CHAPTER IV

RESULTS AND DISCUSSIONS

Polarizing Microscope Investigation
Potassium Chromate

Potassium chromate was viewed in plane polarized light.
It was orthorhombic, yellow colour. As it was rotated, showed no
change in appearance. Then it was viewed between crossed polars,
it showed light or colour, against the dark ground, and as it was
rotated, changed alternately between light and dark every 90 °
rotation. This confirmed that it was anisotropic.

Potassium Sulphate

It was orthorhombic, colourless. It showed the same
phenomena as potassium chromate.

Mixed Crystals Potassium Chromate/ Potassium Sulphate.

The mixed crystals were orthorhombic, yellow colour.
Some of the mixed crystals showed twinningt they consisted of
two individuals grown together in some definite orientation).
The appearance of the mixed crystals were similar to pure crystals.

Twinning in mixed crystals
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The Composition of Mixed Crystals
1. The Homogeneity of the Mixed Crystals»

The crystal homogeneity was a consideration in this
study, if was checked by randomly sampling and analysing the
composition of the mixed crystals in each sample. The replicate
determinations of the composition of sample were performed
10 times at random. The data obtained was reported in Table 9.
The standard deviation was calculated by the formula:

6 = + k(x - X )2

=/ N
where x = individual value
"X mean value
N = number of samplings
Table 9. The composition of mixed crystal sample obtained from

10 samplings at random.

Number of Composition of mixed crystal
sampling Potassium chromate Potassium sulphate
(N= 10) % by weight Mole fraction % by weight Mole fraction
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 0.63 0.0061 1.62 0.0153

deviation(®)
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The mixed crystal samples were analyzed and the
composition of the mixed crystals were evaluated hy the

above procedure and summarized in Table 10.

Table 10. The composition ol' the mixed crystals.

Number Composition of the mixed crystals
sample Potassium chromate Potassium sulphate

% by weight Mole fraction % by weight i4ole fraction

X +6 X+ X + X +6

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

N

2.15 +0.68 0.0193 +0.0062 95.55 +0.72 0.9599 +0.0063
2.56 +0.31 0.0230 +0.0028 95.00 +0.59 0.9549 +0.0044
4.38 +0.23 0.0395 +0.0021 94.64 +0.70 0.9516 +0.0061
6.61 +0.29 0.0597 +0.0027 93.38 +0.34 0.9401 +0.0025
13.41 +1.74 0.1220 +0.0161 85.67 +0.98 0.8695 +0.0090
26.43 +0.63 0.2438 +0.0061 72.97 +1.62 0.7504 +0.0153
52.00 +0.91 0.4930 +0.0090 47.51 +1.10 0.5021 +0.0102

© 0o N oo o M~ w

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

[y

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

K

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 Comparison of Three Analysis Method of Potassium
Chromate in the Mixed Crystals

The concentration of potassium chromate obtained from
three methods  lodornetric titration, ferrous sulphate titration
and spectrophotometrie method, were compared in Table 11.

Table 11. The comparison of three methods analysing the
concentration of potassium chromate in the mixed crystals.

Number of w by weight of KACri%in mixed crystals
sample lodometric ferrous sulpliate  Spectropiiotometrie
method method method
1 il X 4
1 1.28 10.20 1.37- 0.47 1.55 +0.39
> 2.15 £0. 8 2,941 0.23 2.68 10.16
3 -.56 -0.32 2.65i1 0.27 3.04 10. 35
4 4.38 i0.23 4.68-0.28 5.69 10.30
5 6.61 -0.29 6.76 - 0.44 9.00 10.40
6 13.4i-1.74 13.85- 1.85 16.07 11.07
7 26.43-0.63 26.66 -1.57 28.99 11.65
8 52.00-0.91 55.61+1.82 56.11 11.21
9 62.56-1.01 64.6812.88 66.02 10.68
10 717.95+0.87 79.6211.99 75.42 11.99
11 2.3041.96 84.3411.86 84.35 12.44
12 88.46+1.25 89.31+2.14 89.93 +2.99
13 91.68+1.94 93.0112.22 95.26 12.32
14 93.84+0.92 95.66+2.67 94.08 13.04
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3. The Reproducibility of Crystallization of the Mixed Crystals.

The reproducibility of crystallization of the mixed
crystals was also considered to see how the composition of the
mixed crystals depended on the composition of the crystallising
solution. The mixed crystals which were crystallized from separate
crystallising solutions of the same composition were analyzed
and the results of ttie composition of the mixed crystals were
reported in Table 12 .

Table 12.  The composition of the mixed crystals which
were crystallized from separate crystallising solutions
of the same composition.

Number of experi |

Mole fraction mont 1 , 1 3 4
K Cri in solution 0.1110 0.1110 o.lllo 0.1110
in the mixed crystal 0.0115 0.0142  0.0141 0.0133
2 o™ in solution 0.8890 0.8890  0.8890 0.8890
in the mixed crystal 0.9714  0.9785 0.9863 0.9700
KOCrO in solution 0.2500  0.2500  0.2500 0.2500
in the mixed crystal 0.0193 0.0188  0.0198 0.0175
KgSO, in solution 0.7500  0.7500  0.7500 0.7500 !
in the mixed crysral 0.9599  0.9640  0.9734  0.9516 |
KyCrii4 14 solution 0.4975 0.4975  0.4975 0.4975
in the mixed crystal 0.0230 i 0.0251  0.0267 0.0234
KASOM in solution 0.5025 0.5025  0.5025  0.5025

in the mixed crystal 0.9549  0.9511  0.9476  0.9615
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Table 12 The composition of the mixed crystals which were

(cont) crystallized from separate crystallising solutions of

the same coni] osition

— Number of experi-
Mole fraction - ment

k2Cr04 in solution

in the mixed crystal
K20104 in solution

in the mixed crystal
I"CrO™ in solution

in the mixed crystal
K2S04 ill solution

in the mixed crystal
k2Cr04 in solution

in the mixed crystal
KZSO4 in solution

in the mixed crystal
K2Cru4 ill solution

in the mixed crystal
K2 04 in solution

ill the mixed crystal
KoCroa N solution

in the mixed crystal

in solution

K2S04
in the mixed crystal

0.6000
0.03j5
0.4000
0.9516
0.6667
0.0597
0.3333
0.9401
0.8095

0.1220
0.1905
0.8695

0.8214

0.2438
0.1786
0.7504

0.8889

0.4930
0.1111

0.5021

0.6000
0.0341
0.4000
0.9474
0.6667
0.0444
0.3333
0.9317
0.8095

0.1397
0.1905

0.8723

0.8214

0.2410
0.1786

0.7438

0.8889

0.5160
0.1111

0.4989

3

0.6000
0.0379
0.4000
0.9581

0.6667

0.0513
0.3333

0.9386

0.8095

0.1345
0.1905

0.8740

0.8214

0.2597
0.1786

0.7499

0.8889

0.5049
0.1111

0.5048

4

0.6000
0.0313
0.4000
0.9456

0.6667

0.0506
00.3333

0.9445

0.8095

0.1118
0.1905

0.8712

0.8214

0.2604
0.1786

0.7537

0.8889

0.4713
0.1111

0.5092



Table 12 The composition of the mixed crystals which were

(conti crystallized from separate crystallising solutions of

the same composition.
e Number of experi-7

Mole fractiomn
KXr0, in solution

in the mixed crystal
KESO4 in solution

in the mixed crystal
KACrOM in solution

in the mixed crystal
KZ'SO4 in solution

in the mixed crystal

Al

k,ZCrO4 in solution

in the mixed crystal
K2304 in solution

in the mixed crystal
KjCrO" in solution

in the mixed crystal
KjSO" in solution

in the mixed crystal
Ki(rC)4 in solution

in the mixed crystal
KXIl) in solution

in the mixed crystal

kA"CrO™ in solution
in the mixed crystal
k.,.SOj in solution
in the mixed crystal

