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measurements of the reduction of sulfur dioxide by carbon monoxide. 
The details of the calculation and the tabulated results are presented. 
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In previous work2 on the behavior of the alkali metal formates dis­
solved in (anhydrous) formic acid, it was shown that when the degree of 
ionization is calculated from the conductivity uncorrected for viscosity, 
these very highly dissociated salts obey the law of chemical equilibrium 
up to relatively high concentrations. I t was therefore considered impor­
tant to investigate also some of the formates of bivalent metals, especially 
as there lay in this direction a possibility that light might be shed on the 
problem of the existence of intermediate ions in highly ionized salts. For 
this purpose we chose the formates of the alkaline earth metals. 

The method and apparatus for preparing the formic acid and for making 
the conductivity measurements are described in a paper of this series by 
Schlesinger and Reed.3 Calcium formate was prepared from a Kahl-
baum sample by recrystallization until no further change in the conduc­
tivity resulted. The stronium salt was prepared by dissolving the car­
bonate in an aqueous solution of formic acid and evaporating the resulting 
solution, recrystallizing the resulting salt and drying it at a sufficiently 
high temperature to drive out the water. While all of the salts were 
analyzed and found pure within the limits of the ordinary analytical 
error, we used as criterion of their purity the fact that further recrystalliza-
tions produced no change in the conductivity of the salts when made up 
to a definite concentration in formic acid solutions. 

In Tables I and II are given the experimental results found for cal­
cium and strontium formate solutions, respectively. In the first column 
of each table is given the concentration c expressed in gram equivalents 
per liter, in the second column the specific conductivity x in reciprocal 
ohms, in the third column the specific conductivity in reciprocal ohms 

1 The work herein reported forms a part of a thesis presented by R. D. Mullinix 
to the faculties of the Ogden Graduate School of Science of the University of Chicago 
in part fulfilment of the requirements for the Degree of Doctor of Philosophy. The 
experimental work was completed in the spring of 1917. 

2 T H I S JOURNAL, 36, 1599 (1914); 38, 271 (1916). 
s To be published in T H I S JOURNAL in the near future. 
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rrected 

Conduct 
C. 

0 . 0 0 0 0 

0 . 0 4 1 5 

0 . 0 6 4 6 

0 . 0 7 8 4 

0 . 0 9 5 1 

0 . 0 9 6 9 

0 . 1 1 7 5 

0 . 1 4 6 1 

O. I54S 
0 . 1 6 5 0 

0 . 1 8 7 4 

0 . 2 0 4 3 

0 . 2 1 6 6 

0 . 2 4 9 8 

0 . 2 8 0 8 

0 . 2 9 7 9 

0 . 3 m 

0 . 3 2 0 2 

0 . 3 5 3 3 
0 . 3 7 7 8 

0 . 3 8 9 9 

0 . 4 3 6 2 

0 . 4 5 2 7 
0 . 4 9 2 5 

for the con< luctivity of t h e ac id • 

T A B L E I. 

