
CHAPTER 6

RESULT MR DISCUSSION

6 .1  P re lim in a ry  in v e s t ig a t io n  o f  s o l i d - s o l i d  r e a c t io n s  a t  v a r io u s  
tcnpernlfuros •

Table 6 .1 .1  S o l id - s o l id  r e a c t io n  o f  tho f i r s t  t r a n s i t io n  s e r ie s  a t  
roon tem p era tu re .

p

m
h y g r .

1st: r e a c ta n t  
2nd r e a c ta n t  
product 
1 s t  product 
n th  product 
h y g ro sco p ic

t in e  ท h rs a f t e r  th e  c o n ta c t  ท hrs



T ab le  6 ,1 .1  ( c o n t in u e d )

69

N .  R1 Cr03 \ .  R1 Cr03 \ w  R1 Cr03
R2 \ d ark-red R2 \ dark-red r 2\ d ark-red

a ipo4 p -  "black As 2 0 p -  b lack As 2 ร 3 p -  b la c k
w h ite t in e  1 hr ■ white orange

^ ร อ 4 p -  b la ck Ba02 p -  b la ck ธ&ร p -  M ack
w h ite w h ite w h ite

C a  ( Oil) 2 F -  y e llo w C;aF 2 1 p -  y e llo w CuCl T1 -  b la ck
w h ite tim e 1 hr w h ite  : t in e  10 hrs green

CuC122II20 P -d ark -
green

Pc(HJI )
(s o 4 ) ?m , o .

p -  b la ck £ ^ ° 4>3 p -  b la ck

b lu e —grecnw y e llo w  1 1 green'

v ° ( c , , ) 6 p -  dark
y e l l  OWJ

KCisro p -y e llo w K2C2°4 p -  b la ck
y e llo w t in e  10 hrs w h ite t in e  10 hrs wrhite tim e 3rcirrs

MhSO^H^O p — ไว la ck KCÏÏ
j

p^- yellowr MnC2044IP2C p -  brlack'
pink w h ite  ! โ,2~  orange w h ite

h ygr. t in e  10 hrs
MnCl^HgO p -  M ack Msc2 04 : p -  b la ck lla2c 4II406 p -  b la ck
w h ite 1w h ite  ; wrhite

(MT^) 2G 4ร4 Og p -  b la ck PbG20A ' p -  b la ck TiKC2อ4 p -  b lack
w h ite w h ite w h ite



T ab le  6 ,1 .1  (c o n t in u e d )

\ E i
R2 \

( n r 4 ) 2 c-r 0 4
y e llo w

\ i  
R2 \

(rai4 )2oro4
y e llo w R2 \

(IIHJ 2Cr 04 
y e llo w

A1(IT03 ) 3
9II?0
c o lo u r lo s s

p -  y e l lo w  

t in e  15  n in .

CoF 2 2II20 

pink

p -  b la ck  

t in e  30 h rs

CoClgôil 20^  

r e d - v io l e t

7:1 -  b la ck  

t in e  1 hrs 1

h ygr. hy.gr.

CuC 12 2II2 0 p -  r e d -  
brown

CrCl3 ° -  b la ck CuSOpilgO p -  r e d -  
brown

b lu e -g r e e n t in e  3 h rs rye on t in e  10 hrs b lu e t in e  10 h rs 1

h ygr.

P o ( f f i l ) -  
( 3 0 4 ) ^ ร ท 2 0

p a le  1green

p - red
brown

t in e  30 h rs

Fo (0 0 ) .  
5HpO ๔ ' ช
1green

p -  brown 

t in e  10 hrsl

แ ร (H0 3 ) 2 

1 y e llo w

P j-  orange

p  0 -  b la ck
? 3‘- rod
p . -  w h ite4

■ X I p -  b ir c h ÏCC1T p~ y e llo w MnSO ĵHpO p -  b la ck
w h ite t in e  5 hrn w h ite t in e  10 lire i r o se
by (IT. hy.gr.

F iC l 2 6H20 p -  brown 17i(H03 ) 3 -
61โ2 อ

p -  brown FaT ' 
w h ite

p- brown 1 
t in o  10 n in J

groom -green t i n e  10 n in
.

h yg r ... .
ÎTa2 ร2 0 3 p -  brown |(แ แ 4 ) 2c แ4 อ - p -  b la c k : O ' V 1 p  -  brown
c o lo u r le s s t in e  10 h rs w h ite t i n e 30 hrs y e llo w -

brown
h ygr.



T a b le  6 .1 .1  (continued)

^ x \

(M 4 ) 20 r0 4 
y e llo w

pH 
/

/ 
CM

/

(HH4 )20 r f 4 
y e llo w

' K j

K2Cr04
y e llo w

PIว(11๐3 ) 2 P j -  y e llo w
1
i ZniSO^IFgO

?
p^- y e llo w ■ ๐3 p -  M ack

w h ite P g- brown 1 w h ite p -  orange w hite t i r e  16 hrs
tir .c  30b r s . j

j tir .c  2 day?

'r \ X 1
X * 1 K2Cr04 \ R1 IC2Cr04 \ ร 1 K2Cr04

R2 \ y e llo w R2 X y e llo w R X.....2 .........X ye 1 loir

Cu(C2H302) 2 p -  b la ck CoC196II?0 p -d a rk - CuCl22ÏÏ20 p -  brown
n a v y-b lu e t i r e  22 hrr r o d - v io le t brown b lu c -g r e o n t in e  1 h r .

hygr* t i : i c 30nins
IfeOlg p - d ark - ItnCl 2/!.H2 0 P- do.rk— NII^P p -  orange
w h ite y e llo w w h ite brown w h ite t in e  1 h r .

b yg r .
Ba2C03 P - orange M CI 2 6IÏ2๐ p -  ro d -
w h ite t in e  30 hre !green j

brown
.1 t in e  1 h r .

1 1
______________ 1!_____________1___________ .
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T a b le  6 . 1 . 1  (c o n U in u e d )
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T k b l e  6 . l o i  ( c o n t i n u e d )

V
■ * \

^ 2(.3204) 35!1’2c
yellow-green a 2 \

Pe2(0204) 35 iy  
yellow-green

! \ h
“ 2\

^ 2(020 |35II2ฟิ 
yellow-green

1 1
B&Br^IIp0 P-dark yellow IlgKClT P-brown KCi'T Pj— red
co lo rless time 10 mins white time 22hrs. white Pp- white 

tine  20 hrs

KI p -  "brown KF p .-  yellow KOI P.J—yellow
white time l/2 h rs white

hygr.
Pp- white 
tin e  1 h r.

white

. . . _____

pp-krowra 
tine  22hrs.

KC1T0 P-red hr mm K0 2 H3 0 2 p -  brown LiC7II503 p -  black
white time 1 h r. white time 1 h r. white tin e  I6hrs.

Ho,2 ร2อ 3 p -  yellow ITaKIPpO p -  brown FaGl p -  yellow
co lo rless
hygr.

tin e  10 hrso white
hygr.

white time 24 hrs

Ha?C03 P-dark brown NaC2H302 ? -  brown? ITcIIgP04 p -  white
white tin© 22 hrSo white tin e  23 h rs . lPHpO

white
time 22 hrs

[ffll,_)2003 p -  yellow HIT. I p -  black !m 4) 2Cr04 p -  brown

u2°
white
hygr.

tin e  1 min yellow tin e  1 min#

1

yellow time 20 hrs.



T a b l e  6 . 1 . 1  ( c o n t i n u e d 1)

N T ~  

R2

P bd iir.)
(S 04 ) ^ s 2 0

p a le  green X Fo (NH4 ) 2
(ร ๐4 ) 2 8IV

p a le  green

\ R1 
R2 \

Pc (n i l )
( 4  2 2^ 
p a le  .green.'

AgNO 3 
w h ite

p -  brown?
t in e  lO h rs,

...............

BhCl22ir20
w h ite

p a le  y e llo w  
t in e  1 day

CrO
dark red

? -b la c k

CuCl?2n?0 P— d ark-green Hfe(NO3 ) 2 p-brown HgC 12 j P-d ark br own
(blue ggreim
!

t in e  10 rains y e llo w t in e  1 day w h ite t in e  20 h r s .

j KCNO p -  brown KP p -  grey KEfr p -y c i lo w i
w h ite tim e 10 hrs โ:!! i t o t in e  10 hrs w h ite t in e  10 hrs

1 KC2II3°2 p —b la ck KCN r> -  orange KBGO p -y e l lo w
w h ite tim e 10 hrs w h ite 22-  y e llo w  

t in e  22 h rs
w h ite t in e  20 hrs

KG1T
j w h ite

21-  y e llo w
22-  green  
tim e 20 hrs

MnCl24H20 
w h ite

p -  y e llo w MgCO 3 
w h ite

P -p a lc  y e l i e  
t in e  20 h r s .

Mg<BO )
8:i20

p' -  dark
y e llo w

M O P- orange NaC2H302 P -w h itc

w h ite tim e 22 h r s . w h ite t in e  24 hrs โ:!!i t c tim e 10 hrs«|

jNaII?PO48n2 c p -  w h ite Na?C03 P-darlc brown (HH4 ) 20t 04 p -red  brown
1 w h ite w h ite tim e 20 hrs y e llo w t in e  2 dryfl  ̂

1
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T a t l e  6 , 1 . 1  ( c o n t i n u e d )

1

R 2X \

CoCO^

d a r l c - v i o l c t
\ a

R 2 \

C o C l? 6JI? 0

r e d - v i o l e t
\ * 1  

r 2 \ x

CoC 12 6H2 0  

r e d —v i o l e t

IT iC l 2 ÔÎIgO ?  - ๖ l a c k A1'>04 P - n a l o - v i o l e i■ A 1(N 0 ) 
9 แ 2 °

P - p a l e - v i o l c ’t

ฐT e e n t im e  1 h r 0 ________ [w h i te t i n e  1 day c o l o u r l e s s t i n e  5 n i n s .



T a b l e  6 . 1 . 1  ( c o n t i n u e d )

N N s ^ 1 COC126IT20 V 1! CoC106H00 ! 2 2 \ * 1 CoG126H20

* 2 \ r e d - v i o l c t R2 \ . r o d - v i o l e t  : R2 \ r e d - v i o l e t
X - - ... -1-. j

ท PO O LU P -  g re y CaCl22II 0 p Mtae 3 g o 2ir3 02) 2 p -  b la c k

y e llo w t i n e  1 d ry w h ite w h ite
J

CaBr?6H20 p -  b lu e CaS p -  brown CuCl p -  brown 1 1
w h ite g re y tim e  1 day g re e n tim e  1 / 2  h r .

K2C r2°7 P -  b la c k IC2C r04 p -  b la c k ECHO p -  b lu e

o rang e t in e  1 / 2  h r y e l lo w tim e 1 / 2  h r 1 w h ite tim e 10 minis.

KCH r  -  brown Hal p -  b la c k lla2ร203 p -  b lu e i
w h ite w h ite P g- s rc c n c o l o u r le s s

<raI4 ) 2C4:I4 ° C -  b lu e  
1 พ * 0 ,,:»

r  -  g re en
. พ 20^

p -  v i o l e t

w h ite t i n e  1 h r . w ioitc t i n e  1 min w liito tim e 1 m in.

îhl4 l V -  b la c k ( ® 4 ) 2S04 p -  p in k (pH4) 2C r04 ?  -  b la c k  j

brown c o lo u r le s s t i n e  1 day y e llo w tim e 1 n in  1

PbO -  b la c k Sr(O H)22IÎ? 0 T' -  b la c k  
tim e 1/2  h r s
i!

