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the sulfuric acid solution. But it seems quite likely that this solid
is CrO03. If the sulfuric acid was well-stirred on addition of the solute
a clear solution was obtained. Relatively large amounts of potassium
chromate could be dissolved in this manner, but in the case of potassium
dichromate an insoluble material again separates out from more concentrated
solutions.

Chromium trioxide was found to be insoluble in 100% sulfuric acid

even at high temperatures.
Potassium chromate

The conductivity results for Rotassium chromateygre given in
Table 65 and Figure 30, and the results of the freezing point measurements
are given in Table 64. The interpolated results are given in Table 65.

Possible modes of ionisation which may be considered are listed
below.
1. Solvolysis

K,Cr0, + 2HyS0, = 2K + HyCr0, + 2HSO,
v=>5 y=2.

2. If the HyCr0, formed acts as a base in sulfuric acid the above equation

can be written as

K,Cr0, + 3Hy$0, = 2K' + H3Cro, + 3HSO,
\)=6’Y=3'

3. Formation of cations of the type CrO%+ and cro**.

KoCro, + 6H,50, = 2K* + Cro5* + 2H;0" + 6HsO,

v=1l, y=6;
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TABLE 63
SOLUTIONS OF POTASSIUM CHROMATE IN 100% SULFURIC ACID:
CONDUCTIVITIES AT 25°C

Potassium chromate

Experiment #1

Weight of 100% H,S0, = 166.9068 g
230y

Weight of K,Cro0, (g) m 102 (ohm 'em )
0.0000 0.0000 1.0440
0.1446 0.0044 1.1350
0.2973 0.009]1 1.3550
0.4859 0.0149 1.6456
0.7028 0.0216 1.9911
0.9589 0.0295 2.3797
1.1184 0.0345 2.6021

Experiment #2

Weight of 100% HpSO, = 212.9704 g

Weight of K,Cr0, (g) m 102¢ (ohm tem ™ })
0.0000 ' 0.0000 1.0440
0.2496 0.0060 1.2163

0.7530 0.0182 1.8197
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TABLE 64

SOLUTIONS OF POTASSIUM CHROMATE IN 100% SULFURIC ACID:

FREEZING POINTS

Potassium chromate

Weight of 100% H,S0, = 151.735 g

Weight of K,Cr0, (g) m F. p. (°C)
0.0000 0.0000 10.371
0.1294 0.0043 10.248
0.2627 0.0089 10.030
0.4235 0.0143 9.714
0.6983 0.0237 * 9.276
0.8595 0.0291 8.931




INTERPOLATED

TABLE 65

VALUES OF vV AND Y OF SOLUTIONS OF POTASSIUM CHROMATE

IN 100% SULFURIC ACID

Solute m F.p.(°C) 102« (ohm tem 1) Y

KoCrOy 0.004 10.245 9. 1250 415
0.008 10.073 9. .2960 5.10
0.012 9.872 " 9. .5000 4.10
0.016 9.668 9. 7000 4.05
0.020 9.461 9. .9040 4.00
0.02k 9.255 9. .1090 4.00
0.028 ‘9.048 8. e
0.032 18.828 8. —t S—
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KoCroO, + 9H,S0, = 2K + Ccro*™ + 3H30" + 9HSO;

L. Another form of the ionisation'which should be considered is the
formation of the compound 0,Cr(0H) (HSO,) first suggested by Symons and
co-workers and also Cr0,(S0,), Cr0(S0,), and Cr0,(HSO,), as there are

a number of known compounds of the type Cr0,X,.

KoCrOy, + 4HyS0, = 2K* + 0,Cr(OH) (HSO,) + H30" + 3HSO,
v=17,y=3;

KoCrOy + 5HpS0, = 2K™ + Cr0,(S04) + 2H30" + LHsO;

-+

b ;

V=9:Y

KoCro, + 7HpS0, = 2K* + Cr0(S0,), + 3H30" + 5HSO,

v=11l, y=5;

and KoCrOy + 6HpS0, = 2K* + Cr0, (HSO,), + 2H30" + LHSOL

\)=9,y=l+.

