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when chromyl chloride, Cr02 Ct2 is heated with so 3. Woolf (76) has 

suggested that this compound is an ionic 

Yatrimirski'l'and Vasi1 1eva (82) postulated the formation of H2 CrS0 7 , and 

H2Cr4013 and other related compounds in solutions of chromates in 50-80% 

sulfuric acid. Recently Mishra and Symons (77) have studied the 

conductivities of solutions of potassium chromate in 100% sulfuric acid. 

They claim that their conductivity results show the formation of 

ions per mole of the solute (i.e., y = 3) and are roughly in accord with 

the following equation, 

and that the results exclude the possibility of the formation of the 

C 02+ . r 2 cat 1 on. 

However the conductivity results alone are not sufficient to 

establish the mode of ionisation For example the formation 

of protonated chromic acid would also give the same conductivity results, 

y = 3. 

y = 3 

·Some difficulty was experienced to prepare solutions potassium 

chromate and dichromate in 100% sulfuric acid. If the solution was not 

vigorously stirred immediately after addition of the solute to 100% 

sulfuric acid, a sol id separated out of the solution, which was insoluble 

even on heating. The identity of this sol id could not be established with 

certainty, since it was very difficult to filter a significant amount from 
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the sulfuric acid solution. But it seems quite 1 ikely that this sol id 

is Cr03 • 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 ~otassium chromate ;re 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 . Sol VO l y s i s 

\) = 5, y = 2 • 

2. If the H2 Cr04 formed acts as a base in sulfuric acid the above equation 

can be written as 

K2Cr04 + 3H2 S04 2K+ + 
+ 3HS04 = + H3Cr04 

\) = 6, y = 3 

3. Formation of cations of the type CrO~+ and Cr04+. 

K2Cr04 ·+ 6H2 S04 = 2K+ + CrO~+ + 2H 30+ + 6HSO~ 

\) = 11 ' y = 6 



TABLE 63 

SOLUTIONS OF POTASSIUM CHROMATE IN 100% SULFURIC ACID: 

CONDUCTIVITIES AT 25°C 

Potassium chromate 

Experiment #1 

0.0000 

0. 1446 

0.2973 

0.4859 

0.7028 

0.9589 

1 . 1184 

Experiment #2 

Weight of K2Cr04 

0.0000 

0.2496 

0.7530 

Weight of 100% H2S04 = 166.9068 g 

Weight of 100% 

(g) 

m 

0.0000 

·o. 0044 

0.0091 

0.0149 

0.0216 

0.0295 

0.0345 

H2S04 

m 

0.0000 

0.0060 . 
0.0182 

= 212.9704 g 

-1 -1 102K(ohm cm ) 

1. 0440 

1. 1350 

l . 3550 
/' 

1 . 6456 

l . 9911 

2.3797 

2.6021 

-1 -1 l o2K(ohm cm ) 

1.0440 

l . 2163 

1 . 8197 

181 
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TABLE 64 

SOLUTIONS OF POTASSIUM CHROMATE IN 100% SULFURIC ACID: 

FREEZING POINTS 

Potassium chromate 

Weight of 100% H2S04 = 151.735 g 

Weight of K2Cr04 (g) m F. p. (oc) 

0.0000 0.0000 10.371 

o. 1294 0.0043 1 0. 248 

0.2627 0.0089 10.030 

o.4235 0.0143 9. 714 

0.6983 0.0237 . 9.276 

0.8595 0.0291 8.931 
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TABLE 65 

INTERPOLATED VALUES OF v AND Y OF SOLUTIONS OF POTASSIUM CHROMATE 

IN 100% SULFURIC ACID 

Solute m F.p.(°C) v 2 -1 -1 10 K(ohm cm ) y 

K2Cr04 0.004 10.245 9.2 1.1250 4. 15 

0.008 10.073 9.2 l . 2960 4. 10 

0.012 9. 872 . 9.2 l . 5000 4. 10 

0.016 9.668 9. l 1. 7000 4.05 
/" 

0.020 9.461 9. l l . 9040 4.00 

0.024 9.255 .9.0 2. l 090 4.00 

0.028 9.048 8.9 

0.032 . 8. 828 8.9 
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\) = 15, y = 9 . 

