
CH APTER I V

RESULTS AND DISCUSSIONS

P o la r iz in g  M icroscop e I n v e s t ig a t io n  

P o ta ssiu m  Chromate

P ota ssiu m  chrom ate was v iew ed  in  p la n e  p o la r iz e d  l i g h t .
I t  was o r th o rh o m b ic , y e l lo w  c o lo u r .  As i t  was r o t a t e d ,  showed no 
change in  a p p ea ra n ce . Then i t  was v iew ed  b etw een  c r o s s e d  p o la r s ,  
i t  showed l i g h t  or c o l o u r ,  a g a in s t  th e  dark grou nd , and a s i t  was 
r o t a t e d ,  changed a l t e r n a t e l y  betw een  l i g h t  and dark e v e r y  90 ° 
r o t a t i o n .  T h is  con firm ed  t h a t  i t  was a n i s o t r o p ic .

P o ta ssiu m  S u lp h ate

I t  was o rth o rh o m b ic , c o l o u r l e s s .  I t  showed th e  same 
phenomena as p o ta ss iu m  ch ro m ate .

Mixed C r y s ta ls  P o ta ssiu m  C hrom ate/ P o ta ssiu m  S u lp h a te .

The m ixed c r y s t a l s  were o rth o rh o m b ic , y e l lo w  c o lo u r .
Some o f  th e  m ixed c r y s t a l s  showed tw in n in g t th e y  c o n s i s t e d  o f  
two in d iv id u a ls  grown to g e th e r  in  some d e f i n i t e  o r i e n t a t i o n ) .
The app earan ce o f  th e  mixed c r y s t a l s  were s im i la r  to  pure c r y s t a l s .

Twinning in  m ixed c r y s t a l s
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1. The Homogeneity of the Mixed C rys ta ls»

The c ry s ta l homogeneity was a consideration in  th is  

study, i f  was checked by randomly sampling and analysing the 

composition of the mixed c rys ta ls  in  each sample. The re p lica te  

determinations of the composition of sample were performed 

10 times at random. The data obtained was reported in  Table 9. 

The standard devia tion was calculated by the formula:

6  = + k ( x  -  X  ) 2

■>/ N

where X  = in d iv id u a l value 

"x ระ mean value 

N = number of samplings

The C o m p o s i t io n  o f  M ix ed  C r y s t a l s

Table 9. The composition of mixed c rys ta l sample obtained from 

10 samplings at random.

Number of Composition of mixed c rys ta l

sampling Potassium chromate Potassium sulphate
(N= 10) % by weight Mole fra c tio n % by weight Mole fra c tio n

1 26.12 0.2409 74.39 0.7639
2 25.65 0.2364 74.80 0.7678
3 26.70 0.2464 72.11 0.7423
4 26.33 0.2429 72.04 0.7416
5 27.38 0.2528 70.43 0.7263
6 26.50 0.2445 73.66 0.7570
7 27.11 0.2503 73.89 0.7592
8 26.98 0.2490 70.05 0.7227
9 26.41 0.2436 74.12 0.7614

10 25.12 0.2314 74.20 0.7621
average(x) 26.43 0.2438 72.97 0.7504

standard 
d e v ia tio n (^)

0.63 0.0061 1.62 0.0153



6 0

The mixed c ry s ta l samples were analyzed and the 

composition of the mixed c rys ta ls  were evaluated hy the 

above procedure and summarized in  Table 10.

Table 10. The composition ol' the mixed c ry s ta ls .

Number Composition of the mixed c rys ta ls

sample Potassium chromate Potassium sulphate

% by weight

X + 6

Mole fra c tio n  

X + 6

% by weight i

X +
4ole fra c tio n

1
X + 6

1 1.28 +0.20 0.0115 +0.0014 96.67 +0.44 0.9700 +0.0035

2 2.15 +0.68 0.0193 +0.0062 95.55 +0.72 0.9599 +0.0063

3 2.56 +0.31 0.0230 +0.0028 95.00 +0.59 0.9549 +0.0044

4 4.38 +0.23 0.0395 +0.0021 94.64 +0.70 0.9516 +0.0061

5 6.61 +0.29 0.0597 +0.0027 93.38 +0.34 0.9401 +0.0025

6 13.41 +1.74 0.1220 +0.0161 85.67 +0.98 0.8695 +0.0090

7 26.43 +0.63 0.2438 +0.0061 72.97 +1.62 0.7504 +0.0153

8 52.00 +0.91 0.4930 +0.0090 47.51 +1.10 0.5021 +0.0102

9 62.56 +1.01 0.6000 +0.0100 36.44 +1.31 0.3898 +0.0127

10 77.95 +0.87 0.7604 +0.0082 20.42 +1.84 0.2223 +0.0179 1

11 82.30 +1.96 0.8067 +0.0191 17.13 +1.03 0.187k: +0.0098

12 88.46 +1.24 0.8731 +0.0122 9.62 +1.56 0.0974 +0.0144

13 91.68 +1.95 0.9082 +0.0188 7.21 +0.70 0.0797 +0.0061

14 93.84 +0.92 0.9319 +0.0086 4.48 +0.54 0.0497 +0.0042
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2 .  The C om par i son  o f  T h re e  A n a l y s i s  Method o f  P o t a s s i u m  
Chrom ate  i n  t h e  Mixed C r y s t a l s

The c o n c e n t r a t i o n  o f  p o t a s s i u m  c h r o m a te  o b t a i n e d  from 
t h r e e  m e thods  ะ l o d o r n e t r i c  t i t r a t i o n ,  f e r r o u s  s u l p h a t e  t i t r a t i o n  
and s p e c t r o p h o t o m e t r i e  m e thod ,  were com pared  i n  T a b l e  11.

T a b l e  11 .  The c o m p a r i s o n  o f  t h r e e  m e thods  a n a l y s i n g  t h e
c o n c e n t r a t i o n  o f  p o t a s s i u m  c h r o m a t e  i n  t h e  mixed c r y s t a l s .

Number o f %  by w e i g h t  o f  K ^C rü^ in  mixed c r y s t a l s
sa m p le 1o d o m e t r i c  

method
* 1 é

f e r r o u s  s u l p l i a t e  
method 

* 1 ๔

Spec t r o p i i o  tome t r i e
method 

X _+

1 1 .2 8  i o . 2 0 1 . 3 7 -  0 . 4 7 1 .5 5  + 0 . 3 9
*> 2 . 1 5  ± 0 . ใ 8 2 .9 4  1 0 . 2 3 2 . 6 8  1 0 . 1 6
3 - . 5 6  - 0 . 3 2 2 . 6 5 i  0 . 2 7 3 .0 4  1 0 .  35
4 4 . 3 8  i o . 2 3 4 . 6 8 -  0 . 2 8 5 . 6 9  1 0 . 3 0
5 6 .6 1  - 0 . 2 9 6 .7 6  -  0 . 4 4 9 . 0 0  1 0 . 4 0
6 13 .4  i - 1 .74 1 3 . 8 5 -  1 .8 5 1 6 .0 7  1 1 . 0 7
7 2 6 . 4 3 - 0 . 6 3 2 6 . 6 6  -1 .57 2 8 . 9 9  1 1 .6 5
8 5 2 . 0 0 - 0 . 9 1 5 5 . 6 1 + 1 . 8 2 5 6 . 1 1  1 1 . 2 1
9 6 2 . 5 6 - 1 . 0 1 64 .681  2 . 8 8 6 6 . 0 2  1 0 . 6 8
10 7 7 . 9 5 + 0 . 8 7 7 9 . 6 2 1 1 . 9 9 7 5 . 4 2  1 1 . 9 9
1 1 ร2 . 3 0 + 1 . 9 6 8 4 . 3 4 1 1 . 8 6 8 4 . 3 5  1 2 . 4 4
12 8 8 . 4 6 + 1 . 2 5 8 9 . 3 1 + 2 . 1 4 8 9 . 9 3  +2 .99
13 9 1 . 6 8 + 1 . 9 4 9 3 . 0 1 1 2 . 2 2 9 5 . 2 6  1 2 . 3 2
14 9 3 . 8 4 + 0 . 9 2 9 5 .6 6 + 2 .6 7 9 4 . 0 8  1 3 .0 4
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The r e p r o d u c i b i l i t y  o f  c r y s t a l l i z a t i o n  o f  t h e  mixed 
c r y s t a l s  was a l s o  c o n s i d e r e d  t o  s e e  how t h e  c o m p o s i t i o n  o f  t h e  
mixed  c r y s t a l s  d ep e nd e d  on t h e  c o m p o s i t i o n  o f  t h e  c r y s t a l l i s i n g  
s o l u t i o n .  The mixed c r y s t a l s  w hich  were c r y s t a l l i z e d  from s e p a r a t e  
c r y s t a l l i s i n g  s o l u t i o n s  o f  t h e  same c o m p o s i t i o n  were  a n a l y z e d  
and t h e  r e s u l t s  o f  t t ie  c o m p o s i t i o n  o f  t h e  mixed  c r y s t a l s  were 
r e p o r t e d  i n  T a b l e  12 .

3 .  The R e p r o d u c i b i l i t y  o f  C r y s t a l l i z a t i o n  o f  t h e  M ix ed  C r y s t a l s .

T a b le  12 .  The c o m p o s i t i o n  o f  t h e  mixed c r y s t a l s  which
were  c r y s t a l l i z e d  from s e p a r a t e  c r y s t a l l i s i n g  s o l u t i o n s  
o f  t h e  same c o m p o s i t i o n .

Number o f  e xp e r i  
Mole f r a c t i o n  mont 1 .  1 3

i - -  - 
4

K Crû  i n  s o l u t i o n 0 . 1 1 1 0 0 . 1 1 1  0 o . l l l o 0 . 1 1 1 0
i n  t h e  mixed  c r y s t a l 0 .0 1 1 5 0 .0 1 4 2 0 .0 1 4 1 û .0133

น2ร 0^ i n  s o l u t i o n 0 .8 8 9 0 0 .8 8 9 0 0 .8 8 9 0 0 .8 8 9 0
in  t h e  mixed c r y s t a l 0 .9 7 1 4 0 .9 7 8 5 0 .9 8 6 3 0 .9 7 0 0

K 0CrO i n  s o l u t i o n 0 .2 5 0 0
--  - —

0 .2 5 0 0 0 .2 5 0 0 0 .2 5 0 0
i n  t h e  mixed  c r y s t a l 0 .0 1 9 3 0 .0 1 8 8 0 .0 1 9 8 0 .0 1 7 5

K,,SO i n  s o l u t i o n  2 4 0 .7 5 0 0 0 .7 5 0 0 0 . 7 5 0 0 0 .7 5 0 0  !
in  t h e  mixed  c r y s r a l 0 .9 5 9 9 0 .9 6 4 0 0 .9 7 3 4 0 .9 5 1 6  j

K ,Crü  i 41 s o l u t i o n  2 4 0 .4 9 7 5 0 .4 9 7 5 0 . 4 9 7 5 0 .4 9 7 5
i n  t h e  mixed  c r y s t a l 0 .0 2 3 0 i 0 .0 2 5 1 0 .0 2 6 7 0 .0 2 3 4

K^SO^ i n  s o l u t i o n 0 .5 0 2 5 0 .5 0 2 5 0 . 5 0 2 5 0 .5 0 2 5
i n  t h e  mixed c r y s t a l 0 .9 5 4 9 0 .9 5 1 1 0 .9 4 7 6 0 .9 6 1 5
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Table 12 The composition of the mixed c rys ta ls  which were 

(cont) c ry s ta lliz e d  from separate c ry s ta ll is in g  so lu tions  of 

the same coni] o s itio n  .

