
CHAPTER 5

EXPERIMENTAL \  'V, >•0;-41.-v\ ' v \
5 .1  M a te r ia ls

ïh e  s t a r t i n g -  m a t e r i a l s  used' f o r  s tu d y  th e  s o l i d  r e a c t i c m  im  
t h i s  r e s e a r c h  work w ere re a g e n t:  g r a d e ,  w h ile  a n a l y t i c a l  g ra d e  w ere u sed  
in  th e  p re p a ra t io n -  o f  s ta n d a r d  r e a g e n ts  f o r  a n a l y s i s .  H y g ro sco p ic  
compound's w ere k e p t  in i a  d e s i c c a t o r  o v e r  th e  an h y d ro u s  s i l i c a  g e l .
5 .2  P r e l im in a r y  in v e s t ig a t i o n !  o f  s o l id ' r e a c t i o n  a t  v a r io u s  te m p e ra tu r e s

5 .2 .  I  The i r a r o s t ig a t io r c  o f  th e  s o l i d  r e a c t i o n  a t  room 
t e m p e ra tu re
Compounds o f  th e  f i r s t  t r a n s i t i o n  m e ta ls  s u c h  a s

y .

chromium-,, i r o n ,  c o b a l t  and c o p p e r w ere u sed  a s  onos o f  th o  ' r o d e t a n t s  to  
r e a c t  w ith- e v e ry  o th e r  1 7 0  com pounds. Two s o l i d  r e a c t a n t s  w ere p la c e d  
i n  c o n ta c t  w ith  e a c h  o th e r  o n  a  p l a s t i c  p l a t e  in  c i r c u l a r  form  a s  
shown in  f i g u r e  5 ,1

Pig  5 . 1  R eaction  o f so lid s  A and B to  give product p
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O bserv ing : e a ch  p a i r  o f  r e a c t i o n s  by th e  c o lo u r  change at*, th e  c o n ta c t  
a r e a  was th e  c r i t e r i o n .  The p ro d u c t p  was found  when i t s  c o lo u r  was 
d i f f e r e n t  from  s o l i d  r e a c t a n t s  A and F . S o lid  A, w hich  was su pp o sed  
to  be compound c f  th e  f i r s t - t r a n s i t i o n :  e le m e n t, was m a in ta in e d  a t  eacn  
tim e  w h ile  B, one o f  th e  o th e r  1 7 0  compounds was changed  in  t u r n .

5 . 2 . 2 i n v e s t i g a t i o n  o f  s o l i d  r e a c t i o n  a t  h ig h e r  te m p e ra tu re
Prom e x p e r im e n t 5 *2 . 1 , u n r c a c t io n  p a i r  o f  compounds a t  room 

te m p e ra tu r e ,  w ere s e l e c t e d  to  s tu d y  a t  h ig h e r  tem p e ra .tu re  from  
50-200  °c. S o lid  A and B w ere f i l l e d  in  a  p y rex  se m i-m ic ro  t e s t - t u b e  
s e p a r a t e l y  in  two l a y e r s  w ith  t h e i r  s t e a d i l y  c o n t a c t i n g  s u r f a c e s .
The e x p e r im e n ta l  te m p e ra tu re  was v a r ie d  and in c r e a s e d  by te n  d e g re e  
C e lc iu s ,  th e n  th e  r e a c t i o n  was o b se rv e d  a t  each  te m p e ra tu re  f o r  
t e n ,  t h i r t y  and s i x t y  m in u te s  r e s p e c t i v e l y .

5 . 2 . 3  The c o m p ariso n  b e tw een  r e a c t i o n s  i n  s o l i d  s t a t e  
and aqueous s o l u t i o n  a t  room te m p e ra tu re

Prom e x p e r im e n ta l  5 « 2 .1 , s o l i d - s o l i d  r e a c t i o n  wa.s s tu d ie d  
s im u lta n e o u s ly  w ith  i t s  r e a c t i o n  in  aq u eou s s o l u t i o n  a t  room te m p e ra tu r e .  
The c o n c e n t r a t io n  o f  each  r e a c t a n t  was tw e n ty  p e r c e n ts  by w e ig h t .

