CHAPTER 6
RESULT MR DISCUSSION
6.1  Preliminary investigation of solid-solid reactions at various

tcnpernlfurose

Table 6.1.1 Solid-solid reaction of tho first transition series at
roon temperature

R or,(co,), | ] (e _
Ry re(\ j)3 Ry Cr,( 03)3 Ry Cr203
R 1 R 5
R2 blue 5 blue I o oreoem
lg(10,), | P - black | MIT D - black | Ag,S0, P - block
yellow tf1e 10 Yrsf  browm tine 10 hrs| white tin¢ 10 hrs
; i
Ny or, ’

Ist: reactant

2nd reactant
p product

1st product
m nth product
hygr. hygroscopic

tine  hrs after the contact hrs



Table 6,1.1 (continued)

N. Rl Cr03
R\ dark-red
aipod p - "black
white tine 1 hr
A p - black
white

ca(Oi)2  F - yellow
white time 1 hr
CuC1221120  P-dark-

green

blue—grecnw

0 - dark
v ° (c,)6 'p yell QU
yellow tine 10 hrs
MhSOMHAO  p — lack
pink

MnCI"HgO  p - Mack
white

(MTY) 2G4 4Qy p - black
white
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Rl Cr03 Cr03
R2\ dark-red (3 dark-red
As20 p- black As2 3 p - black
1 White orange
Ba0?2 p- black & p - Mack
white white
CaF2 1 p - yellow  CuCl T- black
white ~ :tine 10 hrs green
Pe(HJI - black o - black
(5(04)?n)1 0. : Enop3 P
yellow } green'
KGsro p-yellow K224 p - black
white tine 10 hrs  wrhite time 3rcirrs
KCIl _p™- yellowr  MhC2044IP2C p - brlack’
white 1 2 orange white
hygr. tine 10 hrs
Msc204 :1p - black  lla2c411406 p - black
white ; wrhite
PbG20A ' p - black TIKC2 4 p - Dblack
white white



Table 6,1.1 (continued)

(nrd)2c-r04

\ Ei i
Ro o\ Yellow gy
AL(IT03)3  p - yellow CoF221120
91120
colourloss tine 1s nin. pink
hygr.
CuC1221120 p - red- CrCI3
brown
blue-green tine 3 hrs  ryeon
hygr.
Po(ffil)- - red Fo (0 0).
(30(4)A )20 P Brown 5Hp(g )
pale green tine so hrs green
X p - birch foar
white tine 5 hrn white
by(IT. hy.gr.
FiCl26H20 p - brown 17i(H03)3 -
612
groom -(reen
iTa2 203 p- brown|( 4)2c 4

colourless tine 10 hrs  white

(raid )20ro4 (I1HJ2Cr04

yellow R\ yellow

p - black  CoClgbil2or 7- black

tine 3o hrs red-violet tine 1 hrs1

hy.qr.

° - black  CuSOpilg0 p - red-
brown

tine 10 hrs  blue tine 10 hrs 1

p - brown (H03)2  Pj- orange

tine 10 hrslLyellow p0- black

3% rod
Py white
p~ yellow MnSONHPO p - Dblack
tine 10 lire i rose
p - brown FaT ' p- brown 1
white  tino 10 ninJ
tine 10 nin
hygr.
- p - black :”O vi - brown

tineso hrs yellow-
brown

hygr.



Table 6.1.1 (continued)

—

(M4)20r04 - =
I —
N yellow o
1
Pl (113)2 Pj- yellow iZniSOMFGO
white Pg- brown 1 white
tir.c 3obI’S.}
T\

X *1 K2Cr04 | R1
e\ yellow gy x
Cu(C2H302)2 p - black  CoC1961120
navy-blue tire 22 hrr rod-violet

hygr*
|feOlg p- dark-  ItnCI2MH0
white vellow  ypite
Ba2C03  P- orange  MCI 2612
white tine 30 hre green

(HH4)20rf4 K2Cr04
yellow yellow
I K j
p~- yellow 13 p - Mack
p- orange  white tire 16 hrs
tir.c 2 day?
X 1
Qcros V1 KeLrtd
yellow Fi X ye Lloir
p-dark- CuCl22il20  p - brown
brown-“pyc-greon tine 1 hr.
tizicsonins
P- do.rk— NIIAP p - orange
brown white tine 1 hr.
bygr.
p- rod-
brown
tine 1 hr.'

=
H
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Table 6.1.1 (conUinued)
| F’\ i
v =3 ' 'S - ! » 7 s
Rl }.9_(,1'04 Rl ; 1\.20_1.0‘1 | Rl 1‘201 04
Rz \i yecllow | R2 i ycllow g R2 Jellow ‘
I
’ . 5 e : N 1 =5 X | T » JE. P
N‘i(NO3)26H23 P - rod ;v«HzPorzngq P = rod ISn0122-120 P;~ dork
1_‘ -y o Y
aroon brovn § o ie Qronge kit yellow
) |
hyor. tine 1 hr.l tinc==hry P - brown
| ;
. P,= grcem
3 gres t
: tine 1 hr,.
i I
7 2y |
7 - oTent 7 A 1ot
: fxCl2 P - orenzd 1’1(1\T03)2 : Py yellow ? !
white tine 1 hrd white ‘ P~ orange " '
.
| | timo 20 he)
2. | FeC,0,2H,0 Ro——|-Ped N T Po 1.0°
B FoC,0, Izq 1 l Ped 0,210 R oC,0,2i1,0
! p
R2 ycllow ! 1{2 ‘ yellow R2 yellow
HaKCH P - block] KP 1 P - black | KHco, P = red
white tine 10hrg white i tine 1OLrs) white brown
: I
i i tine 10 hrs,
. +
KCIO P - 1)100&? E‘Iz,0211302 i P - red
i H
white rcd whitc Hrown
tince 10 hrj ztiz'lc 10 hrs.
|




Tkble 6.lo1 (continued)

13

A 2(3204) 35! 2¢ Pe2(0204)3biy 1 \ " 2(020|35112
V| , \yellow-green 1o | Yellow-green 1“3 1yeIIow-green
B&BrIp0 P-dark yellow lIgkdT  P-brown KaT Pj—red
colorless time 10 mins white  time 22hrs.  white Pp- white
tine 20 hrs
K D - "brown KF p.- yellow KOl PHyellow
white  time I/2hrs  white ~ Pp- whitt ~ white  pp-krowra
hygr.  tine 1hr. tine 22hrs.
KCI  P-red hrmm  KO2H02 p - brown  LIC7M503~ p - black
white  time 1 hr.  white  time L hr. white tine 16hrs.
H223 p-yellow [TKIPO p- brown  FaGl p- yellow
colorless tine 10 hrso white white time 24 hrs
hygr. hygr.
H?C03  P-dark brown NaC2HB02 7 - brown?  ITcllgP04 p - white
white  tin© 22 hrSo white  tine 2 hrs.  IPHO  time 22 hrs
white
[ffll, )2003  p - yellow HT.I p- black 'm4)2Cr04 p - brown
0° tine Lmin yellow  tine 1 min# vyellow  time 20 hrs.
white
hygr.



Table 6.1.1 (continued)

NT~ Phdiir.) Fo)2 \ R Pe(nin)
(304)’\820 4 9 9N
- (Hav (
pale green pale green pale .green.’