-— Number of experi- 
Mole fra c tio n  -----ment 2 3 4

k2Cr04 in  so lu tio n 0.6000 0.6000 0.6000 0.6000

in  the mixed c rys ta l 0 . 03j5 0.0341 0.0379 0.0313

K2Ü04 in  so lu tion 0.4000 0.4000 0.4000 0.4000

in the mixed c rys ta l 0.9516 0.9474 0.9581 0.9456

; I^CrO^1 in  so lu tion 0.6667 0.6667 0.6667 0.6667
: in  the mixed c rys ta l 0.0597 0.0444 0.0513 0.0506

K2S04 il l  so lu tion 0.3333 0.3333 0.3333 00.3333
' in  the mixed c rys ta l 0.9401 0.9317 0.9386 0.9445

; k2Cr04 in  so lu tion 0 .8095 0.8095 0.8095 0.8095

in the mixed c rys ta l 0.1220 0.1397 0.1345 0.1118

K SO in  so lu tion 0.1905 0.1905 0.1905 0.19052 4
in  the mixed c ry s ta l 0.8695 0.8723 0.8740 0.8712

K2Cru4 i l l  so lu tion 0.8214 0.8214 0.8214 0.8214

in  the mixed c rys ta l 0.2438 0.2410 0.2597 0.2604

K2ร04 in  so lu tion 0 .1786 0.1786 0 .1786 0.1786

il l  the mixed c rys ta l 0.7504 0.7438 0.7499 0.7537

K2Cr04 in  so lu tion 0.8889 0.8889 0.8889 0.8889

in  the mixed c rys ta l 0.4930 0 .5160 0.5049 0.4713

K2S04 in  so lu tion 0.1111 0.1111 0.1111 0.1111

in  the mixed c rys ta l 0.5021 0.4989 0.5048 0.5092
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Table 12 The composition of the mixed c rys ta ls  which were 

(con ti c ry s ta lliz e d  from separate c ry s ta ll is in g  so lu tions of

the same composition.
' — ----_____ Number of experi-7Mole fra c tio n 1 H 2 3 4

K X r O  in  so lu tion2 4 0.9093 ; 0.9093 0.9093 0.9093

in  the mixed c ry s ta l 0.6000 0.6238 0.6400 0.6416

KoS0 in  so lu tion  2 4 0.0907 0.0907 0.0907 0.0907

in  the mixed c rys ta l ง . 3898 0.3745 0.3852 0.3817

K^CrO^ in  so lu tion 0.9432 0.9432 0.9432 0.9432

in  the mixed c ry s ta l 0.7604 0.7732 0.7601 0.7945 ;

K,,SO in  so lu tion2 4 0.0568 0.0568 0.0568 0.0568

in  the mixed c rys ta l 0.2223 0.2243 0.2296 0.2311
l~  ̂ 'k,.CrO in  so lu tion2 4 0.9620 0.9620 0.9620 0.9620

in  the mixed c ry s ta l 0.8067 0.7900 0.8541 0.8138

K.so. in  so lu tion  2 4 0.0380 0.0380 0.0380 0.0380

in  the mixed c rys ta l 0.1872 0.1836 0.1749 0.1748

K.jCrO^ in  so lu tion 0.9752 0.9752 0.9752 0.9752

in  the mixed c rys ta l 0.8731 0.8535 0.8659 0.8803

K.jSO  ̂ in so lu tion 0.0248 0.0248 0.0248 0.0248

in  the mixed c rys ta l 0.0974 0.0936 0.0896 0.0861

K.XrC) in  so lu tion  2 4 0.9821 0.9821 0.9821 0.9821

in  the mixed c rys ta l ( 1.9082 0.9014 0.9437 0.9707

KXl) in  so lu tio n 0.0179 0.0179 0.0179 0.0179

in  the mixed c rys ta l 0.0797 0.0757 0.0735 0.0712

k^CrO^ in  so lu tion 0.9903 0.9903 0.9903 0.9903
in  the mixed c rys ta l 0.9319 0.9517 0.9268 0.9744

k.,SOj in  so lu tion 0.0097 0.0097 0.0097 0.0097
in  the mixed c rys ta l 0.0497 0.0474 0.0694 0.0303
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The r e s u l t s  i n  T a b l e  12 showed t h a t  t h e  c o m p o s i t i o n s
o f  t h e  mixed c r y s t a l s  dep end ed  on t h e  c o m p o s i t i o n s  o f  t h e
c r y s t a l l i z i n g  s o l u t i o n s .  Though i t  was s e e n  t h a t  t h e . c o m p o s i t i o n s
o f  t h e  mixed c r y s t a l s  were  v a r i a b l e ,  t h e y  depended  on t h e
c o m p o s i t i o n s  o f  t h e  c r y s t a l l i z i n g  s o l u t i o n s .  The r e s u l t s  o f  t h i s
s t u d y  were  d i f f e r e n t  from r e f e r e n c e  ( l l )  which s t a t e d  t h a t
t h e  c o n c e n t r a t i o n  o f  b ro m a te  o r  c h l o r a t e  i o n s  i n  NaCIO /NaBrO3 3
mixed  c r y s t a l s  was a l m o s t  i n d e p e n d e n t  o f  t h e  s o l u t i o n  c o n c e n t r a t i o n  .

F i g u r e  15 showed mole f r a c t i o n  o f  p o t a s s i u m  c h r o m a te  
i n  t h e  c r y s t a l l i z i n g  s o l u t i o n  and i n  t h e  mixed c r y s t a l s  w h i l e  
F i g u r e  16 showed t h o s e  o f  p o t a s s i u m  s u l p h a t e .

Mole f r a c t i o n  o f  K2C r04 i n  t h e  mixed  c r y s t a l  

F i g u r e  15 .  Mole f r a c t i o n  o f  K2Cr04 i n  s o l u t i o n  and i n  t h e  mixed
c r y s t a l
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Mole f r a c t i o n  of  K()SD^ i n  t h e  mixed  c r y s t a l

F i g u r e  16.  Mole f r a c t i o n  o f  K.,SO in  s o l u t i o n  and i n
t h e  mixed c r y s t a l s .
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Chromate and s u lp h a te  a n io n s have te t r a h e d r a l  symmetry T^.
There are n in e  norm al modes o f  v ib r a t io n  c o n s t i t u t i n g  fo u r  fr e q u e n c ie s  
o f  th r e e  d i f f e r e n t  symmetry s p e c i e s  a s  shown in  T ab le 1 3 .

V i b r a t i o n a l  S p e c t r a  o f  P o t a s s iu m  C h ro m a te  and  P o t a s s iu m  S u l p h a t e  C r y s t a l s .

T able 1 3 .  S p e c tr a l  a c t i v i t i e s  o f  io n s  in  p o in t  group T^.

Mode Symmetry S p e c ie s A c t iv i t y
^ 1 , s t r e t c h in g •A1 Raman
\̂ 2 » d ou bly  d e g e n e r a te  d e fo rm a tio n E Raman
\Aj, t r i p l y  d eg e n e r a te  s t r e t c h in g T2 Raman, in fr a r e d
\ / j ,  t r i p l y  d eg e n e r a te  d efo rm a tio n T2 Raman, in fr a r e d

F i g u r e .17 The v ib r a t io n s  o f  io n s  in  p o in t  group T  ̂ .

The s e l e c t i o n  r u le s  fo r  f r e e  io n s  h a v in g  p o in t  group Td 
a re  in a d eq u a te  to  d e s c r ib e  th e  ob served  in fr a r e d  and Raman s p e c t r a  
o f  th e  c r y s t a l s  a s  t h e ir  s p e c t r a  are v ery  co m p lex . I t  i s  a ls o  
in a d eq u a te  to  in t e r p r e t  th e s e  s p e c t r a  on th e  b a s i s  o f  s i t e  gtoup  
symmetry fo r  th e  a n io n s  a s  i t  can n ot d e s c r ib e  th e  e f f e c t s  due to  
th e  i n t e r a c t io n s  o f  a g iv e n  io n  w ith  i t s  n e ig h b o u r , th e r e fo r e  i t  i s
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n e c e s s a r y  to  u se  th e  f a c t o r  group a p p ro x im a tio n . The tr e a tm en t  
c o n s id e r s  th e  v ib r a t io n a l  modes o f  th e  c r y s t a l  a s  a r i s i n g  from  
m otion  o f  th e  atom s in  th e  u n i t  c e l l .  The s e l e c t i o n  r u l e s  are  
d e r iv e d  from th e  f a c t o r  group symmetry w hich i s  isom orph eus  
w ith  th e  sp a ce  group symmetry D2 *6 (Pnm a). The f a c t o r  group  
ap p ro x im a tion  a l lo w s  f o r  th e  c o u p lin g  o f  v ib r a t io n s  b etw een  i o n s .

Both p o ta ss iu m  chrom ate and p o ta ss iu m  s u lp h a te  have  
sp a c e  group symmetry D2 *6 ( Pn®a ) w ith  fo u r  form u la  u n i t s  per  
u n it  c e l l .  The s i t e  symmetry o f  b oth  th e  c a t io n s  and a n io n s  i s  Cg .  
The f a c t o r  group i s  ° 2h* mo*e c u *ar p o in t  group i s  Tg .  The
c o r r e la t i o n  betw een  m o lecu la r  p o in t  group (Td ) ,  s i t e  group (Cg ) 
and f a c t o r  group (D2^) was ร*ven *n T ab le 1 4 .

T a b le i4 # C o r r e la t io n  diagram  betw een  m o le c u la r , s i t e  and f a c t o r  grou ps  
o f  p o ta ss iu m  ch rom ate, p o ta ss iu m  s u lp h a t e .

M o lecu la r  p o in t  
group  

T .

S i t e  group

ร

F a cto r  group

2h

4 1
น!)

E ๙ 2 )
(R)

T (V* . )2 v 3 ’ \
(R ,IR )

(R ,IR )

(R,IR)

(R,IR)
—  k  -
( R , IR)

(R ,IR ) 
—  k' —
( R , IR)

A +B„_+B. + B_ g 2g lu  3u

-A +B +B +B g 2g lu  3u

B, + B_ + A + BQ lg  3g น 2u

A +B +B. +Bg 2g lu  3u

A_ +B0_+B- +B_ g 2g lu  3u
B. + B -+ A  +B_ l g  3g น 2u

N o te . For Dr1, a l l  modes are a llo w ed  e i t h e r  in  in fr a r e d  ( IR )or  Raman(R) 2n
น •w ith  th e  e x c e p t io n  o f  A
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These  c o r r e l a t i o n s  were  compared  w i t h  t h e  d a t a  i n  T a b l e t s ,  16 
w hich  were daman and i n f r a r e d  f r e q u e n c i e s  o f  p o t a s s i u m  s u l p h a t e  
and p o t a s s i u m  c h r o m a te  . The daman and i n f r a r e d  s p e c t r a  o f  
p o t a s s i u m  s u l p h a t e  were  shown i n  F i g u r e s  18 19 and t h o s e  o f
p o t a s s i u m  c h r o m a t e  a r e  shown i n  F i g u r e s 2 0 , . 2 1 .

T a b l e  15 .  V i b r a t i o n a l  f r e q u e n c i e s  (cmT*) o f  p o t a s s i u m  s u l p h a t e .
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T a b l e  1 5 . V i b r a t i . o n a l  f r e q u e n c i e s  ( e c u 1 ) o f  p o t a s s i u m  s u l p h a t e .
( c o n t . )
Mode F r e q u e n c i e s  (cmî ๖ Symraetr i e s

Hainan i n f r a r e d Mole
cu la r -
p o i n t

Td

S i t e Fac t o r
O bse rved R e f e r e n c e

18
R e f e r e n c e

19
O bserved R e f e r e n c e

16
g ro up

c ร
gro up

D2h
■ J 3 1093 1093 1093 V Ag

1105 1104 1 1 1 0 .5
- 1105

Ea s
Blu

- 1123 B_3u
1110 1110 1109 Blg  I

- 1104 1 1 0 4 .5 T2 >■
'/

A > B_3g
1108 1108 B2u

1145 1 ] 4 6 1145 A
1164

114 3 1140
/

A >
B2g
11 1 lu

1160 J B3u

4 616 614 617 Aฮ
619 6 1 9 . 5

617 617 A ’
\ น

- 618 J B3u
- 618 622 Bl g

620 619 6 2 0 . 5 T2 ► A
>

B_5G

6 2 8 . 5 627 627 
6 3 3 . 5 1

6 14 .4

6 2 3 .5

J
ๅ

A )

ü2 น

%
Blu

- 6 2 4 .5
__ ^ J B3 น



๒ ะ:
500

F r e q u e n c y )
450

F i g u r e  19 .  Raman s p e c t r u m  o f  p o t a s s i u m  s u l p h a t e
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T a b l e  1 6 .  V i b r a t i o n a l  f r e q u e n c i e s  ( c m T 1 ) o f  p o t a s s i u m  c h r o m a t e .

Mode F r e q u e n c ie s  (c m !1 ) S y m m e tr ie s
-----

Raman I n f r a r e d M o le c u la r S i t e F a c to r
O b serv ed R e fe r e n c e O b serv ed R e fe r e n c e p o in t gro u p grou p

3 0 3 0 g ro u p
Td c ร D2h

v / 1 847 851
/A

Aร
847 851 A1 B2g

851 850 B3 น

<_ to 344 3 4 5 'ฯ Ag
3 5 0

3 4 2 342 A ► \
Blu

E B3u
- 3 4 6 •ร

y/ B3g
— 3 5 0 A > B1«

J -J B2 น
\J 3 862 867 *> Ag

881
- 859

/A >
B1»
B3u

8 72 8 76 \
Bi g

— 8 7 8 T2 >
//

B3g
887 883 B2 น

898 903 Ag
918

912 910
/A > B2g

Blu
- 936 ~ร/ B3 น
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T a b le  1 6 . V ib r a t io n a l  f r e q u e n c ie s ( c m 7 * ) o f  p o ta s s iu m  c h r o m a te ,  
( c o n t . )

Mode F r e q u e n c ie s  (cmT*) S y m m e tr ie s '

Raman I n f r a r e d M o le c u la r S i t e F a c to r
O b serv ed R e fe r e n c e O b serv ed R e fe r e n c e p o in t gro u p gro u p

30 3๐ g ro u p
Td c ร D2h

V 4 382 386 A6
3 82 386 A น)OJ«

Blu
B3 น

- 392 - Bl g
389 387 T2 y //A > B3g

3 83 382 น to c
392 396 Ag
392 396 ; > B2 E

395 398 Blu

------------ -----r*v____ => ร B3u



°/o  T r a n s m i t t a n c e

F i g u r e  2 0 .  I n f r a r e d  s p e c t r u m o f  p o t a s s i u m  c h n o m a te .

J

450 TOT) 550
F r e q u e n c y  (cm

F i g u r e  21 daman s p e c t r u m  o f  p o t a s s i u m  c h r o m a t e .
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_V- mode.

In th e  s t r e t c h in g  V  mode, th e r e  was no e v id e n c e  o f  s p l i t t i n g .  
P o ta ssiu m  s u lp h a te  d id  n o t show any v ib r a t io n a l  c o u p l in g .