5 . 3  s tù d y  on k i n e t i c  and m echanism  o f  i n t e r e s t i n g  r e a c t i o n s  a t  
v " ~ io u s  te m p e ra tu r e s  ( 2 5°c - 1 5 0°c)

The s e l e c t i n g  r e a c t i o n s  f o r  m echanism  s tu d y  wore c a r r i e d  
o u t in  p y re x  se m i-m ic ro  t e s t  tu b e s  a t  room te m p e ra tu re  up to  1 5 0 °c.
The le n g th  o f  each  c h a n g e a b le  s p e c ie s  was m easured  a t  v a r io u s  t im e .
The r e a c t i o n  m echanism  a t  th e  h ig h e r  te m p e r a tu r e ,  o f  i n t e r e s t i n g  
r e a c t i o n s  was c a r r i e d  o u t a t  th e  te m p e ra tu re  from  40-150°C  and
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a r ra n g e d  a t  i n t e r v a l s  o f  e v e ry  in c re m e n t o f  f i v e  d e g re e  C e lc iu s .
The le n g th  measurement compared betw een r e a c ta n ts  and p rodu ct 
was observed in  a p e rio d  o f 10, 30, 60 m inutes r e s p e c t iv e ly .

5 . 4  T ak in g  p h o to g ra p h e  o f  th e  c o lo u r  chang e d u r in g  th e  p r o g r e s s io n
o f  i n t e r e s t i ng  r e a c t i o n s  by m ic ro sco p e  a t  10 0 -4 0 0  t im e s  m a g n i f ic a t io n

Among th e  r e a c t i o n s  s t u d i e d ,  i t  was p o s s ib l e  to  d iv id e  them 
i n t o  two b ro a d  c l a s s e s  depended  on th e  r a t e  o f  r e a c t i o n .  F i r s t ,  th e  
s o l i d - s t a t e  r e a c t i o n  o c c u r re d  im m e d ia tly  when th e  two r e a c t a n t s  w ere 
b ro u g h t i n to  c o n ta c t  t o g e t h e r .  S econd , th e y  o c c u rre d  a f t e r  c o n ta c t  f o r  
a  lo n g  p e r io d  o f  t im e .

The p r o g r e s s iv e  p ro c e s s  o f  th e  r e a c t i o n  in  th e  f i r s t  c l a s s  
was c a p a b le  to  f o l lo w .  Olympus m ic ro sc o p e  model BHC and cam era PM-6 
w ere u sed  to  ta k e  a  p h o to g ra p h  c o n s e c u t iv e ly ,  b u t  i t '  was im p o s s ib le  
f o r  th e  l a t t e r ,  when th e  p ro b lem  was due to  th e  lo n g  ra n g e  o f  
r e a c t i n g  t im e .

5 .5  The s tu d y  o f  s o l i d  r e a c t i o n s  by in s t ru m e n t  m ethods
5 . 5.1 I n f r a r e d  s p e c t r o s c o p ic  te c h n iq u e

I n f r a r e d  s p e c t r a  w ere o b ta in e d  w ith  a  Pye Unicam
sp  200 G G ra t in g  I n f r a c o r d  S p e c tro p h o to m e te ro  Tiro nothods- o f  p r e p a r in g

/  *

e c l i d  sa m p le s , th e  K B r - p e l le t  and m u ll t e c h n iq u e s ,  have to  be 
c o n s id e re d  in  c a se  th e  sam ple r e a c t s  w ith  KBr (su c h  a s  c o p p e r 
com pounds). In  th e  f i r s t  m ethod , th e  d r i e d  m ix tu re  o f  KBr and any 
e n t i t y ,  r e a c t a n t  o r  p r o d u c t ,  was m ixed w e ll  and g round  th o ro u g h ly  
to  a c h ie v e  hom ogeneous m ix tu re  w hich  was t r a n s f e r r e d  e v e n ly  i n to



63

a  s ta n d a rd  Pye unicam  d i e ( 1 3  m m .). The B lackhaw k E n erp ac  m odel P—39, 
1 0 ,0 0 0  P s i ,w a s  u sed  in  m aking p e l l e t  o f  th e  m ix tu re  u n d e r a  p r e s s u r e

J ,

o f  3*000 P s i .  F o r m u ll te c h n iq u e ,  th e  sam ple (p ro d u c t  o r  r e a c t a n t )  
was ground  v e r y  f i n e l y  w ith  p a r a f f i n  i n  an a g a te  m o r ta r .  The s u s p e n s io n  

i s  th e n  p la c e d  on NaCl p l a t e .  The optimum wave num ber o f  i n f r a r e d  
s p e c tro p h o to m e te r  was scan n ed  b e tw een  th e  ra n g e  o f  4>000 om*"’̂  to  
667  cm,^