ivity of Solutions of Calcium Formate 
X-

0 . 0 0 2 2 2 5 2 

0 . 0 0 3 2 4 2 0 

0 . 0 0 3 8 1 5 3 

0 . 0 0 4 4 7 8 0 

0 . 0 0 4 5 5 6 4 

0 . 0 0 5 3 3 2 4 

0 . 0 0 6 3 7 1 6 

0 . 0 0 6 6 6 7 1 

0 . 0 0 7 0 4 6 8 

0 . 0 0 7 7 9 1 8 

0 . 0 0 8 3 2 8 8 

0 . 0 0 8 7 2 5 0 

0 . 0 0 9 7 5 2 

0 .0106605 

0 . 0 1 i 1 4 9 5 

0 . 0 1 1 5 0 8 

0 . 0 1 1 7 6 2 

0 . 0 1 2 6 4 1 

0 . 0 1 3 2 6 0 

0 . 0 1 3 5 6 3 

0 . 0 1 4 6 9 0 

0 . 0 1 5 0 6 5 

0 . 0 1 5 9 3 2 

Xo-

0 . 0 0 2 1 6 2 2 

0 . 0 0 3 1 8 0 8 

0 . 0 0 3 7 5 4 1 

0 . 0 0 4 4 1 5 0 

0 . 0 6 4 4 8 3 0 

0 . 0 0 5 2 6 9 3 

0 . 0 0 6 3 0 8 5 

0 . 0 0 6 6 0 4 1 

0 . 0 0 6 9 8 3 4 

0 . 0 0 7 7 2 8 8 

0 .0082655 

0 . 0 0 8 6 6 3 8 

0 . 0 0 9 6 8 7 

0 . 0 1 0 5 9 9 3 

0 . 0 1 1 0 8 8 5 

0 . 0 1 1 4 4 7 

0 . 0 1 1 7 0 0 

0 . 0 1 2 5 7 9 

0 . 0 1 3 1 9 7 

0 . 0 1 3 5 0 0 

O.014627 

0 . 0 1 5 0 0 2 

0 . 0 1 5 8 6 9 

10OX0. 

i . 8 1 9 0 

1 . 9 1 9 5 
2 . 0 3 1 3 

2 . 0 8 7 4 

2 . 1 5 4 7 
2 . 1 6 2 1 

2 . 2 3 1 0 

2 . 3 1 5 4 

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

2 . 4 2 4 8 

2 . 4 6 8 5 

2 . 4 9 9 4 

2 . 5 7 8 7 

2 . 6 4 9 1 

2 . 6 8 6 5 

2 . 7 1 7 6 

2 . 7 3 6 7 

2 . 8 0 8 7 

2 . 8 6 2 5 

2 . 8 8 7 8 

2 . 9 8 2 3 

3 . 0 1 7 8 

3 . 1 0 3 7 

used as a solvent,1 in the fourth 

in Anhydrous Formic Acid a t 25 °. 
X0 . 

54.98 
5 2 . 1 0 

4 9 . 2 3 

4 7 - 9 1 
4 6 . 4 1 

4 6 . 2 5 

4 4 . 8 2 

4 3 . 1 9 
4 2 . 7 4 

4 2 . 2 9 

4 1 . 2 4 

4 0 . 5 1 
4 0 . 0 1 

38.78 
37.75 
37-22 

3 6 . 8 0 

36.54 
35.60 

34.93 
34.63 
33.53 
3 3 - H 
32 .20 

a. 

O.844 
0 . 8 4 1 3 

0 . 8 1 5 3 

0 . 7 8 5 6 

C 7 7 7 5 
O.7692 

0 . 7 5 0 2 

0 . 7 3 6 9 
0 . 7 2 7 7 

0 . 7 0 5 4 
0 . 6 8 6 6 

0 . 6 7 7 1 

0 . 6 6 9 3 

0 . 6 6 4 7 

0 . 6 4 7 6 

0 . 6 3 5 5 

0 . 6 2 9 9 

0 . 6 0 9 9 

0 . 6 0 2 8 

0 . 5 8 6 1 

k. 

( 0 . 4 3 5 ) 

( 0 . 4 3 2 ) 
0 . 4 2 3 

0 . 4 2 1 

0 . 4 2 0 

0 . 4 2 3 

0 . 4 2 2 

0 . 4 2 2 

0 . 4 2 1 

0 . 4 2 2 

0 . 4 2 2 

0 . 4 2 3 
0 . 4 2 2 

0 . 4 2 2 

0 . 4 2 1 

(0 .419 ) 
(0 .418 ) 

(0 .416 ) 

(0 .414 ) 

(0 .409 ) 

TABUS I I . 

Conductivity of Solution of Strontium Formate in Anhydrous Formic Acid at 25 °. 
C. 