It is clear from Table 65 that the results support the formation
of Cr0, (HS04), or Cr0,(S0,) compound in sulfuric acid. It is not possible
to distinguish between these two compounds on the basis of these results
becau;e they differ only by a solvent molecule. However it is unlikely
that the compound formed in a large excess of sulfuric acid is Cr0,(S0,).

It seems that Mishra and Symons arrived at an erroneous conclusion
because they relied on conductivity data only and also because they obtained
an incorrect y-value from the conductivity results.

Further evidence for the ionisation of potassium chromate in
sulfuric acid has been obtained by conductimetric titration in dilute oleum

at 25°C. The reaction of potassium chromate .in 100% sulfuric acid can be



186

written as

KoCr0, + bH,S0, = 2K + 2HSO, + Cr0, (HSO,), + 2H,0 .

For this reaction it is predicted in Table 4, Chapter |, that

the minimum in the conductivity curve would be expected to occur at

an n
Y = ————— = 0.56, i.e., —=0.18

min
n_ - 2n n
a b

where n, and na are the molalities of the base and the initial acid in
the solvent. The experimental value of 0.19 (shown in Figure 31 and

Table 66) is quite close to the predicted value.
Potassium dichromate

The conductivity results are given in Table 67 and Figure 32.

If the formation of the compound Cr0, (OH) (HSO,) is considered
as suggested by Mishra and Symons, ‘then according to the following
equation,

KoCrp0y + 5HpS0, = 2K + Cr0, (OH) (HSO,) + H30™ + 3HSO,

a y value of 3 would be expected. But from the experimental results a
y value close to 5 strongiy supports the conclusion reached earlier that

compound of the type Cr0,(HS0,), is formed.

KoCrp0; + 9HpS0, = 2K + 2Cr0, (HS0,), + 3H30" + 5HSO,
Y =5
The conductimetric titration of potassium dichromate further

confirms the above ionisation. The reaction of potassium dichromate in
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100% sulfuric acid can be written as
KoCrp07 + 6HyS0y = 2K + 2HSO; + 2Cr0, (HSOL)» + 3H0

and according to Table 4, the minimum in the conductivity curve for this

reaction would be expected to be at

2n ' n
b . b
Ymin T . 0.5, l.e., =015
a b a

where n - and n, are the molalities of the base (i.e., KpCrz07) and the

initial acid respectively. The experimentally determined value of 0.16

(shown in Figure 33 and Table 68) is quite close to the, theoretical value.
From these results it is clear that both potassium chromate and

potassium dichromate ionise in 100% sulfuric acid to give Cr0y(HSO4), in

solution.
Absorption Spectra

The visible and ultra-violet absorption spectra of solutions of
potassium chromate and potassium dichromate in 100% sulfuric acid have
been studied and a typical spectrum is shown in Figure 34. Absorption
maxima occur at 250 mu, 340 mu, 420 mu and 780 mu. The solutions obey

Beer's law and the values for the molar extinction coefficients are given

in Table 69,
TABLE 69
A (mp) € : A (mu) €
K2Cr0y 250 5,500 K2Cr207 250 11,000
340 1,400 340 2,750
420 - 300 420 600

780 Loo 780 780
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TABLE 66

SOLUTIONS OF POTASSIUM CHROMATE IN DILUTE OLEUM:

CONDUCTIVITIES AT 25°C

Potassium chromate

Experiment #1
Weight of dilute oleum = 204,750 ¢

Molality of dilute oleum = 0.0835

Weight of KoCrOy (g) m v 102k (ohm™ tem™ 1)
0.0000 0.0000 0.000 1.4268
0.2868 0.0072 . 0.086 1.2264
0.4687 0.0117 0.141 1.1547
0.5810 0.0146 0.175 1.1288
0.7877 1 0.0198 0.237 1.1291
0.9435 " 0.0237 0.284 1.1853
1.1481 0.0288 0.346 1.3103
1.3186 0.0331 0.397 1.4536

*
y = ratio of moles of K,Cr0, to initial Hy,S,07.

