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ing the smallest amount of dissolved salts. It agrees fairly well with the 
calculated composition of the 5 : 6 : 2 salt, which forms also from alco
hol. The salt can be recrystallized. Mercuric chloride and potassium 
chloride were therefore dissolved in hot acetone in the proportion in 
which they are present in the 5 : 6 : 2 salt and the solution was allowed 
to crystallize at 25°. The analytical results were: 

Calculated for 
Found. 5KCI. 6HgCl5.2C3HcO. 

HgCl, 77.52 76.87 
KCl 17.46 17.64 
C3H60 5-02 (Diff.) 5.47 

Acetone is lost rapidly by both salts in the air, so this constituent 
varies considerably from the calculated values in most of the analyses. 

The salts with potassium chloride obtained from the three solvents 
are summarized in the following table: 

From water. From alcohol. From acetone. 

KCl.5HgCl,C,H,0 
KC1.2HgCla.2Hs0 

5KC1.6HgCl,.2C,H,0 5KC1.6HgCl,.2C,H,0 
KCl.HgCla.H,0 
2KCl.HgClj.H20 

It will be noticed that none of the types of salts formed from water 
are formed from the other solvents, and further, that the 1 : 5 : 1 salt 
from acetone is not formed either from water or from alcohol. The 1 : 5 
salt without water has, however, been prepared with rubidium and with 
caesium. 

From the results obtained in this investigation the conclusion may be 
drawn that when a double salt is formed containing the solvent, the lat
ter is an essential constituent of the salt and is as important in deter
mining the type of double salt formed, as are the individual salts. The 
substitution of one solvent for another may even prevent a double salt 
from forming. 
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The problem as to the nature of the solid amalgams was first systemat
ically investigated by Kerp,1 who carried out exact solubility determina
tions with certain members of the class. In every case the solid 
as well as. the saturated solution in equilibrium with it was analyzed. 

1 Z. anorg. Chem., 17, 284 (1898). 
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In a second paper,1 by Kerp and Bottger, the solubility determinations 
were continued, and the results were interpreted according to the phase 
rule. The various phenomena which are possible are discussed at length 
by Kerp and Bottger. By determining for various temperatures the 
composition of each of the phases in equilibrium, Kerp and Bottger were 
in a position to judge whether the solid phase, owing to its constant 
composition at different temperatures, was to be classed as a chemical 
individual, and, if so, between what temperatures it was capable of ex
istence. 

An undoubted disadvantage of Kerp and Bottger's method lies in the 
fact that it is extremely difficult to completely separate the crystalline 
amalgams from the adhering mother liquor, which renders the analytical 
results for the solid phases very uncertain.2 For example, the work of 
Maey,3 which is free from this error, has rendered the existence of the 
compound NaHg8, described by Kerp and Bottger, very uncertain. 

In our work on the electrolytic preparation of the alkali and alkali 
earth amalgams,4 in which large quantities of the solid amalgams were 
at our disposal, the crystals left behind on filtration showed in several 
instances a higher alkali content than was obtained by Kerp and Bottger. 
We therefore repeated their work, at the ordinary temperature, with the 
addition that the mother liquor left behind on filtration was removed 
as far as was possible, without undue risk of oxidation, by means of a 
high-speed electric centrifugal machine. We have included caesium 
amalgam, which Kerp and Bottger did not prepare, and have also in 
certain cases repeated their solubility determinations. 

Unless otherwise stated, the solid amalgams, obtained by filtration 
through chamois skin on the filter pump, were introduced into narrow 
glass tubes (internal diameter = 8 mm.), in which they were melted; 
while in this condition, the ends of the tubes were vigorously tapped 
upon the desk, in order to jar to the surface the air bubbles and any 
hydroxide which might be present. The tubes were then sealed off just 
above the surface of the melt. They were later cut into 3-centimeter 
sections, and the amalgams were removed in the form of compact, crys
talline sticks, which were centrifuged at high speed for 5-10 minutes 
in open Gooch crucibles, without filters. Samples weighing 1-8 grams, 
from which the outer, slightly tarnished surfaces had been removed 
with a knife, were then at once analyzed. The samples were covered 
with water (to which a few drops of methyl orange were added), 0.1 N 
hydrochloric acid was run in just to neutral reaction, an excess was then 

1 Z. anorg. Chem., 25, 1 (1900). 
8 Cf. Kerp and Bottger, Loc. tit., p . 8; also Abegg's "Handbuch," Vol I I , part 2, 

P- 573-
8 Z. physik. Chem., 29, 119 (1899). 
4 T H I S JOURNAL, 31, 799 (1909). 
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added, and, after the decomposition of the amalgam, this was titrated 
back with 0.1 N sodium hydroxide. The water had acquired its alka
linity, which was generally equivalent to about 1 cc. of 0.1 Ar acid, from 
the oxidation products present; its action on the amalgam itself was neg
ligible. The alkali content of an amalgam was therefore calculated 
from the volume of acid that was required to actually decompose the 
amalgam. 