4. Another form of the ionisation'which should be considered is the 

formation of the compound 02Cr(OH) (HS04) first suggested by Symons and 

co-workers and also Cr02 (S04), CrO(S04) 2 and Cr02 (HS04) 2 as there are 

a number of known compounds of the type Cr02X2 . 

\) = 7, y = 3 ; 

K2Cr04 + SH2S04 = 2K+ + Cr02(S04) + 2H30+ + 4HSO~ 

\) = 9, y = 4 ; 

2K+ + CrO(S04)2 + -K2 C r04 + 7H2 504 = + 3H30 + 5HS64 . 

\) = 11, y = 5 ; 

and K2Cr04 + 6H2S04 = 2K+ + Cr02(HS04h + 2H30+ + 4HSO~ 

\) = 9, y = 4 . 
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It is clear from Table 65 that the results support the formation 

of Cr02 (HS04)2 or Cr02 (S04) compound in sulfuric acid. It is not possible 

to distinguish between these two compounds on the basis of these results 

because they differ only by a solvent molecule. However it is unlikely 

that the compound formed in a large excess of sulfuric acid is Cr02 (S04). 

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 



written as 

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

the m!nimum in th~ conductivity curve would be expected to occur at 

2nb 
Ymin = ---- = 0.56, 

- 2nb n a n 
a 

0.18 

where nb and na are the molal ities 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 Cr02 (0H) (HS04 ) is considered 

as suggested by Mishra and Symons, ' then according to the following 

equation, 

a y value of 3 would be expected. But from the experimental results a 

186 

y value close to 5 strongly supports the conclusion reached earlier that 

compound of the type Cr02 (HS04 ) 2 is formed. 

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 

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

reaction would be expected to be at 

= 0.56, 
n a 

= 0. 15 

where nb and na are the molal ities of the base (~, K2Cr207) and the 

initial acid respectively. The experimentally determined value of 0. 16 

(shown in Figure 33 and Table 68) is quite close to the r theoretical value. 

From these results it is clear that both potassium chromate and 

potassium dichromate ionise in 100% sulfuric acid to give Cr02(HS04)2 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 mµ, 340 mµ, 420 mµ and 780 mµ. The solutions obey 

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

in Table 69. 

TABLE 69 

J.(mµ) £ ).(mµ) £ 

K2C~04 250 5,500 K2Cr207 250 11 ,000 
340 1,400 340 2,750 
420 . 300 420 600 
780 400 780 780 
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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 g 

Molality of dilute oleum = 0.0835 

Weight of K2Cr04 (g) 
;'( 2 -1 -1 m y 10 K(ohm cm ) 

0.0000 0.0000 0.000 1 . 4268 
t' 

0.2868 0.0072 0.086 1. 2264 

o.4687 0.0117 0 .·141 1 • 154 7 

0.5810 0.0146 0. 175 1 . 1288 

0.7877 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 

Experiment #2 

Weight of dilute oleum = 199.550 g 

Molality of .dilute oleum = 0.0995 

Weight of K2Cr04 (g) m 
2 -1 -1 10 K(ohm cm ) 

0.0000 0.0000 0.000 1 • 4987 



189 

TABLE 66--Continued 

(g) 
it\ -1 -1 Weight of K2Cr04 m y 102K(ohm cm ) 

0.3323 0.0085 0.086 1 . 2642 

0.5196 0.0134 0. 135 1 . 1749 

0.6506 0.0167 0. 169 1. 1462 

0.7612 0.0196 0. 191 1. 1364 

0.8455 0.0218 0.219 1 . 1462 

1.0245 0.0264 0.266 1 .2013 

1 • 2085 0. 0311 0.313 1 . 3 108 

· ' 
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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% H2S0 4 = 152.6548 g 

Weight of K2Cr207 (g) m 2 -1 -1 l 0 K(ohm cm ) 

0.0000 0.0000 1 . 044-0 

0.2142 0.0047 l . 1 729 

0.3169 0.0070 l . 2875 

0.5283 0.0117 . 1.5660 

0.6599 0.0146 l. 7484 

0.7787 0.0173 1 . 9126 

Experiment #2 

Weight of K2Cr207 (g) m 2 -1 -1 10 K(ohm cm ) 