Experiment #2

Weight of dilute oleum = 199.550 g

Molality of dilute qleum = 0.0995

* - -1
Weight of K2CrOy (g) m Y 102¢ (ohm ™ Yem™ 1)

0.0000 0.0000 0.000 1.4987



TABLE 66--Continued

102, (ohm ‘cm

Y

Weight of K,Cr0, (g) m
0.3323 .0085 .086 1.2642
0.5196 L0134 135 1.1749
0.6506 .0167 .169 1.1462
0.7612 L0196 191 1.1364
0.8455 .0218 .219 1.1462
1.0245 .0264 .266 1.2013
1.2085 L0311 .313 1.3108
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TABLE 67

SOLUTIONS OF POTASSIUM DICHROMATE IN 100% SULFURIC ACID:

CONDUCTIVITIES AT 25°C

Potassium dichromate

Experiment #1

Weight of 100% H,S0, = 152.6548 g

Weight of KyCry0, (g) Com 102k (ohm *cm 1)
0.0000 | 0.0000 1.0440
0.2142 0.0047 1.1729
0.3169 0.0070 1.2875
0.5283 0.0117. 1.5660
0.6599 0.0146 1.7484
0.7787 0.0173 1.9126

Experiment #2

Weight of 100% H,S0, = 250.0942 g

Weight of KyCry07 (g) m 102¢ (ohm tem™ )
0.0000 0.0000 1.0440
0.2033 0.0027 1.1080
0.5490 ' ' 0.0074 1.3267
0.8837 0.0120 1.6007

1.3544 0.0184 1.9949
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TABLE 67--Continued
Experiment #3

Weight of 100% H,S0, = 178.0256 ¢

Weight of KyCrp0; (g) | m 102¢ (ohm ™ tem 1)
0.0000 0.0000 | 1.0440
0.1633 0.0031 1.1064
0.3061 0.0058 1.2269
0.4699 0.0089 1.3960
0.6560 0.0125 1.6090

0.8512 0.0162 1.8357
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TABLE 68

SOLUTIONS OF POTASSIUM DICHROMATE IN DILUTE OLEUM:

CONDUCTIVITIES AT 25°C

Potassium dichromate

Experiment #1
Weight of dilute oleum = 189.686 ¢

Molality of dilute oleum = 0.0775

*

Weight of K,Cr,0, (g) m . Y 102« (ohm tem 1)
0.0000 0.0000  0.000 1.3979
0.2682 0.0048 0.062 124k
0.3886 0.0069 -0.090 ' 1.1890
0.4960 0.0088 0.115 1.1489
0.6385 0.0114  0.148 1.1146
0.7453 0.0133 0.170 1.1103
0.964k 0.0172 0.223 1.1433

*
y = ratio of moles of K,Cr,0; to initial H,S,0,.

Experiment #2
Weight of dilute oleum = 206.7178 ¢

Molality of dilute oleum = 0.0586

Weight of K,Cr,0, (g) m Y* 102¢ (ohm ™ tem 1)
0.0000 0.0000 0.000 1.3011
0.0685 0.0011 0.019 1.2604

0.1781 0.0029 0.050 1.2045
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TABLE 68--Continued

Weight of K,Cr,0; m v 102¢ (ohm™ Yem™})
0.2978 0.0049 0.084 1.1547
0.3805 0.0063 0.107 1.1276
0.4914 0.0081 0.138 1.1040
0.5964 © 0.0098 0.160 1.0953
0.6967 0.0114 0.195 1.1010

0.8399 0.0138. 0.236 1.1341
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It is seen that both potassium chromate and potassium dichromate
give the same absorption spectrum and the values for the molar extinction
coefficients for KyCrp07 are twice that observed for K,CrOy. This strongly
suggests that both these compounds give the same species in 100% sulfuric
acid.

Symons and co-workers (80) have studied the spectral changes on
acidification of the chromate ion. The spectrum for HCrO, was found to
be markedly different from that of Croﬁ-, but is similar to that of
CrosCe , Cr03F  (83) and monoalkyl esters RO CrO3. The spectral changes
on going from Croﬁ- (symmetry Td) to the mono-derivatives X:Cr03 (symmetry
C3v) were éxpiained as being due to the splitting of thg t; level into a
singlet and a doublet, t; - e + a . They also measured the ultra-violet
and visible spectrum of CrvI in 72% perchloric acid and 100% sulfuric
acid. They found a change in the spectrum of an aqueous solution of
HCrOJ with increasing acidity until a new spectrum was obtained, which
did not change appreciably with further addition of acid. They suggested
that the new spectrum is close to that expected for HoCrO, and resembles
the spectra of Cr0,C2, (83) and (Bu®0),Cro,.

