  to  produce la r g e r  r a d i c l e s ,  
th o se  in  tu rn , r e a c t  fu r th e r  w ith  monomers and th u s p ropagate the  
ch a in  r e a c t io n .  When th e  nolym er i t s e l f  i s  exposed  to  r a d ia t io n ,  
i t s  m o lecu la r  s tr u c tu r e  can be m o d ified  by fu r th e r  r e a c t io n s ,  
such as " c r o s s - l in k in g "  and ch a in  s c i s s i o n .
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I r r a d ia t io n  o f  a s o l i d  may in c r e a s e  th e number o f  v a c a n ic s  
and i n t e r s t i t i a l s ,  and th e se  in f lu e n c e  d i f f u s io n  r a t e s .  Both 
n u c lé a t io n  and d i f f u s io n  which can be enhanced by th e  r a d ia t io n -  
produced d e f e c t s ,  a c c e le r a te  a ch em ica l r e a c t io n .  The therm al 
d cco m ro sitio n  o f  KMnO i s  enhanced by p r e - ir r a d ia t io n ,  and the proposed  
mechanism a ls o  in v o lv e s  th e p ro d u ction  o f  (c a t io n )  v a c a n c ie s  and 
i n t e r s t i t i a l s .

R ea c tio n s  and o th e r  tr a n sfo r m a tio n s  o cc u rr in g  in  th e  in t e r io r  
o f  s o l i d s  have been s tu d ie d  s y s t e m a t ic a l ly  d u rin g  t h i s  r e c e n t y e a r s .  
C h a r a c te r is t ic s  o f  p r o c e s se s  o f  such r e a c t io n s  were f i r s t  in v e s t ig a te d  
fo r  m eta ls  by Tammann{^^ The d i f f u s io n  o f  s o l id  m eta ls  in to  one an oth er
was f i r s t  r e c o g n ise d  by R obert Aust on y fo r  the in t e r d i f f u s io n  o f  lea d

. (4 )and g o ld . B r u n i'ty  m o ved  th e o ccu rren ce o f  d i f f u s io n  in  m e ta ls ;  from  
th e d ecrea se  in  e l e c t r i c a l  c o n d u c t iv ity  w ith  mixed c r y s t a l  fo rm a tio n . 
The w id er stu d y  o f  r e a c t io n s  betw een s o l i d s  was f i r s t  taken  trp by 
H cd v a ll' fo r  th e ca se  o f  n o n -m c ta ll ic  s o l i d s  ( o x id e s ,  s a l t s , e t c ) .  
F o llo w in g  H ed v a ll, th e cou rse  and mechanism o f  r e a c t io n s  o f  t h i s  type  
had been in v e s t ig a t e d  by Tammann^^, พ. J a n d e r ^ - ,, F is c h b c c k ^ ^ .
From th e knowledge o f  th e s t r u c tu r e s  o f  s o l i d s  d er iv e d  from X -ray  
c r y s ta llo g r a p h y  and an u n d erstan d in g  o f  th e  fo r c e s  a c t in g  betw een

(^) /7 )th e c o n s t i t u e n t s  o f  th e c r y s t a l  l a t t i c e ,  SmcJcal- r , -Tost ,
พa g n er^ ^  were a b le  to  f in d  a r ig o r o u s  p h y s ic a l  b a s is  o f  the  
in te r p r e ta t io n  o f  the phenomena ob served  in  th e r e a c t io n s  o f  s o l i d s .  
I t  a ls o  became c le a r  th a t  r e a c t io n s  and tra n sfo rm a tio n  o c c u rr in g  in
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th e  s o l i d  s t a t e  sh ou ld  oa.ss through in te r m e d ia te  s t a t e s  c h a r a c te r iz e d  
"by h igh  r e a c t i v i t y ,  such th a t  many su b sta n co s prepared by s o l i d - s t a t e  
r e a c t io n s  can bo o b ta in ed  in  form s o f  h ig h  energy co n ten t and h igh  
r e a c t i v i t y .  T his t h e o r e t i c a l  advance i s  due la r g e ly  to  P a g n e r ^

