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The work here presented is part of a series of measurements which 
has been carried our during recent years upon the vapor pressures of 
amalgams. The previous papers give vapor-pressure measurements upon 
the following amalgams: zinc,1 silver,2 gold,2 bismuth,2 thallium,8 and sup
plement the important investigations of T. W. Richards4 and G. A. Hulett5 

and their co-workers upon the electromotive forces of amalgam-concentra
tion cells and other properties of amalgams at ordinary temperatures. 

The experimental procedure was essentially the same as that used in 
the earlier investigations and need not be again described. The accuracy 
is somewhat inferior to that of earlier measurements, although the "proba
ble error" of the average value at each concentration is less than ±0.001 
in all cases except with the concentrated lead amalgams, where, for some 
unknown reason, it increased. 

The results are given in Tables I, II and III, where n represents the 
number of mols. of mercury per mol. of the other constituents, N repre
sents the mol-fraction of mercury (equal to n/(n + 1); p the vapor pressure 
of mercury over the amalgam of composition N, and p0 that of pure mer
cury at the same temperature. 

The calculated values were obtained by the aid of the equation: 
log p/po = log N + a/(i + en)1 (1) 

using the following values of a and c: 
Cd-amalgams. Pb-amalgams Sn-amalgams. 

a . . . , —1.40 +0.252 +0.220 

c . . . +1.90 +0.31 +0.26 

This equation is to be regarded simply as an empirical expression for 
smoothing vapor-pressure data, as was done in the earlier papers of this 
series. 

The results are also expressed graphically by the curves in the figure. 
It will be noted, that the vapor pressures of cadmium amalgams are less 
than are demanded by Raoult's law, p/p0 = N, and that the deviation 
becomes much greater at high concentrations of cadmium. Tin and lead 

1 J . H. Hildebrand, OHg. Comm. 8th Inter. Cong. Appl. Chem., 32, 139, 147; Trans. 
Am. Electrochem. Soc, 22,319, 335 (1912); T H I S JOURNAL, 35, 501 (1913). 

2 Ermon D. Eastman and J. H. Hildebrand, T H I S JOURNAL, 36, 2020 (1914). 
a Ibid., 37, 2452 (1915). 
1 Carnegie Inst. Pub., 56,118; Z. physih. Chem., 58, 683 (1907); 72, 129, 165 (1909); 

T H I S JOURNAL, 41, 1732 (1919). 
6 T H I S JOURNAL, 30, 1812 (1908); J. Phys. Chem., 14,158 (1910). 
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amalgams at 324° show almost identical deviations from Raoult's law, 
just as they do at ordinary temperatures, as seen from the e. m. f. measure
ments of Richards and Garrod-Thomas. 
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The values for lead amalgams of high lead content are very unsatis
factory, so far as consistence is concerned, and, from theoretical consid
erations, are doubtless too low. It is extremely improbable that the 
curve contains any inflection at the lower end, as the measurements 
would seem to demand. There is no other case known to us in all the 
literature on vapor pressure where such behavior is indicated. More 
careful investigation of this region was prevented by the entrance of all 
of us into war service, and it has not since seemed worth while to hold 
up the publication of these results for the experimental work it would 
require. 

TABLE I .—CADMIUM AMALGAMS AT 322°. 
P/Po 

Wt. Cd. 
G. 

I .046 

2 . 0 5 0 

4 - 7 5 2 

7 -034 

8 . 8 7 4 

8 . 8 7 9 
1 0 . 0 8 

Wt. Hg. 
G. 

2 5 - 2 3 
22 . 6 l 

23 .9O 

2 0 . 6 7 

I 5 - I O 

I I . 3 6 

8 . 9 0 

n. 

13-51 
6 . 1 9 

2 . 8 1 5 
I .650 

0 . 9 5 3 
0 . 7 2 0 

0 - 4 9 5 

N. 

O.931 

O.861 

0 . 7 3 8 

0 . 6 2 3 

0 . 4 8 8 

0 . 4 1 8 

0 . 3 3 1 

Number 
of obs. 

6 
5 
6 
6 
5 
6 
6 

Obs. 

0 . 9 2 0 

0 . 8 5 0 

0 . 6 8 8 

0 . 5 2 5 
0 . 3 2 2 

0 . 2 3 2 

O.148 

CaIc(O. 

O.927 

O.845 

O.680 

O.522 

O.323 
O.235 

O.I48 

CaIc. (2) 

0 . 9 2 8 

O.847 
0 . 6 8 2 

0 . 5 I 3 

0 . 3 I 7 
0 . 2 3 5 

O.I54 
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TABUS I I . — L E A D AMALGAMS AT 3240 , 

Wt. Pb. Wt. Hg. 
O. G. 