0.0000 0.0000 1. 0440 

0.2033 0.0027 1 . l 080 

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% H2S04 = 178.0256 g 

Weight of K2Cr207 (g) m 2 -1 -1 10 K(ohm cm ) 

0.0000 0.0000 l. 0440 

0. 1633 0.0031 1 . l 064 

0.3061 0.0058 l. 2269 

0.4699 0.0089 l . 3960 

0.6560 .0. 0125 l . 6090 

0.8512 0.0162 l. 8357 
/' 



TABLE 68 

SOLUTIONS OF POTASSIUM DICHROMATE IN DILUTE OLEUM: 

CONDUCTIVITIES AT 25°C 

Potassium dichromate 

Experiment #1 

Weight of dilute oleum = 189.686 g 

Molal ity of dilute oleum = 0.0775 

(g) 
~'c 

Weight of K2Cr207 m y 

0.0000 0.0000 0.000 

0.2682 0.0048 0.062 

0.3886 0.0069 ·0.090 

0 .4960 0.0088 0. 115 

0.6385 0.0114 0. 148 

0.7453 0.0133 0. 170 

0.9644 0.0172 0.223 

* y =ratio of moles .of K2Cr207 to initial H2S207 • 

Experiment #2 

Weight of dilute ole~m = 206.7178 g 

Molality of dilute oleum = 0.0586 

0.0000 · 0.0000 

0.0685 0.0011 

0.1781 0.0029 

0.000 

0.019 

0.050 

102K(ohm- 1cm- 1) 

1.3979 
/ 

1 . 2441 

1 . 1890 

1 . 1489 

1 . 1146 

1.1103 

1 • 14 33 

1 • 3011 

1 • 2604 

l . 2045 

192 
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TABLE 68--Continued 

1': -1 -1 Weight of K2 Cr2 07 m y 1 o2 K(ohm cm ) 

0.2978 0.0049 0.084 l . 154 7 

0.3805 0.0063 0. l 07 1. 1276 

0.4914 0.0081 0.138 , 1 . 1040 

0.5964 0.0098 0. 160 l . 0953 

0. 6967 0.0114 0. 195 1.1010 

0.8399 0.0138. 0.236 1 . 1341 



......... 
r-i 

I 

r-i 

I 

E 
u 

E 
- ..c: 

0 -~ 
C'J 
0 

1 .60 

1. 10 

Figure 31. 

194 

0.00 0. 10 0.20 0.30 0.40 

Mole Ratio 

Conductimetric Titration of Potassium chromate with Dilute 
. 01 eum a.t 25°C 



~ 
..-« 
I 

E 
u 

r--1 

I 
E 

.r:. 
0 ..._.... 
!Ii 

(',! 

0 

1.9 

1.5 

~ K2Cr207 

--0---0-0-- 5 KH S04 

'\ 

0.5 1.0 
1.0~-----~---____:_------:-_l_ _____ __.__ 

o.o 1. 5 

102m 

Figure 32. Solutions of Potassium dichromate in 100% Sulfuric Acid: Conductivities at 25°C 
\.0 
V"I 



196 

1.40 

1. 35 

1.30 

-,...... 
I 

E 
1.25 u ,...... 

I 
E 

..c 
0 

~ 
N 
0 

1.20 

1. 15 

o.oo 0. 10 0. 15 0.20 

Mo 1 e Ratio 

Figure 33. Conductimetric Titration of Potassium dichromate with Dilute 
Oleum at 25°C 





. . 

198 

It is seen that both potassium chromate and potassium dichromate 

give the same absorption spectrum and the values for the molar extinction 

coefficients for K2Cr207 are twice that observed for K2Cr04. 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 HCro4 was found to 

be markedly different from that of CrO~-, but is similar to that of 

Cr03Ct-, Cr03F- (83) and monoalkyl esters RO Cr03. The spectral changes 

on going from CrO~- (symmetry Td) to the mono-derivatives X·Cr03 (symmetry 

c
3

v) were exp~ained as being due to the splitting of th~ t 1 level into a 

singlet and a doublet, t 1 ~ 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 

HCr04 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 H2Cr04 and resembles 

The spectrum obtained for potassium chromate and dichromate in 

100% sulfuric acid shown in Figure 34 resembles that reported by 
I , 

Symons (77) and is very similar to that of Cr02Ct2 . The similarity between 

these spectra strongly suggests that they arise from species of the type 

Cr02 X2. It is concluded that in 72% HCt04 ~hromate is converted to 

Cr02(0H)2 while in 100% H2S04 both chromate and dichromate are converted 

to Cr02(S04H)2. 