1H

0.9093
0.6000
0.0907
. 3808
0.9432
0.7604
0.0568
0.2223
0.9620
0.8067
0.0380
0.1872
0.9752
0.8731
0.0248
0.0974
0.9821
(1.9082
0.0179
0.0797

0.9903
0.9319
0.0097
0.0497

0.9093
0.6238
0.0907
0.3745
0.9432
0.7732
0.0568
0.2243
0.9620
0.7900
0.0380
0.1836
0.9752
0.8535
0.0248
0.0936
0.9821
0.9014
0.0179
0.0757

0.9903
0.9517
0.0097
0.0474

3

0.9093
0.6400
0.0907

0.3852
0.9432

0.7601
0.0568
0.2296

0.9620

0.8541

0.0380
0.1749
0.9752
0.8659
0.0248
0.0896
0.9821
0.9437
0.0179
0.0735

0.9903
0.9268
0.0097
0.0694

0.9093
0.6416
0.0907
0.3817
0.9432
0.7945
0.0568
0.2311
0.9620
0.8138
0.0380
0.1748
0.9752
0.8803
0.0248
0.0861
0.9821
0.9707
0.0179
0.0712

0.9903
0.9744
0.0097
0.0303
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The results in Table 12 showed that the compositions
of the mixed crystals depended on the compositions of the

crystallizing solutions. Though it was seen that the.compositions
of the mixed crystals were variable, they depended on the
compositions of the crystallizing solutions. The results of this
study were different from reference (ll) which stated that

the concentration of bromate or chlorate ions in NaClO4/NaBrOq
mixed crystals was almost independent of the solution concentration .

Figure 15 showed mole fraction of potassium chromate
in the crystallizing solution and in the mixed crystals while
Figure 16 showed those of potassium sulphate.

fractj

ion of K2Cr0
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Mole fraction of K2CrO4in the mixed crystal

Figure 15. Mole fraction of K2Cr04 in solution and in the mixed

crystal
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Mole fraction of K”SO4 in solutions
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Figure 16. Mole fraction of K,S0O in solution and in
the mixed crystals.
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Vibrational Spectra of Potassium Chromate and Potassium Sulphate Crystals.

Chromate and sulphate anions have tetrahedral symmetry T/,
There are nine normal modes of vibration constituting four frequencies
of three different symmetry species as shown in Table 13,

Table 13. Spectral activities of ions in point group TA,

Mode Symmetry Species Activity
A1, stretching Al Raman
Vo» doubly degenerate deformation E Raman
\Aj, triply degenerate stretching Ty Raman, infrared
\lj, triply degenerate deformation Ty Raman, infrared
v (a,) v, (E) V. (1,) v, (T,)

Figure.l7  The vibrations of ions in point group T .

The selection rules for free ions having point group Td
are inadequate to describe the observed infrared and Raman spectra
of the crystals as their spectra are very complex. It is also
inadequate to interpret these spectra on the basis of site gtoup
symmetry for the anions as it cannot describe the effects due to
the interactions of a given ion with its neighbour, therefore it is
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necessary to use the factor group approximation. The treatment
considers the vibrational modes of the crystal as arising from
motion of the atoms in the unit cell. The selection rules are
derived from the factor group symmetry which is isomorpheus
with the space group symmetry D2*e(Pnma). The factor group
approximation allows for the coupling of vibrations between ions.

Both potassium chromate and potassium sulphate have
space group symmetry D2*6( Pn®a ) with four formula units per
unit cell. The site symmetry of both the cations and anions is Cg.
The factor group is °2h* mo*ecu*ar point group is Tg . The
correlation between molecular point group (Td), site group (Cg)
and factor group (D2") was *ven *n Table 14.

Tableia# Correlation diagram between molecular, site and factor groups
of potassium chromate, potassium sulphate.

Molecular point Site group Factor group
group
T. oh
41 Ay *BygtBiy By
) (RIR)
E 2) Ay By 1By, B3y
® pEy A
BjqtBagtA *BR,
R,IR) )
Ty M50 1) — & - Ag +BZg+BI'u B,
(R.IR) (R.IR) N
+Bg,, +By,, +
(R’lkR) Ay Bog*Byy By
— K'— B, +By+A 4B

Note. For Dgl, all modes are allowed either in infrared (IR)or Raman(R)
with the exception of A,
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These correlations were compared with the data in Tablets, 16
which were daman and infrared frequencies of potassium sulphate
and potassium chromate . The daman and infrared spectra of
potassium sulphate were shown in Figures 18 19  and those of
potassium chromate are shown in Figures20,.21.

Table 15. Vibrational frequencies (cmT*) of potassium sulphate.

i

“U(ie i It're(luencies (Clu?l) Symmetries I
[ Raman [ Infrared WoleculariSite Factor
—e—— - v S ] g - - - —d f
rubserved}deferenceRefercnce ubscrvcd;uefereuce point 1grou% groupi
| ? | 1 1
} 1 \ igrouy ] ; I
13 LG ‘ 16 r '
‘ : & C b
- \ | | i d 8 | 2h
| x - | . 7
Vv | 983 984 983 ' | A ?
1 ‘ | 8 |
| /s | B
Al A | <g
983 | 983 ’ | B
9 | 98 . | P
‘ - L o
VL 447 445 447 ‘ ? Y | A, ‘
. | .’ | L4
153 156 153 ; | 8,
} ! 4 ‘ “g
| A
= 448 (| B
| 1u
" 448 | | B
J 3u
457 | 455 457 | T ¥ |
| . | 49< ) ‘ fl&ﬁ
‘ 1 5 _ ‘ l 7 ‘
|- s i | | AL ] By, |
\ ‘ | ; J . |
| - 454 | B 1
. ‘ { 2u
_ | | l } -J : = S
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Table 15.Vibrati.onal frequencies (ecul) of potassium sulphate.
(cont.)

Mode Frequencies (cmi Symraetries
Hainan infrared 'é/'u%er Site  Factor
Observed Refelrgence Referlegnce Observed Reference point géoup group
Td D2h
g 1003 1093 1093 Vv Ag
1105 1104 11105 Eas
1105 1L
1123 By,
1110 1110 1109 ./ Blg
104 11045 T,y A > By
1108 1108 By,
1145 1146 1145 A
1143 1140 71,
1160 ] Bl
;616 614 617 A
619 619.5 ,
617 617 Al
618 ) B3u
618 622 Bl
620 619 6205 moy A By
614.4 LW
628.5 627 627
633.5
1 %
A
623.5 Bl
624.5 . 1B
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Figure 1%, Infrared spectrum of potassium sulphate.
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Figure 19. Raman spectrum of potassium sulphate



Table 16.