In Raman freq u en cy  d a ta  o n ly  one peak was o b serv ed  a t  
983 cm. * (a g reed  w ith  th e  freq u en cy  a t  9 84 , 983 cm .” * in . r e fe r e n c e  
IS  and 1*1 ) .

In th e  in fr a r e d  fr e q u e n c y  d a ta , t h i s  mode a ls o  showed o n ly  
one peak a t  983 cm7* (a g reed  w ith  983 cmT1  in  r e f e r e n c e  \<o ) .

mode.

V i b r a t i o n a l  S p e c t r a  o f  P o t a s s i u m  S u l p h a t e *

The lo w e s t  freq u en cy  mode was th e  d ou b ly  d e g e n e r a te
d efo rm a tio n  v ^ . T h is  d eg en era cy  was r e l i e v e d  in  th e  Cg s i t e  group
symmetry and in  th e  f a c t o r  group symmetry S i t e  s p l i t t i n g  gave
one com ponent sym m etric (A ) and one a n tisy m m etr ic  (A ) w ith
r e s p e c t  to  r e f l e c t i o n  in  th e  m irror p la n e ,  k  gave A +B„ +B_ +B_g 2g lu  3u
f a c t o r  group com ponents . A gave B ^ + B ^ g+ B ^  f a c t o r  group com p on en ts.

The o b served  Raman freq u en cy  d a ta  o f  p o ta ssiu m  s u lp h a te  
w ere r e w r it t e n  in  T ab le 17  show ing th e  s e p a r a t io n  o f  f r e q u e n c ie s  
and th e  mean v a lu e ,  X (or  th e  c e n te r  o f  g r a v it y  ) o f  each  s e t  o f
fr e q u e n c ie s
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T a b l e  17 Hainan f r e q u e n c y  d a t a  iri ^2 mode o f  p o t a s s i u m  s u l p h a t e .

s e t ,  s u c h  a s  , X = 447+455 = 450  .
2

S i t e  g ro up  s p l i t t i n g  พ )  was t a k e n  from t h e  d i f f e r e n c e  be tween  
t h e  mean v a l u e s  o f  f r e q u e n c y  s e t s  (A , A ) ,  su c h  a s ,  à  \ /  = 4 5 7 - 4 5 0  = 7 .

An o v e r a l l  s p r e a d  o r  t h e  t o t a l  f r e q u e n c y  d i f f e r e n c e  ( A n/.j,) was 
t a k e n  from t h e  d i f f e r e n c e  be tw ee n  t h e  l o w e s t  f r e q u e n c y  o f  one s e t  and 
t h e  h i g h e s t  f r e q u e n c y  o f  t h e  o t h e r  s e t ,  su ch  a s  5 A\/  = 4 5 7 -4 4 7  = 10 .

F a c t o r  g r o u p  s p l i t t i n g  (Av/ ) was t a k e n  from t h e  d i f f e r e n c e  
b e tw een  an o v e r a l l  s p r e a d  and s i t e  g ro u p  s p l i t t i n g .  AVf. = -  A \ )s

su c h  a s ^ v / j - 1 0 - 7  = 5

๖ 0  t h e  s i t e  g ro u p  and f a c t o r  g r OU]) s p l i t t i n g  i n  t h e  V* mode 
were  shoun  i n  T a b l e  18 .

T a b l e  18 The s i t e  g r o u p  s p l i t t i n g  (AvMand  f a c t o r  g r o u p  sp l i t t i n g iA v ^ . )  
i n  Hainan \ J  mode o f  p o t a s s i u m  s u l p h a t e .

n  ■ ■ -........ O bse rved R e f e r e n c e R e f e r e n c e
18 ______  19 . _

1 พ - . ; ' 7 5 . 5 6.5

Av 1. \ 3 3 .5 3.5

. I t  was s e e n  t h a t  s i t e  g ro u p  and f a c t o r  g ro u p  s p l i t t i n g s  were  c o m p a r a b le
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In  t h e  i n f r a r e d  f r e q u e n c y  d a t a ,  v/ mode was n o t  o b s e r v e d  
t h o u g h  iL was r e p o r t e d  i n  r e f e r e n c e  16

mode.

The t r i p l y  d e g e n e r a t e  s t r e t c h i n g  mode showed a c l e a r
/ ร ุ/  รs i t e  s h u t t i n g  which  gave  2 A and A c o m p o n e n t s .  A gave A +B. +B„ +B„~ ร 2g l u  3u

f a c t o r  g ro u p  c o m p o n e n t s .  A gav e  Bjp-+i*3g + >11 f a c t o r  g ro u p  c o m p o n e n t s .
/In  Raman d a t a  t h e r e  was f a c t o r  g ro u p  s p l i t t i n g  i n  A b u t  n o t

i n  À

T a b le  1 9 Jiaman f r e q u e n c y  d a t a  i n  V mode o f  p o t a s s i u m  s u l p h a t e .
—-------------- 1Symmetry : f r e q u e n c i e s (cm l  “ )

__ 1

c - jl
s lJ2h j

:

übs  . : X 'a6 \
พT A\/f Ref .J 

18
X พ8 ๙T A\เ R e f . 

l9

X A\J 4v/T Avf

/) A 1093 I 1093 1093
! A e 1 1099 1098 .5 1101 .7

B 1105 1104 1110. 52g *
11 17 G 5 16 11

8 . 5 17 8 .5
/ / ไ B-._ 1110 1110 1109
A l g 1110 1107 1106 ,7

S B - 1 1104 1104 . ,J 1 3g
35 35 0 39 42 3 4 7 . 31 5 9 . 5 1 1 .7

/  ไ A 1145 1146 1145
À ร 1 14Î 1146 1154 . 5

B0 — 1164
J 2g 1 ____

T a b l e a u .  The s i t e  g r o u p  s p l i t t i n g  (A v/_) and f a c t o r  g roup
s p l i t t i n g  ( a n /  ) i n  Raman \ !  mode o f  p o t a s s i u m  s u l p h a t e .

1 1

O bse rved R e f e r e n c e
18

------------------------- ,
R e f e r e n c e

19

1 - 51 • ' -*  (cm. ) A-A
11 8 . 5 5
3 5 3 9 j j cc

 

.

ûOf  , A-A 6 8 . 5 11
j ( c m . )  A-A

-
3 1 1 .7
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In  t h e  i n f r a r e d  d a t a  , o n l y  two p e a k s  were  o b s e r v e d  a t  1108, 
114o cmT1 and t h e r e  was no f a c t o r  g ro u p  s p l i t t i n g .  The s e p a r a t i o n  o f  
f r e q u e n c i e s  and t h e  mean v a l u e  o f  e a ch  s e t  o f  f r e q u e n c i e s  were  shown 
i n  T a b l e  2 1 .

T a b l e  2 1 .  I n f r a r e d  f r e q u e n c y  d a t a  i n  mode o f  p o t a s s i u m  s u l p h a t e

L-
Symmetry

//
A

A

lu
3u

2 u

lu
3u

T a b l e  22 The s i t e  g r o u p  and f a c t o r  g ro up  s p l i t t i n g  i n  t h e  
i n f r a r e d  v/ mode o f  p o t a s s i u m  s u l p h a t e .

โ O bse rv ed R e f e r e n c e
16

j - 6
(cm! ) A-A 35 42

A V f  » A—A •- 3
(cmT1 ) A-A I 10
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V mode.

In  t h e  t r i p l y  d e g e n e r a t e  d e f o r m a t i o n  mode 11 s i t e  s p l i t t i n g
J ' /  /gave  2A and A c o m p o n e n t s .  A gave  A + B + B ^ + B ^ U f a c t o r  g ro up  

c o m p o n e n t s .  A gave  ^ I g +^ 3g + >11 f a c t o r  grou]) c o m p o n e n t s .

The o b s e r v e d  Raman d a t a  showed s i t e  g r o u p  s p l i t t i n g  b u t  
no f a c t o r  g r o u p  s p l i t t i n g ,  a s  shown i n  T a b l e  2 3 .

T a b l e  2 3 .  Raman f r e q u e n c y  d a t a  i n  mode o f  p o t a s s i u m  s u l p h a t e

Symmetry F r e q u e n c i e s  (cm7*)

// ' 
A

u2h O bs . X 4vs ^ T
1 '>^ 

<x R e f . X AVร A ^ t  . 4 R e f . X ûvร ^ f
ii 18 19

■ V • 616 614 6 1 6 .  13 i 617 618 ,3
i - 616

4 4 0
619

2 5 3
6 1 9 . 5

3 5 2
« 10. f>20 618 622Ig 620 6 1 8 . 5 621 .3
B_3g

8 . 5 8 .5 0
619

8 . 5 ร ว . 5
6 2 0 . 5

9 13 4
A 6 2 8 .5 627 627 6311.3ร
B?fr -

6 2 8 . 5
-

627 6 3 3 . 5

T a b l e  2 4 .  The s i t e  gro iip  and f a c t o r  g r o u p  s p l i t t i n g s  i n  Raman 
mode o f  p o t a s s i u m  s u l p h a t e .

1 1 O bse rv e d  1 R e f e r e n c e R e f e r e n c e
18 19

Av'e » A“ A 4 2 3
(cmT*) A-a 8 . 5 8 . 5 9

A Vf » A- A - 3 2
-  1 > '' /  (cm* ) a-A j 0 . 5

1 _
4
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In th e  in fr a r e d  d a ta  o f  mode , o n ly  one peak a t  617 craT* was
ob served  though th e r e  were s i t e  group and f a c t o r  group s p l i t t i n g s  
in  r e fe r e n c e  1 6  •

V ib r a t io n a l  S p e c tr a  o f  P otassiu m  Chromate

^  mode »

In th e  s t r e t c h in g  mode, th e r e  was no e v id e n c e  o f  s p l i t t i n g .  
P o ta ssiu m  chrom ate d id  n o t show any v ib r a t io n a l  c o u p l in g .

In Raman d a ta  o n ly  one peak was o b served  a t  847 cral* (a g reed  
w ith  851 cnT* in  r e fe r e n c e  3 0  )

In th e  in fr a r e d  d a ta , t h i s  mode a ls o  showed o n ly  one peak  
a t  851 cm T *(agreed w ith  850 C 0 W *  in  r e fe r e n c e  3 °  ) .

^2 mode.

The lo w e s t  freq u en cy  mode i s  th e  d ou bly  d e g e n e r a te  d efo rm a tio n  
'̂ 2 .  T h is  d eg en era cy  sh o u ld  be r e l i e v e d  in  th e  s i t e  group symmetry 

and in  th e  f a c t o r  group symmetry D2J but th e  o b served  Raman d ata -sh o w ed  
no s p l i t t i n g .  There was o n ly  one peak a t  344 cmT* ( in  r e fe r e n c e  3 0  
th e r e  was a s p l i t t i n g  in  t h i s  mode ) .

In th e  in fr a r e d  d a ta  one peak a t  342 cm.^ was o b served  
(a g reed  w ith  342 cm! 1  in  r e fe r e n c e  3 0  ) .

mode.

The t r i p l y  d eg e n e r a te  s t r e t c h in g  mode Vg, showed s i t e  s p l i t t i n g  
g iv in g  2A and A com ponents b oth  in  Raman and in fr a r e d  s p e c t r a .
There was no f a c t o r  group s p l i t t i n g  o b se r v e d . The s i t e  group and 
f a c t o r  group s p l i t t i n g s  o f  p o ta ssiu m  chrom ate were found by th e  
same p roced u re d e s c r ib e d  in  p o ta ssiu m  s u lp h a te  so  o n ly  th e
r e s u l t s  were shown
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T able 25 The s i t e  group and f a c t o r  group s p l i t t i n g s  in  Raman

v3 mode o f  p o ta ssiu m  ch ro m a te .

O bserved R eferen ce
3 0

AV̂  , น 10 3ร /■/ /A-A 26 3 3 .5
ฟ ,  , L a - 8

»  /A-A 6 .5

T ab le 26 The s i t e  group and f a c t o r  group s p l i t t i n g s  in  th e  
in fr a r e d  node o f  p o ta ss iu m  ch ro m a te .

O bserved R eferen ce
3 0

/ //Av>g  1 A-A - 2 4
' /  /A-A 2 5 ’ 4 0

, A-A - —

•• /A-A — 13

__^  mode.

The t r i p l y  d e g e n e r a te  d e fo rm a tio n  mode showed s i t e
group and f a c t o r  group s p l i t t i n g s  in  Raman s p e c t r a .

T ab le 27 The s i t e  group and f a c t o r  group s p l i t t i n g s  in  Raman
^  mode o f  p o ta ss iu m  ch ro m a te .

O bserved R eferen ce
3 0

, A-A 7 3 .5
A -A 3 6 .5

AVf 1 Â-A — N) cnft /A-A - 2 .5
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In  t h e  i n f r a r e d  d a t a ,  two p e a k s  were  o b s e r v e d  a t  383 ,  395 CIO.* 
( a g r e e d  w i t h  382 ,  398 cmT^in r e f e r e n c e  30 ) .