;~ 
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2. 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 (Mn0 3 ) 2 S04 , but he gave no direct ev idence for its existence. 

Franke also explained the formation of brown oily drops in terms of Mn 2 07 

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 aci~postulated that 

the green species is permanganic acid. 

Royer has studied the conductivity and freezing point of KMn04 in 

slightly aqueous sulfuric acid (81). He found that solutions more concent-

rated than 0.01 molal were unstable and decomposed to give Mn02 • Even 

for dilute .solutions the decomposition was quite rapid when the solute was 

100% sulfuric·acid. He found that the conductimetric y valu~ decreased 

from 2.60 to 2.0 in about 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 av value 

of 6 for dilute solutions. Royer explained his results in terms of the 

+ formation of the permanganyl ion, Mn0 3 , according to the following equation 

v = 6, y = 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 (Mn03) (HS04). 

He also suggested that the absorption spectrum of the green solutions 

was consistent with the formation of planar Mno! ions. 

More recently Mishner and Symons (77) studied the behaviour of 

KMn04 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 

v = 5, y = 2 . 

These authors also carried out the conductimetric-titration of 

KMn04 in dilute oleum and found the minima at approximately 

ymin = ~~~= 0.28 although the above equation according to 
n 

a 

Table 4, Chapter I, would suggest the conductivJty minima to be at 

y . = 0.36. 
min 

·Since it appeared that the previous work ·did not lead to any definite 

conclusions concerning the nature of the gr~en solutions, further cryoscopic 

and conductimetric studies were carried out on solutions of KMn04 in 100% 

sulfuric acid and dilute oleum. 

Potassium 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 concentrated 

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

eventually deposited Mn02 with the evolution of oxygen gas. If the green 
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solutions were allowed to stand for about two weeks, Mnq2 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 in the +7 oxidation state in the 

green solutions. · 

The conductivity results are shown in Table 70 and Figure.35, and 

the freezing 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. KMn04 + H2S04 = + -
3' y = rl; K + HMn04 + HS04 \) = 

2. KMn04 2H2S04 K+ + 
+ 2HS04 4, 2· + = + H2Mn04 \) = y = , 

3. KMn04 + 3H2S04 K+ + H30+ + 3HS04 6, = 3; = + Mn03 + \) = y 

4. KMn04 + 3H2S04 K+ + + - 5, y 2. = Mn03•S04H + H30 + 2HS04 \) = = 

It is clear from Table 72 that the results are consistent with 

The results for the conductimetric titraiion of KMn04 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 I] and not 
min 

at 0.28 as reported previously by Symons and co-workers. If the product 

of ionisation had been Mnot, according to equation 3, the minima in the . 

conductimetric curve would occur at y . = 0.22. 
min 

From these results it can be concluded that the compound present 

in green permanganate solutions is Mn03·S04H rather than Mnot ions. 
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TABLE 70 . 

SOLUTIONS OF POTASSIUM PERMANGANATE IN 100% SULFURIC ACID: 

CONDUCTIVITIES AT 25°C 

Potassium permanganate 

Weight of 100% H2S02 = 199.8383 g 

Weight of KMn04 (g) m 2 -1 -1 10 K(ohm cm ) 

0.0000 0.0000 l. 0440 

0.3213 0.0101 1 .1 238 

0.6095 0.0192 l .3057 

0.9584 0.0303 1. 6028 

1.2751 0.0403 l . 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· PO I NTS 

Potassium permanganate 

Weight of 100% H2S04 = 152.7125 g 

Weight of KMn0 4 (g) m F. p. (oc) 

0.0000 0.0000 10.371 

0. 3277 0.0135 ~ 10.136 

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 
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TABLE 72 