AgNO3 p - brown?  BhCI22ir20 pale yellow CrO ? -black
white tine 10hrs, white tine 1 day dark red

CuCl?2n?0 P—dark-green Hfe(NO3)2  p-brown HIC12  jP-dark brown

(blue ggreim tine 10 rains yellow ~ tine 1 day  white tine 20 hrs.
!

] KONO p - brown KP p- grey KEfr p-ycilow
white time 10 hrs :llito tine 10 hrs white tine 10 hrs

| Kol P Black KON p-orange  KBD p -yellow
white time 10 hrs white 22- yellow  white tine 20 hrs
tine 22 hrs

KET 21- yellow MnCI24H20 p - yellow  MCO3 P-palc yelie

] white 22- green  white white tine 20 hrs.
time 20 hrs
Mg<BO ) p - dark MO P- orange  NaC2H302  P-whitc
8:i20 yellow
white  time 22 hrs. white tine 24 hrs Mlitc time 10 hrsq|
jNall?PO48n2c p - white  Na?C03  P-darlc brown (HH4)20t04 p-red brown
1 white white time 20 hrs yellow tine 2 dryfl®

1



Tatle 6,1.1 (continued)

15

) e (0 T : 0 ) T :
Ry %Pc3( 04)28112c Ry !103( 4)28{2d Ry ;r 1 2 1,0 ;
R iwhitc=bluc R white=bluc R ETT O L
2 i 2 i 2
i | 1
: i T
CrO3 | 2 = hlack |[HgKCN P - browm K ] P —= brown i
|
dark red vhitc time 1 day | white |t1mo 5 nins
hyare |
ICIT0 ® - browm |MIL,T P-red=brown |
white tine 1 dax brovm tine 1 Qa7 1
| |
i |
CoCO" CoCI1?76J170 % CoC126H20
1 A \ 1
red—violet

RIX | darlc-violct R? \ red-violet co\ x

ITiCI20lIg0 7 - lack ~ AI>04 P-palo-violei A(NO )

P-pale-violct

9 2°
Teen time 1 hr0 [white tine 1 day colourless tine 5 nins.
R, | CoCL,611,0 \ R, | CoCL,61,0
Hz rcd=violet Rg red-viclet

232 2 2

white tine 10 hrs.! white tine 1 doy vhite

Ba(C,H,0,)] - pink || BaCl,2H,0 P-bluc violds Bed
)

P - bhlack

tine 10 nins

==



Table 6.1.1

N N sl
*2\

SES

yellow

CaBr?6H20
white

K2Cr2°7
orange

KCH
white

qald)2C4:14°G

white

Thi4]
brown

Pb0
yellow

f

(continued)

\

COCL26M0 y

red-violct RO\ .
P- grey CaCl2211 0
tine 1 dry white
p - Dblue CaS
grey
P- black 1@Cr04
tine 172 hr yellow
r - brown Hal
white
- blue
. 0D
tine 1 hr. wioltc
V- black

tine 1 min  wliito

CoCl06HG ! » CoG126H20

rod-violet : R\ red-violet
p  Mtae 3902ir302)2 p - black

white

]
p - brown  CuCl p - brown }

time 1 day  green time 1/2 hr.

p - black ECHO p - blue
time 172 hr Lwhite

p- black a2 203 p - Dblue
Pg STeen colourless

time 10 minis.

[ - green " p- violet

time 1 min.

(®4)2504 P - pink  (pH4)2Cr04 ?7 - black |

colourless tine 1day  yellow  time 1 nin 1

- black Sr(OH)2270 T - black 1 SrC03 p - black

time 10 hrn® white  fime 172 hrsjcolourless tine 3 hrs.

CETR



Table 6.1.1

(continued)

\ gpy CoF2H20 g COF2 22 |« CoF2 2H2G
N pink T pink B\ pink
AL(NO )39 <3 p - red CaS p - black  CuC1221120 p - brown
white imo 10 mins. grey blue-green tine 1 day
KCli PJ- yellow  KONO 7 - blue  NaSCl p - blue
white 72~ hroTim 1white time 1 day  coloniiccs
imc 1 day
( 4)20 312.) p - violet P-ctark yellot' ( 4)20104 p —black
white time 15 mxi brown 1 tine L min.  yellow  etime 2 days.
SICI2A0 - red-
1 violet
white 72° blue- :
violet
| tine 1day
1 | |
T | |
Rl COSF'IV,:_Y‘TQO :\Rl | COSO.‘:'Z}IQ(‘ !‘ \Rl CoSO‘,I"{IIZO |
R2 \22‘0(1— oTrangse g,'ct o \jro:,’t—orn,n(;c !l ‘32 \iod—ornngo
| Pa 0122T127 | D = violet | (‘1?2'I?0 P? = blue T;'LgKCI-T P - green
! white litlmc 1 day ' white %*.r?zito time 1 day
! |
| XCN ; ) . brown || XCH P - bluo !*c 2110, ? = brown
white {tinc 1 day iwhit lv‘ntc time 1 day
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Tabic 6.1.1 (continued)

\ b1l CoS047112n X\ R1 3 \ R1 CoSO 1llgO

—

2\ x red-orange  py red-orange o\ red-orange

FasClL ?-blue oo F-darlc blue ITiClgHgO  p - black
colourless white recn time 10 hrs.

(MI4)2Cr0, 7 - black >14)200312(1 ? - black
yellow  time 10 hrs 1 white  time 1 day

Cu(0211322)2 €222, | 1(20302)2
Z navy-blue k@ ~ \y, navy-blue o navy-blue

ICl P-ye [10w— K2Cr04  p - black KC2n302 7 - Mue

white brown yellow ino 1day  white time 1 day
| tine 1/2 hr,
" Hal o brown L Ha2 203 P- - whitebll!4)2603120 p - blue
white '2- yellow colourless ?2 -yellow white time 10 hrs. 1
tine 1 day ime 10 hrs,
1

SrBr2 p - Dblack
White  time 172 hxj»
1 hysar, | 1
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Table 6.1.1 (continued)

—1I . 21—
~  2CuCO Cu-(OIN)2 | 2CuC0 Cu(011)2 \ £1 2CuC ¢ (OH)2
"blue v blue h o\ blue
“2 0\
CuBr26l20  p - black  IGCN ? - blue  SnCI22112rP-dark green
white ~ White  tine 1 day white  tine 10 hrs.
|CBr p - black

white tine 1 day

n? green b\ ryeon .n2 \ groon

AS2504 “ . plack ACITN3 p~ green  Ca3(-?04)2 P-dark green

white W hite PQ Dblue | white time 10 hrs.
) ~—1_d o

Ca(C211302)2 P-dark reen CaCO P-dark freen CuC1221120 P-dark green
white tine 10 hrs  white tilme 10 hrs. blue-green tine 1s2 hr.
KCNO p~ blue KBr M-oblack koo p - orange
white tine 1 day j white tine 172 hr. white tine 172 hr.
Hal OTY NI T - frecen  N&gHASOg p Dblue
white tine 172 hr. white time 172 hr. white tine 10 hrs.