Mode

Observed Reference

vl 847
847
vl 344
\J3 862
872
898

12

Vibrational frequencies (cmT1) of potassium chromate.

Frequencies (cm!l) Symmetries
Raman Infrared Molecular Site  Factor
Observed Reference point group  group
30 30 group
Td ¢ D2h
851 A
851
Al 'L( B2g
851 850 B3
345 ' A
g
350
Ao
E B3u
346 '
AY/ B3g
350 > Bl
J J B2
867 > A
881 A g
859 g
’ Bl»
B3u
876 v
878 ! o
T > B3g
887 883 B)
903 A
918 / ;
A > B
912 910 By

936 4 B3
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Table 16. Vibrational frequencies(cm7*)of potassium chromate,

(cont.)
Mode Frequencies (cmT¥) Symmetries |
Raman Infrared Molecular Site  Factor
Observed Reference Observed Reference point group group
30 3 group
Td ¢ on
V, 38 386 As
382 386 A o
Blu
B3
392 Blg
389 387 T, Y Ly e
383 382 a,
392 396 A
392 396 . > BIE
395 398 Blu
B3u
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Vibrational Spectra of Potassium Sulphate*
_V- mode.

In the stretching V' mode, there was no evidence of splitting.
Potassium sulphate did not show any vibrational coupling.

In Raman frequency data only one peak was observed at
983 c¢m. *(agreed with the frequency at 984, 983 cm.”* in. reference
IS and 11 ).

In the infrared frequency data, this mode also showed only
one peak at 983 cm7* (agreed with 983 c¢mTt in reference K0 ).

mode.

The lowest frequency mode was the doubly degenerate
deformation v™. This degeneracy was relieved in the Cg site group
symmetry and in the factor group symmetry Site splitting gave
one component symmetric (A ) and one antisymmetric (A ) with
respect to reflection in the mirror plane, k gave Ag +Bﬂg+BJru+B3u
factor group components . A gave BA+B"g+B” factor group components.

The observed Raman frequency data of potassium sulphate
were rewritten in Table 17 showing the separation of frequencies
and the mean value, X (or the center of gravity ) of each set of
frequencies
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Table 17 Hainan frequency data iri ~2 mode of potassium sulphate.

‘S:,'lilmcil‘_‘.’ l lreouencies (cm-l)
~ % T n ' = W =1 ]
~ : g s g v, [Refer 8V
il U2h Ubserved1 X 1“‘\13 |AVp A\./j 1\el)f;_\ren;Le \ ‘LASL\.VT,;AVf ,R:,i(,lxgen e, \éfwu
: ! ! ! = e I — B
| \ i [
Al A& 447 | 445 | | 447 | I
A L‘ & ‘ 1450 \ | 450 ‘ 1450 | ,
{‘B)g 453 456 | | 453 ‘ ’
, 7| 10| 3| 3¢5 10 | |6.510! 3.5
u)| B, 157 457 | | 455 }r ' | 457 :
5 ’ 2g f 4535 | 456.5 I
‘ T B \ | as52 | 456 |
ig f ‘ | |
b RSN ¢ | | | ' 3 o A

Mean value (X ) was taken by averaging the frequencies of one
set, such as , X= 44742r455 =450

Site group splitting ) was taken from the difference between
the mean values of frequency sets (A, A), such as, av = 457-450 =7 ,

An overall spread or the total frequency difference (Adj) was
taken from the difference between the lowest frequency of one set and
the highest frequency of the other set, such as 5A\V = 457-447 = 10 .

Factor group splitting (Av/ ) was taken from the difference
between an overall spread and site group splitting. AVF. = - Ak
such asv/j-10-7 =5

o the site group and factor grQUJ) splitting in the V¥ mode

were shoun in Table 18.

Table 18 The site group splitting (AvMand factor group splittingiAv®.)
in Hainan v mode of potassium sulphate.

... Observed Reference Reference
18 19 -
1 . 7 5.5 6.5
AVL Y 3 35 -

At was seen that site group and factor group splittings were comparable
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In the infrared frequency data, vV mode was not observed
though iL was reported in reference 16

mode.

The triply degenerate stretching mode showed a clear

site shutting which gave 2/—<and A/components. A gave A +BZg+B’ru+BSU
factor group components. A gave Bjp-+i*3g+ L factor group components.
In Raman data there was factor group splitting in Abut not
in A
Table 19Jiaman frequency data in V mode of potassium sulphate.

Symmetry:l frequencies (cmi*) B

: 18 19
) A 1093 | 1093 1093
N 1099 1098 .5 1101.7
BZg 1105 1104 110. 5
11 17 G - 5 16 11
A/ B.. 1110 1110 9
I 1110 2R 1107 1104 1106 ,7
J%Bg ;
3535 0 SOUMNEIS 47. 3
59.5 11.7
| A 1145 - 1146 1145
_ 1 1146 1164 1154.5
) Yy 1
Tableau. The site group splitting (AV) and factor group
splitting (an/ ) in Raman v mode of potassium sulphate.
Observed Reference Reference |
1 1 . 18 19
| 8.5 5
SRR 35 39 )
(1of , A-A 6 8.5 11
i (cm.) AA

3 11.7
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In the infrared data , only two peaks were observed at 1108,
1140 ¢cmT1 and there was no factor group splitting. The separation of
frequencies and the mean value of each set of frequencies were shown
in Table 21.

Table 21. Infrared frequency data in mode of potassium sulphate

R — —_—
i

Symmetr l\ Frequencies (cmfl)
y y q
) | ' N ; l
tubscrved X ‘;\»s’ ig‘),l‘ {Av‘f | Rel'erencez X '?A\/S ;AV”I‘ A\/f
| 16 l‘
= | ! SIS Sl naase o
N |=—1105
lu " ; 1114 |
3 2 \ NOgese | ‘ 1
/ - - - 6 3 3
i ‘ |
/A 1108 1108 1108
2u | | 1108
l.ﬁ'; 35 6 l 42 52 10
Iy | 1143 (1143 | : f 1140 ﬂ ’
A | | | |.FRR 1150 | | |
| - - ‘ ‘ 1160 ‘ [
3u | | R | I \ » | | |
Table 22 The site group and factor group splitting in the
infrared v mode of potassium sulphate.
Observed Reference
16
j 6
(cm! ) A-A 35 42
AVi»  a-a - 3

(cmT1) A-A 10
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V' mode.

In the triply degenerate deformation mode 11 site splitting
gave 28 and A/components. A gave A +B +B7+B"U factor group
components. A gave Mg+*3g+ X factor grou]) components.

The observed Raman data showed site group splitting but
no factor group splitting, as shown in Table 23.