INTERPOLATED VALUES OF v AND y OF SOLUTIONS OF POTASSIUM PERMANGANATE 

IN 100% SULFURIC ACID 

Solute m F.p. (°C) v 2 -1 -1 10 K(ohm cm ) y 

KMn04 0.02 9.970 4.88 1.3450 

0.03 9,690 4.90 1. 6200 

0.04 9.385 4.90 1 . 9000 

0.05 9.075 4.92 2. 1700 2 
/' 

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: 

CONDUCTIVITl .ES AT 25°C 

Potassium permanganate 

Weight of dilute oleum = 188.6192 g 

Molal ity of dilute oleum = 0. 1848 

(g) ~" l0 2 K(ohm- 1cm- 1 ) Weight of KMn04 m y 

0.0000 0.0000 0.000 l. 8478 
/' 

0.3805 0.0127 0.069 l . 6484 

0.5767 0.0193 0. 105 l. 5497 

0.8491 0.0284 0. 154 1.4210 

1. 1338 0.0380 0.206 l . 30 32 

l.5114 0.0507 0.274 1.1956 

l . 8785 0.0630 0.341 1.1616 

2.2668 0.0760 0.411 1 . 2361 

2.6655 0.0894 o.484 1.4371 

3.0310 0.1016 0.550 1.7056 
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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 mµ, 310 mµ, 460 mµ and 650 mµ. The solutions obey Beer's law and the 

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

KMn04 

A(mµ) 

250 i 

310 
460 
650 

TABLE 74 

4,400 
2,500 

480 
140 

The spectrum is very similar to that observed for monoacetyl 

chromate, and is also in accord with the changes expected in going from 

MnO~ (symmetry Td) to corresponding monoderivative (symmetry c
3
v). This 

is consistent with the other evidence that the green species . is Mn03•S04H. 



· ' 

REFERENCES 

1. A. Hantzsch. Z. Phys. Chem. 61, 257 (1907); ~' 626 (1908); .§l, 41 
( 1908) ; 68, 204 . ( 1909) . -

2. A. Hantzsch. Gazzetta, l1 (i), 120 (1908); ].1 (ii), 512 (1908); 41 
(i), 645 (1911). 

3. L. P. Hammett and A. J. Deyrup. J. Am. Chem. Soc. 2!±_, 2721 (1932). 

4. L. P. Hammett and A. J. Deyrup. J. Am. Chem. Soc. .?_i, 1900 (1933). 

5. H. P. Treffers and L. P. Hammett. J. Am. Chem. Soc ... _22, 1708 ( 193 7) • 

6. R. J. Gillespie and J. A. Leisten. Quart. Rev. ~' 40 ( 1954) . 

7. R. J. Gillespie and E. A. Robinson. Advances in Inorganic Chemistry 
and Radiochemistry. Vol. 1. Academic Press, New York. 1959. p.385. 

8. R. J. Gi 1 lespie. Rev. Pure Appl. Chem. (Australia) 2_, 1 (1959). 

9. R. J. G i 11 esp i e and E. A. Robinson. "The Su 1 fur i c Acid Solvent Sys tern". 
Non-Aqueous Solvent Systems. Academic Press, New York. 1965. 
p. 117. 

10. W. H. Lee. "The Sulfuric Acid Solvent System". The Chemistry of 
Non-Aqueous Solvents. Academic Press. Vol. 2. p. 99. 

11. R. J. Gillespie, E. D. Hughes, and C. K. Ingold. J. Chem. Soc. 2504 
(1950). 

12. R. J. Gi 1 lespie. J. Chem. Soc. 2537 (1950). 

13. R. J. Gillespie and D. J. Millen. Quart. Rev.~, . 277 (1948). 

14'. R. J. Gi 1 lespie and K. C. Malhotra. J. Chem. Soc. 1994 (1967). 

15. J. Barr, R. J. Gi 1 lespie and E. A. Robinson. Can. J. Chem. ].1, 1266 
( 1961 ) • 

16. R. H. Flowers, R. J. Gillespie and J. O . . V. Oubridge. J. Chem. Soc. 
1925 ( 1956) 0 

210 



211 

17. R. J. Gillespie, E. D. Hughes and C. K. Ingold. J. Chem. Soc. 2473 
(1950). . 

18. R. Pascard. C. R. Acad. Sci., Paris, 240, 2162 (1955). 

19. J. E. Kunzler and W. F. Giauque. J. Am. Chem. Soc. J..!!..., -5271 (1952). 

20. D. M. Yost and H. Russell. 
Hall, New York. 1944. 

Systematic Inorganic Chemistry. 
p. 336. 