NaC2!1302 5- Dblue Zn(CN)2  p - black
white time 10 hrs white
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Table 6.1.1 (continued)

o e | GCLA0 . CUCPHO
R\ J blue-green  po blue-green  po Ny hluc-gre.cn
A1PC4 | 7 - pale- B0 p- dark blue  BaS p - black

}-White | blue  white time 10 mins,  white tine 10 hrs.

Ha(C2H302)2 p - green Ca(c2!!3 2)2 p-oalc greet CaBfrgdHgO p - black
white  time 1 day white  tine 5 mins  Wwhite

Ca0ll)2  °:pategiedn  OVF2 ppale green CoP221120 p - brown

vhito time 15 mina. white ' pink time 10 hrs.
1 CdS ? - brown jPc(nil)2  P-palo green.llfeKCE p - black
Jorange  time 12 hrs. time 10 ins. white  time 1 day
(file green 11
K2cr04 ' - brown KIPo(CN)6 p - black  ECHO p - blue
1 yellow  time /2 hrs. yellow  tinols2 hrs. — white itime 1 day
Kerr ? - black 1 KBr p- black K& B02 ?- blue
white time 12 hrs 0 white  tine 1/2 hrs white  tine /2 hrs.
i 7n5°3 7-ycllo l1a2 203 p - black lial ! ? - Dblack
white green polourless white
time 16 Nrs.q %
{TaSCi) p - black 7 - black  SrBr2  p - black
colourless lyellow bine 12 hr. white Jltine 5 mins.!
| ai(Cm2 =dark .green !

j white tine 1 dry ], {



Table 6.1.1 (continued)

CuSO \ R1 0 4 XX R1
rale blue gy x ~ nalc blue R xn

sa |\
BaCl22H20  p - green CuCL22120 ? - (proem  CaEr22n20
white  time 1day  white white

hygr.

CoC1261120 7 - {preen np(ii03)2 ? - blue Kl
red-violet time 1 day yellow tine 15 mins  white

KG\O blue Mal p - black Na2S2°3
white  22- green  white colourless
time 1 day
NaSClI p - black |(mi4)2co3 p- violet  NPp
colourless time 10 min? white
white hygr.
(NHJ2Cr04  p - blue  SrBr22120  p - black  Sr(B0212
yellow time 1 day 1white white
x| 0 452 4 cuso4oH2n
R blue blue H

BhCI22320  p ~ green  CaC204 7 - black  CoCl"0irO

81

Cuson
pale blue

p- bla.i

p - brovm
time 2 mins
p - yellow

brown
time 1 day

p - blue
time 1 day

p-darlc brow
time 1 day

CuS0451120
blue

D - green

white  time 1day whitt  time 1day red-violet time 1 day
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Table 6.1.1 (continued)

cuSO/5ir20 \ « ¢ CuSO™HgO I, £y CUso4lir2o

\
blue. R ¥ blue . H blue
= e | - X
1?7- Arcen KOO ? - Dblue KBr p - black
1 Mite  tine 5 niins  white time 4 day1 white tine 10 hrr
lial 1? - rod~ NaSGil - black («V 2N ? - blue
rhitc brown colourless time 5 rains . 20
| _ white
J
xy J? - red- i(Bir4)2oro4 ?-rcd brown  SrCl 61120 . Lreon
1 brown

brown EII I white  tine 1 day

f



TaMe 6.1.2

nl

Cr203
green
K/e(CH)6

orange
KAPo(GN)6
yellow

m 401
white
(NH4)2 4
colourless

R2

I2CrC4
yellow

MI4CL
white

™ 4>2

°4
olour

€SS

bolou]

33

Solid-solid reactions at the higher temperatures

CoCIlNO  red violet, hygr.

Temperature Tine
Celcius minute Colour of product
180 60 sky-blue
90 10 black
70 30 green
50 30 dark-hlue
50 30 dark-blue
CoSO/ TH20  red-orange
Temperature Time Colour of product
Celcius minute
50 30 bla,ck
80 30 blue
30 30 pale-yellow



Table 6.1.2 (continued)

84

CoCO"  grey-violet
v Temperature Tine Colour of product
Celcius minute
K2Cr0a4 200 60 black
yellow
(HIl/r)2CrOa 175 130 black
yellow
J
— ™ » QuCO Cu(ou)2 green
R Termcrature Time Colour of product
Celcius minute
I2Cr04 200 60 black
yellow
(in4)2Cr04 175 30 black
yellow
____________ o = Cucip2ir o blue green
*9 Temperature Time Colour of nroduct
Celcius minute
0 V 'l‘ 90 brown
green
PeC2°4 175 30 brOWH
yellow
702(c204)3 175 30 brown

croon



Taille

60l.2 (continued)

K-Fo(CN)6
orange

roidci
white
dnid)2504

colourless

NHI|CI
white

(®4)2sh
colourless

= CuCl221120

Temperature
Cclcius

175

140

110

CuSO  (an)

Temperature

Colcius

100

130

150

blue-green

Tine
minute

30

10

60

pale blue
Time
minute

10

10

30

85

Colour of product

brown:

orange

hlue

Colour of product

greem
brown

yellow



Tabic 6.1.2 (continued)

0 05H20 blue hygre

E9 Temperature Tine Colour of produq|5i
Gelcius minute
K2Cr04 » H black
yellow 130 30 orange
NHCI 90 30 green
white
(ffll4) 2504 120 60 yellow-blue
colourless  w e A T
R- = PeCNO"HO yellow
-, Temperature Time Colour of product
Cclcius minute
K2C 104 150 30 brown
yellow
(ima)2Cr 4 180 30 black
yellow
ffinCl 150 10 green
white
(M 4)2504 140 60 green

colourless



Table 6.1.2 (continued)

= Fe2(c2 4)35 20  green

Temperature Time Colour of product 1

e Gelcius minute |
hiidci 110 60 brown
white 150 10 lack

(E 4)2504 150 60 brown
colourless

I Bl Rl = Pe(im4)2( 4)26l120 green
R Tenwpe(ature Tﬂne Colour of product
Celcius minute

K20rO4 50 10 brown

yellow

SH4<n 180 60 rod-orange

white
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Table 6,1,3 The conparison between reactions in solid state and
agueous solution at room temperature

. Properties of product
H1 1% Phase of rcactior —

Puant: G, Colour SelTtxUlitjc
int water

blue soluble
blue solublo

NaSCIT solid 1
] colourless aouoous solution 1
icsaIT s0lid 1 blue~ soluble
CoClgéHgO colourless aqueous solution 1 blue  solublo
rcd-viole"  K2Cr04 solid 1 dark-brown insoluble
hygr. yollow  aqueous solution 1 black insoluble
ﬁPT4)’2CrO4 solid 1
yollow aqueous solution 1

black  insoluble
black  insolublo

ITaSCIT solid blue soluble

colourless aqueou solution 1 blue soluble

CoSO 7H20 KSCH solid 1 blue soluble
red-orange colourless aruoous solution 1 blue solublo
hygr.  (UH4)2Cr04 solid. 3 black insoluble
stcllow blue  insolublo

orange  solublo
agueous solution 1 black insoluble



Tabic 6.1,3 (continued.)