Caesium amalgam, in the form of crystalline sticks, was rapidly oxid
ized in the centrifuge. Large crystals, obtained by allowing the liquid 
amalgam, saturated at the ordinary temperature, to stand for several 
hours in cracked ice, were, however, centrifuged at high speed for 5 min
utes without apparent oxidation. Two samples, weighing 7-8 grams, 
gave, on analysis, 5.05 and 5.07 per cent, of caesium. This was the 
highest caesium content we obtained. In the cases of sodium and lith
ium amalgams the crystalline sticks remained compact throughout the 
treatment, and the results are considered reliable. On disintegrating 
the solid sticks of the centrifuged sodium amalgam, fine, needle-like 
crystals of a splendent metallic luster were obtained. To the eye they 
showed no sign of oxidation, and, unlike those of caesium, rubidium and 
potassium amalgams, they were clean-cut and free from any indication 
of mother-liquor. The results for the crystalline amalgams are given 
as a whole in Table I : 

TABLE I. 
Alkali 

content 
Alkali content required 

of crystals separated by filtration. Alkali content Nearest by the 
, - tf centrifuged theoretical foregoing 

Amalgam. K.erp and BSttger. Smith and Bennett. crystals. formulas. formulas 

„ . S CsHg 1 3 4 . 8 6 
C a e s i u m . . . 4 - 7 * 5 . 0 5 - 5 . 0 7 J ^ ^ 2 5 

R u b i d i u m . 3 . 5 6 - 3 . 8 0 3-55 3 . 4 8 - 3 . 5 3 | ^ H g , ; t i t 

„ . ) K H g 1 1 1-75 
P o t a s s i u m . 1.55 i-7<> 1 . 6 3 - 1 . 6 4 j K H j £ l 6Q 

0 J . < (o° -4o° ) 1.76 I . 2 . 2 8 - 2 . 2 8 N a H g 6 1.88 
SodlUm.. . <; - ON TT ^T TT 

J ( 4 2 ° - i o o ° ) 1 . 9 6 - 2 . 1 5 . . . . . I I . 2 . 1 2 - 2 . 1 3 N a H g , 2 . 2 5 
f I . i . 0 9 - 1 . 0 9 L i H g 6 0 . 7 0 

L i t h i u m 1 . . ( o ° - i o o ° ) 0 . 7 0 0 . 8 7 5 I L i H g 4 0 . 8 7 
[ I I . 1 . 1 0 - 1 . 1 1 L i H g 3 1.15 

) B a H g 1 , 5 .02 
B a r i u m . . . . 4 . 6 0 - 4 . 9 5 5 - 3 8 - 5 . 5 5 j B a H ^ . ^ 

) S r H g 1 , ?.2> 
S t r o n t i u m . . 3 - 3 3 - 3 - 4 2 3 - 3 3 - 3 - 5 3 } S r H g ) , 3 .52 

1 K e r p a n d B o t t g e r h a d ve ry l i t t le c rys ta l l ine l i t h ium a m a l g a m to work wi th , 

wh ich necessar i ly inc reased t h e difficulty of s e p a r a t i n g t h e m o t h e r l iquor b y filtration 

on t h e filter p u m p . T h e i r low resu l t is ev iden t l y d u e to t h e presence of m o t h e r l iquor. 
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From the last three columns in the table it is seen that, in spite of the 
disadvantages of the method, the results tend to indicate the existence 
of compounds of the formulas CsHg12, RbHg12, KHg12, NaHg5, UHg3, 
BaHg12 and SrHg12. Nevertheless, the numerical results are misleading, 
and the only indications which are to be regarded as reliable are those 
for the sodium and lithium compounds. In the other cases the results 
prove only that, in the general formula MeHgM, the maximum value of 
n is 12. It is curious that, in the case of lithium amalgam, Kerp and 
Bflttger, by filtration, obtained values in agreement with the formula 
IiHg6, while we, by filtration, arrived at the formula LiHg4, and by 
means of the centrifuge at the formula LiHg3. From his work Maey1 

deduced the existence of LiHg5, of LiHg3 and of other compounds richer 
in lithium. His results, however, do not so unmistakably indicate the 
existence of LiHg6, as they do that of LiHg3.-