P roco so os o f  d i f f u s io n  arc o f  fundam ental im portance fo r  
r e a c t io n s  take n la c c  in  s o l i d s .  D if f u s io n  ca u ses  th e p ro g re ss  in  
s o l i d —s o l i d  r e a c t io n ,  a s  a r e s u l t  o f  m o lecu la r  n o tio n  w ith o u t th e  
o p e r a t io n  o f  any e x te r n a l  f o r c e s .  A v er y  g en e ra l c la s s  o f  ch em ica l 
n r o c o ss e s  in  s o l i d s  nay bo d e sc r ib e d  as " d if fu s io n  c o n tr o lle d  r e a c t io n s"  
b ecau se the r a te  o f  change o f  c o n c e n tr a t io n s  o f  the r e a c t in g  s p e c i e s ,  
s t a r t in g  from some i n i t i a l  d i s t r ib u t io n  o f  the s o e c i c s  in  th e  volume 
o f  th e s o l i d ,  i s  c o n tr o lle d  by t h e ir  r a t e s  o f  d i f f u s io n  toward each  
o th e r .

D if f u s io n  i s  d e f in e d  r u a n t ita t iV O ly  by P ic k 1 ร Law '^ ,  which  
fo r  d i f f u s io n  a lo n g  the X c o o r d in a te ,

f  = -Dg>JT

where f  i s  th e f lu x  o f  th e d i f f u s in g  s p e c ie s  (th e  number o f  f lo w in g  
ร000108  a c r o ss  1 cท ',' per u n it  tim e) and r)p  i s  i t s  c o n c e n tr a t io n

S x
g ra d ien t in  th e X d ir e c t io n .  The orop ort  i  o n a l i t y  const,ant D i s  c a l le d  
th e  d if fu s io n -  c o e f f i c i e n t ,  or d i f f u s i v t t y .  E has th e d im en sion s o f  
รท.นทre  c e n tim e te r s  nor second  in  o . g . s .  u n i t .  The tem perature  
dcocndonco o f  th e  d i f f u s i o n  c o e f f i c i e n t  i s  o f  g ro a t im p ortan ce.



T his has been found e x p e r im e n ta lly  to  be e x p o n e n t ia l a cco rd in g  to  
the eq u a tio n

D = Do c“ ^ Ĥ RT .

Where A IT i s  th e  " a c t iv a t io n  energy" fo r  th e p r o c e s s ,  DQ and R are  
c o n s ta n ts .  For the d i f f u s io n  o f  carbon in  ir o n , an e q u a tio n  o f  t h i s
f'om  f i t s  w e ll  the ex p er im en ta l datd  as in  Figo 1 .2 ,  lo g  D i s  p lo t te d

. /

a g a in s t  1 0 /*  9 a s t r a ig h t  l in e  i s  o b ta in e d .

F igu re  1 .2  D if f u s io n  c o e f f i c i e n t  o f  carbon in o < -ir o n

The b a s is  fo r  tem perature dependence w i l l  now be in d ic a te d ,  
by c o n s id e r a t io n  o f  th e atom ic m otions le a d in g  to  d i f f u s i o n .

D if f u s io n  m easurem ents in  s o l i d s  are n o t e a sy  to  perform . 
V alues o f  D arc low in  many c a s e s ,  p a r t io u la .r ly  in  th e low er range  
o f  tem p era tu res , th en  th e ex p er im en ta l methods aro t e d io u s .  A p re fe r r ed  
method i s  to  u se  r a d io is o to p e s  as t r a c e r ,  fo r  e i t h e r  im p u rity  or
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s e l f  d if fu s io n »

In th e r e a c t io n ,

CuSO + BeiO ----- — —' -ะร»- CuO + BaSO^

a m ixture o f  BaO and CuSO was h e a te d , a s tr o n g ly  exoth erm ic
4

p ro c ess  s e t  in  a t  355 d egree  C e lc iu s ,  A r i s e  o f  th e h e a tin g  curve  
was o b ta in ed  by p lo t t i n g  the tem perature o f  th e m ixture a g a in s t  th e  
t in e  (P ig  1 .3  ) 9 in  d o in g  t h i s  the m ixture was h ea ted  s t e a d i l y 0