R2  ]Esso of reactior

CaS
grey
ITaSCH

colourless aqueous solution

KSCN

colourless anueous solution

K2Cr04
yellow aoueous solution
Na2 203
colourless

solid
anueous solution
CoP221120

inlc

solid

solid

solid

Cu(C211302)2
2H20
navy-blue

solid

aqueous solution

K2Cr04
yellow anueous solution

solid

(‘s SOl

yellow  aoueous solution

CuGI122H20 solid

PoFV 2
blue—green (S04)2«12caoueous solution

green

39

Properties of product

Quantitt Colour Solubility
In water

1 black insoluble
1 blue soluble
1 blue soluble
1 blue soluble
1 blue soluble
1 black insoluble
1 dark=brown insoluble
[~1 1 white insoluble
yellow insoluble

orange insoluble

1 lark-brown insoluble
1 yollowbrowr insoluble
1 lark-brown insoluble
1 yellow insoluble
2

black Insoluble



Table 6.1.3 (continued)

1 Propert|es of product

Ry Ry~ Phase of reactioil.
Quantity Colour Solublllt]
In water
CuCl 2H-0 K4Po(CN)6 solid 2 black insoluble
blue—greenjale- ’ blue soluble
yellow _
aoucous solutlon 1 brown insoluble
(«4)2(M)4 SO|Id \ 3 lark-brown insoluble
CuSO™MHgO  yellow green  insoluble
blue orange  soluble
hygr. agqueous solution | yellow insoluble
(«4)2c03 solid 1 broxn insoluble
Pe2(c2 4)~ white  agueOTJS solution
Bir20 (« 4)2CrOd solid 1 brown  insoluble
greon yellow aqueous solution
Pte(m4)2 (« 4)20L104 solid 1 brown  insoluble

( 4)26H20 yellow aqueous solution
green
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Arise in temperature for solid-solid reaction increased the
number of reactions from ten percents at room temperature to fifty percents
at higher temperatures.

It was very rare for anucous solution of inorganic compounds
to  all the same behaviour to their solid state. However, it was found
that reactions in two phases, solution and solid, between any compound of
cobalt(ll) and alkali thiocyanate behaved similarly and gave same blue
product which was expected to be 2(Co(SCN)"j.

The arucous solution of six pairs of reactants from the selected
reactions did not show any change when they wore mixed together.
These were CoPMI00 + C CufCgH?02)2 + fle2 20y  CuCl?2H20 +
Fe(mrd)2( 4)26H20, Pc2 C204 351120 + (NH4)20 3, Fe2(c204)3 520 + ( 4)2Cr0/;,
Fc(m )2( 4)26ii20 + (nii4)2Cr04 .
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6.2 Hate of formation of product at room temperature and
higher temperatures

Thblc 6.2.1 . Result of growtlh rate of solid reaction
CoSOMIpO + (IUIMOCOYN at room temperature

Thickness of (¢ )
Time 1

C0S0*Hg0 (WL, ),Cr0, black blue  orange
90 ()i, product product Arodut: «

1
10) hrs. 15 line —
30 NIS. 1.4 1.4 2 linc lino
3 days 1.2 1.2 2 08— 2
5 days 1.1 HEH 2 03 3
30 days 1.1 1.1 2 3
I
coS07:i20 red-orange
red-orange Troon ,Irlgd-ogange. pi
Figzeo- 0 Ry R
yellow yeIIow
C0S047n20 N red- orange
red-orange 8 C &2 "
(iII.)pCrO 15"'Mine.. ye||0W
yellow red-oran
115" % reg—ylolth

15 MiNs= §e?l&w3



Table 6.2.2 Result of growth rato of solid reaction
coGIrGlr0 + K2CrO4 at room temperature

Time

10 hrs.
10 days
20 days
30 days

‘Thickness of (cm)

CoClgollg0  KaCroa

1.475
1.475
1.475
1475

CoC1961120
rod-violet

K2cr04
yellow

1.475
1.425
1.375
1.325

" 30 Ming:

black
product

0.05

0.1
0.25
0.3

red-violet
bi'ac'z///s
yellow

e

yellow



Table 602.3 Result of gro\-ﬁil rate of solid reaction?
CoF92irp0 + CaS at room temperature

J
_ Thielmess of (cm)
Time
i CoF221120 CaS black
,,,,,,,,,,,,,,,,,,,,,, AN product
iminediatly 15 o linc
10 frs. 1475 1.475 .05
2 days 1,475 1.475 0,05
s days 1.475 1.475 0.05
CoFMIgO _
_ ink pink:
pink . GHULAL I
iminediatly ey T0#56> Vv Sys
CaS grey
grey
50 C pink
Tyomns o Drede

crey



Table 602.4 Result of growth rate of solid reaction
Cu(C211"02)2 + Na2 20 at room temperature

9

Sl ST T T T
! i Thickness of (om)
Time e e R et s g
| 3 0 f TS ! e | TonTe
[Cu((‘? £ ‘Q)E ﬂa?Sga}i “fill:\. A 1low f Ersiy
; | wroduct | nroduct i nrocuct
1 hr, | 2.5 1.5 | {/Aine | - =
1 |
10 hrs. | 1:6:4 i, | e ; linc “
| | |
3 days ' 15375 /Y% ' 06255, | line linec
5 i
| | i |
! 10 days | 1.23# 1.35 [ 03 i 0.1 ; 0,02
; : f ! ’ i
navy-b 1u\:-»
Cu(c 0,) n ZY luo VE ig;\\\\\
vualuv a"\ P4 —-«.';_. ,'m’\,?';.,/”
nevy-=blu Tr' on navy LHge *“‘*"'\ X \\\
ISV =0 00 Sa2dIL ] ] ) RS
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Table 6,2.5 Result of growth rate of solid reaction

CuCI*HjpO + K™pe(cir)g at room temperature

Time
CuCAnrn
immediatly 1.5
1 hr. 1.465
1 day 1.44
20 days 1.3
45 days 1.15
1 -- =
CuCI*HgO
blue-green  room |
KePe(CN)6 immediatiy
pale-yellow
so ¢ 1
15 mins"

Thickness of (cm)

K4Pe(CN)6  hlack blue
product product
15 lino
1.465 0.07
1.44 0.12
1.3 0.4
1.15 0.7 line
bluc=grcen

N\,

ANTRNA N\ T
MY
\ \ \

1ok F AR
Ae-Vellow AN
i NAURIRANNN
ANEA 22
pale-ycllow
blue—green
blacExvv

pale-green
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Arise in temperatures for the solid-solid refiction not only

increased the rate of chemical chan,pc but also changed the colour of

entities o

To study solid-solid reaction, it was able to follow up
every step of process of changing which included the reaction of
product-reactant or product-product, It was found that there wore
two types of mechanisms or processes of chemical chanpo. In the first
ease, the thickness of product increased with tine and it anneared to
react infinitely. However, in the second one, the thin layer of
product did not chanJO any more. It seemed to be steady forever,
such as the reaction of CoFMIMO + Can, the thickness of black product

showed its constancy of o,05 centimeters,
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6.3 The photographs of the interesting reactions were arranged as
shown in Fig 6.3.1 —6.3.10.