Kerp,1 in his original paper, did not observe the compound NaHg8, 
and Kerp and Bottger account for this on the assumption that the com
pound was decomposed during filtration by the pressure that was then 
exerted upon its surface in order to completely remove the mother liquor. 
In their common paper1 they take exception to the work of Maey, 
which failed to indicate the existence of a compound richer in mercury 
than NaHg6. Maey1 determined the specific volumes of amalgams of 
varying composition, and from the specific-volume curves he deduced 
the existence of certain definite compounds. Among others, he deter
mined the specific volume of an amalgam containing 1.90 per cent, of 
sodium (NaHg, requires 1.88 per cent.) and obtained the value 0.08168. 
The next amalgam contained 2.63 per cent, of sodium, and for it he ob
tained the specific volume 0.08545. We have determined the specific 
volume of an intermediate amalgam, which contained- 2.12 per cent, of 
sodium (NaHg6 requires 2.25 per cent.) and have obtained the value 
0.08277. It is evident that the compound NaHg5 could not have re
sulted from a specifically heavier one through the agency of pressure 
alone. Neither is it at all likely that the solid sticks of amalgam were 
heated much above the ordinary temperature in the centrifuge. Our 
results harmonize with those of Maey in denying the existence, at the ordi
nary temperature, of a compound of the formula NaHg6. 

Table II contains the weight of amalgamated metal that is present in 
100 grams of the saturated liquid amalgam. I t should be borne in mind 
however, that these metals are not present in the solution in the free 
state; they are present in the form of compounds of the general formula 
MeHgn, dissolved in an excess of mercury.2 In the table our own deter-

1 Loc. cit. 
1 Cf. Z. anorg. Chem., 58, 381 (1908). 
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minations are indicated by asterisks. The other values are those of Kerp 
and Bottger, which are given for the sake of comparison. 

TABLE II . 

t0. 

o 

18 

1 9 . 5 

20 

22 

23 
24 
25 
26 

30 
64-5 

Cs. 

* I . Q 
* 2 61 

R b . 

O.92 

* I . 2 I 

O.47 

• 0 . 4 6 

i-37 

K. 

0 . 3 1 

0 - 5 3 

O.56 

Na. 

0 . 5 4 

O.63 

O.65 

O.67 

U . 

0 , 0 4 

*o.047 

O. IO 

Ba. 

0 . 1 5 

O.32 

* 0 . 3 2 

o-34 

o.43 

Sr, 

0 . 7 3 
I . 0 4 

* I . 12 

I .27 

Ca.i 

= o r>*o ,09 

In conclusion, it is desired to offer an explanation of the well-known 
fact that, although mercury itself will not adhere to such metals as iron 
and platinum, even very dilute alkali and alkali-earth amalgams do read
ily adhere to them. Upon dipping a platinum wire covered with ad
hering amalgam into dilute hydrochloric acid, the alkali metal is extracted 
and the resulting mercury does not continue to adhere to the platinum. 
I t has been shown2 that, in the decomposition of these amalgams with 
hydrochloric acid, a point is reached at which there is a sudden increase 
in the surface tension of the amalgams, accompanied by the sudden 
evolution of a cloud of minute hydrogen bubbles, and by a sudden de
crease in the solution pressure of the amalgams. I t would appear, there
fore, that the adhesion of the amalgams to platinum and to iron is due 
rather to the inferior cohesion of the amalgams than to any chemical 
reaction. 

UEBANA, I I I . 
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The work on double phosphates4 suggested the preparation of corre
sponding arsenates, especially as reference to the literature showed that 

1 We were unable to prepare an amalgam containing more than 0.09 per cent, of 
calcium. I t was filtered a t 23°, and was entirely liquid. 

1 T H I S JOURNAL, 31, 31 (1909). 
8 Presented in abstract before the Boston Meeting of the American Chemical 

Society, December, 1909. 
* T H I S JOURNAL, 29, 714 and 1194 (1907). 