In  a r e c e n t  r e i n t e r p r e t a t i o n  o f  t i le  i n t e r n a l  v i b r a t i o n a l  
s p e c t r a  ol p h a s e  1 o f  ammonium s u l p h a t e  i 3 4 ) i t  was d e m o n s t r a t e d  
t h a t  t h e  a r r a n g e m e n t  o f  t h e  i o n s  w i t h i n  t h e  c r y s t a l  l a t t i c e  had 
a m a jo r  i n f l u e n c e  on t h e  o b s e r v e d  s p e c t r a .  S p e c i f i c a l l y ,  t h e  
s u l p h a t e  a n i o n s  were  p ack ed  s u c h  t h a t  a l l  a n i o n s  had a l o c a l  
t h r e e f o l d  a x i s  p a r a l l e l  to  t h e  c r y s t a l l o g r a p h i c  c - a x i s .  The s p l i t t i n g  
o f  t h e  T0 modes o f  s u l p h a t e  a n i o n  i n t o  two com po n en ts  (A+E) w i t hI
a 1 : 2  i n t e n s i t y  r a t i o  was e x p l a i n e d  by p o i n t  g ro u p  s y m m e t ry .

b o th  p o t a s s i u m  s u l p h a t e  and p o t a s s i u m  c h r o m a te  ai 'e
i s o m o r p h o u s  w i t h  ammonium s u l p h a t e  and a r e  e x p e c t e d  t o  have  t h e
same e f f e c t s  i n  t h e i r  v i b r a t i o n a l  ร])e c t r a .  A s t u d y  o f  t h e i r  s t r u c t u r e s
showed t h a t  t h e  a n i o n s  a l l  h av e  l o c a l  c a x e s  l y j n g  i n  ao
c r y s t a l l o g r a p h i c  m i r r o r  p l a n e  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  x - a x i s  
( F i g u r e  22 ) .  A l t h o u g h  t h i s  t h r e e f o l d  a x i s  i s  o n l y  l o c a l ,  t h e  
a r r a n g e m e n t  o f  s u r r o u n d i n g  a n i o n s  and c a t i o n s  i s  su c h  t h a t  
l o c a l  X, y d e g e n e r a c y  i s  a p p r o x i m a t e l y  p r e s e r v e d .  I t  w i l l  be 
d e m o n s t r a t e d  t h a t  t h e  l o c a l  c a x i s  e x e r t s  a m a jo r  s p e c t r a l  i n f l u e n c e .



F i g u r e  22 •

> ----------------->a

The c r y s t a l  s t r u c t u r e  of  p o t a s s i u m  s u l p h a t e  
v iew ed  down th e  c - a x i s .  J u s t  t h e  s u l p h a t e  i o n s  i n  
one u n i t  c e l l  were shown.  (The c r y s t a l  s t r u c t u r e  
o f  p o t a s s i u m  c h r o m a te  was t h e  s a m e ) .
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The C o r r e l a t i o n  T a b l e s  f o r  t h e  D e s c e n t  o f  Symm e t ry

The a c t i v e  modes i n  t h e  m o l e c u l e s  when t h e  symmetry  o f  
c r y s t a l  i s  r e d u c e d  a r e  p r e d i c t e d  by t h e  c o r r e l a t i o n  t a b l e s  show ing  
how t h e  r e p r e s e n t a t i o n s  a r e  r e d u c e d  t o  t h e  s i m p l e r  o n e s .

T a b l e  2 8 .  The c o r r e l a t i o n  o f  i r r e d u c i b l e  r e p r e s e n t a t i o n s  
be tw een  T^ and c p o i n t  g ro u p  s y m m e t r i e s .

T , cd 3v
A . A .i
E

1
E

T 0 A + E2 1
A c c o rd in g  t o  t h e  c h a r a c t e r  t a b l e s  f o r  c  and T ^ , c„

i s  t h e  common symmetry  e l e m e n t .  The c o m p a r i s o n  be tw een  t h e
c h a r a c t e r  o f  e a c h  r e p r e s e n t a t i o n  u n d e r  c 2 o f  c  t o  T̂ J showed
t h a t  A, o f  c „  c o r r e s p o n d s  to  A. o f  T - ,  E o f  c_ c o r r e s p o n d s  t o  1 3v I d  3v 1
E o f  T,  and A.+ E o f  c o r r e s p o n d  t o  T„ o f  T .d 1 3v 2 d

T a b l e  2 ÿ .  The c h a r a c t e r  t a b l e  f o r  l ’rï.

Td (h=24 ) E 8C3 3 c2 16 ร 4 6 <
A1 1 1 1 1 1 2“  "2 2 X +y + z

A2 1 1 1 - 1 - 1

E 2 - 1 2 0 0 , 2 2 ( x  - y  ,
0 2 2 2 , 2 z. -  X - y  )

T 1 3 Ü -  1 1 - 1 (W “2
T2 3 0 - 1 - 1 1 ( x ,  y ,  z ) ( x y ,  x z ,  y z  )
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T a b l e  3 0 .  The c h a r a c t e r  t a b l e  f o r

C3v U, = G) E 2 c 3 น ) 3 6y

A1 1 1 1 z 2 2 2 X + y , z
A 0 1 1 -1 น2
E 2 -1 0

z
( x , y )  (Rx 1Ry ) (x“-  y f  xy) (xz ,  yz)

The c o r r e l a t i o n  b e tw ee n  c and D r.. was shown i n  T a b l e  31 .ov 2h

T a b l e  3 1 .  The c o r r e l a t i o n  t a b l e  be tw een  c _  and ชn . .3v 2h

c 3v 2h
A A +B . + B + B„1 g 2g l u  3u
E A +11 +B,, +B_ +A +B +B +B_g l g  2g 3g น น 2u 3u

T h i s  c o r r e l a t i o n  was fou nd  by t h e  same p r o c e d u r e  an
d e s c r i b e d  a b o v e .  A c c o rd in g  t o  t h e  c h a r a c t e r  t a b l e s  o f  c and .3v 2h *
c JS t h e  common symmetry  e l e m e n t  ( 6 o f  c_ and 6  o f  1) 1 ) .V V 3v xz  2h

The c o m p a r i s o n  be tw een  t h e  c h a r a c t e r  o f  e a c h  r e p r e s e n t a t i o n  u n d e r  
6  o f  to  6 xz o f  ม2 . allowed t h e  r e s u l t s  a s  i n  T a b l e  3 1 .

Ta i l le  32 .  The c h a r a c t e r  t a b l e  f o r  Lb>1

E 1 c 2 น ) c 2 (y) C2 U ) i ^ (x y ) t i x z ) ^ (y z )
1

1—--------------- —4

โ  Ag
1 1 1 1 1 1 1 1 2 2 2 X , y , z
1 1 -1 -1 1 1 - 1 -1 Rz xy

B2 c 1 -1 1 -1 1 -1 1 - 1 R
y

xz

B3g 1 -1 - 1 1 1 - 1 - 1 1 RX yz
Aน 1 1

1
1 1 -1 -1 “ 1 - 1

Bl u 1 - 1 -1 ” 1 -1 1 1 z

B2น 1 -1 1 -1 -1 1 - 1 1 y

B3 น 1 i l - 1 1 - 1 1 1 - 1_ X ...i
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The c o r r e la t io n  b etw een  m o lecu la r  p o in t  group T^, l o c a l  and
f a c t o r  group D2J w a s  g iv e n  in  T ab le 3 3 .

T ab le 33 The c o r r e la t io n  diagram  betw een  m o le c u la r  p o in t  group T  ̂ 1
l o c a l  and f a c t o r group D2h*

M o lecu la r L ocal F a cto r
p o in t  group group

Td c„ °2h3v
A. (v (J A. A +B„ +B. +B_1 l ' 1 g 2g lu  3u

(R) (R ,IR )

E (\) ) E A +B, +B +B_ +A +B +B„ +B_2 g lg  2g 3g น น 2u 3u
(R) (R ,IR )

! AV  3 * V A1 g +JD0 +D. +D2g lu  3u
(R ,IR ) (R ,IR )

--------------------  E ---------------------  A +B. +B„ +B_ +A +B +Bn +B_g lg  2g 3g น น 2u ธน
0 ' (R ,IR )

N o te . For D0. a l l  modes a re  a llo w ed  e i t h e r  in  in fr a r e d  (IR )o r
u u

Raman (R) w ith  th e  e x c e p t io n  o f  Au .

These c o r r e la t i o n s  were compared w ith  th e  d a ta  o f  Raman 
and in fr a r e d  fr e q u e n c ie s  o f  p o ta ssiu m  s u lp h a te  and p o ta ss iu m  
chrom ate in  T ab le 34 .1 3 5 .
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-1 .Table3 4 . V ib ra tiona l frequencies (ca. ) of potassium sulphate.

Frequencies (cmT )
Raman Infrared Ù-

Observed Reference
18

Reference
19

Observed Reference
16

Mode

V

J .

983

4-17

4 53

457

Symmetries
Molecular

984 983

44 5

456

447 

4 53

455

452

4 57

456

983 983

448

448

454

group 
T ,

เ1 Ï

E >

J

Loc alP actor 
group

3v 2h
'ฯ

A1
J

E

3u

lu

3u

3g

2u
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T a b l e 3 4  V i b r a t i o n a l  f r e q u e n c i e s ( c m 7  ) o f  p o t a s s i u m  s u l p h a t e .
( c o n t . )
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T a b l e t s .  V i b r a t i o n a l  f r e q u e n c i e s  (cmT ) o f  p o t a s s i u m  c h r o m a t e .
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T a b l e  3 5 # V i b r a t i o n a l  f r e q u e n c i e s ( e r a . 1 ) o f  p o t a s s i u m  c h r o m a t e .
( c o n t . )

Mode F r e q u e n c i e s  (cm” 1 ) S y m m et r i e s -

Raman I n f r a r e d M o l e c u l a r Loca l F a c t o r
O bserved R e f e r e n c e O bse rved R e f e r e n c e p o i n t g roup

30 30 g r o u p
Td C 3V a 2h

\ J 4 382 38G ท AE
382 38G B2g

Blu
B3u

- 392 E 'y Blg
389 387 T2 > B3g

383 382 a2u
392 396 AE
392 396

395 398 A1 ► B2S
8 tu
B3u
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Raman s p e c t r u m  o f  p o t a s s i u m  s u l p h a t e  i n  t h e  t r i p l y  
d e g e n e r a t e  ^ and J  r e g i o n s  were shown in  F i g u r e  2 3 .

F i g u r e  2 3 .  The Raman s p e c t r u m  o f  p o t a s s i u m  s u l p h a t e  
i n  t h e  \/ and t e g i o n s .

T,, ( i n  T^) modes o f  t h e  s u l p h a t e  i o n  e x h i b i t e d  a
c  - t y p e  o f  s p e c t r a l I b e h a v i o u r  : T , . ------> A. + E c om po n en t s
w i t h  1 :2  i n t e n s i t y  r a t i o .  T h e re  was an e x p l a n a t i o n  f o r  t h i s  
b e h a v i o u r  a s  e o u l d  be s e e n  i n  F i g u r e  24»
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F i g u r e  2 4 .  The c r y s t a l  s t r u c t u r e  o f  p o t a s s i u m  s u l p h a t e  v iewed 
down t h e  c - a x i s ,  showing  t h e  p o t a s s i u m  and s u l p h a t e  
g r o u p s  s u r r o u n d i n g  t h e  s u l p h a t e  g ro u p  h i g h l i g h t e d  i n

I
F i g u r e  2 2 .

F i g u r e  2 4 .  gave  a v iew  o f  t h e  p o t a s s i u m  s u l p h a t e  down t h e  
c - a x i c .  Each s u l p h a t e  i o n  h a s  a t h r e e f o l d  a x i s  a l m o s t  p a r a l l e l  
t o  c - a x i s .  T h e re  a r e '  p o t a s s i u m  i o n s  a p p r o x i m a t e l y  a l o n g  t h i s  
l o c a l  t h r e e f o l d  a x i s  and o t h e r  s u r r o u n d i n g  p o t a s s i u m  i o n s  l i e  . 
a p p r o x i m a t e l y  a t  t h e  c o r n e r s  o f  two opp o sed  e q u i l a t e r a l  t r i a n g l e s .  
S u r r o u n d i n g  s u l p h a t e  i o n s  l i e  a t  t h e  c o r n e r s  o f  a d i s t o r t e d  s q u a r e .
I t  was s e e n  t h a t  f o r  e a c h  s u l p h a t e  i o n  t h e r e  i s  an a x i s  a p p r o x i m a t e l y



p a r a l l e l  t o  t i l e  c r y s t a l l o g r a p h i c  c - a x i s  and t h e  a r r a n g e m e n t  o f  
s u r r o u n d i n g  g r o u p s  i s  s u c h  t h a t  t h e  l o c a l  x , y  d e g e n e r a c y  i s  
m a i n t a i n e d  . T h us ,  t h e  s p e c t r a l  b e h a v i o u r  i s  e x p l a i n e d  by 

p o i n t  g ro u p  sym m et ry .
Hainan s p e c t r u m  o f  p o t a s s i u m  c h r o m a t e  i n  t h e  t r i p l y  

d e g e n e r a t e  V 1. ,  and V  r e g i o n s  were shown i n  F i g u r e  2 5 .
T0 ( i n  Tfj )  modes o f  t h e  c h r o m a t e  i o n  a l s o  e x h i b i t e d  a - t y p e

93

s p e c t r a l  b e h a v i o u r :  T0 ------- > A1 + E a s  i n  t h e  p o t a s s i u m  s u l p h a t e *

\ )  J3 4
1 : 2  1 : 2



94

The above  d i s c u s s i o n  o f  t h e  v i b r a t i o n a l  s p e c t r a  o f  p o t a s s i u m  
c h r o m a t e  and p o t a s s i u m  s u l p h a t e  l e f t  an u n c e r t a i n t y  a b o u t  some 
a s p e c t s .  I t  was commonly c o n c l u d e d  t h a t  t h e  s i t e  g ro u p  e f f e c t  was 
c o m p a r a b l e  i n  m a g n i t u d e  t o  t h e  f a c t o r  g ro u p  e f f e c t .  T h e r e  m ig h t  
be a p a r a l l e l  b e tw ee n  s t a t i c  ( s i t e  g r o u p )  and dynamic  ( f a c t o r  g ro u p )  
e f f e c t s  and i t  was d e s i r a b l e  t o  i n v e s t i g a t e  them s e p a r a t e l y .  T h i s  
s e p a r a b i l i t y  c o u l d  be done  by a s t u d y  o f  mixed  c r y s t a l s .  P o t a s s i u m  
c h r o m a t e  and p o t a s s i u m  s u l p h a t e  were i s o m o r p h o u s  and t h e y  c o u l d  fo rm 
mixed  c r y s t a l s  s o  a s e r i e s  o f  mixed c r y s t a l s  p o t a s s i u m  c h r o m a t e /  
p o t a s s i u m  s u l p h a t e  o v e r  t h e  e n t i r e  r e l a t i v e  c o n c e n t r a t i o n  r a n g e  
was s t u d i e d .