P ig  1 .3  H eatin g  curve fo r  BaO + CuSO,1 (a c co r d in g  to  I le d v a l l ) ^ 1̂

Tho e v o lu t io n  o f  h e a t , which may take p la c e  a t  tem perature  
fa r  below  th e  m e lt in g  p o in t  or d eco m p o sition  tem perature o f  th e  
c o n s t i t u e n t s  o f  th e m ix tu re , r e p r e s e n ts  the h ea t o f  r e a c t io n .
A n a ly t ic a l  r e s u l t  a f t e r  h e a t in g  p roves th a t  r e a c t io n  h a s , i n f a c t ,  
taken  p la c e .  I t  h as been  proved th a t  rca .c tio n  i s  in d ep en d en t upon the
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p reson co  o f  1o vor~*mo1t in g  and therm al d i s s o c i a t i o n ; r/ Tho in v o lv e d  
p ro c o sso s  arc tru e  s o lid -n h a s o  r e a c t io n s .  R ea c tio n s  o cc u rr in g  in  tho  
same way as th a t  c i t e d  in c lu d e  th o se  betw een b a s ic  and a c id ic  o x id e s  
to  form s a l t s  or double o x id e s ,  r e a c t io n s  betw een non - v o la t i l e  a c id ic  
o x id e s  and c a r b o n a te s , th e s u b s t i t u t io n  o f  n o ta is  in  s a l t s 3 o x id e s  or 
su lp h id e s  by b a ser  m e ta ls ,  double d eco m p o sitio n s  betw een s a l t s
( e .g o ,  BaCO + CaSO ------ -9*BaS<'  ̂ + GaC0^)f and double doconpoc i t i o n s
betw een a e t a l  o x id e s  and o c t a l  s u lp h id e s ,  n h o sn h id cs , c a r b id e s , or - 
s i l i o i d o s .  To e x p la in  th o se  r e a c t io n s ,  i t  i s  assumed t h a t ,  w ith  a r i s e  
in  tem perature tho atoms or io n s  in  c r y s t a l  exécu ta  v ib r a t io n s  o f  
c o n t in u a l ly  in c r e a s in g  a n n litu d o  about t h e ir  mean p o s i t i o n s .  klion the  
a m p litu d es o f  th e se  v ib r a t io n s  become g r e a t  enough, th ey  r e s u l t  in  a 
vibre or lo s e  fr e q u e n t exchange o f  p o s i t io n s  in  tho c r y s t a l  l a t t i c e  0 
Tho p la ce -ex ch a n g e  ocourt; e s p e c i a l l y  r e a d i ly  in  " loosen ed '' or " d e fe c t iv e "  
c r y s t a l .  Even in  c o m p le te ly  homo gone our. c r y s t a l s ,  th e l a t t i c e  d e f e c t s  
( i n t e r s t i t i a l  atoms and v a ca n t l a t t i c e  p o s i t i o n s ) ,  w hich arc a lw ays  
p r e se n t to  some e x te n t  in  a s t a t e  o f  thermodynamic e q u il ib r iu m , Flake i t  
p o s s ib le  fo r  p lace--exch an ge to  o ccu r . At p o in t s  where d i f f e r e n t  c r y s t a l s  
are in  c o n ta c t ,  atoms or io n s  can p a ss  from one c r y s t a l  to  a n o th er  by 
p la c e —e x c h a n g e d  ̂ In a nowder m ix tu re , p la ce -ex ch a n g e  a t  th e  p o in t s  o f  
c o n ta c t  o f  c h e m ic a lly  d i s s im i la r  p a r t i c l e s ,  r e s u l t s  in  a ch em ica l 
ch an ge, which i s  th en  pronags.tod in to  th e in t e r i o r  o f  th e  c r y s t a l  by a 
c o n t in u a t io n  o f  the n ro c o ss  from the i n t e r f a c e .  The p ro p a g atio n  o f  
ch em ica l change i s  n o c c e s s a r i ly  dependent upon th e r a to  a.t which atoms 
or io n s  can m igrate  in to  th e  c r y s t a l  by ท].ค.CO -exchange p r o c e s s e s  i .0 $
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on t h e ir  d i f f u s io n  r a te  in  th e  c r y s t a l (1 0 )