1.155 I I -6? 
I .240 11.77 
1-734 9.358 
3.005 11.11 
3.026 9.990 
2.590 6.440 
4.449 6.432 
5-603 5-35° 
6.880 4.558 
8.059 3.426 
8.037 3.210 
9.652 2.342 
7.846 1.087 

10.518 I .145 

«. 
10.43 
9.80 
5-56 
3.48 
3.41 

2.57 
i .492 
0.987 
0.820 
0.440 

0.412 
0.251 

0.1513 
0.1122 

JV. 

0.912 
0.907 
0.848 

0.777 
0.774 
0.720 

0.599 
0.497 
0.407 
0.305 
0.292 
0.201 
0.125 
0.101 

Number 
of obs. 

4 

5 

5 

5 
8 

7 
6 

9 

7 
6 

4 

9 

9 

4 
a The values in parentheses are regarded as inaccurate. 

VlV 

Obs. 

0.944 
O.944 

0-9I5 
O.897 
O.887 
O.855 
0.782 
O.700 

O.S97 
(p. 448)" 
(0.452) 
(0.302) 
(0.14.9) 

(0.137) 

O -

CaIc. 

O.943 
O.938 
O.918 
O.887 
O.886 
O.861 
O.784 
O.698 
O.590 
O.478 
O.461 

0.33I 
O.212 
O.174 

TABW3 I I I . — T I N AMALGAMS, AT 324° 

Wt. Sn. Wt. Hg. 
G. G. 

O.6166 15-33 
1.224 18.59 
1.224 18.46 
2.510 19.12 
2.501 19.25 
3.322 13-OO 
4.739 12.03 
5.234 8.930 

5-235 5-846 
5.742 4.138 
6,904 2.915 
8.851 i .651 

U. 

14.68 
9.00 
8.93 
4-51 
4.300 
2 .281 
i .500 
1.007 
0.660 
0.428 
0.250 
0.1103 

?he values for cadmium amalgams 

N. 

O.936 
O.900 
0.899 
0.818 
0.811 
0.695 
O.600 
0.502 
O.398 
O.299 
0.2OO 
O.099 

Number • : 
of obs. Obs. 5 O.958 

7 0.944 

5 0-943 
6 0.908 
5 0.911 
5 0.850 
5 0.777 
6 0.690 
6 0.574 
8 0.450 
7 0.313 
4 0.159 

can be reproduced very-

CaIc. 

0.959 
O.944 
O.942 
O.912 
0.908 
O.849 
0.780 
0.690 

0.575 
0-451 
O.312 
0.160 

closely by 
assuming partial solvation, according to the equation: 

Cd + Hg = CdHg, 
as was done in a previous paper,1 for the sake of calculating the e. m. f. 
of cadmium amalgam concentration cells. 

The formula there given was 
p » - ! - f V(» + i)2 —• ^Bn 

Po n + i + V(» + i)2 — 4Bn 
where B is a constant which is a function of the equilibrium constant for 
the above reaction. The values in the last column of Table I, designated 
"calc. (2)," have been calculated using this formula, assigning to B the 

1 J . H. Hildebrand, "The Constitution of Certain Liquid Amalgams," T H I S JOUR-
NAi,, 35, 501 (1913). 
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value 0.75, which does not differ greatly from the value 0.667, u s e ( i t o 

calculate the e. m. f. values of Richards and Forbes and of Hulett and De-
Lury1 at 25 °. The behavior of cadmium amalgams maj', therefore, be 
explained on the basis of the formation of a new molecular species with
out assuming the failure of Raoult's law. 

This cannot so easily be done, however, in the cases of lead and tin 
amalgams, for the deviations from Raoult's law are here so great that they 
could be accounted for only by the assumption of molecules of lead and 
tin more complex than Pb2 and Sn2, and even curves so calculated would 
not correspond at all well to the actual curves.2 

A theoretical discussion of all the data on amalgams obtained in this 
series of investigations will be the subject of a future communication. 

Summary. 
i. Vapor pressures of mercury over amalgams of cadmium, lead and 

tin at 3240 have been measured at intervals covering the entire range 
of concentrations. 

2. The values of the constants in an empirical equation relating vapor 
pressure to composition are given for each amalagam. 

3. Cadmium amalgams gave vapor pressures less than Raoult's law de
mands, and the deviations can be calculated on the assumption of partial 
solvation, varying with the concentration according to the mass law, to 
form molecules of CdHg. 

4. Lead and tin amalgams give vapor pressures which are nearly equal, 
and are much greater than Raoult's law demands. The deviations can
not be accounted for by assumption of any simple molecular change. 

BBKKBLBy, C A I , . 

NOTE. 
Correction.—In the paper on "The Genesis of Petroleum as Revealed 

by its Nitrogen Constituents," in the October, 1919, number of THIS 
JOURNAL,, p. 1692, on line 32, the words "methyl chinolines" should 
read alkyl chinolines, and on p. 1694, on line 35, the words "12 kg." should 
read 3 kg. C. F. MABERY. 

1 hoc. cit. 
8 See discussion of bismuth amalgams, loc. cit. 