1 SrC03 
j c o l o u r l e s s
1

p -  b la c k

y e llo w tim e  10 h rn  ̂ w h ite  
1

t i n e  3 h r s .
1! \ : ’! i• *--- - .—....■ .■ ....1... !i



T a b l e  6 . 1 . 1  ( c o n t i n u e d )

\  R1

** N i

CoF2 2H'20
p in k

K ,

' !  \

coF 2 2ir2๐
p in k

\ * 1
E2 \

CoF2 2H2G 
p in k

A1(N0 ) 39แ2<3 p -  r e d CaS p -  b la c k CuC122II20 p -  brown
w h ite ;imo 10 m in s . g re y b lu e - g r e e n t i n e  1 day

KCÏÏ P.J- y e llo w KCNO ?  -  b lu e NaSClJ p -  b lu e
w h ite ? 2~ h r  0 Tim 

;imc 1 day
1 w h ite tim e  1 day c o l o n i i c c s

( ๓ 4 ) 20ก3!!2.) p -  v i o l e t P -c ta rk  ye l lo t ' ( ๓ 4 ) 20!•04 p — b la c k
w h ite tim e  1 5  mxri brown ■ tine 1 m in. y e llo w •tim e 2 d a y s .

S rC l 2 2112 0
1

w h ite

โ‘1-  r e d -
v i o l e t  

? 2“  b lu e -  
v i o l e t

!1

I ;

i •
1

tin e  1 dayL... 1
i_
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T a b i c  6 . 1 . 1  ( c o n t i n u e d )

\ b  1 CoS047II2n X \ R1

ccf

c_

\ R1 CoSO îlIgO

R 2 \ x re d -o ra n g e R2 re d -o ra n g e R2 \ re d -o ra n g e

F a SC 11 ?  -  b lu e -I a 2 S2 ° 3 F-darlc b lu e ITiClgôHgO p -  b la c k

c o l o u r l e s s w h ite ฐre c n tim e  10 h r s .

(MI4 ) 2 CrO„ ?  -  b la c k >1แ4 ) 20 0 3112(Ï ?  -  b la c k
y e llo w tim e  10 h r s 1 w h ite tim e 1 day

E2 \

Cu(02II322)2 
navy -b lue k Q \^ V

รน(€2;!322)2 
navy-b lue

\ » 1  
b  \

วน■ (๐2!!302 ) 2 
navy -b lue

ICI P—y e l l 0w— K2Cr04 p -  b lack KC2n 302 ?  -  M ue
w hite brown y e 11ow ;ino 1 day w hite time 1 day

t in e  1/2  h r .
!

Hal 1
1?^- brown Ha2ร203 P- -  w hite bll!4 ) 2€03!!20 p -  b lue

w hite '2-  yellow c o lo u r le s s ? 2 -ye llow w hite time 10 h r s .  1
t in e  1 day ;ime 10 h r s .

SrBr 2 p -  b lac k
1 .

'White - tim e 1/2  hxj »
1 hysar. ! 1
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Table 6 .1 .1  (continued)

«
V 2CuCO Cu-(OII) 2 

"blue V ‘
“ 2 \

2CuC0 Cu(01l)2 
b lu e

\  E1
b  \

—— 111 ............ . . 1.-.  1 —-

2CuCอ c น(OH)2
b lu e

CuBr26lI'20 p -  b la ck ICON ก ? -  b lu e SnCl22II2r P-dark green
w hite

i
w h ite t in e  1 day w h ite t in e  10 h r s .

ICBr
w h ite

p -  b la ck  
t in e  1 day

—*----------------- rv 1 -.... ..—\ ........" ...... ■* FT---------------- '------------------------ 0
a l CuGl \ h CuCl

! \  R l
CuCl

n 2 g r c  en b  \ ry e  on n 2 \ g ro  o n

AS2 S04 '° -  b l a c k AC1T0.3 p^~ g r e e n C a3 (-?04 ) 2 P - d a r k  g r e e n

w h i te w h i te
... ... 1!

PQ-  b lu e  
d  . !

w h i te tim e  10 h r s .

C a(C 2II3 02 ) 2 P - d a r k  ฐr e en CaCO P - d a r k  1g re e n CuC12 2II2 0 P - d a r k  g r e e n

w h i te t i n e  10 h r s w h i te tim e  10 h r s . b l u e - g r e e n t i n e  1/2  h r .
1

KCNO p ~ b lu e KBr
.. 1

^  -  b l a c k KC2n 3°2 p -  o ra n g e

w h i te t i n e  1 d a y  j| w h i te t i n e  1/2  h r . w h i te t i n e  1/2  h r .

H a l ท. g r e y |NrII2 T1°4 ใ -  1g r c e n N&gHAsOg p b lu e

w h i te t i n e  1/2  h r . ร w h i te tim e  1/2  h r . w h i te t i n e  10 h r s .

NaC 2!!30 2 ไ5 -  b lu e Zn ( CN ) 2 p  -  b l a c k

w h i te t im e  10 h r s w h i te
________________
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Table 6 .1 .1  (continued)

K  ' Iท 1 CuCl 211 อ \  1 d. L 1 GuC122II 0 \ * 1 CuCl? 2H 0

R2 \ J b lu e - g r e e n R2 \ b lu e - g r e e n R2 N\ s h lu c -g rc .c n

A1PC4 I ?  -  p a l e - BaO p- d a rk  b lu e BaS p -  b la c k
1
j -white j b lu e w h ite tim e 10 m ins, w h ite t i n e  10 h r s .

Ha(C2H302 ) 2 p -  g re e n C a(c 2!!3ก2 ) 2 p -o a lc  g re e t CaBfrgôHgO p -  b la c k

w h ite tim e 1 day w h ite t in e  5 m ins w h ite

Ca(OIl) 2 ..................-- i° - p a lc  .green OvF 2 p—p a le  g re e n CoP22I!20 p -  brown

v h i to tim e  1 5  mina . w h ite ' p in k
1

tim e  10 h r s .

1 CdS ? -  brown jPc (n i l ,)  2 P -p a lo  g reen . IfeKCE p -  b la c k
J o rang e tim e 1 / 2  h r s . K w tim e 10 ทin s . w h ite tim e  1 day

(file g re e n . 1. __ ..1. ...
K2c r 0 4 ไ', -  brown K4Po (CN)6 p -  b la c k ECHO p -  b lu e

1 y e l lo w tim e  1 / 2  h rs . y e llo w t i n o l / 2  h r s . w h ite itim e  1 day

Kerr ?  -  b la c k 1 KBr p -  b la c k KG2โ!30 2 ? -  b lu e

w h ite tim e 1 / 2  h rs 0 w h ite t i n e  1 / 2  h r s w h ite t i n e  1 / 2  h r s .

!,i๐7n 5°3 ?-y  c 110 พ Ila2ร20 3 p -  b la c k lia  I
1

?  -  b la c k
w h ite g re e n p o l o u r l e s s w h ite

tim e  16  h r s . 1
1
1

ÎTaSCïJ p -  b la c k ?  -  b la c k S rB r 2
j

p -  b la c k
c o l o u r l e s s ly e 1low bine 1 / 2  h r . w h ite 1 t i n e  5 m in s .!

I a i  (C1T) 2 '■’- d a r k  .green
»1

j w h ite t i n e  1 d ry j
i { !
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T a b l e  6 . 1 . 1  ( c o n t i n u e d )

\  E1 
s a \

CuSO
r a le  blue

\ R1 
R2 x ^

0นรก4
nalc blue

X  pX  R1 
R2 x ^

CuSO /1 
pale blue

BaCl22H20
white

p -  green  
time 1 day

CuC122I120
white

? -  (proem CaEr22n20
white
hygr.

p -  b la  . ■

CoC126II20 ? -  {preen np(iio3 ) 2 ? -  b lue KI p -  brovm
r e d -v io le t time 1 day ye llo w tin e  15  mins white time 2 mins

KG NO blue IT a I p -  b lack Na2S2°3 p -  ye llow
white 22-  green  

time 1 day
w hite co lo u r le ss brown 

time 1 day

NaSClI
c o lo u r le ss

p -  black  
time 10 min?

|(mi4 ) 2co3 

white

p -  v io l e t NIP 1 p
white
hygr.

p -  blue  
time 1 day

(NIlJ 2CrO4 p -  blue SrB'r22II20 p -  b lack Sr(B02 12 p-darlc brow
yellow

1.. 1
time 1 day 1 w hite

.
white time 1 day

ร * !
R 2

0นรอ45แ20
blue

\ 1 cuso45H2n
blue H2 \

CuS045II20
blue

BhCl 22320 p •- green CaC204 ? -  b lack CoCl^ôir^O p -  green
white time 1 day white time 1 day re d -v io le t

—
time 1 day
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Table 6 .1 .1  (co n tin u ed )

\ h cuS0/ 5ir20 \ * 1 CuSO^HgO I \  E1 cuso45ir2oR2\ blue R2 X blue ;! Hp X
blue

F --  --------------- j
'■? -  .^rccn KCNO ? -  blue KBr p - black

1 ไ.'!l i t  e t in e  5 niins white . .  1 . 1time 1 day 1 white t in e  10 hrr

lia i ? -  rod~1 NaSGil -  b lack ( « V  2 ° h ? -  b lue
ใ rhitc brown c o lo u r le ss time 5 rains .แ2 0•: white

* v
j
J ? -  red - i(Bir4 ) 20r04 ?-rcd  brown SrCl 6II20 ว . 1ฐrcon

j brown
1

brown
!

y e l l  อ-JTL white

i-------------------

t in e  1 day

f
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TaMe 6 .1 .2  S o l id - s o l id  r e a c t io n s  a t  th e h ig h e r  tem p eratu res

'  - n l = CoCl^ôII^O red v i o l e t ,  h yg r .