Table 23. Raman frequency data in  mode of potassium sulphate

Symmetry Frequencies (cm7%)
oh Obs X e a7 oy Refo X o e 4 Ref Xog 0 ag
i 18 19
VAR o 616.8 | 1T 615 3
i 16 519 619.5
| 40 2 5 3 35 ¢
R a5 % s
B?’g 619 620.5
8585 0 8.5 5 9 13 4
:?fr Y g s 6?7 627 2225 W13
Table 24. The site groiip and factor group splittings in Raman
mode of potassium sulphate.
1 1 Observed 1 Reference Reference
18 19
Ave » A‘A 4 2 3
(cmT*)  A-a 8.5 8.5 9
AVE » AA - 3 2
1) 2 j 0.5 4
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In the infrared data of mode , only one peak at 617 craT* was
observed though there were site group and factor group splittings
in reference 16

Vibrational Spectra of Potassium Chromate
A mode »

In the stretching  mode, there was no evidence of splitting.
Potassium chromate did not show any vibrational coupling.

In Raman data only one peak was observed at 847 cral* (agreed
with 851 cnT* in reference 30 )

In the infrared data, this mode also showed only one peak
at 851 cmT*(agreed with 850 cow+ in reference 3° ).

~2 mode.

The lowest frequency mode is the doubly degenerate deformation
2. This degeneracy should be relieved in the site group symmetry
and in the factor group symmetry D2J  but the observed Raman data-showed
no splitting. There was only one peak at 344 cmT* (in reference 30
there was a splitting in this mode ).

In the infrared data one peak at 342 ¢cm. was observed
(agreed with 342 cmi1 in reference 30).

mode.

The triply degenerate stretching mode Vg, showed site splitting
giving 2A and A components both in Raman and infrared spectra.
There was no factor group splitting observed. The site group and
factor group splittings of potassium chromate were found by the
same procedure described in potassium sulphate so only the
results were shown
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Table 25 The site group and factor group splittings in Raman

v3 mode of potassium chromate.

Observed Reference
30
AN 10 3
AZA/ 26 335
o Loa : 8
Ad 65

Table 26 The site group and factor group splittings in the

infrared node of potassium chromate.
Observed Reference
30
A IA-A/ - 24
y 25 " 40
, AA : =
A.:A{ = 13
_ N mode.
The triply degenerate deformation mode showed site

group and factor group splittings in Raman spectra.

Table 27 The site group and factor group splittings in Raman
A mode of potassium chromate.

Observed Reference
30
AA 1 3.5
A-A 3 6.5
AV 1 AA - =5
R /
-A 2.5
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In the infrared data, two peaks were observed at 383, 395 ClO*
(agreed with 382, 398 c¢cmT™in reference 30 ).

In a recent reinterpretation of tile internal vibrational
spectra ol phase 1 of ammonium sulphate i 34) it was demonstrated
that the arrangement of the ions within the crystal lattice had
a major influence on the observed spectra. Specifically, the
sulphate anions were packed such that all anions had a local
threefold axis parallel to the crystallographic c-axis. The splitting
of the TO modes of sulphate anion into two components (AfE) with
a 1:2 intensity ratio was explained by point group symmetry.

both potassium sulphate and potassium chromate ai'e
isomorphous with ammonium sulphate and are expected to have the
same effects in their vibrational J]lectra. A study of their structures
showed that the anions all have local c, axes lyjng in a
crystallographic mirror plane approximately parallel to the x-axis
(Figure 22 ). Although this threefold axis is only local, the
arrangement of surrounding anions and cations is such that
local X, y degeneracy is approximately preserved. It will be
demonstrated that the local caxis exerts a major spectral influence.



Figure 22

The crystal structure of potassium sulphate
viewed down the c-axis. Just the sulphate ions in
one unit cell were shown. (The crystal structure
of potassium chromate was the same).
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The Correlation Tables for the Descent of Symmetry

The active modes in the molecules when the symmetry of
crystal is reduced are predicted by the correlation tables showing
how the representations are reduced to the simpler ones,

Table 28. The correlation of irreducible representations
between T and ¢ point group symmetries.

Tg Cay
A A

E E

TQ A1 + E

According to the character tables for ¢ and T*, ¢,
Is the common symmetry element. The comparison between the
character of each representation under c2 of ¢ to TV showed
that Aq of cg, corresponds to Ay of T-, E of cg, corresponds to

E of T, and A+ E of _ correspond to T, of T.

Table 2. The character table for Ii.

Td(h=24) E 8C4 3C216 , g¢

A t 1 1 1 1 X y? 472

0 1 1 1 -1 -1

F 2 1 20 0 (x2y2,
9,22 2

T1 3 U -1 1 -1 (W “
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Table 30.  The character table for

C3vU=6) E 2¢3 )3 6y

Al 1 11z Xyt g

A 1 1 -1 ;

E 2 -1 0 (x,y) (RxIRy) (x*- yf xy) (xz, yz)

The correlation between covand Dppy Was shown in Table 31.

Table 31. The correlation table between c 3y and o -

Cay 2h
A Ag +BZg+BIu+Bau
E Ag +]1|g+BQg+83g+A 8 1By, By,

This correlation was found by the same procedure an
described above. According to the character tables of c3vand oh *
cVJS the common symmetry element (6, 0f cg and 6,, of Jol) .
The comparison between the character of each representation under
6 of to exz of 2. allowed the results as in Table 31.

Taille 32.  The character table for L

1
Elc2 ) c2y) C2U) 0 Axy)wixa) Myz) o 4
11 11 1 1 1 Xyl

Ay 1 1 1 1 11 - 1 R xy

me 1l 1 1 I Ry Xz

B3 1 -1 -1 1 1 1 -1 1 R yz

A 1 11 1 /S NS RS T |

Bl 1 1 (L T | (.

%) 1 -1 1 /S A R | Ly

- L -1 1 1 1 1 1 X J
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The correlation between molecular point group T», local and
factor group D2Jwas given in Table 33.

Table 33 The correlation diagram between molecular point group T 1

local and factor group ppps
Molecular Local Factor
point group group
Td Cay °2h
A (Vi A Ay *Bag*Bry *By
(R) (R/IR)
E (\)2) E Ag +B|g+Bzg+ng+A B By, 1By,
(R) (R,IR)
Vo3t Al A D *Diy D3y
(R.IR) (R,IR)
E - Ag +B|g +ng+ng+A 8 +By,+B_
(RIR)

Note. For DO, all modes are allowed either in infrared (IR)or
Raman (R) with the exception of Au .

These correlations were compared with the data of Raman
and infrared frequencies of potassium sulphate and potassium

chromate in Table 34.135.
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Tables3a. Vibrational frequencies (ca'.l') of potassium sulphate.

Mode

Frequencies (cmT ) Symmetries
Raman Infrared Molecular LocalPactor
Observed Reference Reference Observed Reference group
18 19 16 group
T v 2h
983 984 983 '
i A
983 983 ] 3
417 445 447
453 456 453
448 u
448 £ s au
457 455 457 E
39
452 456
454

] 2u
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Table34 Vibrational frequencies(cm7 ) of potassium sulphate.
(cont.)