V i b r a t i o n a l  S p e c t r a  o f  Mixed C r y s t a l s

The f r e q u e n c i e s  o f  p o t a s s i u m  s u l p h a t e  and p o t a s s i u m  c h r o m a te  
w ere  w e l l  s e p a r a t e d  t h a t  e a c h  v i b r a t i o n a l  u n i t  would  c o u p l e  o n ly  
w i t h  i t s  own k i n d  i n  t h e  mixed  c r y s t a l s .  I n  t h e  low c o n c e n t r a t i o n  
l i m i t  o f  one com ponen t  ( g u e s t  i o n )  i n  t h e  mixed  c r y s t a l s ,  t h e  g u e s t  
i o n  was m a t r i x  i s o l a t e d ,  t h e r e f o r e  i t s  v i b r a t i o n a l  u n i t  would  be 
v i b r a t i o n a l l y  u n c o u p l e d  and s e n s i t i v e  o n l y  t o  s i t e  g r o u p  e f f e c t s .
So i t  e n a b l e d  a d i s t i n c t i o n  be tw een  s i t e  g r o u p  and f a c t o r  g ro u p  e f f e c t s .  
T h e r e  w a s a r e a s o n  t o  o b j e c t  t h a t  t h e  s i t e  g r o u p  e f f e c t s  /on s u l p h a t e  i o n  
i n  a h o s t  o f  p o t a s s i u m  c h r o m a t e  l a t t i c e  would d i f f e r  from s u l p h a t e  
i o n  i n  i t s  own l a t t i c e ,  a l t h o u g h  t h e  l a t t i c e s  o f  p o t a s s i u m  c h r o m a te  
and p o t a s s i u m  s u l p h a t e  were  i s o m o r p h o u s .  I n  t h e  e v e n t ,  i t  seemed 
t h a t  t h i s  o b j e c t i o n  was r a t h e r  weak,  b e c a u s e  t h e  d a t a  l e d  t o  an 
i n t e r p r e t a t i o n  w hich  was a l m o s t  i n d e p e n d e n t  o f  l a t t i c e .



95

The a d d it io n  o f  a g u e s t  io n  in  th e  fo rm a tio n  o f  a mixed c r y s t a l  
d e s tr o y e d  th e  t r a n s l a t i o n a l  symmetry o f  th e  l a t t i c e  so  t h a t  th e  
symmetry d e s ig n a t io n s  o f  th e  v ib r a t io n a l  modes a p p r o p r ia te  to  th e  
pure c r y s t a l  w ere no lo n g e r  v a l i d .  They were r e ta in e d  h ere  o n ly  
a s an a id  in  la b e l i n g  th e  o r ig in  o f  th e  mixed c r y s t a l  m odes.

1 . In fr a r e d  S p e c tr a  o f  Mixed C r y s ta ls

The in fr a r e d  s p e c t r a  o f  th e  mixed c r y s t a l s  in  v a r io u s  
c o n c e n tr a t io n  compared w ith  pure p o ta ssiu m  chrom ate and pure  
p o ta ss iu m  s u lp h a te  were shown in  F ig u re  26 • The fr e q u e n c y  d a ta  o f  
th e  mixed c r y s t a l s  were r e p o r te d  in  T able 36 • The in fr a r e d  s p e c t r a  
o f  th e  m ix tu res  in  v a r io u s  c o n c e n tr a t io n  were a ls o  shown in  F ig u r e  2 7 .

The in fr a r e d  s p e c t r a  o f  th e  mixed c r y s t a l s  d i f f e r e d  from  
th e  s p e c t r a  o f th e  two pure c r y s t a l s  w ith  r e s p e c t  to  th e  fr e q u e n c ie s  
and r e l a t i v e  i n t e n s i t i e s  o f  th e  m odes. M e c h a n ic a lly  m ix in g  o f  th e  
two pure c r y s t a l s  gave in fr a r e d  spectrum  w hich c l o s e l y  resem b led  
a s im p le  s u p e r p o s i t io n  o f  t h e ir  com p on en ts.
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% T r a n s m i t t a u c e

Figure Ü6. The in fra red  spectra of potassium chromate, 

potassium รน 1 phatc ( c ompared w ith  the 

mixed c ry s ta ls ) .



97

Mole f r a c t i o n

F i g u r e  2 6 a .T h e  i n f r a r e d  s p e c t r a  o f  t lie mixed  c r y s t a l s ,  
( c o n t j
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% T r a n s m i t t a n c e  Mole t r a c t i o n

F i g u r e  2(i b 'i’lie i n f r a r e d  s p e c t r a  o f  K.^CrO^/ K^so4 mixed  c r y s t a l s ,  
( c e n t . )
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Mole f r a c t i o n

F r e q u e n c y  (cmT^)
F i g u r e  2 6 c . The i n f r a r e d  s p e c t r a  o f  K^CrO^/ K^so^mixed  c r y s t a l s ,  
( c o n t . )



%  T r a n s m i t t a n c e

F i g u r e  2<id.The i n f r a r e d  ร] e c t r a  o f  t h e  mixed  c r y s t a l  
( c o n t . )

650 600
F r e q u e n c y  (cm. ^) 

( e x p a n d e d  s c a l e ) .

00
1



% T r a n s m i t t a n c e

( c o n t . )

๐



T a b l e  36  I n f r a r e d  F r e q u e n c i e s  (c m T 1 ) o f  p o t a s s i u m  c h r o m a t e ’ p o t a s s i u m  s u l p h a t e  and  m i x e d  c r y s t a l s

Mode
f  r e q u e n c i e s  ( c m ! 1 )

Pure
K2 C r04

, K,Crû ,  / K^so,, mixed c r y s t a l sP u re
K2S04

X = O .0 T Ï5  7  
y = 0 . 9 8 8 5

0*๙193 ^  
0 .9 8 0 7

■ ช. 0230  
0 .9 7 7 0

0 . 0 3 9 5
0 . 9 6 0 5

0 .0 5 9 7
0 .9 4 0 3

0 . 1 2 2 0
0 . 8 7 8 0

0 . 2 4 3 8
0 . 7 5 6 2

\ ) 851 - 863 863 863 863 859 859
983 983 983 983 983 983 977 977

v 2 342 - - - - - - -
- - - -- - - - -

^3 887 897 897 897 897 897 887 887
912 902 902 902 902 902 912 912

923 923 923 923 923
1108 1108 1108 1108 1108 1108 1108 1108
1143 1143 1143 1143 1143 1143 1143 1143

v'4 383 - - - - 383 383 383
395 395 395 395

617 617 617 617 617 617 611 611
620 620

Note X' i s  mole f r a c t i o n  o f  K^CrO^ In  t h e  mixed  c r y s t a l s
y i s  mole f r a c t i o n  o f  ^ 2 ^ 4  *n th e  m ixed  c r y s t a l s
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T a b l e o 6 . I n f r a r e d  f r e q u e n c i e s  (cm. ) o f  p o t a s s i u m  c h r o m a t e ,  p o t a s s i u m  s u l p h a t e  and mixed c r y s t a l s  
( c o n t . )

f r e q u e n c i e s  ( c m ." '1)
Mode P ure P u r e KoCr0^ /  KoS0^ mixed  c r y s t a l s .

ร 01'0 4 K2S °4 X  = 0 . 4 9 3 0 0 .6 0 0 0 0 .7 6 0 4 0 .8 0 6 7 0 .8 7 3 1 0 .9 0 8 2 0 . 9 3 1 9
y = 0 . 5 0 7 0 0 . 4 0 0 0 0 .2 3 9 6 0 .1 9 3 3 0 .1 2 6 9 0 .0 9 1 8 0 .0 6 8 1

851 859 851 851 1 851 851 851 851
1 983 977 977 i - - - -

342 - - - - - -•
- - - - - -

" ■to>ๆ 887 887 887 887 887 887 887 887
I 912 912 912 912 912 912 912 912

1105 1105 1105 1105 1105 1105
1108 1108 1113 1113 1113 1113 1113 1113
1143 1143 1132 1132 1132 1132 1132 1132

v4 383 383 383 383 383 383 383 383
395 395 395 395 395 395 395 395

617 611 611 611 611 611 611 611
620 614 614 614 614 614 614

620 620 620 620 620 620

cผิ
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Mole f r a c t i o n

F i g u r e  2 7 a .T h e  i n f r a r e d  s p e c t r a  o f  t h e  m i x t u r e s  of
p o t a s s i u m  c h r o m a te  and p o t a s s i u m  s u l p h a t e
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Mole f r a c t i o n  
o f  Kr)CrO

%  T r a n s m i t t a n c e  ^ 4

F i g u r e  ~7b .  The i n f r a r e d  s p e c t r a  o f  t h e  m i x t u r e s  of  
( c o n t . )  p o t a s s i u m  c h r o m a t e  and p o t a s s i u m  s u l p h a t e
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%  T n a n s m i t t a n c e

i______— 1—1400

Mole f r a c t i o n
K2Cr04

0 .8 7

0 . 8 0

0 . 7 5

F r e q u e n c y  ( c m ." l )
The i n f r a r e d  s p e c t r a  o f  t h e  m i x t u r e s  ofF i g u r e  27c 

( c e ท t . ) p o t a s s i u m  c h r o m a te  and p o t a s s i u m  s u l p h a t e
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I n f r a r e d  S p e c t r a  o f  Mixed C r y s t a l s .

The s t r e t c h i n g  mode v  .

mode o f  p o t a s s i u m  c h r o m a te  a t  851 cm.* d i s a p p e a r e d  i n  
t h e  i n f r a r e d  s p e c t r a  o f  mixed c r y s t a l s  a t  t h e  low c o n c e n t r a t i o n  
a b o u t  0 .0 1  mole f r a c t i o n  o f  p o t a s s i u m  c h r o m a t e .  When t h e  mole f r a c t i o n  
o f  j o t a s s i u m  c h r o m a t e  l a y  a t  0 . 0 2 - 0 . 0 6 ,  t h e  f r e q u e n c y  o f  t h i s  mode 
s h i f t e d  to  863 cm.*  . The f r e q u e n c y  was H5Ü cm.* a t  t h e  mole f r a c t i o n  
0 . 1 - 0 . 5  o f  p o t a s s i u m  c h r o m a t e ,  b u t  chan ged  t o  851 d l l /  i f  t h e  mole 
f r a c t i o n  was i n c r e a s e d  aboyé  0 . 6  .

V* mode o f  p o t a s s i u m  s u l p h a t e  a t  983 cml* was p r e s e n t  i n  
t i l e  i n f r a r e d  s p e c t r a  o f  mixed  c r y s t a l s  i n  which  t h e  mole f r a c t i o n  
o f  p o t a s s i u m  c h r o m a t e  was a b o u t  0 . 0 1 - 0 . 0 6  . At t h e  mole f r a c t i o n  
of  p o t a s s i u m  c h r o m a t e  a ro u n d  0 . 1 - 0 . 6 ,  t h e  f r e q u e n c y  s h i f t e d  t o  977 cmT 
T h i s  mode d i s a p p e a r e d  when t h e  mole f r a c t i o n  was above  0 . 7  .

The d o u b ly  d e g e n e r a t e  d e f o r m a t i o n  mode__ ^0 .

it, mode o f  p o t a s s i u m  c h r o m a t e  d i s a p p e a r e d  i n  t i l e  i n f r a r e d  
s p e c t r a  o f  mixed c r y s t a l s .

^ 0 mode o f  p o t a s s i u m  s u l p h a t e  ( n o t  o b s e r v e d  i n  t h i s  s t u d y  
b u t  r e p o r t e d  i n  r e f e r e n c e  16 ) was a l s o  a b s e n t  i n  t h e  s p e c t r a  of
mixed  c r y s t a l s .

The t r i p l y  d e g e n e r a t e  s t r e t c h i n g  mode vt . .