" *
Temperature

C e lc iu s
Tine

minute C olour o f  product

Cr2 03
green

180 60 sk y -b lu e

K /e (C H )6 90 10 b la ck
1 orange

K4Po(GN)6 70 30 green
y e llo w

1 m 401 50 30 d a rk -b lu e
1 w h ite

(NH4 ) 2 ร๐4 50 30 d ark -b lu e
c o lo u r le s s

= CoSO/ 7H20 red -oran ge

R2 Temperature
C e lc iu s

Time
m inute.................  ’

C olour o f  product

IC2CrC4 • y e l lo w
50 30 bla,ck

MI4C1
w h ite

80 30 b lu e

(™ 4>23°4c o lo u r le s s------------------------------------

30 30
—

p a le -y e l lo w



8 4

T a b l e  6 . 1 . 2  ( c o n t i n u e d )

* 2

CoCO  ̂ g r e y - v io le t

Temperature
C e lc iu s

Tine
minute

C olour o f  product

K2Cr04

y e llo w
200

.........
60 b la ck

(HII/r)2CrO4 

y e llo w
175 ■ 3 0 b la ck

j
— ___ ท  ̂ » CuCO C u(ou)2 green

R2 Term crature
C e lc iu s

Time
minute

C olour o f  product

IC2Cr04 
y e llo w

200 60 b la ck

( in 4 ) 2Cr04 
y e llo w

17 5 30 b la ck

---- --------p-.l = C ucip2ir 0 b lu e  green

*2 Temperature Time C olour o f  nroduct
C e lc iu s minute

° V î 90 brown
grc en

PeC2°4 17 5 30 brown
y e llo w
? 0 2 ( c 2 0 4 ) 3
croon

i

17 5 30 brown
1
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T aille  6 01 .2  (c o n t in u e d )

'  . :■ = CuC12 2II20 b lu e - g r e e n

พ rg T em p era tu re
C c lc iu s

‘T ine
m in u te

C o lo u r o f  p ro d u c t

K-Fo(CN)6 175 30 brown:
o ran g e
roi4 c i 140 10 o rang e
w h ite
dni4 )2S04 1 1 0 60 b lu e
c o l o u r l e s s

_______________________

~ ~  " ---------- ? ! . . = CuSO (an ) p a le  b lu e

R 2

--
T em p era tu re Time C o lo u r o f  p ro d u c t

C o lc iu s m in u te

NHljCl 100 10 g re em
w h ite 130 10 brown

( ® 4 ) 2 s b 150 30 y e llo w
c o l o u r l e s s —



T a b i c  6 . 1 . 2  ( c o n t i n u e d )

0นร0 5H]20 blue hygr • . ท่
E2 Temperature

G elcius
Tine
minute

\ i

Colour o f produqp

K2Cr04 » H โ black
ye llow 130 30 orange

NH^Cl
white

90 30 green

(ffll4 ) 2504 120 60 ye llo w -b lu e
c o lo u r le ss -- -----*----------- -  . -if

R- = PeC^O^H^O yellow

E 2
Temperature

C clciu s
Time

minute
Colour o f  product

K2C r04 1 5 0 30 brown
yellow
(im 4 ) 2c r อ4 18 0 30 black
ye llow

ffi^Cl 15 0 10 green
white

( m 4 ) 2 so 4 14 0 60 green
c o lo u r le ss



T a b l e  6 . 1 . 2  ( c o n t i n u e d )

= Fe2 (c 2 อ4 ) 3 5แ20 green :

CMpc! Temperature
G e lc iu s

Time
minute

C olour o f  product 1
I

h:i4 ci 110 60 brown
w h ite 150 10 ไว la c k

( E 4 ) 2S04 150 60 brown
1

c o lo u r le s s !

'  '''■ -— ^  R1 = Pe(im 4 ) 2 (รอ4 ) 26ll20 green

R2
ไTemperature

C e lc iu s
Time
m inute

C olour o f  product

K20rO4
y e llo w

50 10 brown

SH4<n
w h ite

180

.......... ..

60 rod -oran ge
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Table 6 ,1 ,3  The co n p a r ison  betw een r e a c t io n s  in  s o l i d  s t a t e  and 
aqueous s o lu t io n  a t  room tem perature

H1 1*2 Phase o f  r c a c t io r
P r o p e r t ie s  o f  product

—  
Puant 1 -Ç„ C olour SelTtxÜIitjç 

int w ater
NaSCIT s o l id 1 b lu e s o lu b le

J c o lo u r le s s aouoous s o lu t io n 1 b lu e so lu b lo-
ICSCIT s o l id 1 b lu e s o lu b le

CoClgéHgO c o lo u r le s s aqueous s o lu t io n 1 b lu e so lu b lo
r c d -v io le " K2Cr04 s o l id 1 dark-brown in s o lu b le

h ygr. y o llo w aqueous s o lu t io n 1 b la ck in s o lu b le
fiPT ) CrO น 4 ; 2 4 s o l id 1 b la ck in s o lu b le
y o llo w aqueous so lu t io n 1 b la ck in s o lu b lo

ITaSClT s o l id b lu e s o lu b le
c o lo u r le s s aqueou s o lu t io n 1 b lu e s o lu b le

CoSO 7H2 0 KSCH s o l id 1 b lu e s o lu b le
red -oran ge c o lo u r le s s aruoous s o lu t io n 1 b lu e so lu b lo

h ygr. (1IH4 ) 2Cr04 so lid . 3 b la ck in s o lu b le
37c llo w b lu e in s o lu b lo

orange so lu b lo
aqueous s o lu t io n 1 b la ck in s o lu b le
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T a b ic  6 . 1 , 3  ( c o n t in u e d .)

— -----------

R1 R2 ]’E sso o f  r e a c t io r
P r o p e r t ie s  o f  product

Quanti t f  Colour S o lu b i l i t y  
in  w ater

CaS s o l id 1 b la ck in s o lu b le
g rey anueous s o lu t io n — -

CoP22II20 ITaSCH s o l id 1 b lu e s o lu b le
ฑ inlc c o lo u r le s s aqueous s o lu t io n 1 b lu e s o lu b le

KSCN s o l id 1 b lu e s o lu b le
c o lo u r le s s anueous s o lu t io n 1 b lu e s o lu b le

K2Cr04 s o l id 1 b la ck in s o lu b le
y e llo w aoueous s o lu t io n 1 dark—brown in s o lu b le

Cu(C2II302) 2 Na2ร20 3 s o l id I ~ 1  1 w h ite in s o lu b le
,2H2 o c o lo u r le s s y e llo w in s o lu b le
n av y-b lu e orange in s o lu b le

aqueous s o lu t io n — - -

K2Cr04 s o l id 1 lark-brow n in s o lu b le
y e l lo w anueous s o lu t io n 1 yollowbrowr in s o lu b le

(๓ '4 >2Crb s o l id 1 lark-brow n in s o lu b le
y e llo w aoueous s o lu t io n 1 y e llo w in s o lu b le

CuG122H20 Po<FV 2 s o l id 2 b la ck in s o lu b le

b lu e —green (S04 ) 2« 12c aoueous s o lu t io n - -
green
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T a b le  6 . 1 . 3  ( c o n t i n u e d )

R- R„ Phase o f  r e a c t io i
1 P r o p e r t ie s  o f  product 
1 ..................... . .... .1 2
Quantity C olour S o lu b i l i t ]  

in  w ater
CuCl 2H-0 K4Po(CN)6 s o l id 2 b la ck in s o lu b le

b lu e—green j a l e -
y e llo w

’ ๅ b lu e s o lu b le
aoucous s o lu t io n. . . . . .  _ . „ 1 brown in s o lu b le

CuSO^HgO
b lu e

( « 4 ) 2(M )4
y e llo w

s o l id 3 lark-brow n
green
orange

in s o lu b le
in s o lu b le

s o lu b le
h yg r . aqueous s o lu t io n 1 y e llo w in s o lu b le

( « 4 )2c o 3 s o l id 1 broxn in s o lu b le
Pe2 ( c 2อ4 )  ̂ w h ite agueOTJS s o lu t io n - -
5ir20 ( « 4 ) 2CrO4 s o l id 1 brown in s o lu b le
greon y e llo w. aqueous s o lu t io n - - -

Pte(m 4 )2 ( « 4 ) 201■04 s o l id 1 brown in s o lu b le
(ร ๐4 ) 26H20 
green

y e llo w  

--------- —

aqueous s o lu t io n

I
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A r i s e  in  tem perature fo r  s o l i d - s o l i d  r e a c t io n  in c r ea se d  the  
number o f  r e a c t io n s  from ten  p e r c e n ts  a t  room tem perature t o  f i f t y  p e r c e n ts  
a t h ig h er  tem p era tu res .

I t  was v ery  rare  fo r  anucous s o lu t io n  o f  in o r g a n ic  compounds 
to  ๖อ a l l  th e same b eh av iou r to  t h e ir  s o l id  s t a t e .  However, i t  was found  
th a t  r e a c t io n s  in  two p h a se s , s o lu t io n  and s o l i d ,  betw een any compound o f  
c o b a l t ( I I ) and a lk a l i  th io c y a n a te  behaved s im i la r ly  and gave same b lu e  
product which was ex p ected  to  be ช2( Co (SCN)^ j .

The arucous s o lu t io n  o f  s i x  p a ir s  o f  r e a c ta n ts  from th e  s e le c t e d  
r e a c t io n s  d id  n ot show any change when th ey  wore mixed to g e th e r .
These were CoP^II00 + CaS, CufCgH^O2 ) 2 + î le ,2 ร 2 0 y  CuCl?2H20 +
Fe(mr4 ) 2 (รท 4 ) 2 6H2 0 , Pc 2 (c 2 04 ) 3 5112 0 + (NH4 ) 20ท3 , F e2 (c 2 04 ) 3 5 ^ 0  + (แแ4 ) 2 Cr0/;, 
F c (m  ) 2 (รอ4 ) 26 ii20 + (nii4 ) 2Cr04 .
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6 .2  Hate o f  form atio n  o f  product a t  room tem perature and 
h ig h er  tem p eratu res

Thblc 6 .2 .1  . R e su lt  o f  growtlh r a te  o f  s o l id  r e a c t io n
CoSO^IIpO + (lUI^)0CrÔ , a t  room tem perature

I-------------------------------

Time
T h ic k n e ss  o f  (c ท)

CoSO^HgO (T'JT[ ) CrO' V 2u r  4
1

b la c k
p ro d u c t

b lu e
p ro d u c t

o rang e  
n ro d u c t  4

1
10) h r s . 1 . 5 l i n e —
30 h r s . 1 .4 1 .4 .2 1 in c l in o
3 d ays 1 .2 1 .2 .2 90 •— .2
5 d ay s 1 .1 1—1 1—1 .2 0 3 .3
30 d ay s 1 .1 1 .1 .2

■

.3

coS0^7:i20
r e d - o r a n ge 
(Fil4 ) 2CrO~
y e llo w

Troon
1 0  h r s

red -oran ge.
ÏIâ.c]ç>yeTTow \J 3,0~~h

r e d -o r ange

o r a h g e .y hj'
y e l lo w

CoS047n20
r e d -o r ange 80 c ̂
( i l l . )pCrO 1 5 ""mine..
y e llo w

____ 1 1 5 " c %
1 5  mins =

r e d -  ora n g e
๖ ๆ ^ & 2 จิ^จิ\

y e llo w
r e d - o r ang e red—y 101c l  t
§ 3 5 3y e llo w



Table 6 .2 .2  R esu lt o f growth ra to  o f s o lid  re a c tio n
C o G l ^ G l l ^ O  + K2CrO4 a t room tem perature

Time 'Thickness o f  (cm)

CoClgôIIgO K2Cr04 b la ck
product

10  h r s . 1 .4 7 5 1 .4 7 5 0 .0 5

10  days 1 .4 7 5 1 .4 2 5 0 .1
20 days 1 .4 7 5 1 .3 7 5 0 .2 5
30 days

!
1 .4 7 5 1 .3 2 5 0 .3

. .

CoC196II20
r o d - v io l e t

■‘‘room
r e d - v i o l e t
bi'ac ' z / / / s

K2c r 0 4 10 h r s /
y e llo w

y e llo w

- g c ,
30 m ins.

red —v i o l e t^ Gy///, *
y e llo w



T a b le  6 02 . 3  R e s u l t  o f  g r 0\Tt i l  r a t e  o f  s o l i d  r e a c t io n ?

CoF92irpO + CaS a t  room tem perature

j

Time
1
1

......................

Thielm e ss  o f  (cm)

CoF2 2II20
. - - .... .

