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dence to support it, belief is held that the higher 
values obtained on the samples just after their 
receipt may reasonably be selected as more repre
sentative, and weighted preference be given 
them. 

The results obtained on the original 3,3-di-
methylpentane were seriously out of line. The 
b. p. was somewhat high, also. Another sample 
of this compound was obtained from the Ethyl 
Gasoline Corporation. This sample as received 
showed the presence of traces of unsaturated ma
terial. It was subjected to rigorous purification 
but final fractionation was carried out in a differ
ent still from that used for the other isomers. 
The results are therefore not strictly comparable. 
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It is claimed2 that the concentration of dis
solved mercury salts cannot be determined 
polarographically. In the present paper it is 
shown that the concentration of both mercurous 
and mercuric salts can be determined with the 
dropping electrode, while a few experiments re
vealed that these salts yield well-defined diffusion 
currents at a platinum micro-wire electrode. I t 
was of interest to subject the various current-
voltage (c. v.) curves to a physico-chemical 
analysis. When in equilibrium with the surround
ing mercurous ion solution the potential of a mer
cury electrode is given by 

x = C + RT/2F la [Hg2],,++ (1) 
in which the subscript zero denotes the concen
tration (or better the activity) of the mercurous 
ions at the surface of the dropping electrode. 
The equation of the polarographic wave then 
should be given by3 

x = x0 + RT/2F In (id - t) (2) 
(1) From the experimental part of a thesis submitted by C. S. 

Miller to the Graduate School of the University of Minnesota in 
partial fulfillment of the requirements of the Doctor's degree (1940). 
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Julius Springer, Berlin, 1937. 
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Summary 

1. Isothermal heats of combustion at 25° 
have been reported for the nine isomeric hep
tanes. 

2. From these are calculated the energies of 
isomerization for the heptanes in liquid form. 

3. The heats of formation at 25° have been 
calculated and tabulated. 
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id denoting the diffusion current of the mercurous 
ions. 

When a solution of a mercuric salt is electrolyzed 
at the dropping electrode, the interaction between 
mercury and the mercuric ions has to be con
sidered 

Hg + Hg++ ^± Hg2++ (3) 

The equilibrium constant of this reaction 
[Hg2

++]/[Hg++] = K was first determined by 
Ogg,4 who shook solutions of mercuric nitrate 
with mercury until equilibrium was attained. He 
reported an average value for K of 120. Carter 
and Robinson5 determined the oxidation potential 
of mercurous-mercuric perchlorate solutions at 
a platinum electrode. From the value obtained 
and the normal potential of the mercury-mercur-
ous ion electrode they calculated a value of K of 
81. In the experimental part it is shown that 
equilibrium between mercury and mercuric ions 
(eq. 3) is established very rapidly at the dropping 
electrode. Consequently, the c. v. curve of a 
mercuric salt (strong electrolyte) should practi
cally coincide with that of an equimolecular mer-

(4) A. Ogg, Z. thysik. Chtm., 27, 293 (1898). 
(5) S. R. Carter and R. Robinson, J. Chem. Soc, 207 (1927). 
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curous salt, and the equation of the wave should 
be given by expression (2). 

Interesting also is the behavior of mercuric 
chloride 

Hg + HgCU ^ ± Hg2Cl2 (4) 

From various complex and other equilibrium con
stants reported in the literature we calculate that 
the concentration of mercuric chloride in aqueous 
solution which is in equilibrium with metallic 
mercury and solid mercurous chloride is 1.7 X 
1O-6 M. At reasonable concentrations, therefore, 
reaction (4) will go quantitatively to the right. 
In the experimental part it is shown that this 
equilibrium is established practically instantane
ously at the dropping electrode. The cathodic 
wave, then, of mercuric chloride corresponds to 
the reduction of calomel 

Hg2Cl2 + 2« ̂ ± Hg + 2Cl-

and the equation of the wave is given by 

T = C + g^ln ^ S ? = C - ^ I n [Cl-J0 = 

TTO" - RT/F In * (5) 
When the current approaches the diffusion cur

rent and there is no more solid mercurous chloride 
around the electrode, expression (5) does not hold 
any longer. 

Experimental 
Current-voltage curves with the dropping electrode 

were determined with the manual apparatus3 at 25.00 =t 
0.05°. Since mercury ions from their strongly dissociated 
salt solutions are discharged at fairly positive potentials, 
it is not necessary to remove the oxygen in analytical work. 
In the present work, as a rule, oxygen was removed in the 
usual way. 

C. v. Curves of Mercurous and Mercuric Nitrate.—Solu
tions in 0.1 N nitric acid as supporting electrolyte were 
electrolyzed. With both mercurous and mercuric salts 
pronounced maxima on the c. v. curves were found before 
the diffusion currents were attained. These maxima were 
eliminated by adding small amounts of suppressors, such as 
tropeolin 00 (about 1 0 - 5 M), methyl red (about 1 0 - 6 M) 
or gelatin (0.01%). Examples of c. v. curves obtained in 
the presence of maximum suppressors are given in Fig. 1. 

Diffusion currents of mercuric and mercurous mercury 
after correction for the residual current were found to be 
proportional to the concentration of these ions in the range 
studied between 2 X 1 0 - 4 and 2 X 10~3 M. Hence, mer
curous and mercuric ions can be determined polarographi-
cally in their strongly dissociated salts. 