\ 12 mode o f  p o t a s s i u m  c h r o m a t e  i n  t h e  mixed c r y s t a l s  which  
t h e  mole f r a c t i o n  o f  p o t a s s i u m  c h r o m a te  was 0 . 0 1 - 0 . 0 6  was s p l i t i e d  
and s h i f t e d  from 887 ,  9 1 2 , cm.'* to  897 ,  902 ,  923 cm.*  . Hut when 
t h e  mole f r a c t i o n  o f  p o t a s s i u m  c h r o m a te  was above  0 . 1 ,  t h e  f r e q u e n c y  
was t h e  same as  o f  p u r e  po ta s s iu i i i  c h r o m a t e  a t  887 ,  912 CU1. .
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^  mode o f  p o ta s s iu m  s u lp h a t e  a t  1 1 0 8 , 1143  cinT1 was 
p r e s e n t  in  th e  s p e c t r a  o f  m ixed  c r y s t a l s  in  w h ich  th e  m ole  f r a c t i o n  
o f  p o ta s s iu m  ch r o m a te  w as 0 . 0 1 - 0 . 5  . When th e  m ole  f r a c t i o n  o f  
p o ta s s iu m  c h r o m a te  was ab ove 0 . 6 ,  th e  fr e q u e n c y  w as s p l i t t e d  and 
s h i f t e d  t o  1 1 0 5 , 1 1 4 3 , 1132 cmT1 .

The t r i p l y  d e g e n e r a t e  d e fo r m a t io n  mode \J ^ .

Vj mode o f  p o ta s s iu m  ch ro m a te  a t  3 8 3 , 3 9 5  ciâ î d is a p p e a r e d  
in  th e  ร])e c t r a  o f  m ixed  c r y s t a l s  in  w h ich  th e  m ole f r a c t i o n  o f  
p o ta s s iu m  c h r o m a te  was 0 . 0 1 - 0 . 0 4 .  When th e  m ole  f r a c t i o n  o f  
p o ta s s iu m  ch r o m a te  was a b o v e  0 . 0 6 ,  t h i s  mode a p p e a r e d  a t  th e
sam e fr e q u e n c y  a s  o f  p u re  p o ta s s iu m  c h r o m a te .

I _ 1 ÎV mode o f  p o ta s s iu m  s u lp h a t e  a t  617 cm . w as p r e s e n t  in
th e  s p e c t r a  o f  m ixed  c r y s t a l s  in  w h ich  th e  m ole  f r a c t i o n  o f  
p o ta s s iu m  c h r o m a te  พนร 0 . 0 1 - 0 . 0 6 .  When th e  m ole f r a c t i o n  o f  p o ta s s iu m  
c h r o m a te  was 0 . 1 - 0 . 5 ,  th e  f r e q u e n c y  was s p l i t t e d  and s h i f t e d  to  
6 1 1 ,  620  c m .1 . At th e  m ole f r a c t i o n  a b o v e  0 . 6 ,  t i le  s p l i t t i n g  was 
more p ro n o u n ced  a t  6 1 1 , 6 1 4 ,  620  cniT1

2 .  Hainan S p e c t r a  o f  P o t a s s i u m C h r o m a te / P o ta s s iu m  S u lp h a te  

M ixed C r y s t a l s .

Raman s p e c t r a  o f  th e  m ixed  c r y s t a l s  in  v a r io u s  c o n c e n t r a t io n  
com p ared  w ith  p u re  p o ta s s iu m  ch r o m a te  and p u re  p o ta s s iu m  s u lp h a t e  
w ere shown in  f i g u r e  28  • T h e ir  f r e q u e n c y  d a ta  w ere r e p o r t e d  in
T a b le  37
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I n t e n s i  ty

F ig u r e  2 8 .  Raman s p e c t r a  o f  p o ta s s iu m  c h r o m a te , p o ta s s iu m  
s u lp h a te (c o m p a r e d  w ith  th e  m ixed  c r y s t a l s  
from  th e  F ig u r e  28  a , b , c )



1 1 0

I n t e n s i t y

F ig u r e  2 8 a . U n m a n  s p e c t r a  o f  K^CrO^/ K ^so^iflixed c r y s t a l s



I l l

F r e q u e n c y  ( c m ! 1 )
F ig u r e  2 8  b.Raman s p e c t r a  o f  K2Crü4 /  K2 S 0 4 m ixed  c r y s t a l s .
( c o i l t  .  )
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I n t e n s i t y

F ig u r e  2 8 c . Raman s p e c t r a  o f  K2 CrO /  K ^so4 m ixed  c r y s t a l s ,  

( c o n t . )



11 5 0  111 0  105 0  1000 950  6 0 0  850

F ig u r e  28  d .  Raman sp e c tr u m  o f  
( c o n t . )

“ 2 CrV  K2 S 0 4 m ixed  c r y s t a l s  (e x p a n d e d  s c a l e )
F r e q u e n c y (c m .  )
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T ab le37  Paman f r e q u e n c i e s  (cm . )o f p o ta s s iu m  c h r o m a te  , p o ta s s iu m  s u lp h a t e  and m ixed  c r y s t a l s

Mode 1 f r e q u e n c i e s  (cm"-.'3
P u re ' P ure K2 C r04 /  K2 S0 m ixed  c r y s t a l s .

K2 C r04 K2 6D4 ! X = 0 «03o5  
y = 0 .9 6 6 5

0 .0 5 1 2
0 .9 4 8 8

; 0 .0 8 4 7  
0 .9 1 5 3

0 .1 5 3 1
0 .8 4 6 9

0 .2 0 2 2
0 .7 9 7 8

0 .3 5 0 4
0 .6 4 9 6

0 .6 0 0 0
0 .4 0 0 0

ง 847 8 6 7 .5 8 6 7 .5 8 6 7 .5 8 6 7 .5 8 6 7 .5 8 6 7 .5 8 6 7 .5
983 9 83 983 983 983 9 8 3 983 9 8 3

V2 344 344 344 344 344 344 344 344
447 447 447 447 447 4 47 447 4 4 7
4 5 3 4 5 3 4 5 3 453 453 4 5 3 4 5 3 4 5 3
457 457 457 ; 457 457 457 457 4 5 7

_vi 862 9 02 902 JQ2 902 £02 902 9 02
8 72 906 906 906 906 9 06 9 06 9 06
8 9 8 926 926 926 926 926 926 926

1093 1093 1093 1093 1093 10 9 3 1093 1 0 9 3
1105 1105 1105 1105 1105 1105 1105 110 5
111 0 1110 1110 1110 1110 1110 1110 1 1 1 0
1145 1145 1145 1145 1145 1145 11 4 5 1 1 4 5

V 3 8 2 382 382 382 382 382 382 3 8 2
4 389 389 389 389 389 389 389 3 8 9

392 392 392 392 392 392 392 3 92
616 616 616 616 616 616 616 616
620 620 6 20 620 620 6 20 620 6 2 0

1
6 2 8 .5 6 2 8 .5 6 2 8 .5 6 2 8 .5 6 2 8 .5 6 2 8 .5 6 2 8 .5 6 2 8 .5



T a b l e  3 7 .  P a r i a n  f r e q u e n c i e s  ( e r a .  ) o f  p o t a s s i u m  c h r o m a t e ,  p o t a s s i u m  s u l p h a t e  a n d  m i x e d  c r y s t a l s ,  
( r . o n t .  ) ----------------- r

Mode

!: !

f r e q u e n c i e s  (c m .* )
Pure
K2 C r04

Pure K^CrO^/ k r,S 0 4 m ixed  c r y s t a l s .
K2 S04 1 X = 0 .7 4 5 1  

y -  0 .2 5 4 9
0 .8 2 3 7
0 .1 7 6 3

0 .9 1 1 8
0 .0 8 8 2

h 84 7 8 4 7 847 847
r
i 1j 983 - ” —

p  ^2 3 4 4 344 344 344
(I 4 4 7

1 - —Î11 453 _
i 457 — —
1 ^3 862 862 86^ 862

1
872 872 872 872

! 898 8 98 898 8 98
1 0 9 3 — — —

1 1105 — -—
1110 — —

I 1145 —

j v>4 382 382 382 382
1 3 8 9 389 389 389

392 392 392 3 92
616 - — —
620 — — —
6 2 8 .5 — — —

115
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Raman S p e c t r a  o f  M ixed C r y s t a l s  

The s t c e t c h i n g  mode .

mode o f  p o ta s s iu m  ch ro m a te  i n  th e  m ixed  c r y s t a l s  w h ich  
w as s t u d ie d  from  th e  d i l u t i o n  l i m i t  t o  0 . 6  m ole f r a c t i o n  o f  p o ta s s iu m  
c h r o m a te , s h i f t e d  from  84V cm ,^  t o  8 6 7 .5  c m .* .  When t h e  m ole  f r a c t i o n  
o f  p o ta s s iu m  ch ro m a te  was in c r e a s e d ,  th e  fr e q u e n c y  o f  t h i s  mode was 
8 47  cm T*.

v) mode o f  p o ta s s iu m  s u lp h a t e  a t  983 CDU* w as p r e s e n t  
in  Raman s p e c t r a  o f  m ixed  c r y s t a l s .  When t h e  m ole f r a c t i o n  o f  
p o ta s s iu m  ch ro m a te  w as a b o v e  0 . 7 ,  i t  d i s a p p e a r e d .

The d o u b ly  d e g e n e r a t e  d e fo r m a t io n  mode y ^ .

\̂ 2 mode o f  p o ta s s iu m  ch r o m a te  a t  344  cm .*  w as p r e s e n t  i n  
Raman s p e c t r a  o f  m ixed  c r y s t a l s  in  e v e r y  c o n c e n t r a t i o n .

^2 mode o f  p o ta s s iu m  s u lp h a t e  a t  4 4 7 ,  4 5 3 ,  4 5 7  cm7* was 
p r e s e n t  in  Raman s p e c t r a  o f  m ixed  c r y s t a l s ,  s t u d i e d  from  th e  d i l u t i o n  
l i m i t  t o  0 . 6  m ole  f r a c t i o n  o f  p o ta s s iu m  c h r o m a te . The fr e q u e n c y  
d is a p p e a r e d  when th e  m ole  f r a c t i o n  o f  p o ta s s iu m  c h r o m a te  was in c r e a s e d  
a b o v e  0 .7  .

The t r i p l y  d e g e n e r a t e  s t r e t c h i n g  mode v ^ .

mode o f  p o ta s s iu m  c h ro m a te  i n  t h e .  m ixed  c r y s t a l s  w h ich  
w as s t u d ie d  from  t h e  d i l u t i o n  l i m i t  t o  0 . 6  m ole f r a c t i o n  o f  p o ta s s iu m  
ch r o m a te  s h i f t e d  from  8 6 2 , 8 7 2 ,  898  CDU* t o  9 0 2 , 9 0 6 , 926  cm 7*.
When th e  m ole f r a c t i o n  was i n c r e a s e d ,  t h i s  mode was a t  th e  sam e 
f r e q u e n c y  a s  o f  p u re  p o ta s s iu m  c h r o m a te (8 6 2 ,  8 7 2 , 8 9 8  c m .* )

'‘̂  mode o f  p o ta s s iu m  s u lp h a t e  a t  1 0 9 3 , 1 1 0 5 , 1110  cm .*  was 
p r e s e n t  in  th e  s p e c t r a  o f  m ixed  c r y s t a l s .  I t  d is a p p e a r e d  when th e  
m ole f r a c t i o n  o f  p o ta s s iu m  ch r o m a te  w as a b o v e  0 .7  .



G 117

The t r i p l y  d e g e n e r a t e  d e fo r m a t io n  mode v .

mode o f  p o ta s s iu m  ch r o m a te  a t  3 8 2 , 3 8 9 , 392  cmT* was 
p r e s e n t  in  th e  s p e c t r a  o f  m iked  c r y s t a l s  in  e v e r y  c o n c e n t r a t i o n .

mode o f  p o ta s s iu m  s u lp h a t e  a t  6 1 6 ,  6 2 0 ,  6 2 8 .5  cnw* was 
p r e s e n t  in  th e  s p e c t r a  o f  m ixed  c r y s t a l s  b u t d is a p p e a r e d  when th e  
m ole f r a c t i o n  o f  p o ta s s iu m  ch ro m a te  w as ab o v e  0 . 7  .

I f  th e  m ajor i n t e r a c t i o n  b e tw e e n  a n io n s  w as assu m ed  t o  be 
due t o  lo n g  r a n g e  d ip o la r  c o u p l in g  and th e  d ip o la r  c o u p l in g  b e tw e e n  
l i k e  a n io n s  was much g r e a t e r  th a n  b e tw e e n  u n l ik e  a n io n s ,  th e n  th e  
a d d i t io n  o f  i m p u r i t i e s  w ou ld  d e c r e a s e  t h e  d i p o l a r  c o u p l in g  b e tw een  
h o s t  i o n s ,  and a f r e q u e n c y  s h i f t  s h o u ld  r e s u l t .  M odes o f  d i f f e r e n t  
sym m etry s h o u ld  h a v e  d i f f e r e n t  f r e q u e n c y  s h i f t  aร th e  n a tu r e  o f  
t h e  d ip o la r  c o u p l in g  w as d i f f e r e n t  in  m odes o f  d i f f e r e n t  sy m m etry .