CaS b la ck
product

im in ed iatly 1 .5 LTn 1—1 1 in c

10  h r s . 1 .4 7 5 1 .4 7 5 อ . 05

2 days 1 .4 7 5 1 .4 7 5 0 ,0 5

30 days 1 .47 5 1 .4 7 5 0 .0 5

CoF^IIgO
p in k

im in ediatly  '
CaS

p in k
'/(

g r e y

pink:
Tn—1— r->  ฟ ้.10 hrSo V S ys  I

g re y

g r e y

50 c p in k
5 mins
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Cu(C2II^02 ) 2 + Na2ร20 a t  room te m p e ra tu re
T ab le  6 O2 .4  R e s u l t  o f  g ro w th  r a t e  o f  s o l i d  r e a c t i o n

1 ^ ° - — *
1 5  m ills

n a v y -b lu e
ie h itdb^o'-. I 
c o l o u r l e s s

50* c
oO m ins

n a v y —b lu e  
■ ÿb T I o i j l ^  
'.orange ■น
w h i t e i y i 1'
c o l o u i l e s s



T ab le  6 ,2 .5  R e s u l t  o f  g r o w t h  r a t e  o f  s o l i d  r e a c t i o n
C uC l^H jpO  + K ^ p e (c ir )g  a t  room  t e m p e r a tu r e

Time
T h ic k n e s s  o f  (cm )

C u C ^ ^ I ^ K4P e(C N )6 b l a c k
p r o d u c t

b lu e
p r o d u c t

im m e d ia t ly 1 .5 1 .5 l i n o -

1 h r . 1 . 4 6 5 1 . 4 6 5 0 . 0 7

1 d a y 1 .4 4 1 .4 4 0 .1 2 -

20 d a y s 1 .3 1 . 3 0 .4 -

45 d a y s

1 - .. - -- -

1 . 1 5

_

1 . 1 5 0 .7 l i n e

CuCl^HgO
b l u e - g r e e n  
K4 P e(C N )6
p a l e - y e l l o w

r o o m
im m é d ia t ïy

b lu e - ,g r e e n
๙
p a l e - y e l l o w

50 c 1 
1 5  m ins"

b lu e —g r e e n

b la c È x v v
p a l e - g r e e n
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A r i s e  i n  t e m p e r a t u r e s  f o r  t h e  s o l i d - s o l i d  r e  f i c t i o n  n o t  o n l y  

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

e n t i t i e s  0

To s t u d y  s o l i d - s o l i d  r e a c t i o n ,  i t  w as a b l e  t o  f o l l o w  u p  

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

p r o d u c t - r e a c t a n t  o r  p r o d u c t - p r o d u c t ,  I t  w as  f o u n d  t h a t  t h e r e  w o re  

tw o  t y p e s  o f  m e c h a n is m s  o r  p r o c e s s e s  o f  c h e m i c a l  c h a n p o .  I n  t h e  f i r s t  

e a s e ,  t h e  t h i c k n e s s  o f  p r o d u c t  i n c r e a s e d  w i t h  t i n e  an d  i t  a n n e a r e d  t o  

r e a c t  i n f i n i t e l y .  H o w e v e r , i n  t h e  s e c o n d  o n e ,  t h e  t h i n  l a y e r  o f  

p r o d u c t  d i d  n o t  ch an 'JO  a n y  m o re .  I t  s e e m e d  t o  b e  s t e a d y  f o r e v e r ,  

s u c h  a s  t h e  r e a c t i o n  o f  C o F ^ II^ O  + C a n , t h e  t h i c k n e s s  o f  b l a c k  p r o d u c t  

sh o w e d  i t s  c o n s t a n c y  o f  0 , 0 5  c e n t i m e t e r s .
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6 . 3  T he p h o t o g r a p h s  o f  t h e  i n t e r e s t i n g  r e a c t i o n s  w e re  a r r a n g e d  a s  

sh o w n  i n  F i g  6 . 3 . 1  —6 . 3 . 1 0 .

T he i n t e r e s t i n g  r e a c t i o n s  w e r e  d i v i d e d  i n t o  tw o  g r o u p s  S tash  a s  

t h e  f a s t  r e a c t i o n  ( w h ic h  o c c u r o d  i m m é d ia t l y  ) a n d  t h e  s l e w  r e a c t i o n  

(w h ic h  o c c u r e d  a f t e r  a  p e r i o d  o f  t i n e ) .  T h e  e x a m p le  o f  t h e  f a s t  r e a c t i o n ,  

w h ic h  i n v o l v e d  the m o v em en t o f  p i e  'OS o f  r e a c t a n t s  w h i l e  t h e  r e a c t i o n  

w as p r o c e s s i n g ,  a r e  l i s t e d  a s  t h e  f o l l o w i n g s -

O o S O j n  2 0 + KSCN 

Co SO 711gก  +  IJaSCîT 
C o C l26 n  2 0 + K SOIT 

C o C l96 li2 0 + NaSCl'T

F o r  t h e  c a s e  n f  C o F ^ IIp O  a n d  0๖ 0 , r e a c t i o n  t o o k  p l a c e  i m m c d i a t l y  

w hen  t h e  l a r g o  a m o u n t o f  r e a c t a n t s  w e re  u s e d ,  h u t  i n  a  s m a l l  s c a l e  s u c h  

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

30 m i n u t e s  a f t e r  c o n t a c t i n g  b e tw e e n  r e a c t a n t s .

I n  t h e  f i g u r e  6 . 3 . 2  ,  t h e  r e a c t i o n  ex 0 o 3 Q  1, T l g p  +  KSCN w as  

o b s e r v e d ,  a n  o v e r h e a d  l i g h t  s o u r c e  ( la m p )  w e re  u s e d  i n  s t e a d  o f  l i g h t  

f ro m  t h e  b a s e  o f  t h e  m i c r o s c o p e .



r o d  -o ra n g eCo SO 7 ^ 0  
r c d - 0r a n g e

ITaSCIT
c o l o u r l e s s

im c d ia t ly ^  'ร ุ■ ร ์

c o l o u r l e s s

o r

Co 2+ i i . ia o d ia t l y
IISCÏÏ

2+ÎÎE
MSCI'T

M = Kjl'Ia
Co2+ = CoF 211 0

CoClgôHgO 
CoS0/;7H20

2+ and  HSCÏJThe d i r e c t i o n  o f  f o r m a t io n  o f  th e  -p ro d u c t b e tw e e n  Co



r VO ,3 ° 1 -T h e  p r o g r e s s i o n 1 o f  p r o d u c t  o f  CoSO^TiïjjO + KSCÎT b y - m ic r o s c o p e  o b s e r v a t io n : ,  
a t  TOO t im e s  m a g n i f i c a t i o n » OC

T
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o 3 Q 4 7 H p G h - K C N S r

C .5 0 4 TH2 0 ( I I I )  KSCI>
P i g  6 . 3 .1  ( c o n t i n u a i ') o



Co so  71^0
re d -o ra n g e

KSCII
c o l o u r l e s s

P ig ; 6 . 3 . 2  The p r o g r e s s io n  o f  B lue p ro d u c t  o f  CoSO^TI^O + KSGIT By m ic ro sc o p e  o tr s e rv a tio n -
a t  1 0 0  t im e s  m a g n i f i c a t i o n .

๐



_QpSO TlîgO
red-orangc

jq KSGK 
c o lo u r le s s

“ น !»
Fig- 6o3o2 (continued)

b



Hr. SCI:
c o l o u r l e s s

CoS047H20 
red - orangeพorange

C0BO47H2O + Ha SOIT by ทi£ r o lP ig  6 c 3» 3 Hie pro ore o f  Trluc product. o f
o b s e r v a t i o n  at; 1 0 0  t im e s  m a g n i f i c a t i o n

p4ะ*
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(AI)

OÜ/ITB «X 0 “ P O JL 
02lUt7üS-OD

รรอ LJinOXOC-
ilos^ll

(-ponuxชุ.น0อ) £ "£ • 9 St^
(III)



Us,SCF 
colourless?

CoC126บ20 
re e l-v io le t

The progression : of blue product of CoCl 6แ20 + îTsSCU hjr nicroscopc
o b s e r v a t i o n  a t  1 0 0  t i n e s  n a g n i f i c a t i o n » o

e h



GoCl 26112 0 
rc c i-v io  le

ïïnSCr
c o lo u r le s s

(IV)

Q



cT bsscrvatioru  a t. 1 0 0  t i n e s  n a g n ix  i c  a t  io n o

CoCI26E20 
r e d - v i o l e t

r'ig" 6.0305 The rrogrcssiO 'n of TxLuc product o f CoCl26x2q + ESC1I te r  m ic ro sc o p e

KSor
c o l o u r l e s s

108



( I l l )  (IV)
F ig ; 6.. 3 . J  ( co u rtinucct)

109
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CnOl02~1^0 (b lue  y ree ir)  1 ว h r s  ~ | r̂ Cx
K^Fc(CH)g ( p a le  .ye llow ) e a lo  y e l lo w

Pig- 6 . 3 . 7  The p ro g re s s io n -  o f  B lack  p ro d u c t  o f  CuCl? 2JIo0 + K^Pc (ci:)gejr io ic ro sco u c  
o b s e r v a t io n  a t  100 t i n e s  n o t i f i c a t i o n , ,

111



P is  6 .3 - 8 Tho blr.clt product o f  CuCl^II^O 4FC ( CTI '๕fwae n a g n if ic c t o d .

112



CoCI?6lIp0 red v i o l e t  5 
( r n i j 2CrC  ̂ y e l lo w

red  v i o l e tin s .  i . r ' V » V \
V‘1IJ1/  'yu~ LUW y e llo w

Pi,y 6 . 3 . 9  The o ro w re s s io n  o f  ๖ la c k  p ro d u c t i r o n  CoC106tl00 + (N il. ) oC r0 . ๖-/ m icro 3 C0 001 V- 4 4 4
o b se r v a tio n  at 10 ว tim es n r u n i f i c a t i o n .

I-1



CuCM2HL0 Mue green 10 h r  sQ W J i ^ z r i p  บ  C T I U C  g i

(ÎÏÏT, ) 0c r 0^yo 1 lo พ
b lu e  g re e n  
: x ,..:\ \ \ \ \
yO11ow

F ig  6 ,3 .1 0  The p r o g r e s s io n  o f  brow n, g re e n  -oroduc t s  by m ic ro sc o p e  o b s e r v a t io n
o f  CuCl^?1"7 0 + (ïiH^,) OrO a t  100 t i n e s  m a g n i f i c a t i o n .
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Pron tho study of mechanism or process of change in  the s o l id - s o l i  
re a c tio n  through n icroscone , provided a new concept which โ-ms unconcerned 
w ith the im perfection  concep t9 an only good evidence used to  exp la in  
the mechanism of so lid  by m igration  w ith in  tho system.

The t r a n s la t io n a l  no tion  of p ieces of the d is ta n t  reac t,an t toward 
the o th er one which was observed by n icroscone, showed the d is ta n t  space 
was not an o b stac le  to co b a lt cor.roound in  drawing a sm all p iece of 
a lk a l i  th iocyana te  to move c lo se r  ag a in s t i t s  la rge  s iz e  o f c ry s ta l  and 
then they could get in to  con tac t to g e th e r . This n igh t be a ro le  o f 
e le c t r i c a l  magnetic p ro p erty  to produce such a, d riv in g  fo rc e .