0 . 0 0 0 0 

0 . 0 3 6 0 

0 . 0 4 7 6 

0 . 0 6 7 2 

0 . 0 9 6 4 

0 . 1 1 1 7 

0.1380, 

0 . 1 6 0 4 

0 . 1 7 8 4 

0 . 1 8 6 8 

0 . 2 3 5 3 

0 . 2 5 6 5 

0 . 2 7 1 8 

0 . 3 0 0 1 

0 . 3 1 4 9 

0 . 3 4 4 3 

0 . 3 8 5 9 

X-

0 . 0 0 2 0 3 9 

0 . 0 0 2 6 1 0 

0 . 0 0 3 5 2 5 

0 . 0 0 4 7 8 5 

0 . 0 0 5 4 2 6 

0 . 0 0 6 4 7 5 

0 . 0 0 7 3 4 3 

0 . 0 0 8 0 1 6 

0 . 0 0 8 3 1 2 

0 . 0 1 0 0 1 9 

0 . 0 1 0 7 2 5 

0 . 0 1 1 2 0 7 

0 . 0 1 2 1 0 6 

0 . 0 1 2 5 4 9 

0 . 0 1 3 4 1 8 

0 . 0 1 4 5 7 8 

X0-

0 . 0 0 1 9 7 8 

0 . 0 0 2 5 4 9 

0 . 0 0 3 4 6 7 

0 . 0 0 4 7 2 4 

0 . 0 0 5 3 6 5 

0 . 0 0 6 4 1 3 

0 .007282 

0 . 0 0 7 9 5 6 

0 . 0 0 8 2 5 1 

0 . 0 0 9 9 5 9 

0 . 0 1 0 6 6 4 

0 . 0 1 1 1 4 6 

0 . 0 1 2 0 4 5 

0 . 0 1 2 4 8 8 

0 . 0 1 3 3 5 7 

0 . 0 1 4 5 1 7 

1 The specific conductivity of the 
6.3 X io~6 . 

100/X0. 

I .7582 

I . 8 2 0 6 

1.8666 

1 .9404 

2 . 0 4 1 5 

2 .0825 

2 . 1 5 1 2 

2 . 2 0 3 2 

2 . 2 4 3 0 

2 . 2 6 3 4 

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

2 . 4 3 9 0 

2 .4911 

2 .5213 

2 . 5 7 7 7 
2 . 6 5 7 9 

xa. 
5 6 . 8 7 6 

5 4 - 9 2 8 

5 3 - 5 7 4 
5 I - 5 3 6 

4 8 . 9 8 3 
48 .020 

46.486 

45.389 
44-583 
4 4 . i 8 i 

4 2 . 2 4 3 

4 1 - 5 7 3 
4 1 . 0 0 1 

4 0 . 1 4 3 
3 9 - 6 6 3 

3 8 . 7 9 6 

37 -637 

a. 

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

0 . 9 0 6 1 

0 . 8 6 1 2 

0 . 8 4 4 3 

0 . 8 1 7 3 

0 . 7 9 8 0 

0 . 7 8 3 9 
0 . 7 7 6 8 

0 . 7 4 2 7 
0 . 7 3 0 9 

0 . 7 2 0 9 

0 . 7 0 5 8 

0 . 6 9 7 3 

0 . 6 8 2 1 

0 . 6 6 1 7 

acid used for these experiments 

k. 

(o.979) 
(0 .727 ) 

(0 .587) 

(0 .515 ) 

(0 .511 ) 

0 . 5 0 5 
0 . 5 0 6 

0 . 5 0 7 

0 . 5 0 5 

0 . 5 0 5 
0 . 5 0 9 

0 . 5 0 6 

0 . 5 0 8 

0 . 5 0 6 

(0 .504 ) 
( 0 . 4 9 9 ) 

averaged about 
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column the corrected equivalent conductivity X0, in the fifth column ioo 
divided by the equivalent conductivity, in the sixth column a, which is 
a calculated value which corresponds to what would be the degree of 
ionization for the case of the uni-univalent salts and which we obtained in 
the manner described below, and in the sixth column K, a constant over 
a certain range of the concentrations investigated, calculated as explained 
later. 