As in  T a b le  3 7  i n d i c a t e d ,  Raman fr e q u e n c y  o f  y  mode o f  
p o ta s s iu m  ch r o m a te  s h i f t e d  from  847 cmT* to  8 6 7 .5  cm .*  in  th e  m ixed  
c r y s t a l s .  The fr e q u e n c y  s h i f t  w as 20  cral*

Raman fr e q u e n c y  o f  v^mode o f  p o ta s s iu m  c h r o m a te  i n  th e  m ixed  
c r y s t a l s  in  d i l u t i o n  l i m i t  s h i f t e d  from  8 6 2 , 8 7 2 , 8 9 8  cm .*  to  
9 0 2 , 9 0 6 , 926 cm 7* . The s e p a r a t io n  o f  f r e q u e n c i e s  ( b e tw een  862  and 
8 9 8  cmT*) o f  p u re  p o ta s s iu m  ch ro m a te  was 36 c m .* ,  b u t t h e  s e p a r a t io n  
o f  f r e q u e n c ie s  ( b e tw een  9 02  and 926 c m .* )  o f  m ixed  c r y s t a l s  was 
24  cm 7*as shown in  T a b le  3 ?  .  The d e c r e a s e  in  s e p a r a t i o n  from  
p u re  p o ta s s iu m  ch ro m a te  t o  t h e  d i l u t i o n  l i m i t  ( 3 6 -2 4  = 12 cmT*) 
w as th e  m a g n itu d e  o f  th e  f a c t o r  grou p  e f f e c t s .



118

D i e  D O .  Raman f r e q u e n c i e s  (cm . ) in  th e  v' mode o f
p o ta s s iu m  ch r o m a te  and o f  m ixed  c r y s t a l s ,

Mode
F r e q u e n c ie s  (ciH .^)

Pure
K2 C r04

h 2 CrV K2 SU 4 
M ixed c r y s t a l s

F a c t o r  grou p  
s p l i  t t i  ngjA V'1.

x) 3 802  1 902
872  ;AV'1,= 36 906 t> <_ t-s II to ร. 12
8 9 8  J 926



X -r a y  Powder D i f f r a c t i o n  D a ta
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The X -r a y  pow der d i f f r a c t i o n  w ere r e c o r d e d  a s  b o th  p h o to g r a p h s  
in  f i l m  m ethod and d i f f r a c t o g r a m s  in  d i f f r a c t o m e t e r  m e th o d .

In  f i l m  m eth o d , i t  w as d i f f i c u l t  to  r e a d  p r e c i s e l y  th e  
p o s i t i o n s  o f  th e  2 0  a n g le  and th e  r e l a t i v e  i n t e n s i t y  o f  d i f f r a c t e d  
b ea m s. So th e  X -r a y  pow der d i f f r a c t i o n  d a ta  r e p o r t e d  i n  t h i s  s t u d y  w ere  

ta k e n  from  d i f f r a c to g ra m s in  d i f f r a c t o m e t e r  m ethod o n l y .

The p o s i t i o n s  o f  th e  2 e a n g le  w ere c o r r e c t e d  by co m p a r in g  
w it h  t h e  p e a k s  o f  s i l i c o n  w h ich  a c t e d  a s  i n t e r n a l  s t a n d a r d .

1 .  The X -r a y  Powder D i f f r a c t i o n  D a ta  o f  P o ta s s iu m  C h ro m a te .

The X -r a y  pow der d i f f r a c t i o n  d a ta  o f  p o ta s s iu m  ch ro m a te  
w ere r e p o r t e d  in  T a b le 39 .  The d i f f r a c t o g r a m  o f  p o ta s s iu m  c h ro m a te  
w as shown in  F ig u r e  29  •

T a b le  39 The o b s e r v e d  2 6  o f  p o ta s s iu m  c h r o m a te .
l i n e h k l o b s e r v e d r e f e r e n c e c 35 )

2 © ( ° ) d ( I ) 2 0  ( ° ) d (A)
1 0 2 0 1 7 .1 0 5 .1 8 0 1 7 .2 3 5 .2 0 0
2 120 2 0 .8 5 4 .2 5 7 2 0 .9 9 4 .2 9 9
3 2 0 0 2 3 .3 0  1 3 .8 1 4 2 3 .6 9 3 .8 3 4
4 2 1 0 2 5 .7 0 3 .5 3 6 2 5 .3 9 3 .5 9 3
5 2 0 1 2 8 .6 0 3 .1 1 9 2 8 .6 2 3 .2 1 6
6 2 20 2 9 .1 0 3 .0 6 6 3 0 .0 3 3 .0 7 8
7 0 3 1 2 9 .9 2 2 .9 8 4 3 1 .0 4 2 .9 8 8
8 0 0 2 3 0 .2 5 2 .9 5 2 3 1 .3 6 2 .9 6 0
9 2 21 3 4 .5 5 2 .5 9 4 3 4 .3 1 2 .7 3 3
10 112 3 5 .0 0 2 .5 6 2 3 5 .2 9 2 .6 6 7
11 0 4 0 3 6 .2 5 2 .4 7 6 3 6 .3 5 2 .5 9 9
12 2 3 0 3 6 .9 0 2 .4 3 4 3 6 .8 3 2 .5 7 0
13 122 3 9 .4 5 2 .2 8 2 3 9 .1 9 2 .4 3 8
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1 .1  The D e te r m in a t io n  o f  U n it  6 e l l  P a r a m e te r s  by L e a s t  S q u a re  M ethod,

In  o r th o r h o m b ic  s y s t e m , th e  i n t e r p l a n a r  s p a c in g  d ^ j »  th e  
B ragg  a n g le  Q a r e  r e l a t e d  w ith  th e  p la n e  i n d i c e s  ( h k l )  and th e  
l a t t i c e  c o n s t a n t s  ( a , b , c )  a s  i n  th e  f o l l o w i n g  ะ

t- L ?id 1 

w here

s i n  0
" A

A h 2 + B k 2 + c  l 2

A
B
c

4 a
= —L-24 b 

ะ 1
4 c

I t  w as show n i n  A p p en d ix  B . t h a t  A, B and c  c a n  be fo u n d  
from  t h r e e  e q u a t io n s  ะ

A [p  บ 
A [ q X

B Jv ข

w here

Q v ]  + C [ t  U -  V tfj  = Y U - Z V
ฃ พ ] +  B [บ X -  R tf J  = z x - s w

R p j +  C [ t ü -  X p ]  = Y U - S P

I
*  ( » 2 I 2 ;  
i  ( k 2 l 2 )
* 1
* ( s i n e .  hY. ไA /
£  1/ s i n  0  .k')

l  Â  y

p
Q
V 
R 
T 
บ
tf
X
Y
z



Table 4 -0• The various terms in  the determ ination of u n it c e l l parameters of potassium chromate.

hkl K " - ) 2 /s in e h 'j 2 1s in e7  ̂ / h2 h4 k 2 k4 l 2 2 2  h k 2 2 h 1 2 2  k 1
0 2 0 0 ^ 0 0 9 3 0 0 .0 3 7 2 0 0 4 16 0 0 0 0
120 0 .0 1 3 8 0 .0 1 3 8 0 .0 5 5 2 1 1 4 16 0 4 0 0
2 0 0 0 .0 1 7 2 0 .0 6 8 8 0 4 16 0 0 0 0 0 0
2 1 0 0 .0 2 0 3 0 .0 8 3 2 0 .0 2 0 8 4 16 1 1 0 4 0 0
201 0 .0 2 5 7 0 .1 0 2 8 0 4 16 0 0 1 0 4 0
2 2 0 0 .0 2 6 6 0 .1 0 6 4 0 .1 0 6 4 4 16 4 16 0 16 0 0
031 0 .0 2 8 1 0 0 .2 5 2 9 0 0 9 81 1 0 0 9
0 0 2 0 .0 2 8 7 0 0 0 0 0 0 4 0 0 0
221 0 .0 3 7 2 0 .1 4 8 8 0 .1 4 8 8 4 16 4 16 1 16 4 4
112 0 .0 3 8 1 0 .0 3 8 1 0 .0 3 8 1 1 1 1 1 4 1 4 4
0 4 0 0 .0 4 0 3 0 0 .6 5 2 8 0 0 16 2 5 6 0 0 0 0
2 3 0 0 .0 4 2 2 0 .1 6 8 8 0 .3 7 9 8 4 16 9 81 0 36 0 0
122 0.04; 80 0 .0 4 8 0 0 .1 9 2 0 1 1 4 16 4 4 4 16
£  = 0 .3 7 6 5 0 .7 7 8 7 1 .8 8 4 0 27 99 56 5 0 0 15 81 16 33

Y z ร p Q V R T บ พ X
N o te :  A .  = 1 .5 4 0 5  A

122
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U sin g  t h r e e  e q u a t i o n s  d e s c r i b e d  above  , t h e  r e s u l t s  were ะ

A = 4 .5 8 1 X 10
a = 7 .3 8 7 ;

B = 2 .5 2 9 X 10
b = 9 .9 4 2 A

c = 7 .1 0 0 X 10
c = 5 .9 3 4 a

A
T a b le  4 1 .  The u n i t  c e l l  p a r a m e t e r s  o f  p o t a s s i u m  c h r o m a te  by

l e a s t  s q u a r e  m e thod .
U n i t  c e i l  p a r a m e t e r s o b s e r v e d

น )
r e f e r e n c e ( 35)

(Â)
a 7 .3 8 7 7.GG3
b 9 .9 4 2 10 .3 91
c 5 .9 3 4 5 .9 1 9___  ... . . .  A. ---- . ----------- ------------ —

1 . 2  The D e t e r m i n a t i o n  o f  U n i t  C e l l  P a r a m e t e r s  by U nique  Value  M e th o d .

t h r e e
The u n i t  c e l l  p a r a m e t e r s  a ,  b,  c were d e t e r m i n e d  from o n ly  

l i n e s  h a v i n g  i n d i c e s  200 ,  020  and 002  .

= A h2 + ts k 2 + c l 2

A

B

c

s i n  G '
2

\
. 2 A , 200
s i n  (3 ' f)i—t

1 0 2 0
2

s i n  © '\
2 A 1/ 002
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T a b le  4 2 .  The u n i t  c e l l  p a r a m e te r s  o f  p o ta s s iu m  ch ro m a te  by
t h e  u n iq u e  v ta lu e  m eth o d .

U n it  c e l l  p a r a m e te r s  j O b served
น )

R e fe r e n c e
- (3 5 )น )

a 7 .6 2 8 7 .6 6 3
b 1 0 .3 6 3 1 0 .3 9 1
c 5 .9 0 3 5 .9 1 9

The u n i t  c e l l  p a r a m e te r s  o f  p o ta s s iu m  ch ro m a te  d e te r m in e d  by

tw o m eth od s ะ t h e  l e a s t  sq u a r e  m ethod and th e  u n iq u e  v a lu e  m ethod ะ 
w ere com pared w it h  th e  r e f e r e n c e  35 i n  T a b le  4 3  .  I t  was s e e n  t h a t
t h e  r e s u l t s  ta k e n  from  th e  u n iq u e  v a lu e  m ethod w ere c l o s e r  t o  th e  
r e f e r e n c e  th a n  from  th e  l e a s t  sq u a r e  m eth o d .

T a b le  4 3 .  The u n i t  c e l l  p a r a m e te r s  o f  p o ta s s iu m  ch ro m a te  from  
tw o m e th o d s .

U n it  c e l l  
p a r a m e te r s

O b serv ed  (A) R e fe r e n c e
(ไ35)
น )

M ethod
L e a s t  sq u a r e U nique v a lu e

a 7 .3 8 7 7 .6 2 8 7 .6 6 3
b 9 .9 4 2 1 0 .3 6 3 1 0 .3 9 1
c 5 .9 3 4 5 .9 0 3 5 .9 1 9
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2 .  The X -rq y  Pow der D i f f r a c t i o n  D a ta  o f  P o ta s s iu m  S u lp h a t e .

The X -r a y  pow der d i f f r a c t i o n  d a ta  o f  p o ta s s iu m  s u lp h a t e  
w ere r e p o r t e d  in  T a b le  4 4 .  The d i f f r a c t o g r a m  o f  p o ta s s iu m  s u lp h a t e  
was shew n in  F ig u r e  30 .

T a b le  4 4 .  The o b s e r v e d  2 0 o f  p o ta s s iu m  s u l p h a t e .

l i n e h k l o b s e r v e d r e f e r e n c e  ( 3 6 )
2 $  ( °  ) d ( A ) 2 ©  ( ° ) d ( k  )

1 0 2 0 1 7 .6 0 5 .0 3 5 1 7 .8 4 5 .0 3 0
2 120 2 1 .3 0 4 .1 6 8 2 1 .6 5 4 .1 7 6
3 4 0 0 2 3 .8 0 3 .7 3 5 2 4 .3 0 3 .7 4 3
4 2 1 0 2 6 .3 0 3 .3 8 6 2 6 .0 5 3 .5 0 8
5 2 01 2 9 .2 0 3 .0 5 6 2 9 .3 8 3 .1 4 0
6 2 2 0 2 9 .8 0 2 .9 9 6 3 0 .8 9 3 .0 0 1
7 0 3 1 3 0 .8 0 2 .9 0 1 3 2 .0 5 2 .9 0 3
8 0 0 2 1 3 1 .0 0 2 .8 8 2 3 2 .2 6 2 .  886
9 2 21 3 5 .6 0 2 .5 2 0 3 5 .3 2 2 .6 6 5
10 112 3 6 .0 0 2 .4 9 3 3 6 .3 0 2 .6 0 2
11 0 4 0 3 7 .8 0 2 .3 7 8 3 7 .7 2 2 .5 1 8
12 2 3 0 3 8 .0 0 2 .3 6 6 3 8 .0 6 2 .4 9 9
13 122 4 0 .4 0 2 .2 3 1 4 0 .4 6 2 .3 7 4

The p r o c e d u r e  i n  d e t e r m in in g  th e  u n i t  c e l l  p a r a m e te r s  o f  
p o ta s s iu m  s u lp h a t e  w as t h e  sam e a s  o f  p o ta s s iu m  c h r o m a te . The r e s u l t s  
w ere su m m arized  i n  T a b le  4 5  .
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2 0 ( ๆ
F i g i r e  3 0 .  The d i f f r a c t o g r a m  o f  p o t a s s i u m  s u l p h a t e .
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T a b le  45 The u n i t  c e l l  p a r a m e te r s  o f  p o ta s s iu m  s u lp h a t e  from  two  
m e th o d s .