The interesting reactions were divided into two groups Stash as
the fast reaction ( which occurod immédiatly ) and the slew reaction
(which occured after a period of tine). The example of the fast reaction,
which involved the movement of pie 'OS of reactants while the reaction

was processing, are listed as the followings-

00SQOjn20 + KSCN
CoSO g . WaSCIT
CoCl26n20 + KSOIT
CoClo6li20 + NaSO'T

For the case nf CoF*IpO and o o, reaction took place immcdiatly
when the largo amount of reactants were used, hut in a small scale such
as setting in the slide for ohserving through microscope, it took
30 minutes after contacting between reactants.

In the figure 6.3.2 , the reaction ex oo3qiTigp + KSCN was
observed, an overhead light source (lamp) were used in stead of light

from the base of the microscope.



CoSO 770 rod -orange

red-orange imcdiatly®
[TaSCIT colourless
colourless
AN
or
+
Co2t ii.iaodiatly ”E
[1SCII VT
M = Kjl'la
Co2+ = CoF 21 0
CoClgoHgO
CoS0/:TH20

The direction of formation of the -product between 002+ and HSCI)



%3°1-The progressionlof product of CoSOMTIifjO + KSCIT by-microscope observation:,
at TOO times magnification»



C.504TH20 (1)
Pig 6.3.1 (continuai’)

KSCI>



Coso 7170
red-orange

KSClI
colourless

Pig; 6.3.2 The progression of Blue product of CoSOMTI*O + KSGIT By microscope otrservation-

at 100 times magnification.



_QSO TligO

red-orangc

jg KK
colourless

|
Fig- 60302 (continued)»



Hr. C:
colourless

CoS047H20
red- orange

Pig 6¢33 Hie pro oe 0f Trluc product. of CoBs7H0 + HaSAT by ifrol

observation at; 100 times magnification



|I\SO]!
OO

a-ANICO
TOd ., 008LIN0

(111)
V1S 63,7 ( 0 xnuod-)



Us, SCF
colourless?

CoC126 20
reel-violet

The progression: of blue product of CoCl 6 20 + 1TsSCU hjr nicroscopc

observation at 100 tines nagnification»



iinSCr
colourless

GoClI 261120
rcci-vio le



KSor
colourless

CoCI26E20
red-violet

fig" 60305 The rrogressiO'n of Txue product of cocClzex2y + ESCII ter microscope

cThsscrvatioru at. 100 tines nagnixicationo

80T
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Fig; 6.3.1 (courtinucgct) )
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CnOI02~1N) (blue yreeir) 1 hrs ~ |
KAFC(CH)g (pale .yellow) ealo yellow
Pig- 6.3.7 The progression- of Black product of CuCl?2lo0 + K"Pc (ci:)gejr ioicroscouc
observation at 100 tines notification,,

1



Pis 6.3-8 Tho blr.clt product of CuCI*I™O

4FC(Cﬂ- fwae nagnificctod.,

(Il



CoCI6lIp0 red violet 5 ins. [SH\/IAJ8t

| (a2 yolowy yellow | |
Piy 6.3.9 The orowression of lack product iron CoCl06t00 + (Ni})gCro, -/ micro3Co00

observation at 10 times nrunification.



CUCM2HLO Mue green 10 hrs  DIUe green
(1IT,)0cr0ryo lo yOL 16w

Fig 6,3.10 The progression of brown, green -oroducts by microscope observation
of CuClMmr0 + (iiH") OrO at 100 tines magnification.
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Pron tho study of mechanism or process of change in the solid-soli
reaction through nicroscone, provided a new concept which -ms unconcerned
with the imperfection concepto an only good evidence used to explain
the mechanism of solid by migration within tho system.

The translational notion of pieces of the distant react,ant toward
the other one which was observed by nicroscone, showed the distant space
was not an obstacle to cobalt cor.roound in drawing a small piece of
alkali thiocyanate to move closer against its large size of crystal and
then they could get into contact together. This night be a role of
electrical magnetic property to produce such g driving force.



6.4 Determination.of composition of interesting product
The analytical results from X-ray fluorescence, atonic absorption,
gravimetric and volumetric method are listed in the following table,

6,4.1 Composition of the product by X-ray fluorescence method

Trahie 6,4,1,1 Data for the relationship betireon activities and
percentage of heavy net0l by X-ray fluorescence

tcchilisuo
doactant % heavy notai in standard
A r
Co 71120 (H4)2CrC4 3 Co 0-5 0.5 00 1.04
Activities 9200+ 5 9398+ 7 o510+ 9 9691t 20
2 Cr 0.85 1.026 1.3 1.7

Activities ssaot 20 5595+, 12 5700+ 10 5960+ 7

*CoC1?762120 (Fd4)2Cr04 % Co 0.619 .928.  1.238 1.610
Activities 125,360 129,716 138,372 139, 960

£ Cr 0,375 0.875 1,625 1.875
Activities 229,000 242,000 250,000 255,181

(243 9)2 Da2p203 A Cu 0,397 0795 15017 2 =8
Activities 1130 1276 1616 120
|

* toother X-ray fluorescence instrument vas used



liable 6.4.1.1 (centinued)

Reactraits

b Go
Activities
Fo(ITIi4)2 J Cu
( 4)26ji2cActivities

J Fe
Activities

CoSO0/ TH2G j  Naserr

CuCl22112n

CuCl22ii20 b Cu
Activities
$ Fe

Activities

K /c(GH)6

1626+ 6

5100+10

117

X% heavy octal in standard

2.3 1.6 19 22.8
359+ 10 860+ 23 2260+ 1C 2810+12
0.490  0.925 1875  2.300
525+ 3 701t 10 1135+ 5 1650t 14
0.375 0.375  1.06 1.25
20+ 5 30+ 5 si0t T 630 10

26.1 18.7 11.1 3.6
1200-+ 8 855+ 10

2.6 5.4 79 10.5
12500+1C 15*460+5 20,000+5

360t 5



Table 6.4.1.2

Hosuits of percentage) determination of heavy metal

by X-ray fluorescence technique

1
Systen Colour of Activities
produc
Co™odrir20 + (Hird)2Cro4 black 5,330+ 20

9,056+ 10

CoC126H20 + (im4)2Cro4 black 12,350+ 10

255,181+ 12

cu(0y1302)2 + lla2 2c3 white 1,280+ 5

yellow 1,500+ 10
orange 1,150+ 10

GoSOJHGO + 1JaSCIT blue 1,280+ 10
CuCl?21l20 + Pe(ML)2( 1> brown 516+ 10
6H2C 1 preen 199+ 10

brown 398+ 10

green 473+ 10

ouC122H20 + K Fo(CN)s black 1560+ 5

1,260+10

Percentage of some

elements

3 Cr
# Co

il Co
Cr

) Cu
J Cu

o Cu
Co

o PC
$ Pc
n CU
# Cu

fo Cu
% Pe

11.47
10,23

4.78
30.00

7.80

29.85

33.33
9.80

13.42
9.86
2068

15.78

23.80
5.70

113
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In the case that small amount of product was obtained,
calcium carbonate or sulphur, an ineffective substance in X-ray
fluorescence was added in order to make the same thickness as the
standard. ‘'hen the percentages of heavy elements in the mixture were
determined from their calibration curves, the percentages of heavy
elements in product could bo computed by using the equation,

$ metal in product metal in mixture x 2
weight of product in mixture

* where 2 = weight of total mixture in gram,
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300
200
100
] i | ’ ™
s |
1 2 % Fo

6oleled The relotiomship bedwceon activitics and nercemtoros-—-

of iron, in- GuCL?2T20 + Fo(l-TIIN2( 02" 2° F' X-ray
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I LUOoTrCIdCorReo o811l ut
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|
1300 i~
1100 |-
Q00 =
TOO |
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\! , !
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Fig 6.4.1.5 The Felationship "botveen activities and ﬁercentages of
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fluorescence tochnieuc
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- 6.4*2 Determination of 011 notoi 7 atonic absorption J turbidinctric,
[gravimetric pnd volumetric methods

The analytical techniques were selected reasonably for determining

notais and ' locular opccics.