The spectrum obtained for potassium chromate and dichromate in
1002 sulfuric acid shown in Figure 34 resembles o that reported by
Symons (77) and is very similar to that of CrOzczé. The similarity between
- these spectra strongly suggests that they arise from species of the type
Cr02Xz. It is concluded that in 72% HCLO, chromate is converted to

Cr0, (OH), while in.lQOZ H,S0, both chromate and dichromate are converted

to CrOz (SO H) 2.
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Potassium Permanganate

It has been known for a long time that the dissolution of a small
amount of potassium permanganate in concentrated sulfuric acid produces a
green solution (84,85). Franke (86) suggested that the green colour was
due to (Mn03),S0,, but he gave no direct evidence for its existence.
Franke also explained the formation of brown oily drops in terms of Mn,0,

when a small quantity of water is added to the green solution.

Symons and co-workers (80) from their study of the absorption
spectrum of potassium permanganate in 100% sulfuric acid postulated that
the green species is permanganic acid.

Royer has studied the conductivity and freezing point of KMnO, in
slightly aqueous sulfuric acid (81). He‘found that solutions more.concent-
rated than 0.0l molal were unstable and decomposed to give Mn0O,. Even
for dilute solutions the decomposition was quite rapid when the solute was
100% sulfuric-acid. He found that the conductimetric y value decreased
from 2.60 to 2.0 in abéut 20 minutes and by extrapolation to zero time he
obtained an initial y value of approximately 3.0. He found that the v
value also decreased with concentration and time, and obtained a v value
of 6 for dilute solutions. Royer explained his results in terms of the

formation of the permanganyl ion, Mnog, according to the following equation

KMnO, + 3H,50, = K' + MnO3 + Hy0" + 3HSO,
v=6, vy =3

and he attributed the decrease in the v and y values with time and with
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increasing concentration to the precipitation of the salt (MnO3) (HSO4).
He also suggested that the absorption spectrum of the green solutions
was consistent with the formation of planar Mnog ions.

More recently Mishner and Symons (77) studied the behaviour of
KMnOy in 100% sulfuric acid. They found a y-value of 2.0-2.2, and taking
the average of Royer's v‘values, which is approximately 5, they favoured

the reaction

KMnO, + 3H,S0, = K' + Mn03SO4H + H30" + 2HSO,
v=05 vy =2,
These authors also carried out the conductimetric.titration of

KMnOy in dilute oleum and found the minima at approximately

nKMan

Vi = et 0.28 although the above equation according to
n

a

Table 4, Chapter |, would suggest the conductivity minima to be at
0.36.
‘Since it appeared that the previous work did not lead to any definite
conclusions concerning the nature of the green solutibns, further cryoscopic
and conductimetric studies were carried out on solutions of KMnOy in 100%
sulfuric acid and dilute oleum.

Potassigm permanganate dissolves both in 95% and 100% sulfuric acid
to give sage green solutions. solutions less concentrated than 0.05 molal
were found to be fairly stable for about 24 hours. More céncentrated

solutions were relatively less stable, became turbid after 3-4 hours and

eventually deposited MnO, with the evolution of oxygen gas. |[f the green
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solutions were allowed to stand for about two weeks, Mn0O, was quantitatively
precipitated, and a colourless solution was left behind. The dilution of
" green solution with excess water resulted in the complete recovery of the
permanganate ion determined volumetrically by titration with arsenious
oxide showing the presence of manganese iﬁ the +7 oxidation state in the
green solutions.- |

The cénductivity results are shown in Table 70 and Figure 35, and
the ffeezing point measurements are shown in Table 71. The interpolated
results are given in Table 72.

Some of the possible reactions which should be considered are:

1. KMnOy + HpS0, = K' + HMnOy + HSOp v=3,y="1;

2. KMnOy + 2H,S04, = K' + HoMnOi + 2HSO, v =bh, y=2;

3. KMnO, + 3H,50, = K* + MnO3 + H30" + 3HSO, v=6,vy=3;

L. KMnO, + 3H,S0, = K* + Mn03-SO,H + H30" + 2HSO, v=5,y=2.

It is clear from Table 72 that the results are consistent with
the formation of MnOj3-SOyuH.