Mode Frequencies (cmzl) Symmetries
ole~ .
Raman Infrared culap Local| Factor
Observed |Reference|Reference [Observed |Reference| point group
18 19 16 T, Gy Don
N, ’ 1093 1093 1093 ~ ~ Ag
1105 1104 1110.5 B
2g
- 1
105 Biu
1
- 1123 B3u
E
1110 1110 1109 T B
1g
- 1104 1104.5 B
T, 7 3g
1108 110
| 108 ) BZu
1145 1146 1145 A
[ g
- - | 1164 B25
| 1143 1140 A B
| 1u
‘ - 1160 B
| - J | 3u N
$ = P
-V, | 616 614 617 % bR A
4 | E
N wive < =
619 619.5 | : st
| | | 617 617 | B
! | 1u
, | T :
| [ | - 618 | B3u
‘ Iroas
N | 618 622 E ( B
1g
2 .| 6 20.
| 620 | 619 620.5 Ey & 3¢
- 614 .4 y BZu
628.5 627 627 Ag
-~ - 63345 i 82‘
' - 623.5 1 B
1u
P - 624 .5 ) B3u
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Tablets. Vibrational frequencies (cmT ) of potassium chromate.
Mode Frequencies (cm2l) Symmetries
Raman Infrared Molecular| | 0] |Factor
Observed |[Reference | Observed (Reference | point group
30 30 group
T
d S Pan
i N
V. | 847 851 | L A
1 g
1
| 847 85 ) A b ag L] sy,
| 851 850 B
, > 3u
vV | 344 345 | s N A l
2 | 5 g t
| | |
| - 3 | |
, 50 ; | Bzg
5 342 :
fn 042 31u E
} ! |
| t |
i i E 7 E % Bsu |
" 346 |
| e
- 350 B
! 1g |
[ ) J| P2 |
a —— e
, | 862 867 i | ~ %1 &
3 | ‘ | ; g
| | i
881 1 ! B
| | | 2g
| |- '
| | 859 Bl
| |
] |
; i P BSu i
| 872 876 | ' T . |
ig
- 87
8 T2 F, B3g
887
I 883 J BZu
898 903 . R A «
i g
- 918 $ B2g
44
912 910 B
iu
- 936 ,l ) B
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Table 35# Vibrational frequencies(era.l)of potassium chromate.

(cont.)
Mode Frequencies (cm”1) Symmetries
Raman Infrared Molecular Local ~ Factor
Observed Reference Observed Reference point group
30 3 OroWp
Td C3v  azh
Ny 382 386G AE
382 386G B2y
Blu
B3u
392 E ) Blg
389 387 T) > Bg
383 382 22U
392 396 A
392 396 N RS
395 398 811

B3u
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Raman spectrum of potassium sulphate in the triply
degenerate ™ and s regions were shown in Figure 23.

V3

M,J\Jw J %v

1)00 lluo ' ,oo boO

Frequency temz )

Figure 23.  The Raman spectrum of potassium sulphate
in the \/ and  tegions.

T, (in T") modes of the sulphate ion exhibited a
¢ -type of spectrallbehaviour : T,---> A + E components
with 1:2 intensity ratio. There was an explanation for this
behaviour as eould be seen in Figure 24»
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Figure 24. The crystal structure of potassium sulphate viewed
down the c-axis, showing the potassium and sulphate
groups surrounding the sulphate group highlighted in
Figure 22.

Figure 24. gave a view of the potassium sulphate down the
c-axic. Each sulphate ion has a threefold axis almost parallel
to c-axis. There are' potassium ions approximately along this
local threefold axis and other surrounding potassium ions lie .
approximately at the corners of two opposed equilateral triangles.
Surrounding sulphate ions lie at the corners of a distorted square.
It was seen that for each sulphate ion there is an axis approximately
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parallel to tile crystallographic c-axis and the arrangement of
surrounding groups is such that the local x,y degeneracy is
maintained . Thus, the spectral behaviour is explained by
point group symmetry.

Hainan spectrum of potassium chromate in the triply
degenerate v., and v regions were shown in Figure 25.
TO (in T§) modes of the chromate ion also exhibited a  -type
spectral behaviour: T0 - >AL + E as in the potassium sulphate*

"3 Y4
1:2 1:2
1 : | I =
000 900 450 400 350 500 Cie

Figure 25. Raman spectrum of potassium chromate in “Y_ » ‘/l regions
3 ‘

3 '.,"'l
{ |
Lxpanded / xpanded
|
scale scale

\
Vo, LS

| B i [T | P T .
25 500 400 380 360 e
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The above discussion of the vibrational spectra of potassium
chromate and potassium sulphate left an uncertainty about some
aspects. It was commonly concluded that the site group effect was
comparable in magnitude to the factor group effect. There might
be a parallel between static (site group) and dynamic (factor group)
effects and it was desirable to investigate them separately. This
separability could be done by a study of mixed crystals. Potassium
chromate and potassium sulphate were isomorphous and they could form
mixed crystals so a series of mixed crystals potassium chromate/
potassium sulphate over the entire relative concentration range
was studied.

Vibrational Spectra of Mixed Crystals

The frequencies of potassium sulphate and potassium chromate
were well separated that each vibrational unit would couple only
with its own kind in the mixed crystals. In the low concentration
limit of one component (guest ion) in the mixed crystals, the guest
ion was matrix isolated, therefore its vibrational unit would be
vibrationally uncoupled and sensitive only to site group effects.
So it enabled a distinction between site group and factor group effects.
There wasareason to object that the site group effects /on sulphate ion
in a host of potassium chromate lattice would differ from sulphate
ion in its own lattice, although the lattices of potassium chromate
and potassium sulphate were isomorphous. In the event, it seemed
that this objection was rather weak, because the data led to an
interpretation which was almost independent of lattice.
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The addition of a guest ion in the formation of a mixed crystal
destroyed the translational symmetry of the lattice so that the

symmetry designations of the vibrational modes appropriate to the
pure crystal were no longer valid. They were retained here only
as an aid in labeling the origin of the mixed crystal modes.

1. Infrared Spectra of Mixed Crystals

The infrared spectra of the mixed crystals in various
concentration compared with pure potassium chromate and pure
potassium sulphate were shown in Figure 26 + The frequency data of
the mixed crystals were reported in Table 36 « The infrared spectra
of the mixtures in various concentration were also shown in Figure 27.

The infrared spectra of the mixed crystals differed from
the spectra of the two pure crystals with respect to the frequencies
and relative intensities of the modes. Mechanically mixing of the
two pure crystals gave infrared spectrum which closely resembled
a simple superposition of their components.



% Transmittauce

Figure U6.

The infrared spectra of potassium chromate,
potassium 1phatc (compared with the

mixed crystals).
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Mole fraction

of KuCrod
% Transmittance

0.0395

0.0230

0.0193

\)00115

| | | | { |

1400 1200 1000 600 600 400

Frequeacy (cm

Figure 26a.The infrared spectra of tlie mixed crystals,
(contj
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% Transmittance Mole traction

of K20r04

0.6000

0.4930
(//—///\h\‘ 0.2438
/////N/V\\\ 0.1220

00597

L | | { | |
1400 1200 1000 800 600 400

-1
Frequency (cmos )

Figure 2(i b 7lie infrared spectra of KACrOM K*sodmixed crystals,
(cent.)
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Figure 26¢.The infrared spectra of KACrOM K™so*nfixed crystals,

(cont.)
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Figure 26e.The infrared spectra of the mixed crystals (expanded scale).

(cont.)