Absor"hanco

.15 - A

a5 1=
. >
= 7
'/
el
7 :
:l l
s
7
5
Fig 6.4.2.1 The rclotisnchiv bhetween abrarbonces ond coneentrotione
of (chrioninr{) by et riic) ahishrHtiory tochnicuc

Table 6.4.2.1 The relationship botlfccn  orbuncos and concentrations
of chroniun "by atomic .absorotion technique

Lo i, I O T T |
Goneentrétm of standard Absorbance
0.017
0.080
0 .100

0 .140
10 . 0 .150

O — O O Bk



Table 6.4*2.2 Dcterninr.tiorr of chroniun in various nroducts

Product IAbsorbance '0 chreniun
GuCL221120 + (znj 2Crf)4 0.275 22.34
Cu(c2":302)2 + K2CrOil 0.031 19.93
CoGI26:i20 + (imp 2CrO. 0.055 26.28
CuClgZ'lg0 + KpCrO,, 0.T57 27.71
Cusoppo + (m4)2CrOA 013 16.24
(oC126:i70 + KgCrOM 0.045 24.35
% (in.)2(SO/ )p+(Hn/ )2Gr0  0.055 3.02

6:120
f02(0204;3+ ( 4)20r 04 055 R\

51120
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Tablo 674.2.3 Tho relationship between absorbances and concentrations
of cobalt by .tonic absorbtion technique

Concc%nbtarl?ttion of jsorhance
ppm | | average
1 0.010 00040 0.040
2 0.035 0.075 ¢.080
5 0 245 . 250 0 .245
10 0 435 0.435 0./-35
15 U «620 0.620 0.820
20 0 0820 0 .800 0.810
(A= EATI

-

Pi,: 6.4.2.2 The relationship between absorbances and concentrations
>

of cobalt; by atomic absorption»



Table 6,4.2.4 Detexinination of cobalit in Taxions products

"Product of absorbance 1aCo hy weight
GoCI?61120 + (iiiT.) 2CrO, 120 21.90
Co012Cn2Q + 1202 0, 00030 3.92
coci26n20 + (mi,) 2003 0.530 12,39
GoCl 6no0 -f DnSCIT 0230 4.03
Coci 6n-0 + KSCF 0.690 6.80
CoP?2H20 + CaS 0 *560 22.47
CoF 2p0 + ITaSCT 0 4-10 1.87
Coso ,7 90 +7:sCiT U .340 8.41
Cos0.1?H O + FaSCIT U.s0 4.29

———
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Absorbance
, y
| /
Tl S e g o
r. ! (
| A (
o =l )
j //; ! :
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4 v
| i
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| L
| ‘ ) !
i # : ' !
3 (;-,/ )
i A
! v | |
S to !
o Z L INGEA AN Y

5 10 i

Pig: 6.4.2.3 The rciotidnshdp tctucon absorbances and concentrations
of iron by atomic absorption technique

Table 6.4.2.5 Tinc relationship between absorbance and concentrations

of iron by atonic absorption technique
Concentration of Pc Absorbance

(ppm) (average)

0.035
70
140

0.230
0.280

9 0.320

(@ B N G T TN



Tdblc 6.4*20c Detc-minr,tion of Pc in various products

Product of

32 & )P(B3AN)2 + (iiif, )pCiO,
in’o

Pc(m.)2( .)2 + «tacio2ii90
1V

N2(c204)3s1120 . ( 4)2003

Pc2(c2 35070 + (TT,)2CH0,

colour

Pro-e

brOTrra

ProT.n
Protjn

liboorbr,ncce

0.340

i =-=

0.185
0.320

43.96

30.18

47.50
29.98

131
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5 10 15 20 »m GCu

Fi{j 60,020/ The relationship between bsorb.rnces rsnd cOTDcntrntiens

of copper 7" \tonic r.bsorption tcchrdLourc

Pip ¥0/,02.7 The rclr.ticnship hetween r.hsorhrncc end conccntrr.tions

of copper Tpr rtonic .absorption tcchraiqurc

Conccrrbrrtion of Absorbencc
X X )
1 0 0070
! 0 0120
5 Q 0220
10 o ©
15 0 JT?0

20 0 .930



TrMc 6.4.2.8 Dctomincvtion of ocrcentrypo of CU ira various products

! Product of

GC1?21l20 + (T'C)20rC,

1 Cu(c2Im302;)2 + jr2ce 64

1 GnClo2wsp + f20t0/
CaSOM-r0  +  (iiil") 2CrO.
GuS025Tko + (PTF.ACrO,
Po(liil/ )2 (SOr)2 4 ouCleaZ2c

<y

CUC-2.302 2 + 1T @
Cri(C2Jl 02)2 + Jro2 203
(0¥1(0211302 )2 + T2 203

colour

brown
I block
1 brown
brown
preen
T7rown

white
or', Inc
yellow

ItsorTklicc

0.330
0 0130

0

260
065
250
320

260
440
440

)3 Gu

32.63
23.98
30.54
1631

35.31
88

16.42
14.025
25.25
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'hsorbrrrec
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Fig- 6.4.2.5 The relationship between risorbcnces rad GEentre,tion®
of potessiun by r.tonic rbsorption tcchiidetic

Trilo 4.4»2.9 TIO rclr.tionsilxp between ebscrbonces rod concentrations
of potr, iun by rtonic absorption technique

C-omeemtmtion of I Absorbnnce
1 0 .150
2 0 .26
5 0 .610

T 0 .830:
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Tr.llc 5.40201-0 Dctorndnr.tioj*«>f potnssiun irt -voxious products

Product of

b
Ca(02”3 2)2 | r 2Cx04

CrCl 200 4
19 K2CrP4

CoCI?2120 + [”cro,
4 K.Fe(cr)(
Coso ,7710 + ICSGIT

colour

lock
Pluck
Plo.ck
Jock

“blue .