21. R. J. Gillespie ·and S. Wasif. J. Chem. Soc. 215 (1953). 

Prentice 

22. J. C. D. Brand, W. C. Horning and M. B. Thornley. J. Chem. Soc. 1374 
(1952). 

23. R. J. Gillespie and R. H. Cole. Trans. Faraday Soc.~, 1325 (1956). 

24. R. J. Gillespie and R. F. M. White. Trans. Faraday Soc. ,2i, 1846 
(1958). 

25. R. J. Gillespie, J. O. V. Oubridge and C. Solomons. ~ J. Chem. Soc. 
1804 ( 1957) . 

26. J. E. Kunzler and W. F. Giauque. J. Am. Chem. Soc. l.!!_, 3472 (1952). 

27. J. E. Kinzler and W. F. Giauque. J. Am. Chem. Soc. 74, 804 (1952). 

28. S. J. Bass and R. J. Gillespie. J. Chem. Soc. 814 (1960). 

29. S. J. Bass, R. J. Gillespie and E. A. Robinson. J. Chem. Soc. 821 
(1960). 

30. R. J. Gillespie, E. A. Robinson and C. Solomons. J. Chem. Soc. 4320 
( 1960) . 

31. R.H. Flowers, R. J. Gillespie and E. A. Robinson. Can. J. Chem.~, 
1363 (1960). 

32. E. A. Robinson and S. A. A. Quadri. Can. J. Chem. 45, 2385 (1967). 

33. E. A. Robinson and S. A. A. Quadri. Can. J. Chem. ~, 2391 (1967). 

34. J. A; Leis ten. J. Chem. Soc. 2191 ( 1961) . 

35. J. A~ Leisten and K. L. Wright. J. Chem. Soc. 3173 (1964). 

36. J. A. Leisten and P. R. Walton. J. Chem. Soc. 3180 (1964). 

37. D~ B. Copley, F. Fairbrother, J. R. Miller and A. Thompson. Proc. 
Chem. Soc., 300 (1964). 



212 

38. R. J. Gillespie and R. A. Rothenbury. Can. J. Chem. ~' 416 (1964). 

39. F. Taul and K. Dostal. Collect. Czechoslov. Chem. Commun . .!..§_, 531 
(1951). 

40. Inorganic Syntheses l_, 137 (1950). 

41 . G. Jones and D. M. Bollinger. J. Am. Chem. 21._, 280 (1935) . 

42. M. H. Klaproth. Phil.Mag.!, 78 (1798). 

43. G. Magnus. Ann. Physik, [2] _!Q_, 491 (1827); [2] J..i, 328 (1828) . . 

44. N. W. Fischer. Ann. Physik, [2] .!1_, 153 (1828); [2] J2_, 77 (1829); 
[2] ~' 118 (1829). 

45. J. W. Mellor. Comprehensive Treatise on Inorganic and Theoretical 
Chemistry. Longmans, Green and Co., London. 1930. Vol. 10. 
pp. 184-186, 922; Vo 1 . 11 . pp. 116-117. 

46. F. C. Voge 1 . J. fur Chemie U. Physik. ~, 121 (1812}'. 

47. R. Weber. J. Prakt. Chem. 133, 218 (1882). 

48. E. Divers and M. Shimose. J. ·Chem. Soc. ~' 329 ( 1883); !!2_, 194, 
201 (1884). 

49. I . Vogel and J. R. Partington . . J. Chem. Soc. 127, 1514 (1925). 

so. R. Weber. Ann. Physik, [2] 156, 531 (1875). 

51. E. Divers and M. Shimose. J. Chem. Soc. ~' 319, 323 (1883). 

52. J. J. Doolan and J. R. Partington. J. Chem. Soc. 125, 1402 ( 1924) . 

53. K. W. Bagnall. The Chemistry of Selenium, Tellurium and Polonium. 
Elsevier Publishing Company, New York. 1966. p. 33. 