Table 36 Infrared Frequencies (cmTl) of potassium

Mode Pure  Pure

K2Cr04 yqs
V85l
983
g 32
ny 88T
912
1108
1143
yq 383
395
617
Note

983

897
902
923
1108
1143

617

X=0.0TI5 7 ¢* f@S'A

y = 0.9885 0.9807

863
983

897
902
923
1108
1143

617

frequenmes
KAso

0230

0.9770

863
983

897
902
923
1108
1143

617

X is mole fraction of KACrO" In
y is mole fraction of "2~4 *n

chromate’

(cm!1)

mixed cr stals
.0395 0.0597

0.9605 0.9403

863
983

897
902
923
1108
1143

617

the mixed crystals
the mixed crystals

863
983

897
902
923
1108
1143

383
395

617

0.1220
0.8780

859
977

887
912

1108
1143

383

395
611
620

potassium sulphate and mixed crystals

0.2438
0.7562

859
977

887
912

1108
1143

383

395
611
620

¢0T



ZCaObA?o)G.Infrared frequencies (cm. ) of potassium chromate, potassium sulphate and mixed crystals

Mode Pure
01'04

851

342

887
912

of

a3
395

Pure
K2S°4

983

1108
1143

617

x = 0.4930
y = 0.5070

859
977

887
912

1108
1143
383

395
611

620

frequencies  (cm."1)

KoCr0" / KoSO™ mixed crystals.

0.6000
0.4000

851
977

887
912

1105

1113
1132

383

395
611
614
620

0.7604
0.2396

851 1

887
912

1105

1113
1132

383

395
611

614

620

0.8067
0.1933

851

887
912

1105

1113
1132

383

395
611
614
620

0.8731
0.1269

851

887
912

1105

1113
1132

383

395
611
614
620

0.9082
0.0918

851

887
912

1105

1113
1132

383

395
611
614
620

0.9319
0.0681

851

887
912

1105

1113
1132

383

395
611
614
620
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Mole fraction

% Transmittance of KECPO4
0.25
p/\\{ 0,09
-
M | [ | | |
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Frequency (c

Figure 27a.The infrared spectra of the mixtures of
potassium chromate and potassium sulphate
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Figure ~7h. The infrared spectra of the mixtures of
(cont.) potassium chromate and potassium sulphate
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il \/\ W\ 0.80
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Figure 27c  The infrared spectra of the mixtures of

(ce t.) potassium chromate and potassium sulphate



Infrared Spectra of Mixed Crystals.
The stretching mode v .

mode of potassium chromate at 851 cm.* disappeared in
the infrared spectra of mixed crystals at the low concentration
about 0.01 mole fraction of potassium chromate. When the mole fraction
of jotassium chromate lay at 0.02-0.06, the frequency of this mode
shifted to 863 cm.* . The frequency was H5U cm.* at the mole fraction
0.1-0.5 of potassium chromate, but changed to 851 dIl/ if the mole
fraction was increased aboyé 0.6 .

V¥ mode of potassium sulphate at 983 cml* was present in
tile infrared spectra of mixed crystals in which the mole fraction
of potassium chromate was about 0.01-0.06 . At the mole fraction
of potassium chromate around 0.1-0.6, the frequency shifted to 977 cmT
This mode disappeared when the mole fraction was above 0.7 .

The doubly degenerate deformation mode "0,

it, mode of potassium chromate disappeared in tile infrared
spectra of mixed crystals.

A0 mode of potassium sulphate (not observed in this study
but reported in reference 16 ) was also absent in the spectra of
mixed crystals.

The triply degenerate stretching mode ..

\12 mode of potassium chromate in the mixed crystals which
the mole fraction of potassium chromate was 0.01-0.06 was splitied
and shifted from 887, 912,cm* to 897, 902, 923 c¢cm.* . Hut when
the mole fraction of potassium chromate was above 0.1, the frequency
was the same as of pure potassiuiii chromate at 887, 912 QUL .
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A mode of potassium sulphate at 1108, 1143 cinTl was
present in the spectra of mixed crystals in which the mole fraction
of potassium chromate was 0.01-0.5 . When the mole fraction of
potassium chromate was above 0.6, the frequency was splitted and
shifted to 1105, 1143, 1132 cmTL,

The triply degenerate deformation mode \J /.

Vj mode of potassium chromate at 383, 395 cial disappeared
in the Jlectra of mixed crystals in which the mole fraction of
potassium chromate was 0.01-0.04. When the mole fraction of
potassium chromate was above 0.06, this mode appeared at the
same frequency as of pure potassium chromate.

VI mode of potassium sulphate at 617 cm—.1 was prelsent in
the spectra of mixed crystals in which the mole fraction of
potassium chromate 0.01-0.06. When the mole fraction of potassium
chromate was 0.1-0.5, the frequency was splitted and shifted to
611, 620 cm.l. At the mole fraction above 0.6, tile splitting was

more pronounced at 611, 614, 620 cniTl

A~

2. Hainan Spectra of Potassium Chromate/ Potassium Sulphate
Mixed Crystals.
Raman spectra of the mixed crystals in various concentration

compared with pure potassium chromate and pure potassium sulphate
were shown in figure 28 « Their frequency data were reported in

Table 37
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Table37 Paman frequencies (cm. )of potassium chromate ,potassium sulphate and mixed crystals

Mode 1

V2

Vi

Pure
K2Cr04

847

344

862
872
898

382
389
392

Pure

QD4 1 X = 00305 K2Cr0g 51930
0.0488

983

447
453
457

1093
1105
1110
1145

OHOOHYO
r~oPROY—
fo'o =l =p]

y = 0.9665

867.5
983

344
447
453
457

902
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

frequencies (com™3

867.5
983

344
447
453
457

902
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

mixed crystals.

; 0.0847
0.9153

867.5
983

344
447
453

;457

1Q2
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

0.1531
0.8469

867.5
983

344
447
453
457

902
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

0.2022
0.7978

867.5
983

344
447
453
457

£02
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

0.3504
0.6496

867.5
983

344
447
453
457

902
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5

0.6000
0.4000

867.5
983

344
447
453
457

902
906
926
1093
1105
1110
1145
382
389
392

616
620
628.5



Table 37. Parian frequencies (era. ) of potassium chromate, potassium sulphate and mixed crystals,
(r.ont.)

Mode frequencies (cm.*)
Pure Pure KACrON krS04  mixed crystals.
| K2Cr04 — yogpq 1 X = 0.7451 0.8237 09118
; ! y - 0.2549 0.1763 0.0882
h 847 847 847 847
]
]' 1 983 - , —
A9 344 344 1 344 344
447 - -
] 453 _
'1 " 362 il 862 86" 862 1
872 872 872 872
! 898 898 898 898
1093 — - —
1 1105 — —
1110 — —
| 1145 —
j v 382 382 382 382
1 389 389 389 389
392 392 392 392
616 - — -
620 — - —

628.5 — — —

G171
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Raman Spectra of Mixed Crystals

The stcetching mode

mode of potassium chromate in the mixed crystals which
was studied from the dilution limit to 0.6 mole fraction of potassium
chromate,shifted from 8V c¢cm™ to 867.5 cm.*. When the mole fraction
of potassium chromate was increased, the frequency of this mode was
847 cmT*,

\) mode of potassium sulphate at 983 CDU* was present

in Raman spectra of mixed crystals. When the mole fraction of
potassium chromate was above 0.7, it disappeared.