Comparing the diffusion currents of equimolecular solu
tions of mercurous and mercuric nitrate revealed the un
expected result tha t id of the former was distinctly greater 
than that of the latter. With the aid of the Ilkovic equa
tion6 and the determined characteristics of the capillary 

(6) D. IlkoviE, Collection CzechosloD. Chem, Commun., 6,498 (1934). 

used, we calculated a diffusion coefficient of mercurous ions 
of 0.92 X 10 - B cm.2 s ec . - 1 and of mercuric ions of 0.82 X 
1O -6 cm.2 sec."1 a t 25°. I t is unexplained yet why dis
solved H g 2

+ + ions have a greater diffusion coefficient than 
H g + + ions. 

0.4 0.3 0.2 
Potential (S. C. E.). 

Fig. 1.—Reduction of mercurous and mercuric nitrates: 
I, Hg2(NOs)2 approx. K T 3 Af, HNO 3 10"1 N, Trop. 00 
10-* %; I I , Hg(N03)2 approx. 10~3 M, HNO 3 10"1 N, 
Trop. 00 10 - s %. 

From Fig. 1 it is seen that the waves of equimolecular 
mercurous and mercuric nitrate solutions start at the same 
potential and are identical in shape, except for the differ
ence in diffusion currents. If the mercuric nitrate did not 
interact with the mercury the potential of the system would 
be about 0.060 v. more positive than that of an equi
molecular solution of mercurous nitrate. Actually, a 
0.001 M mercurous nitrate solution in 0.1 N nitric acid 
yielded a potential of +0.4294 v. (vs. S. C. E.) at the drop
ping electrode, while the equimolecular solution of mer
curic nitrate had a potential of 0.4281 v. 

The waves of mercurous and mercuric nitrate were 
analyzed by plotting the potential after correction for the 
iR effect against log (ii — i). In both cases a straight line 
relation was obtained which was to be expected according 
to eq. (2). However, the slope of the line was 0.046 in
stead of the theoretical value 0.030. This slope was found 
to remain the same, independent of the maximum sup
pressor used. I t is possible that the deviation is due to an 
irregularity during the formation of the drops as a result of 
the interaction between mercury and the solutions. How
ever, no stirring around the forming drops could be seen 
microscopically in the presence of maximum suppressors. 

C. v. Curves of Mercuric Chloride at the d. e.—Typical 
current-voltage curves of mercuric chloride at the dropping 
electrode in the presence of methyl red as a maximum sup
pressor and 0.1 JV potassium nitrate as supporting electro
lyte are shown in Fig. 2. The diffusion current was found 
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to be proportional to the concentration, hence mercury in 
mercuric chloride can be determined polarographically. 
It is seen that the zero current potential and the waves 
until the diffusion currents were the same at concentrations 
between 1O-* and 10 -8 M mercuric chloride. This shows 
conclusively that the mercuric chloride reacts practically 
instantaneously at the dropping mercury with the forma
tion of mercurous chloride according to equation (4). 

0.4 0.3 0.2 0.1 
Potential (S. C. E.). 

. Fig. 2.—Reduction of mercuric chloride: I, KNOa 
10"1 N, HgCl2 approx. 1 X 10"4 M; II, KNO8 10"1 N, 
HgCl2 approx. 5 X 10"" M; III, KNO3 10"1 N, HgCl2 

approx. 10 X 10"* M; IV, KNO3 HT1 N, HgCl2 approx. 
20 X 10-" JIf (all in Me Red 10"6 M). 

When the concentration of mercuric chloride was 2 X 10 -8 

M the wave started at more negative potentials and inter
sected with the 10 -3 M wave at a current of about 7 micro-
amps. This shift of the beginning of the wave undoubt
edly is due to the interfering effect of the film of calomel 
around the dropping electrode which may be the seat of a 

large resistance. In a previous paper7 it was shown that 
abnormalities in the shape of the anodic wave of chloride 
close to the diffusion current occur at chloride concentra
tions of 2 X 10"3 M. The abnormality on curve IV dis
appears when the current gets larger as the calomel is re
moved by reduction to mercury and chloride ions. From 
Fig. 2 it is quite apparent that the "zero current potential" 
at the dropping electrode is not exactly equal to that 
measured at a quiet mercury electrode. The curve below 
the zero current line gives the residual (anodic) current of 
the medium. At the zero current potential in mercuric 
chloride solutions the anodic residual (charging) current is 
equal to the cathodic reduction current of mercuric chloride 
at this potential. The same considerations also hold in 
solutions of other mercury salts. 

In conclusion it may be mentioned that we have deter
mined and analyzed waves obtained with solutions of com
plex mercuric compounds, such as of HgI4" in an excess of 
potassium iodide, and of Hg(S2O3J2". The equations of 
the waves experimentally determined agreed with those 
derived on the basis of reversible reduction and the exist
ence of equilibrium conditions at the electrode. Since the 
results do not further contribute to the subject a detailed 
description is omitted. 

Summary 

1. At the dropping electrode the equilibrium 
Hg++ + Hg ?± Hg2

++ is attained practically in
stantaneously. The waves obtained with well 
dissociated mercuric and mercurous salts, there
fore, are practically identical. Mercuric chloride 
in contact with dropping mercury yields calomel 
quantitatively at the surface of the electrode. 

2. Mercurous and mercuric mercury in their 
salts can be determined polarographically, pref
erably in the presence of a maximum suppressor. 
In 0.1 N nitric acid the diffusion coefficient of 
Hg2

++ was calculated to be 0.92 X 10-6Cm-2SeC.-1 

and of Hg++ 0.82 X 10~5 cm.2 sec."1 at 25°. 
MINNEAPOLIS, MINNESOTA RECEIVED MARCH 21, 1941 
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