“.lorbraco

'015
-22
M3
1060
By

13.98
10.K
Aol

15.90

30.52
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The relationship between abseitameerr end oomoemtratiens of

sodium "by atonic. absorption technique

Table 6.4.2.11 The relationship "between, absorbances and concentrations

of sodium by atonic absorption technique

1 |
: CSoncentration of ila thsorhrnce (average) '
|
]
)el2 1.130
062 14175
)0 26 e 30
) o /0
L 1 L
{
G ! 0.T20



Table 6.4.2.12

et »

Products of

CoCl26n20 + ITaSCF
OcF22E00 + FaSCF
Cu(c2Mm02)2+ M2 203
Cit(c2!! 02)2+ Ifc2 203
Cu(c2!1302)2+ 1 2 203

colour
.l

blue
blue
white
orange

yellow

Determination of Fa in. various products

Ahsorbance

U 445

3 320
0 .170

0 .353

137

fa Fa

22.39

3.62
13.09
33.96

25.67



sorb (o
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v

=
nNo

3 4 5
Fig (e/e2.T The rclationship Betweon absorbomces amd concentrations

of cabciun y atomic absorption technique

Table 6.4.2.13 Therelationship between absorbances arid Qonegntrations
of calcium by atonic absorption technique

., Concentration of Ca (ppn) Absorbance
1 0 .21
2.5 ° s @
3.75 ¢ .750
5 0 .970

product of CoF 22 + CaS 0 .530
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Taille 6.4.2014" The relationship between absorbances and concentrations
of cobalt (CoSOMY 20 + (-TW)9Cr0Y) by atomic absorption

m
(o { _ Absorbance
Oomcentration
| 022
2 0.M0
5 0.119
10) 0.260
15 347
20 0.450
black product 0.229
blue product 0.301
Lbsorbance
/,/".’,‘1.'_-,01-: Blue
/ (’
ol
Ly — V SR O SRRl
9 10 15 . ppm

Pig" 6,4.2*8; The relationship between absorbances, niai <mconrtrhtjQEDS

of coba.lt (Coso™71100. + (mu.)pcrci,) by altomic a° orption
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Table 6.4.2.15 The TeletiiOKntiip between absorbances ;.nd concentrations
of chromium (CoSOf71fo0 + (1m1,),,0x0,) by atomic ahsorp—

tion
i
Concentration Absorbance
10 0.086
200 0.16?
400 0,244
1000 568
black product 201
orange product Ah
dasenhance
I.*5
0.4
0.3
|2 orange
0.1 black

>

500 1000 ppra
Pig- 6.4*2.0 The relationship between absorbances .and concentrations
of chronii.! (Oo 0°7 100 + (TTT,ACrO”,) by atomic absorption.
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Taille 6.4.2.16 'Zhcrelati sMp between absorbances ami ccnieentraidons
of SO™* by turbidi*atry method

_concentration Absorbance
J (ppm)
1 071
| ) 0.180
1 3 0.251
4 0.305
5 0101
K 0,500
black product 0.496
blue product 194
Absorbance
D A
A
//)/
R //
| s
o2 ‘ ,,//
1' 4’},,-1
: ///V " blue
1 F - :
, A
| Fa . bleck 2o m
< §1emy 5
Q [r g mum

Fig 6.4.2.10 The relationship between absorbances and concentrations
of SO~ by turbidimctry method
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The duplicate results showed the very strange dispersion
of reacting species. Most of solid-solid reaction products were formed
in"a different mechanism from aqueous system. The rearrangement of new
species was very difficult to predict the structure without confirmation
of X-ray crystallography technique.

Three products from CoSO,7H,0 and (iTH.),CrO, system, were
chosen to display the complexity of atoms rearrangement, which derived
from analytical results.The percentages hy weight of them were listed
in Table 604+2¢1.5.

According to the infrared spectra of the black product showed
the characteristic peak of chromate ion. Then the percentage of chromate
ion was calculated from chromium which was determined by the atomic
absorption technique, since the calculating chromate ion from
gravimetric analysis was lower than the determinable chromium.

Table 6.4.1.17 Analytical compositions of products between Co0S0.7Hp0
and (M 1J2Cr04

Product PG DbCOp 4 i 20 1°s0
black 17.4 45088 15 - 115
blue o - - 21 213

orange . 73.99 128.45 1.5



The molar ratios of compositions of those three products arc listed,
"black product,

Co Cro;" MTj(cr m 3) 50"

2.45 3.29 C o1 1

blue product,

>

Co sof Hpo
1.4 l 5.27
orange product,

Hirf Cr0:"
3.7 15 1

The imperfection in solid crystal was hold a good criterion
in dealing with material which could not exist with the ideal
composition,

The analytical compositions of reaction products arc not
simple to derive their forraul ¢ It is the first attempt to construct
their structures for illustrate the complexity as shown in the
following,
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The black product.
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6.5 The comparison study by instrumental methods
6.5.1 X-ray nowder diffraction pattern of oroduct and reactants

In this section, the X-ray powder diffraction pattern of

nroduct and reactants were compared as shorn in Pig 6.5.1.1-6.5.1.5

6.5.1.1  CoF?2120 + CaS

CoP22IT20  pink

<

CoF. 2ir20 , , pirric
pink inncdiatly A =2
o

Fig-6.5.1  A-ray powder diffraction nattera of roactant and product

of solid-solid reaction.(nized with si)



6,5.1.2 CoClgbHgO + KgCrO®

CoClgolkjO  red violet

KoCr0™ yellow

0505059, 8 950505805905 DyBDghysBgBgT
| 57

-

CoClgéHgO red-violet
red-violet IQhrs A

K2Cr04 yellow
yellow

Fig 6.5.1 X-ray powder diffraction pattern-’of reactant and product
of solid-solid reaction. (Mixed witft. si)
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6.5.1.3 CoS047H20 + (1 4)2Cr04
CoS047H20 red-orange

. I ST

black »nroduct

yellow - bfange produéir R
Sif]e]-l:)?) :0’"“«5) .6D ®%®gmﬁw5vzﬂ) ]4) 5] m—

| | DY ] FErL

Ri.2
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C0S047 HgO red-orange
red-orange 10 hrsl %@§K
(Mi4)2Cr04 H Moy s
yellow yeflow

Pig 6.5.1 X-ray powder diffraction pattern of reactant and product

of solid-solid reaction.(mixed with Si)
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6.5.1.4 Cu(C2H302)2 + NOgSg(>3
Cu(C?H302)2 navy-blue
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1"g Ecs.1 X-ray powder diffraction pattern of reactant and product
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of solid-solid reaction.(nixed with Si)
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6.5.1.5 CuCL22H20 + K Fe(CING

Cud”E”O Dblue-green

KAFo(CIT)6 pale-yellow

edsd 0D .
| TS
Wi
duel22HU0 _ blue-green
blue-green immodiatlyr B
KAFc(CN)6 pale-yerow
pale-yellow
45 days
I/
blue-green
pale-yellow

Fig 605«| X-ray powder diffraction pattern of reactant and product
of solid-solid reaction.(mixed with Si)
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It was found that the position and intensity of reflection
lines of X-ray powder diffraction of reactants and their products
were differente Some reflection liness which were similar to those
of reactants, were observed in their product parte I'neso distributions
showed that a new compound was formed by solid-solid reaction.

In the reaction between CoSO”bjO + (ITh)0CrO/L, the
position and intensity of reflection lines of throe products were
distinctly different from their reactants (GoSOMFIpO and  )~CrO1)

a shown in Pig. co5«I»30



6°5-2 The comparison of infrared spectra of rroduct and reactants

The infrared spectra of uroduct and reactants were compared
as shomi in Pig 605°201-6 05»2020

Rl

p"r)
p.,(L)
pgc)
P2<°>

first, reactant
second reactant
first product
A1 product
first uroduct at higher temperature

1 nroduct at higher temperature
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There was a limit of wavenumbers in the use of infrared
spectra (eso-4100 Cm 1). The characteristic peak of the functional
groups, which could be observed, were s0* (1205 em ), [TH* (1400 and
3300 (M-1), CrOM (950 cm-1), seif (2100 en-1), c2 302~ (1250 and
1750 om-1), Pe(CIT)4; (2020-2130 cm-1), a ojf“(1450 ond 1600 ctm-1),
COM™"(875 and 1400 tM-1), 90~ (1100 and 12s0 cm-1).