The r a t e s  o f  r e a c t io n s  in  s o l i d s  are dependent opon th e  
speed  o f  d i f f u s io n  o f  atoms or io n s  through the c r y s t a l l in e  
p a r t i c l e s ,  t h e r f o r e ,  r a t e s  o f  r e a c t io n s  in  s o l i d s  are s tr o n g ly  
dependent on the p a r t i c le  s i z e  o f  th e pow ders, th e  more f i n e l y
grounded a powder m ix tu re , th e more r a p id ly  do r e a c t io n s  proceed

In r e a c t io n s  betw een s o l i d s ,  i t  i s  p o s s ib le  fo r  s e v e r a l
compounds to  be formed betw een two s u b s ta n c e s , th e se  p ro d u cts  depend.
n o t o n ly  on the co m p o sitio n  o f  the r e a c t a n t s ,  but a ls o  on the r a t e s
o f  d i f f u s io n  through th e v a r io u s  p h a ses o f  the io n s  u n d ergoin g
exch an ge, fo r  example in  th e r e a c t io n  o f  CaO and SiO^, fo tir  compounds
w ith  th e c o m p o s it io n s  3CaO«Si02»2CaO.SiOn , 3CaO,2SiO? and CaO.SiO^

_ ~ (4 )can be formed by c r y s t a l l i z a t i o h .  I t  was shown by W .Janderv r th a t  
in  th e s o l id  s t a t e  the prim ary p rodu ct i s  a lw ays the o r t h o s i l i c a t e ,  
2 C a 0 .S i0 o , w hatever th e m ixture i s  composed o f .  I f  SiO^ i s  p re se n t  
in  e x c e s s ,  th e o r t h o s i l i c a t e  i s  su b se q u e n tly  co n v erted  in to  th e  
s i l i c a t e  co rresp o n d in g  to  t h e ir  c o m p o s it io n s . In a m ixture o f  
l s l  m olar r a t i o ,  th e o r t h o s i l i c a t e  i s  f i r s t  con v erted  to  the s i l i c a t e  
3Ca0o2Si02 and th en  th e m e t a - s i l i c a t e  CaO.SiO^ i s  form ed, the  
p r o c e s s  o f  th e r e a c t io n  i s  d e sc r ib e d  a s shown in  P ig  1 . 4
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F i r .  1 . /  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  c o u r s e  o f  t h e
( 4 )r e a c t i o n  b e tw e e n  CaO a n d  SiO  i n  t h e  s o l i d  s t a t e

T he p r e s e n t  w o rk  i r a s  i n t e r e s t e d  i n  s o l i d - s o l i d  r e a c t i o n s  

o f  t h e  f i r s t  t r a n s i t i o n  e l e m e n t s ,  s u c h  a s ,  c h ro m iu m , i r o n ,  c o b a l t  

a n d  c o r n e r  co m p o u n d s  a t  v a r i o u s  t e m p e r a t u r e s ,  f r o m  ro o m  t e m p e r a t u r e  

U P  t o  150° c, u s i n g  c o l o u r  c h a n g e  d u r i n g  t h e  p r o g r e s s i v e  p e r i o d  a s  

i n d i c a t o r .  T h e  s t a r t i n g  m a t e r i a l s  w e re  t a k e n  f r o m  t h e  l a b o r a t o r y  

s t o r e  w h e re  t h e s e  co m p o u n d s  w e re  p r o v i d e d  f o r  m any a n a l y t i c a l  p u r p o s e s  

o f  u n d e r g r a d u a t e  s t u d y  i n  t h e  C h e m i s t r y  D e p a r t m e n t ,  t h e r e f o r e  t h i s  

w o rk  d o e s  i n t e n d  t o  s t u d y  s o l i d - s o l i d  r e a c t i o n s  o f  t h e s e  m a t e r i a l s  