6 .4  D e te r m in a t io n .o f  c o m p o s itio n  o f  i n t e r e s t i n g  p ro d u c t
The a n a l y t i c a l  r e s u l t s  from  X -ray  f lu o r e s c e n c e ,  a to n ic  a b s o r p t io n ,  

g r a v im e t r i c  and v o lu m e tr ic  method a r e  l i s t e d  i n  th e  f o l lo w in g  t a b l e ,

6 ,4 .1  C o m p o sitio n  o f  th e  p ro d u c t  by X -ra y  f lu o r e s c e n c e  method

Trahie 6 ,4 ,1 ,1  D ata  f o r  th e  r e l a t i o n s h i p  be tire  on a c t i v i t i e s  and 
p e rc e n ta g e  o f  heavy  n e t 0.1 by X -ray  f lu o r e s c e n c e  
t  c c h ilis  uo

d o a c ta n t
-------------------- ------------------------------
Jo h eav y  n o t a i  in  s ta n d a rd

A r

Coรก 7II20 (,H 4 ) ?CrC'4 Jo Co 0 - 5 0 .5 • 0 O 1 , 0 4

A c t i v i t i e s 9200+ 5 9398+ 7 9510+ 9 969 1+ 20

Jo Cr 0.85 1.026 1 .3 1 .7
A c t i v i t i e s 5540+ 20 5595+. 12 5700+ 10 5960+ 7

*CoC1?6ZI20 (Fd4 ) 2C r04 Jo Co 0 .6 1 9 อ . 9 2 8 . 1 .2 3 8 1 .6 1 0
A c t i v i t i e s 125,360 129 ,71 6 138 ,3 72 1 3 9 , 960

£  Cr 0 ,3 7 5 0 .8 7 5 1 ,6 2 5 1 .8 7 5
A c t i v i t i e s 229,900 242 ,000 250,000 2 5 5 ,1 8 1

(๐2!-!3๐5, ) 2 Da p 0 2 2 3 A Cu 0 ,3 9 7 0 .7 9 5 1 . 5 9 1  7 fXD L/J CO

A c t i v i t i e s 1130 1276
!

1616 1๐20
!

* . to o th e r  X -ray  f lu o r e s c e n c e  in s t ru m e n t  v as u sed
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liab le 6 .4 .1 .1  (c e n t inued )

Re ac tra its
;

Jo heavy o c ta l  in  standard

CoS0/ 7H2G j Naserr Jo Go 2 .3 7 .6 19 2 2 .8
A c t iv i t i e s 359+ 10 860+ 23 2260+ 1C 2810+12

CuCl2 2II2n Fo(ITII4 ) 2
(ร ๐4 ) 26ji2c

J  Cu 0 .4 9 0 0 .9 2 5 1 .8 7 5 2 .3 0 0
A c t iv i t i e s 525+ 3 7 0 1 + 1 0 1135+ 5 1 6 5 0 + 1 4

J  Fe 0 .3 7 5 0 .3 7 5 1 .0 6 1 .2 5
A c t iv i t i e s ?50+ 5 350+. 5 5 1 0 + 7 6 3 0 -  ̂ 10

CuCl2 2iï20 K / c (GH) 6 Jo Cu 2 6 .1 1 8 .7 1 1 .1 3.6

A c t iv i t i e s 1626+ 6 1200-+ 8 855+ 10 3 6 0+ 5

$  Fe 2 .6 5 .4 7 .9 1 0 . 5

A c t i v i t i e s 5 1 0 0 + 1 0 12,500+1C 15*460+5 2 0 , 0 0 0 + 5
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by X -ray f lu o r e s c e n c e  tech n iq u e
T a b le  6 . 4 . 1 . 2  110s u i t s  o f  p e r c e n t a g e )  d e t e r m i n a t i o n  o f  h e a v y  m e t a l

1

S y s te n C o lo u r o f  
p ro du c

A c t i v i t i e s P e rce n ta g e  o f  some 
e le m e n ts

Co^0 47 ir2 0  + (Hir4 ) 2  C r0 4 b la c k

"
'

5 , 3 3 0 + 20 )J Cr 1 1 . 4 7

9 ,056+  10 #  Co 1 0 , 2 3

CoC1 2 6 H2 0  + (im 4 ) 2 C r0 4 b la c k 12,350+  10 f l  Co 4 . 7  8
2 5 5 , 1 8 1 +. 1 2 Cr 3 0 .0 0

c u ( 0 ÿ l 302 ) 2 + IIa2 ร2 c 3 w h ite 1 ,280+  5 /J Cu 7 .8 0
y e llo w 1,500+  10 /J Cu 2 9 .8 5
o range 1 ,150+  10 fo Cu 3 3 . 3 3

GoSOJHgO + ÏJaSCIT b lu e 1 ,280+  10 Co 9 . 8 0

CuCl? 2 II2  0  + Pe (M L) 2 (รอ 1
6H2C

>2 brown 516+ 10 1o Pc 1 3 .4 2
■ preen 199+ 10 $  Pc 9 . 8 6

brown 398+ 10 ’p  Cu 2 068
g re e n 473+ 10 #  Cu 1 5 .7 8

0 uC1 2 2H2 0  + K Fo(CN ) 6 b la c k

----------- --------1

1560+ 5 l;o Cu 2 3 .8 0
1 , 2 6 0 + 1 0 % Pe 5 .7 0



1 1 9

In th e  ca se  th a t  sm a ll amount o f  product was o b ta in e d , 
ca lc iu m  carb on ate  or su lp h u r , an i n e f f e c t i v e  su b sta n ce  in  X -ray  
f lu o r e s c e n c e  was added in  ord er to  make the same th ic k n e s s  a s  the  
sta n d a rd . โ'hen th e p er c e n ta g es  o f  heavy e lem en ts in  the m ixture were 
determ ined  from t h e ir  c a l ib r a t io n  c u r v e s , the p er c e n ta g es  o f  heavy  
e lem en ts in  product cou ld  bo computed by u s in g  th e e q u a tio n ,

$  m etal in  product ร m etal in  m ixture X  2

w eig h t o f  product in  m ixture

*  w h e r e  2  = w e i g h t  o f  t o t a l  m i x t u r e  i n  g r a m .



C o u n t / 2 0 0 s c c  /

croraium in  Co30/ 7II?0 + ( î ï ï ï . ) ?CrO by ะ!:-m y  f lu o r e s c e n c e

c o b o lt  in  Co30^,711^0...Hi (iTTÎ  )pCrO/1by ะ.ะ-m y  f lu o r e s c e n c e  
to  elm io  UC •



1 2 1

copper in  0u(C9II-02 ) 9 -* Ua9ร9 h y  X -ra y  f lu o r e s c e n c e
tech n iq u e



1 2 2

o f  iro n , in- CuC1?2.T20 + Fo(l-TJI^)2 (ร 0 ,1} 2^ 2° ไ37' X -ray

F ig  6 .4 .1 .5  ’The r e la t io n s h ip  "botveen a c t i v i t i e s  and p er c e n ta g es  o f  
copper in  GuC1?2II20 + FoCrc^, ) 2 ( ธ0/ )  2 6:I2° ๖7 x~rp'5r
f lu o r e s c e n c e  to ch n ieu c



CoSO 7แ O + Up.SOIT.' lày X -ryy f lu o r e s c e n c e  tc c lin ir u c  4 2
M
P OOJ
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ohroiïïiun in  CoCl^II^O 4- (îTII.)2CrO  ̂ "by X -roy f lu o r e s c e n c e  
to  c lin ic  UG

c o le ,I t  in  OoClgôII^O + (llII^)?CrO/  "by X-rny f lu o r e s c e n c e
tc  clin ic  uc





1 2 6

The a n a l y t i c a l  te c h n iq u e s  w ere s e l e c t e d  r e a s o n a b ly  f o r  d e te rm in in g  

n o t a i s  and ท'ว!o c u la r  o p c c ic s .

Ab s o r  "banco

- 6 .4 * 2  D e te rm in a t io n  o f  0,11 no t o i  ไว;7 a to n ic  a b s o r p t io n  J t u r b i d i n c t r i c ,
/g ra v im e tr ic  p.ncl v o lu m e tr ic  m ethods

T ab le  6 . 4 . 2 . 1  The r e l a t i o n s h i p  b o tlfccn  ทไวรo rb u n co s  and c o n c e n t r a t io n s  
o f  c h ro n iu n  "by a to m ic  .a b so ro tio n  te c h n iq u e

Gonee n t r â t io n  o f  s ta n d a rd  8pm
1..... .......... ...... ■ 1 ■ ■ ■ 1 ■ 1 -

A bsorbance
*1 0.01T
3 !

6 Û .080
T 0 .100
q 0 .140

10 . 0 .150



T a b le 6 . 4 * 2 . 2  D c t c r n i n r . t i o r r  o f  c h r o n i u n  i n  v a r i o u s  n r 0d u c t s

Product /Absorbance '.0 ch ren iu n

GuC1 22II20 + ( z n j  2 Crf)4 0 .2 7 5 2 2 . 3 4

Cu(c 2!:302) 2 + K2CrOi1 0 . 0 3 1 1 9 . 9 3

CoGl26:i20 + ( im p  2 CrO. 0 . 0 5 5 2 6 .2 8

CuClgZ'IgO + KpCrO „ O.T57 2 7 . 7 1

C u s o p p o  + ( m 4 ) 2CrOA ว . 0 1 3 1 6 . 2 4

GoC126:i?0 + KgCrO^ 0 .0 4 5 2 4 . 3 5

5,o ( i n . ) 2 (SO/ ) p+(Hn/ ) 2GrO 0 .0 5 5 3 . 0 2

6:lo2
fo 2 (0 204 ; 3+ (แร4 ) 2o r ,•.4 ว .055 A A» L\’V
5II20



1 2 8

T ablo  6 ^ 4 .2 .3  Tho r e l a t i o n s h i p  b e tw een  a b s o rb a n c e s  and c o n c e n t r a t io n s  
o f  c o b a l t  by . to n ic  a b s o r b t io n  te c h n iq u e

—
C o n c e n tr a t io n  o f  

c o b a l t  
ppm

jso rh a n c e
I I I a v e ra g e

1 0 .01 0 0 0 0 AO 0.040

2 0 .035 0 .0 7 5 c .08 0

5 0 .245 อ . 250 0 .245
10 0 .435 0 .435 0 ./-35
15 Û «620 0 .620 0 .820
20 0 0820 

1 ......... .........

0 .800 0 .81 0

Pi,รุ; 6 .4 .2 .2  The r e l a t i o n s h i p  b etw een  a b s o rb a n c e s  and c o n c e n tr a tio n s
>o f c o b a lt ;  by a to m ic  a b s o rp t io n »



T a b le  6 , 4 . 2 . 4. D et e x i n i n a t i o n  o f  c o b a l i t  i n  T a x i o n s  p r o d u c t s

—
"Product o f absorbance ■ 'a Co by w eig h t

GoCl?6lI20 + (ïïïT.) 2 CrO, ว .  120 2 1 .9 0
C o 0 1 2 C n 2 Q + โ■ 2 0?ะ 0  . 0 0 030 3 .9 2
c o c i 26n 2 0 + ( m i , )  2  CO 3 0 .5 3 0 1 2 .3 9'
GoCl 6no0 -f DnSCiT 0 . 2 3 0 4 .0 3
C oci 6n -0  + KSCF 0 .6 9 0 6 .8 0
CoP?2H20 + CaS 0 *560 2 2 .4 7
CoF 2IxpO + ÏTaSCîT 0 .4-10 7 .8 7
Co so „ 7 โโ90 +7:sCiT Û .3 4 0 8 .4 1
Co so 1?H O + FaSCIT Û . 1 5 0  . 4 .2 9‘ 1— !1____________________1--------------------------- 1—
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A bsorbance

Pig: 6 .4 .2 .3  The r c i o t i o n s h d p  t c tu c o n  a b s o rb a n c e s  and c o n c e n t r a t io n s  
o f  i r o n  b y  a to m ic  a b s o r p t io n  te c h n iq u e

T a b le  6 .4 . 2 .5  Tïnc r e l a t i o n s h i p  b e tw een  a b so rb a n c e  and c o n c e n t r a t io n s  
o f  i r o n  b y  a to n ic  a b s o r p t io n  te c h n iq u e