The doubly degenerate deformation mode y*.

ve mode of potassium chromate at 344 cm.* was present in
Raman spectra of mixed crystals in every concentration.

~2 mode of potassium sulphate at 447, 453, 457 cm7* was
present in Raman spectra of mixed crystals, studied from the dilution
limit to 0.6 mole fraction of potassium chromate. The frequency
disappeared when the mole fraction of potassium chromate was increased
above 0.7 .

The triply degenerate stretching mode v~

mode of potassium chromate in the. mixed crystals which
was studied from the dilution limit to 0.6 mole fraction of potassium
chromate shifted from 862, 872, 898 CDU* to 902, 906, 926 cm7*,
When the mole fraction was increased, this mode was at the same
frequency as of pure potassium chromate(862, 872, 898 cm.*)

" mode of potassium sulphate at 1093, 1105, 1110 cm.* was

present in the spectra of mixed crystals. It disappeared when the
mole fraction of potassium chromate was above 0.7 .
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The triply degenerate deformation mode v .

mode of potassium chromate at 382, 389, 392 cmT* was
present in the spectra of miked crystals in every concentration.

mode of potassium sulphate at 616, 620, 628.5 cnw* was
present in the spectra of mixed crystals but disappeared when the
mole fraction of potassium chromate was above 0.7 .

If the major interaction between anions was assumed to be
due to long range dipolar coupling and the dipolar coupling between
like anions was much greater than between unlike anions, then the
addition of impurities would decrease the dipolar coupling between
host ions, and a frequency shift should result. Modes of different
symmetry should have different frequency shift a the nature of
the dipolar coupling was different in modes of different symmetry.

As in Table 37 ‘indicated, Raman frequency of y mode of
potassium chromate shifted from 847 ¢cmT* to 867.5 c¢cm.* in the mixed
crystals. The frequency shift was 20 cral*

Raman frequency of v”mode of potassium chromate in the mixed
crystals in dilution limit shifted from 862, 872, 898 cm.* to
902, 906, 926 cm7* The separation of frequencies ( between 862 and
898 ¢cmT*) of pure potassium chromate was 36 ¢cm.*, but the separation
of frequencies ( between 902 and 926 cm.*) of mixed crystals was
24 cm7*as shown in Table 3? . The decrease in separation from
pure potassium chromate to the dilution limit ( 36-24 = 12 cmT*)
was the magnitude of the factor group effects.
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pie po. Raman frequencies (cm. ) in the V' mode of
potassium chromate and of mixed crystals,

Frequencies (ciH.M)

Mode Pure hacrV  K2Sud Factor group
K2Cr04 Mixed crystals splittingjA VL
Nq 8021 902
872 :AV1= 36 906 AV<L>=9' 12

+

898 J 926
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X-ray Powder Diffraction Data

The X-ray powder diffraction were recorded as hoth photographs
in film method and diffractograms in diffractometer method.

In film method, it was difficult to read precisely the
positions of the 20 angle and the relative intensity of diffracted
beams. So the X-ray powder diffraction data reported in this study were
taken from diffractograms in diffractometer method only.

The positions of the 2 e angle were corrected by comparing
with the peaks of silicon which acted as internal standard.

1. The X-ray Powder Diffraction Data of Potassium Chromate.

The X-ray powder diffraction data of potassium chromate
were reported in Table39 . The diffractogram of potassium chromate
was shown in Figure 29

Table 39  The observed 26 of potassium chromate.

line  hkl observed reference ¢35)
20 (°) d () 20 (°)  d(A)
1 020 17.10 5.180 17.23 5.200
2 120 20.85 4.257 20.99 4.299
3 200 2330 1 3.814 23.69 3.834
4 210 25.70 3.536 25.39 3.593
5 201 28.60 3.119 28.62 3.216
6 220 29.10 3.066 30.03 3.078
1 031 29.92 2.984 31.04 2.988
8 002 30.25 2.952 31.36 2.960
9 221 34.55 2.594 34.31 2.133
10 112 35.00 2.562 35.29 2.667
11 040 36.25 2.476 36.35 2.599
12 230 36.90 2.434 36.83 2.570
13 122 39.45 2.282 39.19 2.438
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Figure 29. The diffractogram of potassjum chromate
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1.1 The Determination of Unit 6ell Parameters by Least Square Method,

In orthorhombic system, the interplanar spacing d”j» the
Bragg angle Q are related with the plane indices (hkl) and the
lattice constants (a,b,c) as in the following

19 sin 0 Ah2 +Bk2 +¢ |2
fit | "
where A
5 4 2
= 742
c 4
4 ¢

It was shown in Appendix B. that A, B and ¢ can be found
from three equations

A [p Qv] + CltU- Vtfj=YU-ZV
A [qX ]+ B[ X-Rtfl=zx-sw
B Jv Rpj+ Clt G- Xp]=YU-SP
where D
Q
Vv
R
T
I
£ (»212; tf
i (k2 12) X
*1 Y
*(Is!r})\e.r}Y Z
E1SI£0.|('))



Table 4-00 The various

hk
020
120
200
210
201
220
031
002
221
112
040
230
122

£ =

Note:

K " -)2

070093
0.0138
0.0172
0.0203
0.0257
0.0266
0.0281
0.0287
0.0372
0.0381
0.0403
0.0422
0.04;80

0.3765
Y

0
0.0138
0.0688
0.0832
0.1028
0.1064
0
0
0.1488
0.0381
0
0.1688
0.0480

0.7787
z

A. = 15405 A

terms in the determination of unit cell parameters of potassium chromate.

[sineh'j2 Bit},@ /

0.0372
0.0552
0

0.0208
0

0.1064
0.2529
0

0.1488
0.0381
0.6528
0.3798
0.1920
1.8840

h2

h4

0
1
16
16
16
16
0
0
16
1
0
16
1
99

Q

k2 kd 12
4 16 0
4 16 0
0 0 0
1 1 0
0 0 1
4 16 0
9 81 1
0 0 4
4 iy
1 14
16 256 0
9 81 0
4 16 4
56 500 15
Vv R T

h2k?2

O BB O BB o

he 12

= O O B B O O O B O o o o

—
(@ p)

K2 12

O O B~ BB O O O O o o o o
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Using three equations described above , the results were

A = 4581 X 10
a = 7387
B = 2529 X 10
b= 9.942 4
¢ = 7100 X 10
¢ = 5934 A

Table 41.  The unit cell parameters of potassium chromate by
least square method.

Unit ceil parameters observed reference(35)
) (A
d 7.387 1.GG3
b 9,947 10.391
c = 5.934 _ 5919

1.2 The Determination of Unit Cell Parameters by Unique Value Method.

The unit cell parameters a, b, ¢ were determined from only
three lines having indices 200, 020 and 002 .

[,"'sin &) N = Ah2 + k2 + C |2

’ ,‘J‘ill‘\l
A sin G'\2

. 2A 200
B sin (S'Q

1020

, 2

C Sin ©

) p 002
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Table 42. The unit cell parameters of potassium chromate by
the unique vtalue method.