For the purpose of interpreting our experimental data, we followed the 
method used in the earlier papers. I t is possible to cast the mass law 
for uni-bivalent salts into a form in which suitable plotting would result 

in a straight line if the mass 
law were obeyed. Our data 
plotted in this way did not 
give a straight line. It oc­
curred to us that the cause of 
this lack of agreement might 
be ionization into an inter­
mediate ion—in the case of 
the calcium formate, for ex­
ample into CaOCHO+ and 
OCHO-. We therefore plot­
ted the values of ioo/X against 
X, which accordingto theequa-
tion i/X = i/X0 + (i/KX0

2)cX 
gives a straight line in the 
cases of uni-univalent salts 
which obey the mass law. 
These plots are shown in Fig. 
i. For the purpose of com­
parison, the corresponding 

curve for sodium formate, taken from the work of Schlesinger and Reed,1 

has been added. 
It will be seen that the curves for the alkaline earth formates differ in 

some respects from those obtained for the uni-univalent salts. The latter 
are straight lines, without a break from the lowest concentrations which 
have thus far been accessible to reliable measurement to a concentration 
varying from 0.28 to above 0.45 normal in the different salts. At higher 
concentrations a deviation of a nature to be expected2 has been observed for 
all of the uni-univalent salts investigated. The curves for the alkaline 
earth formates on the other hand consist of three sections. The portion 
of the curve representing the lower concentrations consists, so far as the 

1 hoc. cit. 
2 Schlesinger and Martin, T H I S JOURNAL, 36, 1599 (1914). 
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data now available indicate, of two straight lines which intersect at a 
concentration in the neighborhood of o.i equivalent. From this point of 
intersection upward the curves for these salts are in all respects like those 
for the alkali metal formates.1 It is therefore clear that two sets of 
values can be found for the terms X0 and K in the equation given on a 
previous page. The values calculated for the tables are those referring 
to the points on the middle portion of each of the curves. 

We are as yet unable to give a satisfactory explanation of the behavior 
of these alkaline earth formates. It is quite likely that these salts ion­
ize into a metal formate ion which in the more dilute solutions is some­
what decomposed into the simple metal ion and that this second ionization 
becomes sufficiently great at the concentration where the two lines inter­
sect to effect the conductivity appreciably. I t is not clear why, if this 
interpretation is correct, there should be a sharp break at this point. It 
was our intention to investigate these questions further by studies on the 
solubilities of these formates in the presence of salts with common ions 
and also to make possible the measurement of the conductivities at still 
lower concentrations by reducing the conductivity of the solvent by new 
means which have been partially worked out, but this intention was frus­
trated by the necessity of taking up work of more immediate importance 
in connection with the war. While this work is therefore in a sense incom­
plete it was thought desirable to publish it in its present form because 
reference has to be made in the data here presented in the next two papers 
of this series which are to be published soon. 

CHICAGO, ILLINOIS. 

[CONTRIBUTION FROM THE CHEMICAL LABORATORIES OF THE ARKANSAS AGRICULTURAL 
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THE IDENTIFICATION OF ACIDS. IV. PHENACYL ESTERS. 
BY J. B. RATHBK2 AND E. EMMET REID. 

Received August 9, 1918. 

In several recent papers8 ^-nitrobenzyl esters of a large number of 
acids have been described, and it has been shown that such esters are 
readily formed and that many of them are useful for identification pur­
poses; but some of the esters melted too low, some too high, and others 
had undesirable properties. The presence of the nitro group leads to 

1 In the reproduction of the curve for sodium formate, the upper portion which 
deviates from the straight line is not shown. 

2 The experimental work described in this paper, except that relating to the prepara­
tion of the reagent and that with phenacyl chloride was carried out in the laboratory 
of the Department of Agricultural Chemistry of the Arkansas Agr. Exp. Station. 
Thanks are due to Prof. J. Sam Guy of the University of Arkansas for some of the 
acids used. 

3 T H I S J O U R N A L , 39 , 124, 304, 7 0 1 , 1727 (1917) . 