C o n c e n t r a t io n  o f  Pc 
(ppm)

A bsorbance 
( a v e r a g e )

1 0 .0 3 5
2 . 70
4 ว. 140
6 0 .2 3 0
ร 0 .2 8 0
9 0 .3 2 0

!
—



1 3 1

T d b lc  6 . 4 * 2 o C  D e t c - m i n r , t i o n  o f  P c  i n  v a r i o u s  p r o d u c t s

— ---------- -
1 P ro d u c t o f c o lo u r /iboorbr,ncc

----------- .
$  Pc

3 ? & ) P (3๐̂ , ) 2 + (îïïî, ) pCïO,
i n ’o

P ro -•ท 0 .3 4 0 4 3 .9 6

Pc ( m . )  2 ( พ . )  2 + « tac io2iï90

■ ■ V

brOTrra inGOC\Jo 3 0 .1 8

^ 2 ( c 204 ) 351120 .  ( ๓ 4 ) 2003 ProT.n 0 .1 8 5 47 .50
P c2 ( c 2อ ,)  35d? 0 + (TT, ) 2CrO, P ro tjn 0 .3 2 0 2 9 .9 8
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F i{ j  6 0.; 0 2 0/. T he r e l a t i o n s h i p  b e tw e e n  ท.'b s o r b . r n c e s  rsnd c O T D c n trn  t i e n s  

o f  c o p p e r  ไ:;;7" ท, t o n i c  r . b s o r p t i o n  tc c h rd L o u rc

P i p  '■ 0/, 0 2 . 7  T he r c l r . t i c n s h i p  h e  tw e e n  r .h s  o r h r n c c  ร e n d  c o n c c n t r r . t i o n s  

o f  c o p p e r  Tpr r t o n i c  . a b s o r p t i o n  t c c h r a i q u r c

C o n c c r r b r r t i o n  o f
X X )

A b s o r b e n c c

1 0 0 0 7 0

7 0 0.! 2 0

5 Q o 2 2 0

1 0 ๐ o น'\o

15 0 JT ? 0
2 0 Û .9 3 0
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Tr.M c 6 .4 .2 .8  D c to m in c v tio n  o f  ocrccn trypo  o f  C:Ui ira v a r io u s  p ro d u c ts

f
! P ro d u c t o f
i(■•-............................... . - 1--.. ........

c o lo u r
ไ

/ ts o rT k J ic c )J Gu
1i

G;uC1 ? 2 II2 0  +- (T 'Ç ) 2 OrC., brow n 0 .3 3 0 3 2 . 6 3

1 Cu(c 2 IT3 0  2 ;) 2 + jr  2 Gt G 4 ■ block 0 0I3O 2 3.98
1 GnCl 9 2115,0 + f  2 OtO/ ■ brown 0 . 2 6 0 3 0 .5 4

C aS O ^-^O  + (ïïïl^) 2 CrO. brow n 0 . 0 6 5 1 5 .3 1
Gu S0 2 5 TI2 0  + (PTF.^CrO , .pi’c c n 0  .250 35.31
Po(lïïI/ ) 2 (SO/ ) 2 4 0 u C I9 2Z2c T?rown 0  .320 . 8 8

< v
c.u<c-2 .:i3 0 2 12 + 1T."2 G2 w h ite 0  . 2 6 0 1 6 .4 2
Crt(C2JI 0 2 ) 2 + Jro2 ร2 0 3 o r ",ท !pc 0 . 4 4 0 1 4 .0 2 5
(0*1(0 2!!3 0 2 ,) 2 + IT",2 ร2 0 3 y e llo w 0  . 4 4 0 2 5 .2 5



'b s o r b r r r c c
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Fig- 6 . 4 . 2 .5  The r e la t io n s h ip  betw een  r is o r b c n c c s  rad COEKJ entre, tion®  
o f  p o te s s iu n  by r .ton ic  r.b s o r p t io n  tcchiidetic  

T r ilo  4 .4 » 2 .9  TÎÎO r c lr .t io n s ilx p  “between eb scrb o n ccs rod c o n c e n tr a t io n s  
o f  potr,รอi u n  b y r to n ic  a b so r p tio n  tech n iq u e

C -o m e e m tm tio n  o f  rr Absorbnncc

1 0 .1 5 0

2 0  .2 6  ว

5 0 . 6 1 0

7 0 .8 3 0 :
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T r . l l c  5 .4 o 2 o l-0  D c to r n d n r . t io j* •.ะ>f p o t n s s i u n  i r t  -v o x io u s  p r o d u c t s

P r o d u c t
Iu

ร o f c o l o u r •'.ไ!รo r b r a c o
1

c a ( 0 2 !!3ก2 ) 2 ♦ r 2Cx04

—

ไ'l o c k 'o l 5 1 3 .9 8

CtrCl 211 0 4 
1 2 2 K2C rP4 P lu c k -.2 2 1 0 . K

CoC I? 2II2 0 + I ^ c r o , P lo .ck M 3 A f /* o - ,0

4 K .F c ( c r ) (: ไ: lo c k ไ oR■ c d-O 
-

1 5 .9 0

Co s o  ,7 7 1 0  + ICSGIT "blue . f> 4 A» ‘ cl 1-
'

3 0 .5 2

. .

!
| _  _i_____________________
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Absorbance

ppm

F ig :  £ . 4 . 2 . 6  T he r e l a t i o n s h i p  b e tw e e n  a b s e ï t a m e e r r  e n d  o o m o e m t r a t i e n s  o f  

s o d iu m  "by a t o n i c .  a b s o r p t i o n  t e c h n i q u e

T a b l e  6 . 4 . 2 . 1 1  T h e  r e l a t i o n s h i p  "betw een , a b s o r b a n c e s  a n d  c o n c e n t r a t i o n s  

o f  s o d iu m  b y  a t o n i c  a b s o r p t i o n  t e c h n i q u e
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T a b le  6 . 4 . 2 . 1 2  D e te rm in a t io n  o f  F a  in . v a r io u s  p ro d u c ts

Products o f colour Absorbance fa Fa

CoCl26n20 + ITaSCF

.... 1. 

blue I 22.39

0cF22Eo0 + FaSCF blue Û .445 3.62

Cu(c 2 IT 3 0 2 ) 2+ ÏTn 2 ร2 0 3 white <3 .320 13 .0 9

Cit(c2!! 02 ) 2+ lfc2ร203 orange 0 . 17 0 33.96

Cu(c 2!!3 02 ) 2+ !1น2ร20 3
jj—------------------------------------------ ----

ye llo w 0 .35 3 25 .6 7



s o r b  กท(ร 0

o f  c a b c iu n  ไวy  a to m ic  a b s o r p t io n  te c h n iq u e

T ab le  6 . 4 . 2 . 1 3  T h e  r e l a t i o n s h i p  b e tw een  a b s o rb a n c e s  arid  Q o n e g n t r a t i o n s  

o f  c a lc iu m  by a to n ic  a b s o r p t io n  te c h n iq u e

; C o n c e n t r a t i o n  o f  Ca ( p p n ) A b s o r b a n c e

1 0  . 2 1  ว

2 .5

oน0o

3 .7 5 c .75 0
5 0 .970

p r o d u c t  o f  C oF  2แ2อ + CaS 0 .5 3 0
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T aille  6 . 4 . 2 01 4 ’ The r e l a t i o n s h i p  b e tw een  a b s o rb a n c e s  and c o n c e n t r a t io n s  
o f  c o b a l t  (CbSO^17ร? 0 + (ï-TII/1 ) 9 C'rO ,̂ ) by a to m ic  a b s o r p t io n

(ppm)
0 omc e n t r â t i  on

A bsorbance

I ว . 022
2 0 . ^ 0  ร
5 0 .1 1 9
10) 0 .2 6 0
15 อ. 347
20 0 .4 5 0

b la c k  p ro d u c t 0 .2 2 9
b lu e  p ro d u c t 0 . 3 0 1

5 10 1 5  20: ppm

P ig "  6 „ 4 .2 * 8 ; T he r e l a t i o n s h i p  b e t w e e n  a b s o r b a n c e s ,  n iai -c m c o n r t r h tijQEDS 
o f  c o b a . l t  ( Co s o ^  7110,0. + ( m u . ) p C r C i ,  )  b y  a /to m ic  a'๖ร o r p t i o n



1 4 0

T a b l e  6 . 4 . 2 . 1 5  The T eletiiO K ntiip  b e tw e e n  a b s o rb a n c e s  ;
o f  chrom ium ( Co S0/: 71f0 0 + 
t i o n

C o n c e n t r a t i o n
i

A b s o r b a n c e

10 ว 0 .0 8 6

200 0 .1 6 ?
400 O'. 244
1000 อ.. 568

b la c k  p ro d u c t อ. 201
o ran g e  p ro d u c t  ๆ v 6  • > rD

das enhance ท

'•*5

0 .4

0 .3

อ'. 2

0 . 1 b la c k

o ran g e

500 1000

Pig- 6 . 4 *2 . 9  The r e l a t i o n s h i p  b e tw ee n  a b s o rb a n c e s  .and.
o f  c h ro n ii .บ!โ (Ooร0^7อ100 + (iTTT, ^CrO^, ) b y

'.nd c o n c e n t r a t io n s  
b y  a to m ic  a h s o rp —'

------------------------->
ppra

c o n c e n t r a t io n s  
a to m ic  a b s o rp t io n .
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T aille  6 . 4 . 2 . 1 6  'Z h c r e l a t iวนsM p  b e tw ee n  a b s o rb a n c e s  ami ccnie e n t r a id o n s  
o f  S0^~* b y  t u r b i d i * 2t r y  m ethod

c o n c e n t r a t i o n  
j (ppm)

A bsorbance

1 ว . 071
! 2 0 .1 8 0
1 3 0 .2 5 1

4 0 .3 0 5
5 ว O 401
K 0 ,5 0 0

b la c k  p ro d u c t 0 .4 9 6

b lu e  p ro d u c t
__________

อ . 1 9 4

A bsorbance

O r (.  ^  L r  o  m u m

F i g  6 .4 .2 .1 0  The r e l a t i o n s h i p  b e tw een  a b s o rb a n c e s  and c o n c e n t r a t io n s
o f  S0^~ b y  t u r b i d im c t r y  m ethod



1 4 2

The d u p l ic a te  r e s u l t s  showed th e  v e r y  s t r a n g e  d i s p e r s i o n  
o f  r e a c t i n g  s p e c i e s .  M ost o f  s o l i d - s o l i d  r e a c t i o n  p ro d u c ts  w ere form ed 
in ' a d i f f e r e n t  m echanism  from  aqueous sy s te m . The re a r ra n g e m e n t  o f  new 
s p e c ie s  was v e ry  d i f f i c u l t  to  p r e d i c t  th e  s t r u c t u r e  w ith o u t  c o n f i r m a t io n  
o f  X -ray  c r y s t a l l o g r a p h y  te c h n iq u e .

T hree p ro d u c ts  from  CoSO 7H 0 and (iTH.)_CrO sy s te m , w ere4  2 4  2 _ 4
ch o sen  to  d i s p l a y  th e  c o m p le x ity  o f  atom s r e a r ra n g e m e n t ,  w hich  d e r iv e d  
from  a n a l y t i c a l  r e s u l t s .T h e  p e r c e n ta g e s  hy w e ig h t o f  them w ere l i s t e d  
i n  T ab le  6 0 4 •2  c1 .5 .