In the reaction hetween CoCl*sH*O and (Nil 1)gCrO* (Fig.
6.5*2.12), and extra spectrum peak of product at ssao cm 1 showed
that the new structure irais constructed by the rearrangement of
involved specific. The metal-ini'*g bond might provide a new peak at
ss40 en L The products between CoClrdlpO and (ITHL)2co™ displayed
similar peak at ssao ecm 1. The infrared spectra, of (iffl**co did
not show the characteristic peak of M- "ending at 1400 cm 1,
while the two products of this roa.ction (red and pink) showed
a peak at 1400 cm-1.

The distribution of reagent species in every rea.ction found
by infrared spectra, cf their products showed that the migration
process was the diffusion mechanism in solid-solid reaction.

It was also found that some species could be changed into . new
form such as roa.ction of CoF 2H20 + c.., its product showed only
the infrared spectra of CoSOMHpO which iras different from the
spectra of CoFMI*O and CaS as compared in Fig. 6.5.2.15%

The severe,l linos which were observed in the pattern of
X-ray powder diffraction could be used to confirm in thcit strange event
of forming this product when compared with those of reactant patterns.
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6.6 Conductivity measurements
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CoSO,TH
S 4 12C

=9
|

o= (1~i1f4)20r04 (ionic)

)
I

product

59 109 VOlle

\'d

. - . S ;
Fig 6.C.1 The comparicon »f conduciance hetween product and

reactant in tuo solid-solid reactin' of

“O504T:12, + ( 4)2*"4
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Volt:

Fig 6.6.2 The comparison of conductance of product and reactant
in the Rolid-oolid readtion cf Ohot22 2 + (iilL, 2Cr0"
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jaa Ry = 0001261120 (ionic)
R, = (}'!‘HA)QC:C(;4 (ionic)
P = product

| l

—
59 139 Volts

6.3 The comparison of conduct-nce Letween vroduct and
reactant in the s0li?. -rone oion of
QOCL261120 + (M4)2Cro4

Fiz. 6,
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jLan
Ry . CuS0"5Ho0 (ionic)
Ry = (mr*CrO™ (ionic) 0
p = product ©
v
10 0
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©
(0 r.!
(),
©
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o qu
+ t-
) @900 oLt LR e
i 100 200 Volts

P1g.6.6.4 The comparison of conductance between product and reactant
in the solid-solid reaction of Chid)-3~-20 + (H®)2 0°
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Ry = CuCl,2iL,C (covalent)
R2 = YzCrO/r (ionic)
2 = product
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Fig @.6.5 The commarison between conductance of nroduct and

rcactan. Se the solid-solid reactions, of CuCI2 + K2Cr4C.o
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100 200 Voltg

Pig 6.6.6 Thc commarison betweem conductance of product and
reactant in the solid -solid reaction! of +
K2Cr04.
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reactant in the solid-solid reaction of Cu(c 11 0 )
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).Aa

R. = 008047?12'7 (ionic)
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R, = NaSCH (ionic)
200 y
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/ /

= product
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50 100 Volts
Fig. €.6.3 The comparison of conductance between product

and reactant in the solid-nolid reaction of
CoS0a7H90 + NaSCiT
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A
La R. = CoPF,. 2,0 (ionic
} 1 22
R, = NaSCN (ionic)
P = product
300 |-
200 [
100 b
| |

50 199 Volts

Fige 646,10 The comnarison of conductonce between product
and reactant in the solid—solid reaction of
CoF 2H90 + NaSCIT
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A\ -
o Ry = CoF,21,0 (ionic)
7 132 = (CaS
P = oproduct
¢ I
5 I

50 190
Pig.6.6.11 The comparison of conductance hetween Tproduct
and reactant in the solid-solid reaction of
CoP22H20 + (GaS
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Pin €6.6.12 The conductivities of wvarious ratios of renctonts im the

reaction of Go JeE2 + (HIj2CO"
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Fig.6.6.13 The conductivity measuremen’ during the wsnction

of CoCl261l90 + ICSGN (1) and cod2cn20 + HaS«j(2)
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The characteristic of conductivity of the processive
reaction of the transition element compound, vas found to depend on
the amount of ionic or covalent property of the involved reactanto
The more covalent species involved the higher the conductivity
vas observed.

The conductivity during the progressive period of the
solid-solid reactions  ( Pig. 6.6.13-6.6.17) could he classified
into three typess-

1. increasing or decreasing with exponential style
2. increasing or decreasing by a stright line equation
3. increasing and decreasing in a hell shape.

It was surprised at the system cf cohalt compounds and
alkali "thiocyanate in showing the similar conductivity property
(Fig. 6.6.18).

The variation of voltage supplied strongly affected the
characteristic in the solid-solid reactions. The comparison
between two voltages, 200 and 380 volts, as in the reaction of
C'00lpoHMO + (Fig. 6.6.17), showed the difference in
cenduetivits” processes with respect to reacting time. In this
case the higher voltages might increase the rate of reaction.

All of chemical changes in this present work were
firstly observed by the change of colour. Those relationships
were not good enough in using to justify whether the reaction took
place. The evidences of X-ray powder diffraction, infrared
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spectroscopy9 conductivity methods and composition analysis provided
the very important informations to support the chemical phenomena
of the solid-solid reaction.



6.7 Conclusion, remarks and the suggestion for future work

Study of solid-solid reaction has come to the conclusion
that temperature, particle sise, nature and interface of the
reactants arc still the common factors for the rate of reaction.
Apart from these, the imperfection and atom orientation must take
into account of the important factors influenced the kinetic study.

The distribution of reactant species in various products
of the solid-solid reactions, which results the bond breaking and
reformation, and has known as the diffusion mechanism, is also
confirmed by this present work. It takes .great delight in
reporting a noir concept of mechanism or process of chemical change.
The capability of small crystal pieces in migrating in the spa.ee
toward the bigger one shows a high tendency to extend the chemical
change in the solid-state reactions.

Solid-solid reactions of inorganic compounds wore
investigated in order to provide chemical information as much as
possible. The present work was the second part of this source of
study.

There were enough evidences to encourage the chemist to
pay more attention about solid-state chemistry which in fact had
involved several branches of science study which concerned with
chemica.l phenomena.

The opportunity for chemical change in solid chase should

be .greater than in solution hooauso solubility is not the effect.
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Some other factors, which cause the different behaviour from liquid
phase are very interesting to study further. They are

1. nature and structure of the reactant

2. nature and structure of each composition in the reactant
3, temperature and tine

4. nature and structure of the occurring product.

There arc plenty of ne. compounds which arc easy to prepare
by solid-solid reaction. Then it is a very good chance for the
crystallographer to study their structures with X-rdy powder or single
crystal diffraction techniques. The process of chemical change will
be understood clearly if their mechanism can be interpreted. The
conductivity property will be very useful to technology techniques.
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