Unit cell parameters j Observed Reference
) y O
a 7.628 71.663
b 10.363 10.391
c 5.903 5.919

The unit cell parameters of potassium chromate determined by
two methods the least square method and the unique value method
were compared with the reference 35 in Table 43 . It was seen that
the results taken from the unique value method were closer to the
reference than from the least square method.

Table43. The unit cell parameters of potassium chromate from
two methods.

, Observed (A) Reference
Unit cell
parameters Method (%)
Least square  Unique value )
a 7387 7.628 1.663
b 9.942 10.363 10.391

c 5.934 5.903 5.919
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2. The X-rqy Powder Diffraction Data of Potassium Sulphate.

The X-ray powder diffraction data of potassium sulphate
were reported in Table 44. The diffractogram of potassium sulphate
was shewn in Figure 30 .

Table 44. The observed 2 0 of potassium sulphate.

line hkl observed reference (36)

28 (°) d(A) 20 (°)  d (k)
1 020 17.60 5.035 17.84 5.030
2 120 21.30 4.168 21.65 4.176
3 400 23.80 3.735 24.30 3.743
4 210 26.30 3.386 26.05 3.508
5 201 29.20 3.056 29.38 3.140
6 220 29.80 2.996 30.89 3.001
1 031 30.80 2.901 32.05 2.903
8 002 1 31.00 2.882 32.26 2. 886
9 221 35.60 2.520 35.32 2.665
10 112 36.00 2.493 36.30 2.602
11 040 37.80 2.378 37.72 2.518
12 230 38.00 2.366 38.06 2.499
13 122 40.40 2.231 40.46 2.374

The procedure in determining the unit cell parameters of
potassium sulphate was the same as of potassium chromate. The results
were summarized in Table 45 .
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Table 45 The unit cell parameters of potassium sulphate from two

methods.
Unit cell parameters Observed ( A) Reference
Method (36)
Least square Unique value (A)
a 1.220 7*483 7.468
b 9.551 10.072 10.070
c 5.810 5.772 5.764

It was seen that the results taken from the unique value
method were closer to the reference than the least square method.

In the least square method, the positions of 13 peaks were
refined to give the best values of the unit cell parameters a, b and
¢ . From Table 39,44it was seen that the positions of peaks in
high-angle regions deviated from those in reference 35,36.The
deviation in this study was supported by the data (diffractogram)
of potassium sulphate obtained by the same instrument in
reference 37« Therefore, the unit cell parameters obtained from
the least square method were markedly diffeeent from those of
reference 35,36. The unique vaine method gave closer results to
reference35,36 though it was not a statistical method.
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Figure 31. The diffractogram of potassium sulphate
taken from reference 37.

3. The X-ray Powder Diffraction Data of
Potassium Chromate/ Potassium Sulphate Mixed Crystals.

The X-ray powder diffraction data of the mixed crystals
were reported in Table 46. The diffractogram of mixed crystals
were sltown in Figure 32.

The diffractograms of the mixed crystals were
different from pure crystals. The mixed crystal  gave a
diffract.on pattern which was intermediate, in respect of
both the positions and the intensities of the peaks, between
those of the pure crystals.
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Table 46. The observed 2 © angle of potassium chromate, potassium sulphate and mixed crystals

! . 20 angle ()
Inuices Pure j Pure : KA-CrOn~ 12 04 *xe™ crystals

hkl Kocroa K2 04i X = 0.053 0.19210.275 0.353 10.482 0.554 ;0.671 0.753 !0.902

y = .947J0.808 0.725 0.647 0.518 0.446 0.329 0.247 0.098
020 17.10 17.60 17.60 17.60 17.55 17.50 1740 1750 1720 17.10 17.10
120 20.85  21.30 21.30 21.30 21.25 21.20 21.00 2095 20.90 20.90 20.85
200 23.30  23.80 23.80 23.70 23.65 23.60 2350 2345 2340 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 3025  31.00 31.00 30.90 30.80 30.75 30.60 30.50 30.40 30.30 30.25
221 3455  35.60 35.60 35.60 3555 35.45 3535 35.20 35.05 34.65 34.60
112 3500  36.00  36.00 35.00 35+90 3580 3560 5.40 3520 3510 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 fraction of potassium chromate in mixed crystals

y is mole fraction of potassium sulphate in mixed crystals

el
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The unit cell parameters (a, b, c) of the mixed crystals
were determined by two methods; the least square method and
the unigue value method. The results were reported in Table 47, 48.
The unit cell parameters were plotted against the mole fraction

of potassium chromate in the mixed crystals in Figures 33, 34, 35.



Table 47. The unit cell parameters of mixed crystals by the least square method.

Composition of mixed Crystals

Unit cell Pure Pure x= 0.053 0.192 0.275 0.353 0.482 0.554 0.671 0.753 0.902

par(fz-\gneter KoCro4 Kosoa Y= 0-947 0.808 0.725 0.647 0.518 0.446 0.329 0.247 0.098

a 7.387 o.@@  7.220 7231 7.236 7.252 7260 7.267 7.273 7.321 7.375
b 9.942 9.551 9.551 9551 9.560 9.57£> 3.642 9.756 0814 9881 9911
C 0.9 5.810 5.810 5.828 5.848 5.853 5866 5.882 5.8906 5.899 5.900

Table 48.The unit cell parameters of mixed crystals by the unique value method.

Composition of mixed crystals

Unit cell Pure Pure x= 0.053 0.192 0.275 0.353 0.482 0.554 0.671 0.753 0.902

parameter .. .4 kogos Y =0-947 0.808 0.725 0.647 0 .518 0.446 0.329 0.247 0.098
(A)

a 7.628 7.468 7.468 7.502 7.519 7.536 7.564 7.582 7599 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 5.800 811 5.838 5.858 5.875 5.893 5.903
Note X is mole fraction of potassium chromate in the mixed crystals ,

y is mole fraction of potassium sulphate in the mixed crystals.

1%
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Table 48. The unit cell volumes of the mixed crystals

% by weight Unit cell volume ( A%
K2Cr04 K2504 Least square method Unique value metnod
0.00 100.00 400.65 433.47
5.87 94.13 400.65 433.47

20.93 79.07 402.50 436.95
29.71 70.29 404.54 44051
37.81 62.19 406.45 443.70
50.90 49.10 410.63 449.67
58.05 41.95 417.02 455.08
14.76 25.24 420.84 459.75
17.26 22.74 426.73 464.74
91.11 8.90 431.25 466.63

100.00 0.00 435.80 466.63
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4. The .x.ray Powder Diffraction Data of Mixtures (Potassium

Chrornate and Potassium Sulphate)

The X-ray powder diffraction data of the mixtures were
reported in Xable49 . The diffractograms of the mixtures were also

shown in Figure 36

The diffraction patterns of the mixtures resembled a

simple superposition of the diffraction patterns of the two pure crystals.

Table4d9 The observed 2 6 angle of the mixtures potassium chromate and
potassium sulphate.

Indice 2 © angle (°)
Pure Pure Mixture 0f KOCrOA and koS0~
kL o ea X = 0200 0. 560 0.878
y = 0.800 0. 440 0.122
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 29.20 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 3455 35.60 34.55 35.60 34.55 35.65 34.55 35.60
112 35.00 36.00 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 fraction of KoCr0 in the miXtureb
y is the mole fraction of K"so” in the mixtures
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