U n it  c e l l  p a r a m e te r s O b served  ( A ) R e f e r e n c e
( 3 6 )

( A )
Method

L e a s t  sq u a r e U n iq u e v a lu e
a 7 .2 2 0 7 * 4 8 3 7 .4 6 8
b 9 .5 5 1 1 0 .0 7 2 1 0 .0 7 0
c 5 .8 1 0 5 .7 7 2 5 .7 6 4

I t  was s e e n  t h a t  t h e  r e s u l t s  ta k e n  from  th e  u n iq u e  v a lu e  
m ethod w ere c l o s e r  t o  th e  r e f e r e n c e  th a n  th e  l e a s t  s q u a r e  m eth o d .

In  t h e  l e a s t  s q u a r e  m eth o d , th e  p o s i t i o n s  o f  13 p e a k s  w ere
r e f i n e d  t o  g i v e  th e  b e s t  v a l u e s  o f  th e  u n i t  c e l l  p a r a m e te r s  a ,  b and 
c  .  From T a b le  3 9 , 4 4 i t  w as s e e n  t h a t  th e  p o s i t i o n s  o f  p e a k s  in  
h ig h - a n g le  r e g i o n s  d e v ia t e d  from  t h o s e  in  r e f e r e n c e  3 5 , 3 6 . The 
d e v i a t i o n  in  t h i s  s t u d y  w as s u p p o r te d  by th e  d a ta  ( d i f f r a c t o g r a m )  
o f  p o ta s s iu m  s u lp h a t e  o b t a in e d  by th e  sam e in s tr u m e n t  in  
r e f e r e n c e  37 • T h e r e f o r e ,  t h e  u n i t  c e l l  p a r a m e te r s  o b t a in e d  from
th e  l e a s t  s q u a r e  m ethod w ere m a rk ed ly  d i f f e e e n t  from  t h o s e  o f  
r e f e r e n c e  3 5 ,3 6 .  The u n iq u e  v a in e  m ethod g a v e  c l o s e r  r e s u l t s  t o  
r e f e r e n c e 3 5 ,3 6  th o u g h  i t  w as n o t  a s t a t i s t i c a l  m eth o d .
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F i g u r e  3 1 .  The d i f f r a c t o g r a m  o f  p o t a s s i u m  s u l p h a t e  
t a k e n  from r e f e r e n c e  3 7 .

3 .  The X - ray  Powder D i f f r a c t i o n  D a ta  o f
P o t a s s i u m  C h r o m a t e /  P o t a s s i u m  S u l p h a t e  Mixed C r y s t a l s .

The X -ray  powder d i f f r a c t i o n  d a t a  o f  t h e  mixed c r y s t a l s  
were  r e p o r t e d  i n  T a b l e  4 6 .  The d i f f r a c t o g r a m  o f  mixed  c r y s t a l s  
were  sltown i n  F i g u r e  3 2 .

The d i f f r a c t o g r a m s  o f  t h e  mixed  c r y s t a l s  were  
d i f f e r e n t  from p u r e  c r y s t a l s .  The mixed c r y s t a l  gave  a 
d i f f r a c t . o n  p a t t e r n  which  was i n t e r m e d i a t e ,  i n  r e s p e c t  o f  
b o t h  t h e  p o s i t i o n s  and t h e  i n t e n s i t i e s  o f  t h e  p e a k s ,  be tw een  
t h o s e  o f  t h e  p u r e  c r y s t a l s .



F ig u r e 3 2 a . The d i f f r a c t o g r a m s  o f  K CrO /  K s o  mixed c r y s t a l s*— 4 «น 4
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F i g u r e  3 2 c . .  
( c e n t . )

T h e  Ê i f f r a c t o g r a m s o f  K()C r Û ^ /  K ^ s o ^ m i x e d c r y s t a l s
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T a b l e  4 6 .  The o b s e r v e d  2  © a n g l e  o f  p o t a s s i u m  c h r o m a t e ,  p o t a s s i u m  s u l p h a t e  and  m i x e d  c r y s t a l s
!______  . 2 0 angle (๐)

Inùices P ure  j "  P ure  : K^-CrO^/ 1*2ร 0 4 ,n*xe^ c rys ta ls
hkl K2Cr04 K 2ร04i X = 0.053 0.19210.275 

y = ข .947 J 0.808 0.725
0.353
0.647

1 0.482 
0.518

0.554 ; 
0.446

0.671
0.329

0.753 ! 
0.247

0.902
0.098

020 17.10 17.60 17 .60 17 .60 17.55 17.50 17.40 17.50 17.20 17.10 17.10
120 20.85 21.30 21.30 21.30 21.25 21.20 21.00 20.95 20.90 20.90 20.85
200 23.30 23.80 23.80 23.70 23.65 23.60 23.50 23.45 23.40 23.35 23.30
310 25.70 26.30 26.30 26.20 26.10 26.05 26.00 25.90 25.80 25.70 25.70
201 28.60 29.20 29.20 29.20 29.00 28.90 28.85 28.80 28.75 28.70 28.60
220 29.10 29.80 29.80 29.75 29.70 29.65 29.45 29.40 29.40 29.30 29.15
031 29.92 30.80 30.80 30.75 30.70 30.65 30.40 30.30 3( .20 30.05 30.00
002 30.25 31.00 31.00 30.90 30.80 30.75 30.60 30.50 30.40 30.30 30.25
221 34.55 35.60 35.60 35.60 35.55 35.45 35.35 35.20 35.05 34.65 34.60
112 35.00 36.00 36.00 35.00 35 * 9 0 35.80 35i60 ง5.40 35.20 35.10 35.05
040 36.25 37.80 37.80 37.80 37.55 37.65 56 .70 36.80 56.60 36.30 36.30
230 36.90 38.00 38.00 38.00 37.95 37.90 57 • 60 37.55 37.40 37.20 36.75
122 39.45 40.40 40.40 40.40 40.35 40.30 40.25 40.00 39.80 39.60 39.50

Note X is  mole fra c tio n  of potassium chromate in  mixed c rys ta ls  

y is  mole fra c tio n  of potassium sulphate in  mixed c rys ta ls 132
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The u n it c e l l parameters (a, b, c) of the mixed c rys ta ls  

were determined by two methods; the least square method and 

the unique value method. The re su lts  were reported in  Table 47, 48. 

The u n it c e l l parameters were p lo tted  against the mole fra c tio n  

of potassium chromate in  the mixed c rys ta ls  in  Figures 3 3 ,  34, 35.



T a b l e  4 7 .  The u n i t  c e l l  p a r a m e t e r s  o f  m i x e d  c r y s t a l s  by t h e  l e a s t  s q u a r e  m e t h o d .
- Composition of mixed C rystals

Unit c e ll Pure Pure x= 0.053 0.192 0.275 0.353 0.482 0.554 0.671 0.753 0.902
parameter

(A) K2Cr04 K2S04 y= 0.947 0.808 0.725 0.647 0.518 0.446 0.329 0.247 0.098

a 7.. 387 ๐CM
j ÔÏ 
! ci 7.220 7.231 7.236 7.252 7.260 7.267 7.273 7.321 7.375

b 9.942 9.551 9.551 9.551 9.560 9.57£> 3.642 9.756 9.814 9.881 9.911

c 0.9 ù4 5.810 5.810 5.828 5.848 5.853 5.866 5.882 5.896 5.899 5.900

T a b le  4 8 .The u n it c e l l  parameters of mixed c rys ta ls  by the unique value method.

Composition of mixed c rys ta ls

Unit c e ll

parameter
(A)

Pure

K2rr0 4

Pure

K2S04

x= 0.053 

y =0.947

0.192

0.808

0.275

0.725

0.353

0.647

0.482 

0 .518

0.554

0.446

0.671

0.329

0.753

0.247

0.902

0.098

a 7.628 7.468 7.468 7.502 7.519 7.536 7.564 7.582 7.599 7.610 7.628

b 10.363 10.070 10.070 10.070 10.101 10.132 10.183 10.246 10.298 10.363 10.363

c 5.903 5.764 5.764 5.784 5.800 ธ .811 5.838 5.858 5.875 5.893 5.903 j

Note X is  mole fra c tio n  of potassium chromate in  the mixed c ry s ta ls  , 

y is  mole fra c tio n  of potassium sulphate in  the mixed c ry s ta ls .
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U n it  c e l l  ] a r a - ie to r The u n i q u e  V a l u e  m e t h o d

and the u n it c e l l parameter a,
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Mole fra c t io n  of K Crû in  the mixed c rys ta ls
Figure 34. The graphical p lo t between the mole fra c t io r  of K CrO i n 4the mixed c rys ta ls  and u n it c e l l

2 4 parameter b.
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U n i t  c e l l  p a r a m e t e r  c .

and the u n it c e l l parameter c. of the mixed c ry s ta ls .
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T a b l e  4 8 .  The u n i t  c e l l  v o l u m e s  o f  t h e  m i x e d  c r y s t a l s

% b y  w e ig h t U n it  c e l l  vo lu m e ( A^)

K2 C r04 K2 S04 L e a s t  sq u a r e  m ethod U n iq u e  v a lu e  m etnod

0 .0 0 1 0 0 .0 0 4 0 0 .6 5 4 3 3 .4 7
5 .8 7 9 4 .1 3 4 0 0 .6 5 4 3 3 .4 7

2 0 .9 3 7 9 .0 7 4 0 2 .5 0 4 3 6 .9 5
2 9 .7 1 7 0 .2 9 4 0 4 .5 4 4 4 0 .5 1
3 7 .8 1 6 2 .1 9 4 0 6 .4 5 4 4 3 .7 0

5 0 .9 0 4 9 .1 0 4 1 0 .6 3 4 4 9 .6 7

5 8 .0 5 4 1 .9 5 4 1 7 .0 2 4 5 5 .0 8

7 4 .7 6 2 5 .2 4 4 2 0 .8 4 4 5 9 .7 5

7 7 .2 6 2 2 .7 4 4 2 6 .7 3 4 6 4 .7 4

9 1 .1 1 8 .9 0 4 3 1 .2 5 4 6 6 .6 3

1 0 0 .0 0 0 .0 0 4 3 5 .8 0 4 6 6 .6 3
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U n it  c e l l  vo lu m e ( x^)

0  10 20  30 4 0  50 60 70  80 90 100 % K2 Cr04
100 90 80 70  60 50 4 0  30 20  10 0  % K ^ S 0 4

F ig u r e  3 5 .  The g r a p h ic a l  p l o t  b e tw een  th e  u n i t  c e l l  v o lu m es
o f  th e  m ixed  c r y s t a l s  and th e  c o m p o s i t io n s  o f  
th e  m ixed  c r y s t a l s .
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4. The .x.ray Powder D iffra c tio n  Data of Mixtures (Potassium 

Chr ornate and Potassium Sulphate)

The X-ray powder d if f ra c t io n  data of the mixtures were 

reported in  Xable4 9  . The d iffractogram s of the mixtures were also 

shown in  Figure 36

The d if f ra c t io n  patterns of the mixtures resembled a 

simple superposition of the d if f ra c t io n  patterns of the two pure c ry s ta ls .

T a b le 4 9  The o b s e r v e d  2 6 a n g l e  o f  the m i x t u r e s  p o t a s s i u m  c h r o m a te  and 
p o t a s s i u m  s u l p h a t e .

I
Indice 2 © angle (°)

Ilk 1
Pure Pure Mixture o f  k 0CrOA and koS0^

lv2CrU1 ร ร °4 X = 0.200 0 . 560 0.878
y = 0.800 0 . 440 0.122

๐๐ 17.10 17.60 17.10 17.60 17.10 17.60 17.10 17.60
120 20.85 21.30 20.85 21.30 20.85 21 .30 20.85 21.30
200 23.30 23.80 23.35 23.80 23.30 23.80 23.30 23.80
210 25.70 26.30 25.70 26.35 25.70 26.35 25.70 26.30
201 28.60 2 9.20 28.60 29.20 28.60 29.20 28.60 29.20
220 29.10 29.80 29.10 29.80 29.10 29.80 29.10 29.80
031 29.92 30.80 29.92 30.80 29.92 30.80 29.95 30.80
002 30.25 31.00 30.25 31.05 30.25 31.05 30.25 31.00
221 34.55 35.60 34.55 35.60 34.55 35.65 34.55 35.60
112 35.00 3 6 .0 0 35.00 36.00 35.00 36.00 35.00 36.00
040 36.25 37.80 36.25 37.80 36*25 37.80 36.50 37.80
230 36.90 38.00 36.90 38.00 36.90 38.00 36.90 38.00
122 39.45 40.40 39.40 40.40 39.45 40.40 39.45 40.40

Note X is  the mole fra c tio n  of KoCr0 in the miXture 5
y is  the mole fra c tio n  of K^so^ in  the mixtures
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Mole f r a c t i o n  
o f  K^CrU4

0.878

0.560

0 .2 0 0

F i g u r e  3 6 .  The d i f f r a c t o g r a m s  o f  t h e  m i x t u r e s  o f  p o t a s s i u m  c h r o m a t e  and 
p o t a s s i u m  s u l p h a t e .
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