f o r  d i s p l a y i n g  t h e i r  b e h a v i o u r s  w h en  t h e y  a r e  m ix e d  t o g e t h e r  i n  

s o l i d  p h a s e ,  s o m e t im e s  t h e  c h e m i c a l  o r  p h y s i c a l  p r o p e r t i e s  may b e  

c h a n g e d  i n  t h i s  w a y . F o r  som e i n t e r e s t i n g  r e a c t i o n s  a .s m any 

e x p e r i m e n t a l  m e th o d s  a s  p o s s i b l e  ■ '..'ere s e t  U P  t o  g a i n  m o re  d e t a i l .
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P ro m  a l l  d e t a i l s  w h ic h  o b t a i n e d  b y  o b s e r v i n g  t h e  p r o c e s s e s  a n d  t h e  

n u m b e r  o f  o c c u r r i n g  p r o d u c t s ,  t h e  s o l i d - s o l i d  r e a c t i o n s  c o u l d  b e  

d i v i d e d  i n t o  o n e  p r o d u c t  a n d  m o re  t h a n  o n e  p r o d u c t  f o r m a t i o n s o  

B o th  t y p e s  sh o w e d  o n e  d i r e c t i o n  g r o w th  a n d  tw o  d i r e c t i o n  g r o w th  o f  

p r o g r e s s i v e  p r o d u c t s .  T he s e c o n d  a n d  f o l l o w i n g  p r o d u c t s  m ay o c c u r  

a t  t h e  i n t e r f a c e  b e tw e e n  t h e  f o r m e r  a n d  o n e  o f  t h e  r e a c t a n t s ,  o r  

b e tw e e n  tw o  o f  p r o d u c t s  i n t e r f a c e .  T he p r o d u c t s  w e re  c o l l e c t e d  t o  ' 

f u r t h e r  s t u d y  a n  t h e i r  c h e m i s t r y .

Some p a i r s  o f  t h e  r e a c t a n t s  w h ic h  d o  n o t  r e a c t  a t  ro o m  

te m p e r a - tu r c  w i l l  b e  s e l e c t e d  t o  c a r r y  o u t  a t  h i g h e r  t e m p e r a t u r e s .

T he  i n t e r e s t i n g  r e a c t i o n s  w e re  s e l e c t e d  t o  o b ta - in  ’ t h e  

c h e m i c a l l y  i n f o r m a t i o n ,  s u c h  a s ,  m e c h a n is m  o r  p r o c e s s  o f  c h e m i c a l  

c h a n g e ,  t h e  c o m p o s i t i o n  o f  p r o d u c t s ,  t h e  s t r u c t u r a l  c h a n g e  b e tw e e n  

p r o d u c t s  a n d  r e a c t a n t s ,  t h e  c o n d u c t i v i t y  o f  r e a c t a n t  c o m p a r a b le  

w i t h  p r o d u c t  a n d  t h e  c o n d u c t i v i t y  c h a n g e  d u r i n g  p r o g r e s s i v e  p e r i o d  

o f  t h e  r e a c t i o n .

T he m e c h a n is m  o f  c o l o u r  c h a n g e  w a s  c a r e f u l l y  s t u d i e d  b y  

t a k i n g  p h o t o g r a p h  c o n s e c u t i v e l y  t h r o u g h  m i c r o s c o p e  a t  1 0 0 -4 -0 0  t i m e s  

m a g n i f i c a t i o n .  T h e  c o m p o s i t i o n s  o f  p r o d u c t s  w e re  a n a l y s e d  b y  

e /fcon ic  a b s o r p t i o n  , X - r a y  f l u c r c s o e n c c  t e c h n i q u e s  a n d  o t h e r  s u i t a b l e  

m e th o d s .  T he s t r u c t u r a l  c h a n g e s  b e tw e e n  p r o d u c t s  a n d  r e a c t a n t s  w e re  

c o m p a re d  b y  X - r a y  p o w d e r  d i f f r a c t i o n  p a t t e r n s  a n d  i n f r a r e d  s p e c t r a .
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