The results for the conducFimetric titration of KMnOy in dilute
oleum are given in Table 73 and Figure 36 . The minimum conductivity was

found at the expected value of ¥y = 0.36 [Table 4, Chapter 1] and not

min
at 0.28 as reported previously by Symons and co-workers. |f the product
of ionisation had been MnO3, according to equation 3, the minima in the .
conductimetric curve would occur at Yoin = 0:22.

From these results it can be concluded that the compound present

' . . + .
in green permanganate solutions is Mn03*SO4H rather than Mn0O3 ions.



TABLE 70

SOLUTIONS OF POTASSIUM PERMANGANATE IN 100% SULFURIC ACID:

CONDUCTIVITIES AT 25°C

Potassium permanganate

Weight of 100% H,S0, = 199.8383 ¢

Weight of KMnO, (g) i 102k (ohm tem™ ')
10.0000 0.0000 1.0440
0.3213 0.0101 1.1238
0.6095 0.0192 1.3057
0.9584 0.0303 1.6028
1.2751 0.0403 1.8890
1.8942 0.0599 2.4327
2.6797 0.0848 3.0580
3.0839 0.0976 3.3513
3.5488 0.1123 3.6640
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TABLE 71

SOLUTIONS OF POTASSIUM PERMANGANATE IN 100% SULFURIC ACID:

FREEZING POINTS

Potassium permanganate

Weight of 100% H,S0, = 152.7125 g

Weight of KMnO, (g) m F. p: (°c)
0.0000 0.0000 10.371
0.3277 0.0135 710.136
0.7617 0.0315 9.650
1.0755 ‘ ' 0.0445 9.246
1.4451 0.0598 8.792
1.7199 0.0712 8.446
1.8862 0.0781 8.219




INTERPOLATED VALUES OF v AND y OF SOLUTIONS OF POTASSIUM PERMANGANATE

TABLE 72

IN 100% SULFURIC ACID

204

Solute m F.p.(°C) v 102« (ohm Yem 1)

KMnOL, 0.02 9.970 4.88 1.3450 |
0.03 9.690 4.90 1.6200
0.0k 9.385 4.90 1.9000
0.05 9.075 4.92 2.1700 >
0.06 8.780 4,95 2.4300
0.07 8.475 4.95 2.7100
0.08 —_— — 2.9800 |
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TABLE 73

SOLUTIONS OF POTASSIUM PERMANGANATE IN DILUTE OLEUM:

CONDUCTIVITIES AT 25°C

Potassium permanganate

Weight of dilute oleum = 188.6192 g

Molality of dilute oleum = 0.1848
*

Weight of KMnO, (g) m Y 102k (ohm lem 1)
0.0000 0.0000 0.000 1.8478
0.3805 0.0127 0.069 16484
0.5767 0.0193 0.105 1.5497
0.8491 0.0284 0.154 1.4210
1.1338 0.0380 0.206 1.3032
1.5114 | 0.0507 0.274 1.1956
1.8785 0.0630 0.341 1.1616
2.2668 0.0760 0.411 1.2361
2.6655 0.0894 | 0.484 1.4371
3.0310 0.1016 0.550 1.7056

o
y = ratio of moles of KMnO, to initial HyS,07.
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Absorption Spectra

The visible and ultra-violet absorption spectra of green solutions
of potassium permanganate in 100% sulfuric acid have been studied, A typical
spectrum is shown in Figure 37. Four absorption maxima have been found at
250 myp, 310 mu, 460 mu and 650 mu. The solutions obey Beer's law and the

values for the molar extinction coefficients are given in Table 74.

TABLE 74
A (mu) €
WDy, 250 4,400
310 : 2,500
L60 48o
650 140

The spectrum is very similar to that observed for monoacetyl
chromate, and is also in accord with the changés expected in going from
Mn0, (symmetry Td) to corresponding monoderivative (symmetry C3v). This

is consistent with the other evidence that the green species. is Mn0O3-SO4H.
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