5 .5 * 2  X -ray  Powder d i f f r a c t i o n  te c h n iq u e

I t  i s  p o s s ib l e  u n am b ig u o u sly  to  i d e n t i f y  a  m a te r ia l  
from  i t s  X -ra y  d i f f r a c t i o n  p a t t e r n ,  s in c e  th e  d i f f r a c t i o n  p a t t e r n  
g iv e n  by a  s u b s ta n c e s  i s  u n iq u e  a s  th e  p o s i t i o n s  o f  th e  r e f l e c t i o n s  
a r e  d e te rm in e d  by th e  s p a c in g  b e tw een  th e  l a y e r s  o f  atom s in  a  
c r y s t a l  and th e  i n t e n s i t y  o f  th e s e  r e f l e c t i o n s  i s  d e p e n d e n t on th e  
a rra n g e m e n t o f  th e  atom s in  th e  c r y s t a l  l a t t i c e .  The s im p le s t  way 
to  i d e n t i f y  a s u b s ta n c e  i s  to  com pare i t s  d i f f r a c t i o n  p h o to g ra p h  
v i s u a l l y  w ith  th o s e  o f  known m a t e r i a l s  ta k e n  u n d e r i d e n t i c a l  
c o n d i t i o n s .  The X -ra y  pow der p h o to g ra p h s  w ere re c o rd e d  a t  26°c w ith  
th e  G u in ie r-H a g g  XDC-700 fo c u s in g  pow der cam era u s in g  C u K o ^ -ra d ia tio n  
( ^ - =  1 . 5 4 0 5 1  °A ) ,  34 Kv, 21 MA exp o sed  f o r  two h o u r s ,  and s i l i c a
was u sed  a s  th e  i n t e r n a l  c a l i b r a t i o n  s ta n d a r d .

5 .6  D e te rm in a t io n  th e  c o m p o s itio n  o f  th e  p ro d u c t  from  th e  i n t e r e s t i n g  
r e a c t i o n

The p ro d u c ts  w ere c o l l e c t e d  to  a n a ly s e  q u a n t i t a t i v e l y  b o th  
i n  s o l i d  s t a t e  by X -ra y  f lu o r e s c e n c e  te c h n iq u e  and i n  s o l u t i o n  by 
a to m ic  a b s o r p t io n  t e c h n iq u e ,  fo l lo w in g  to g e th e r  w ith  g r a v im e t r i c  and 
v o lu m e tr ic  a n a ly s e s .
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5 .6 .1  X -ray f lu o re sc e n c e  a n a ly s i s

The q u a n t i t y  o f  h eav y  atom s was a n a ly z e d  by X -ra y  
f lu o r e s c e n c e  te c h n iq u e  w ith  a  gamma r a y  s o u rc e  (Pm ^ ^ / Al i s o to p e )  
and a  S i ( L i )  d e t e c t o r .

5 .6 .1 .1  P re p a ra t i o n  o f  s ta n d a rd  sample

I n t e r n a l  s ta n d a rd  method was u sed  to  p re p a re  
s ta n d a rd  sam ple by v a r y in g  w e ig h t o f  r e a c t a n t s  w ith  f ix e d  w e ig h t o f  
c a lc iu m  c a rb o n a te  to  g iv e  t o t a l l y  o f  5 gram s a n d  th e n  mixed th o ro u g h ly  
in  o r d e r  to  g e t  a  hom ogeneous m ix tu re .

5 .6 .1 .2  P e rc e n ta g e  d e te r m in a t io n

The m e a su rin g  s o l i d  was t r a n s f e r r e d  i n to  a  
p l a s t i c  c o n ta in e r  o f  1 5  mm. d ia m e te r  and 20 mm. in  d e p th ,  w here th e  
sam ple th ic k n e s s  o f  10 mm. was th e  optimum one f o r  e le m in a t in g  th e  
a b s o r p t io n  enhancem ent e f f e c t .  The c o n t a i n e r  was p la c e d  a t  a  f ix e d  
p o s i t i o n  on th e  S i ( L i )  d e t e c t o r  and i r r a d i a t e d  w ith  Pm^r / 61 i s o to p e  
gamma s o u rc e  a b o u t 5 m in u te s  lo n g  th e n  th e  m u lt ic h a n n a l  p u ls e  h e ig h t  
a n a ly z e r  was sw itc h e d  on and th e  p r i n t e r  was u s e d . Each heavy  e le m e n t 
h a s  i t s  c h a r a c t e r i s t i c  e n e rg y  o f  KA and -b an d  w hich  d i s p l a y s  a 
maximum peak  r e f e r e d  to  a  maximum y i e l d  o f  s c a t t e r i n g  , so each  
e le m e n t was o b se rv e d  a t  th e  d i f f e r e n t  ra n g e  o f  c h a n n e l .