A cco rd in g  to  th e  i n f r a r e d  s p e c t r a  o f  th e  b la c k  p ro d u c t  showed 
th e  c h a r a c t e r i s t i c  peak  o f  ch rom ate  io n .  î ’hen  th e  p e r c e n ta g e  o f  ch rom ate  
io n  was c a l c u l a t e d  from  chrom ium w hich was d e te rm in e d  by th e  a to m ic  
a b s o r p t io n  te c h n iq u e ,  s in c e  th e  c a l c u l a t i n g  ch rom ate  io n  from  
g r a v im e t r i c  a n a l y s i s  was lo w er th a n  th e  d e te rm in a b le  chrom ium .

T ab le  6 .4 .1 .1 7  A n a ly t i c a l  c o m p o s itio n s  o f  p ro d u c ts  b etw een  CoS0.7Hp0
and ( M l J 2C r04

P ro d u c t °]o Go 1o CrO2p 1!ïï+4 i  แ20 1° so^

b la c k 1 7 .4 45 c 88 15 - 1 1 .5

b lu e 5 - - 21 2 1 .3

o ran g e - 7 3 .9 9 1 2 8 .4 5 7 .5 -



The m o la r r a t i o s  o f  c o m p o s itio n s  o f  th o s e  th r e e  p ro d u c ts  a r c  l i s t e d ,  

"black p r o d u c t ,

Co ร C r o ;"  ร M T j(cr m 3 ) ร s o | "

2 .4 5 3 .2 9 c » 9 1 1

b lu e  p ro d u c t ,

Co Î s o f  ะ H2°
1 .4 1 5 .2 7

o ran g e  p ro d u c t ,

H irf ร C rO ;“  ร

3 .7 1 .5 1

The im p e r f e c t io n  i n  s o l i d  c r y s t a l  was h o ld  a  good c r i t e r i o n  
in  d e a l in g  w ith  m a te r ia l  w hich  c o u ld  n o t  e x i s t  w ith  th e  i d e a l  
c o m p o s i t io n ,

The a n a l y t i c a l  c o m p o s itio n s  o f  r e a c t i o n  p ro d u c ts  a rc  n o t  
s im p le  to  d e r iv e  t h e i r  fo rrau l •' I t  i s  th e  f i r s t  a t te m p t  to  c o n s t r u c t  
t h e i r  s t r u c t u r e s  f o r  i l l u s t r a t e  th e  c o m p le x ity  a s  shown in  th e  
fo l lo w in g ,
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The black product.

( I )

0
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o ran g e  p ro d u c t;

( I I )
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b lu e  p r o d u c t ,

( I )

H2 Q

01

1 ^ 0

y

( I I )
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6 .5  The comparison study by instrumental methods
6 . 5 . 1  X - r a y  n o w d e r  d i f f r a c t i o n  p a t t e r n  o f  o r 0d u c t  a n d  r e a c t a n t s

I n  t h i s  s e c t i o n ,  t h e  X -ray p o w d e r  d i f f r a c t i o n  p a t t e r n  o f  

n r o d u c t  a n d  r e a c t a n t s  w e r e  c o m p a re d  a s  s h o r n  i n  P i g  6 . 5 . 1 . 1 - 6 . 5 . 1 . 5

6 . 5 . 1.1 CoF?2II20 + CaS

CoP 2 2IT2 0 p i n k

b l a c k  p r o d u c t

F ig -  6 . 5 .1

C o F  2 ir20 
pink
C a S

i n n c d i a t l y  ^
pirric

g r e y
grey

X-ray powder d iffr a c tio n  nattera o f roactant and product
o f  s o l i d - s o l i d  r e a c t i o n . ( n i z e d  w i t h  s i )



6 , 5 . 1 . 2  CoClgôHgO + KgCrO^

CoClgôlkjO red v io le t

dark brown’ product

KoCr0  ̂ yellow

0 10 20 30 40 50 60 70 80 90 100 no 120 130 140 150 160 ’70 j5 15 25 » *" « 55 65 75 85 95 105 115 125 135 1*5 156 165

F i g  6 . 5 . 1

CoClgéHgO
re d -v io le t
K2Cr04
yellow

X -r a y  p ow d er d i f f r a c t i o n
o f  s o l i d - s o l i d  r e a c t i o n .

IQhrs ^
r e d - v i o l e t

yellow

pattern-’ of reactant and product 
(mixed wiitft. s i )
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6 . 5 . 1 . 3  CoS0 4 7H2 0  +■  (1ณ4 ) 2 'C r04

Co S04 7H2 0 r e d - o r a n g e

y e l l o w - o r a n g e  p r o d u c t
. 1 J' _ ?0 30 ~ 50 60 70 80 90 IOC MO -.-V 130 140 '50 Î6(Tsi’ I ' J  '5 25 ’ร " ' « รร 65 75 85 95 105 15 ’25 135 155 155

(MH4 ) 2C r 0 4  y e l l o w

CoSO4? HgO
r e d - o r a n g e  1 0  h r s 1
(MI4 ) 2Cr04
y e l l o w

r e d - o r a n g e
^ >ๆplacKL. psV -yy
y e l l o w

r e d - o r a n g e

g^ ^ p y m s c
y e l l o w

P i g  6 . 5 . 1  X - r a y  p o w d er  d i f f r a c t i o n  p a t t e r n  o f  r e a c t a n t  an d  p r o d u c t

o f  s o l i d - s o l i d  r e a c t i o n . ( m i x e d  w i t h  S i )



il

1 5 0

6 . 5 . 1 . 4  C u(C 2H3 0 2 ) 2 + NOgSg(>3

C u (C ? H3 0 2 ) 2 n a v y - b l u e

o r a n g e  p r o d u c t

y e l l o w - g r e e n  n r o d u c t

w h i t e  p r o d u c t
70 80 90 100 110 no 1*40 160 160 no

N a2 ร2 0 3 c o l o u r l e s s

C u(C  H -0  ) 
n a v y  b l u e
lla2s 20 3

1 h r s
n a v y - b l u e

c o l o u r l e s r
c o l o u r l e s s
l ^ g  Êc.5 . 1  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  o f  r e a c t a n t  a n d  p r o d u c t

o f  s o l i d - s o l i d  r e a c t i o n . ( n i x e d  w i t h  S i )
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6 .5 .1 .5  CuC122H20 + K Fc (CII)6

C ud^E ^O  b lu e -g r e e n

b la ck  product

K^Fo(CÎT')6 p a le -y e l lo w

40 50 60 70re - <5 5 5 65 7 5

I
d u e l22HU0 
b lu e -g r e e n  
K4Fc(CN)6 
p a le -y e l lo w

im m odiatlyr
b lu e -g r e e n

p a le -y e l lo w

45 days

It/

b lu e -g r e e n

F ig  6o5«l X -ray  pow der d i f f r a c t i o n  p a t t e r n  o f
o f  s o l i d - s o l i d  r e a c t io n . ( m ix e d  w ith

jร
p a le -y e l lo w  

r e a c ta n t  and product
S i)
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I t  was found th a t  th e p o s i t io n  and i n t e n s i t y  o f  r e f l e c t i o n  
l i n e s  o f  X -ray powder d i f f r a c t i o n  o f  r e a c ta n ts  and t h e ir  p ro d u cts  
were d i f f e r e n t e  Some r e f l e c t i o n  l i n e s 5 w hich were s im ila r  to  th o se  
o f  r e a c ta n t s ,  were observed  in  t h e ir  product p arte I'heso d is t r ib u t io n s  
showed th a t  a new compound was formed by s o l i d - s o l i d  r e a c t io n .

In the r e a c t io n  betw een CoSO^bjO + (i'TIh, ) 0CrO/1, the  
p o s i t io n  and i n t e n s i t y  o f  r e f l e c t i o n  l i n e s  o f  th roe p ro d u cts were 
d i s t i n c t l y  d i f f e r e n t  from t h e ir  r e a c ta n t s  (OoSO^TFIpO and 1) ^CrO 11)
a ร shown in  P ig .  C o 5«l»3o
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6° 5 -2  The com parison o f  in fr a r e d  s p e c tr a  o f  rro d u ct and r e a c ta n ts

The in fr a r e d  s p e c tr a  o f  uroduct and r e a c ta n ts  were compared 
as shomi in  P ig  6 o 5 ° 2 o1-6  o 5 » 2 o20.

i

R1 - = f i r s t ,  r e a c ta n t

n 2 - = second r e a c ta n t
p ^ r ) = f i r s t  product
p „ (1-) = ท ^1 product
p g c ) = f i r s t  uroduct a t  h ig h er  tem perature

P2<°> = thท. nroduct a t  h ig h er  tem perature
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T here  was a  l i m i t  o f  wavenum bers i n  th e  u se  o f  i n f r a r e d  
s p e c t r a  ( 6 5 0 -4 1 0 0  cm 1 ) .  The c h a r a c t e r i s t i c  peak  o f  th e  f u n c t i o n a l  
g ro u p s , w hich  c o u ld  be o b s e rv e d , w ere so^ ( 1 1 0 5  cm ^ ) , ÏTĤ  (14 0 0  and 
3300 cm- 1 ) ,  CrO^~ (9 50  cm- 1 ) ,  s e i f  (2100 en- 1 ) ,  c 2แ3 02~ (1 2 5 0  and 
17 5 0  cm- 1 ) ,  Pe(CÎT)4;  ( 2 0 2 0 -2 13 0  cm- 1 ) ,  a  ojf“ ( l4 5 0  ond 160 0  cm- 1 ) ,  
C0^""(875 and 140 0  cm- 1 ) ,  ร90 ^“ (1 1 0 0  and 12 5 0  cm- 1 ) .

In  th e  r e a c t i o n  b etw een  CoCl^sH^O and (Nil 1) gCrO^ (F ig .
6 . 5 *2 . 1 2 ) ,  and e x t r a  sp e c tru m  peak  o f  p ro d u c t  a t  3540  cm 1 showed
t h a t  th e  new s t r u c t u r e  irais c o n s t r u c te d  by th e  re a r ra n g e m e n t  o f
in v o lv e d  s p e c i f ic .  The metal-ini'*) bond m ig h t p ro v id e  a  new peak  a t4
3540  en  L. The p ro d u c ts  b e tw een  CoCl^dllpO and (ITH 1) 2co^ d is p la y e d  
s i m i l a r  peak  a t  3540  cm 1 . The i n f r a r e d  s p e c tra , o f  ( i f f l^ ^ c o  d id  
n o t  show th e  c h a r a c t e r i s t i c  peak  o f  IT—II " e n d in g  a t  14 0 0 cm 1 , 
w h ile  th e  two p r o d u c ts  o f  t h i s  ro a .c t io n  ( re d  and p in k )  showed 
a  peak  a t  140 0  cm- 1 .