54. R. Auerbach. Z. Physik. Chem. Leipzig, fil, 337. (1926). 

55 . R. H. Flowers, R. J. Gillespie and E. A. Robinson. J. lnorg. Nuclear 
Chem. 2_, 155 (1959). 

56. J. Barr, R. J. Gillespie, R. Kapoor and K. C. Malhotra. Can. J. Chem. 
46' 14 9 ( 1968) • 

57. R. A. Garrett, R. ·J. Gillespie and J. B. Senior. lnorg. Chem.~_, 563 
(1965). 

58. R. J. Gillespie and J. B. Milne. lnorg. Chem. i' 1577 (1966). 



213 

59. L. E. Topo 1 , s. J. Yosim and R. A. Osteryoung. J. Phys. Chem. §I, 
1 5 l l ( 1961 ) . 

60. c. R. Boston, G. P. Smith and L. c. Howick. J. Phys. Cliem. §]_, 
1849 ( 1963) . 

61. A. Hershaft and J. D. Corbett. I norg. Chem. ±_, 979 ( 1.963) . 

62. J. D. Corbett. I norg. Nuc 1. Chem. Letters, }_, 173 ( 196 7) . 

63. J. Barr, R • . J. Gillespie, R. Kapoor and K. c. Malhotra. To be 
published. 

Q4. J. Barr, D. B. Crump, R. J. Gillespie, R. Kapoor and P. K. Ummat. 
Can. J. Chem. (1968). [In Press] 

65. R. J. Gillespie and G. P. Pez. To be published. 

66. I. D. Brown, D. B. Crump,·R. J. Gillespie and D. P. Santry. Chem. 
Comm . , 1 9 6 8 . [ I n Press] 

67. E. E. Aynsley, R. D. Peacock and P. L. Robinson. Chem. and Ind. 
1117 (1951). 

68. R. Paetzold and M. Garsoffke. Z. Anorg. Al lg. Chem. 336, 52 (1965). 

6 9 • R . J • G i 1 1 esp i e , J • G r a ham , E. D . Hug hes , C . K. I ng o 1 d and E . R . A . 
Peeling. J. Chem. Soc. 2504 (1950). 

70. R. J. Gi 1 lespie, J. Graham, E. D. Hughes, C. K. Ingold and E. R. A. 
Peeling. Nature, 158, 480 (1946). 

71. R. J. Gillespie and E. A. Robinson. Can. J. Chem.!±.!_, 450 (1963). 

72. E. J. Arlman. Rec. Trav. Chim. 2..§_, 919 (1937). 

73. J. V. Bell, J. Heisler, H. Tannenbaum and J. Goldenson. J. Am. Chem. 
Soc. ]j_, 5185 (1954). 

74. J. W. Mellor. 
Chemistry. 

Comprehensive Treatise on Inorganic and Theoretical 
Longmans, Green and Co., London, 1939. p. 821. 

75. E. Hayek and A. Engelbrecht. Monatsh. 80, 640 (1949). 

76. A. A. Woolf. Chem. Ind. London, 1320 (1954). 

77. H. C. Mishra and M. C. R. Symons. J: Chem. Soc. 4411 (1962). 

78. R. J. Gillespie and J. B. Senior. lnorg. Chem.}_, 972 (1964). 



214 

79. R. J. Gillespie and J. B. Senior. lnorg. Chem. l_, 440 (1964). 

80. N. Bailey, A. Carrington, K. A. K. Lott, and M. C. R. Symons. 
J. Chem. Soc. 290 (1960). 

81. D. J . . Ro~er. J. lnorg. and Nucl. Chem . .!l_, 159 (1961). 

82. K. B. YatsimirskiY and V. N. Vasil 'eva. Zhur. Neorg. K~im. l, 1983 
(1956). 

83. L. Helmholz, H. Brennan and M. Wolfsberg. J. Chem. Phys.~' 853 (1955). 

84. H. Aschoff. J. Prakt. Chem. (1) .!!.!_, 29 (1860). 

85. H. Aschoff. Chem. News.~' 57 (1861). 

86. B. Franke. J. Prakt. Chem. (2) 36, 31 (1887). 