5 .6 .2  Atomic A bso rp tio n  A n a ly s is

T h is  te c h n iq u e  i s  b a se d  on flam e  a b s o r p t io n  and 
d ep end s upon th e  f a c t  t h a t  m e ta l atom  a b s o rb s  s t r o n g l y  a t  d i s c r e t e  
c h a r a c t e r i s t i c  w a v e le n g th  w hich c o in c id e s  w ith  th e  e m is s io n  s p e c t r a
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l i n o s  o f  th e  p a r t i c u l a r  m e ta l .  A ll  m e ta ls  i n  th e  r e a c t i o n  p ro d u c t  
w ere a n a ly z e d  by t h i s  m ethod . V a r ia n  T e c h tro n  A tom ic A b s o rp tio n  
S p e c tro p h o to m e te r  Model AA-5 was u s e d .

5 . 6.3 G ra v im e tr ic  and V o lu m e tr ic  A n aly sis
+ 2 -  2 -IT o n -ne ta l io n s  such  a s  NHj,9 so^ 5 Cl , CrO“ ’ 

w ere a n a ly z e d  by g r a v im e t r i c  and v o lu m e tr ic  m ethod .
The w a te r  o f  h y d r a t io n  p ro c e s s  was u sed  to  d e te rm in e  

th e  p e rc e n ta g e  o f  w a te r ,

5 . 7  C o n d u c t iv i ty  m easurem ent

5 . 7.1  Pr e p a r a t i o n  o f  samp le

The two m i l l im e te r s  t h ic k n e s s  p e l l e t  o f  th e  d r i e d  
s o l i d  compound o f  r e a c t a n t  o r  p ro d u c t was made u n d e r  a  p r e s s u r e  o f  
3*000 P s i  by th e  Blackhaw k S n e rp a c , f o r  th e  m easurem ent o f  c o n d u c t iv i ty ,  
H ow ever, th e  p e l l e t  t h i c k n e s s  was chan ged  to  one m i l l im e te r  when 
th e  p r o g r e s s iv e  r e a c t i o n  was s t u d i e s  th ro u g h  th e  c o n d u c t iv i ty  
m easu rem en t.

5 . 7 . 2  A p p a ra tu s

The Yew m icro am m ete r, m illia m m e te r  w ith  s c a le  0—3*
O -3O5 0 -1 0 0 , th e  Yew V o ltm e te r  w ith  s c a le  0-30* 0 -1 0 0 , 0 -1 0 0 0 , and 
unicam  power su p p ly  w ith  0 -1 0 0  v o l t  w ere c o n n ec te d  t o g e th e r  w ith  
two c a rb o n  e l e c t r o d e s  o f  1  cm d ia m e te r  and 10  cm le n g th  w ith  one o f  
t h e i r  ends was t ip p e d  w ith  co p p er p l a t e  w hich  jo in e d  w ith  c o p p e r w ir e .



B o th  e l e c t r o d e  and sa m p le  w e r e  h o ld  t o g e t h e r  w i t h i n  t h e  1 5  cm . l o n g

P ig .  5»2 The e l e c t r i c  c i r c u i t  f o r  c o n d u c t iv i ty  m easurem ent 
in  s o l i d  s t a t e

P ig  5 . 3  The e n la rg e m e n t o f  t e s t e d  e le m e n t p a r t
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5 . 7 » 3 The com parison o f  -the condu c t i v i t y  measurement 
betw een product and r e a c ta n ts

To compare the c h a r a c t e r is t i c  c o n d u c t iv ity  betw een  
product and r e a c t a n t s ,  p e l l e t  sample was k ep t to  d ry n ess in  a 
d e s ic c a t o r  b e fo re  u s e .  Each p e l l e t  was p la ced  betw een two carbon  
e le c t r o d e ,  w h ile  th e  v o lta g e  power su p p ly  was v a r ie d  fro n .i0-»300 v o l t s  
thon th e  e l e c t r i c  cu rren t พทฮ m easured.

5 .7 * 4  C o n d u ctiv ity  measurement o f  r e a c t io n  d u rin g  the  
progr e s s iv e  p e r io d

Two p e l l e t  r e a c ta n ts  o f  in t e r e s t i n g  r e a c t io n s  
were assem bled  betw een carbon e le c tr o d e s  the optimum v o lta g e  power 
su p p ly  was s e le c t e d  and k ep t c o n sta n t d u r in g  the measurement .
The e l e c t e i c  c u r r e n t a t  g iv e n  tim e was n oted
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