The d i s t r i b u t i o n  o f  r e a g e n t  s p e c ie s  i n  e v e ry  re a .c t io n  found  
by i n f r a r e d  s p e c tra ,  c f  t h e i r  p ro d u c ts  showed t h a t  th e  m ig ra t io n  
p ro c e s s  was th e  d i f f u s i o n  m echanism  i n  s o l i d - s o l i d  r e a c t i o n .
I t  was a ls o  found  t h a t  some s p e c ie s  c o u ld  be changed  i n to  ล . new 
form  such  a s  ro a .c t io n  o f  CoF 2H20 + c,•.ร, i t s  p ro d u c t  showed o n ly  
th e  i n f r a r e d  s p e c t r a  o f  CoS0^7HpO w hich  iras d i f f e r e n t  from  th e  
s p e c t r a  o f  CoF^II^O  and CaS a s  com pared in  F ig .  6 . 5 . 2 . 1 5 *

The se v e re ,1 l i n o s  w hich  w ere o b se rv e d  i n  th e  p a t t e r n  o f  
X -ra y  pow der d i f f r a c t i o n  c o u ld  be u sed  to  c o n firm  in  thc it s t r a n g e  e v e n t 
o f  fo rm in g  t h i s  p ro d u c t  when com pared w ith  th o s e  o f  r e a c t a n t  p a t t e r n s .
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6 .6  C o n d u ctiv ity  measurements

r e a c t a n t  i n  tù o  s o l i d - s o l i d  r e a c t i n '  o f

° ° 5047:!2,า + ( ๓ 4 )2'* '’4

V o lte
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G

h  -
R2 =

CuC192H90 ( c o v a le n t ) (9
"2 2 

■4 ) 2Gr04 ( i p n i ๐)
p ro d u c t  R^ 6")

©

©

© K
ท

4

G

G)

0

© R2

0 0

©
อ

0

OO

©
©

<D พ <

100 200 V o lt:

F ig  6 .6 .2  The co m p ariso n  o f  c o n d u c tan c e  o f  p ro d u c t  and r e a c t a n t
in  th e  R o l id - o o l id  r e a ô t i o n  c f  Oho±22แ 2น + (ïïIL , 2Cr0^
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reactant in  the s o li? . -rone oion o f
COC126II20 + (M4 ) 2Cr04
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jLa1 \

10

R1 - CuS0^5Ho0 ( io n ic )

R2 = (m r^ C rO ^  ( io n ic ) O-
p = product ©

๏

(V

Q

IT)

©

r.!(Ô

( * )  y -
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๙ อ

© G
q q O
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0 ® o r

«ûO0,0 «@๙0 4. 4. + + * «- + * + * + «• + t-

P î g .6 .6 .4  The com parison o f  conductance betw een product and r e a c ta n t
i 1 0 0  2 0 0  V o l t s

in  th e  s o l i d - s o l i d  r e a c t io n  o f  Chti30 -3~ เ2®  + (î'IH 11) 2อท0^
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r c a c t a n ' :  S e  t h e  s o l i d - s o l i d  r e a c t i o n s ,  o f  C u C l + K C rC .o2 2 4



1 8 0

K2C r04 .
r e a c t a n t  i n  t h e  s o l i d  - s o l i d  r e a c t i o n !  o f  +
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r e a c t a n t  i n  t h e  s o l i d - s o l i d  r e a c t i o n  o f  Cu(c II 0 )
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and r e a c ta n t  in  th e s o l i d - n o l id  r e a c t io n  o f  
Co S 0 a7H 9 0 + NaSCiT



18 3

and r e a c ta n t  in  th e s o l i d - s o l i d  r e a c t io n  o f  
C0C1 o6ii 2 0 + TTaPCïï



1 8 4

and r e a c ta n t  in  th e s o l i d —s o l id  r e a c t io n  o f
CoF 2H90 + NaSCI'T



13 5

P i g . 6 . 6 . 1 1  T he com parison o f  conductance betw een Tproduct 
and r e a c ta n t  in  the s o l i d - s o l i d  r e a c t io n  o f  
C oP2 2H2 0 + GaS



1 8 6

4
Mn ;

re a c tio n  o f GoรกJ E ,2ภ + (H ll j2CrO^
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o f  CoCl2 6 lI9 0 + ICSGN ( 1 ) and C o d 2 C l l 2 0  + H aS « j(2 )
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t j j '-
10

10 ' 20 1 3ฉิ 1 40 1 50 : 60 1 70 J“ m ^ r
Fir; 6 . 6 .1 5  Th c o n d u c t iv i t i e s  o f  th e r e a c t io n  o f  OuCl^ffigO + (î'TH )̂pCrO/.

O?VO
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l ia  A



Fig' 6 , 6 .1 7  'The c o n d u c t iv i t i e s  o f th e r e a c t io n  o f CoCl^oII^O + KpCrÔ  
at 200 VC 11 a ( I  ) and 300 VO 1 to  ( II  )
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A

300
(2 ) (1 )

200

100

(1 ) -  CoSO 7IF' 0 + ITr seif
( 2 ) -  CoCl 26112 0 + Ha SO F
( 3 ) _ CoP 22II20 + IThSCF
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50 100 V o l t e
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FÜ0 > 6 .6 ,1 8  Tile comparison: o f  conduct;:,ne or, ๖0 tweens p rod u cts o f  c o b a lt  
compound and a l l - a l l  th io c y a n a te
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The c h a r a c t e r is t i c  o f  c o n d u c t iv ity  o f  th e p r o c e s s i v e  
r e a c t io n  o f  th e t r a n s i t io n  elem en t compound, vas found to  depend on 
th e  amount o f  io n ic  or c o v a le n t  p ro p er ty  o f  th e in v o lv e d  rea c ta n to  
The more c o v a le n t  s p e c ie s  in v o lv ed  the h ig h er  th e c o n d u c t iv ity  
v a s  o b served .

The c o n d u c t iv ity  d u rin g  the p r o g r e s s iv e  p er iod  o f  the  
s o l i d - s o l i d  r e a c t io n s  ( P ig . 6 .6 .1 3 - 6 .6 . 1 7 ) co u ld  he c l a s s i f i e d  
in to  th ree  ty p e s s -

1 . in c r e a s in g  or d e c r e a s in g  w ith  e x p o n e n t ia l s t y l e
2 . in c r e a s in g  or d e c r e a s in g  by a s t r ig h t  l in e  eq u a tio n
3 . in c r e a s in g  and d e c r e a s in g  in  a h e l l  sh ap e.

I t  was su rp r ised  a t  the system  c f  c o h a lt  compounds and 
a l k a l i  "thiocyanate in  show ing th e s im ila r  c o n d u c t iv ity  p ro p erty  
(F ig . 6 . 6 . 1 8 ) .

The v a r ia t io n  o f  v o lta g e  su p p lie d  s tr o n g ly  a f f e c t e d  the  
c h a r a c t e r is t i c  in  th e s o l i d - s o l i d  r e a c t io n s .  The com parison  
betw een two v o l t a g e s ,  200 and 380 v o l t s ,  as in  the r e a c t io n  o f  
C'oOlpôH^O + (F ig . 6 . 6 . 1 7 ) ,  showed the d i f f e r e n c e  in
c e n d u e t iv i t 5'’ p r o c e s se s  w ith  r e s p e c t  to  r e a c t in g  t im e . In t h i s  
c a se  the h ig h er  v o l ta g e s  m ight in c r e a se  th e r a te  o f  r e a c t io n .

A ll  o f  ch em ica l changes in  t h i s  p re se n t work were 
f i r s t l y  observed  by the change o f  c o lo u r . Those r e la t io n s h ip s  
were n o t good enough in  u s in g  to  j u s t i f y  w hether the r e a c t io n  took  
p la c e .  The e v id e n c e s  o f  X -ray powder d i f f r a c t i o n ,  in fr a r e d
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s p e c tr o sc o p y 9 c o n d u c t iv ity  methods and com p o sitio n  a n a ly s i s  p rovided  
th e v ery  im portant in fo rm a tio n s  to  su pp ort the ch em ica l phenomena 
o f  the s o l i d - s o l i d  r e a c t io n .
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S tu dy  o f  s o l i d - s o l i d  r e a c t i o n  h as  come to  th e  c o n c lu s io n  
t h a t  t e m p e r a tu r e ,  p a r t i c l e  s i s e ,  n a tu r e  and i n t e r f a c e  o f  th e  
r e a c t a n t s  a r c  s t i l l  th e  common f a c t o r s  f o r  th e  r a t e  o f  r e a c t i o n .  
A p a rt from  t h e s e ,  th e  im p e r f e c t io n  and atom  o r i e n t a t i o n  m ust ta k e  
i n to  a c c o u n t o f  th e  im p o r ta n t  f a c t o r s  in f lu e n c e d  th e  k i n e t i c  s tu d y .

The d i s t r i b u t i o n  o f  r e a c t a n t  s p e c ie s  in  v a r io u s  p ro d u c ts  
o f  th e  s o l i d - s o l i d  r e a c t i o n s ,  w hich  r e s u l t s  th e  bond b r e a k in g  and 
r e f o r m a t io n ,  and h a s  known a s  th e  d i f f u s i o n  m echanism , i s  a l s o  
co n firm ed  by t h i s  p r e s e n t  w ork . I t  t a k e s  .g re a t d e l i g h t  in  
r e p o r t i n g  a  noir c o n c e p t o f  m echanism  o r  p ro c e s s  o f  c h e m ic a l ch a n g e . 
The c a p a b i l i t y  o f  sm a ll  c r y s t a l  p ie c e s  i n  m ig r a t in g  in  th e  spa.ee 
tow ard  th e  b ig g e r  one shows a h ig h  te n d e n c y  to  e x te n d  th e  c h e m ic a l 
change in  th e  s o l i d - s t a t e  r e a c t i o n s .

S o l i d - s o l i d  r e a c t i o n s  o f  in o r g a n ic  compounds wore 
i n v e s t i g a t e d  in  o rd e r  to  p ro v id e  c h e m ic a l in f o r m a t io n  a s  much a s  
p o s s i b l e .  The p r e s e n t  work was th e  secon d  p a r t  o f  t h i s  s o u rc e  o f  
s tu d y .

T here  w ere enough e v id e n c e s  to  en c o u rag e  th e  c h e m is t  to  
pay more a t t e n t i o n  a b o u t s o l i d - s t a t e  c h e m is try  w hich  in  f a c t  had 
in v o lv e d  s e v e r a l  b ra n c h e s  o f  s c ie n c e  s tu d y  w hich  co n c e rn e d  w ith  
chemica.1 phenom ena.

6.7  Conclusion, remarks and the suggestion  fo r  fu tu re  work

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

b e  . g r e a t e r  t h a n  i n  s o l u t i o n  b o o a u s o  s o l u b i l i t y  i s  n o t  t h e  e f f e c t .
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Some o th e r  f a c t o r s ,  w hich  c au se  th e  d i f f e r e n t  b e h a v io u r  from  l i q u i d  
p h ase  a r e  v e ry  i n t e r e s t i n g  to  s tu d y  f u r t h e r .  They a re

1 . n a tu r e  and s t r u c t u r e  o f  th e  r e a c t a n t
2 . n a tu r e  and s t r u c t u r e  o f  each  c o m p o s itio n  in  th e  r e a c t a n t
3„ te m p e ra tu re  and t i n e
4 . n a tu r e  and s t r u c t u r e  o f  th e  o c c u r r in g  p r o d u c t .

T here a r c  p le n ty  o f  n e ใ.' compounds w hich  a rc  e a sy  to  p re p a re  
by s o l i d - s o l i d  r e a c t i o n .  Then i t  i s  a v e ry  good chance f o r  th e  
c r y s t a l l o g r a p h e r  to  s tu d y  t h e i r  s t r u c t u r e s  w ith  x - r a y  pow der o r  s in g le  
c r y s t a l  d i f f r a c t i o n  te c h n iq u e s .  The p ro c e s s  o f  c h e m ic a l change w i l l  
be u n d e rs to o d  c l e a r l y  i f  t h e i r  m echanism  can  be i n t e r p r e t e d .  The 
c o n d u c t iv i ty  p r o p e r ty  w i l l  be v e ry  u s e f u l  to  te c h n o lo g y  te c h n iq u e s .
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