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In working with lead amalgams sevei-al types of procedure have
been employed by various individuals for obtaining the concentration of
the lead in the amalgams. These methods may be conveniently classiThere follows a
fied as electrolytic, gravimetric, and physico-chemical.
brief outline of the principles involved in the three types of procedure.

Electrolytic Methods.
One electrolytic method takes advantage of
the scheme used for preparing the amalgam. Under certain conditions
Stabler and Alders^ found that lead deposits in a mercury cathode.

They maintain that the amalgam formed may be washed with water,
and ether, and weighed. Knowing the original weight of the
mercury serving as the cathode, the increase in weight represents the
amount of lead deposited. From these two weights the concentration
In using this procedure Vortmann"
of the lead may be calculated.
encountered difficulties from the oxidation of the amalgam when the
The authors have had similar trouble when
electrolyte was alkaline.
working with lead amalgams in which the lead was deposited from
aqueous solutions of lead nitrate. The above procedure is ultimately
a method of preparing an amalgam in which the concentration of the
element deposited in the mercury is known, rather than a method of
alcohol,

analysis.

A somewhat similar method has been employed by Richards and
Wilson' for amalgams of thallium, indium and tin. As in the above
method, the amalgams were prepared by depositing the different elements electrolytically in a mercury cathode. The concentration of the
metal deposited was obtained by means of a silver coulometer included
in the electrical circuit during the electrolysis, the assumption being
that the element deposited in the mercury was equivalent in amount
The percentage composition
to the silver deposited in the coulometer.
of the amalgam could then be calculated from the weights of silver and
of the mercury serving as cathode.
A third electrolytic method is that suggested by Smith.' It involves the solution of the amalgam in nitric acid and the deposition of
both elements. With properly arranged apparatus, and under suitable
conditions, the lead deposits at the anode as the peroxide and the mercury at the cathode.
Crravimetric Methods. The methods outlined here for the gravimetric estimation of the concentration of lead in lead amalgams involve
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the solution of the amalgam and the subsequent separation of the two
The first of these is
elements by the precipitation of one of them.
based upon the fact that mercuric sulfide is insoluble in dilute, boiling-

For this
nitric acid (Sp. G. 1.2-1.3), while lead sulfide is soluble.
determination Treadwell,' and also Scott," recommended the precipitation
of the elements from their solution (the mercury being present entirely
The precipitate is filtered
in the mercuric form) by hydrogen sulfide.
oif, washed with hydrogen sulfide water, transferred to a dish and
The solution
boiled for a considerable time with the dilute nitric acid.
is then diluted, the mercuric sulfide filtered off and washed with water
containing nitric acid. Certain precautions are necessary in the final
determination of the two elements.

As a second gravimetric method Crookes^ suggests
sulfuric acid to the solution containing the lead

the addition of

and mercury, followed

with alcohol to form about one-sixth the volume of the solution. The
precipitated lead sulfate requires washing with dilute alcohol containing a little sulfuric acid. The separation of the lead by this means is
based upon the insolubility of its sulfate and the solubility of the mercuric sulfate.

Hor.sford used this method.'

Richards and Wilson have measured
means for obtaining the concentration of the lead.
From these results they were then able to obtain
this concentration by reference to a curve showing the variation in
density of the amalgam with change in the amount of lead present.
Such a method is based upon the fact that the physical property being
measured varies with, or is a function of, the concentration of the
constituent being determined.
Physico-Cheniicul MeLhods.

the densities of lead

amalgams

as a

Meyer" and Richards and Forbes' have investigated a second, inTheir work included the elements
zinc, cadmium, lead, tin, copper, and sodium.
The principle of the
method has as its basis the familiar equation for electrode potentials
as developed by Nernst. When applied to concentration cells in which
the two electrodes are amalgams or alloys it has the form

teresting physico-chemical method.

E=

RT

—
nF

c,
In

c»

which the various terms all have their usual significance. In such
a combination as
Zn. Hg (O— ZnSO, (Sat. Sol.)— Zn.Hg (C,;
one will find a given potential whose magnitude will depend upon the
concentrations of the two amalgams and the temperature, as the chief
factors.
To apply the above equation in calculating the concentration
of a given element in an amalgam, one would set up a combination such
as that mentioned for zinc amalgams, using an amalgam of accurately
in
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The potential E could then be measured
concentration for the other.
This leaves as the one unknown quantity in the
for the combination.
equation the concentration of the amalgam being measured, and its
value may readily be calculated.
Hulett and Minchin^ have made use of this scheme in their study
on the distillation of amalgams and the purification of mercury. They
state that one part of zinc can be detected with certainty in ten billion
parts of mercury, and that the method is probably the most delicate
analytical procedure known.

Criticism of Methods.

None

of the preceding methods seemed to

and accuracy, for certain work that
As already noted, the first
being conducted in this laboratory.
electrolytic method was unsuitable because of oxidation of the amalgam
during washing and drying.
For the method involving the electrolytic separation of the lead
and mercury, or the gravimetric separation, either of the mercury as
mercuric sulfide, or of the lead as lead sulfate, the amalgams under
There was geninvestigation contained entirely too much mercury.
erally present from 30 to 50 grams of this element and only about 0.5
gram as the maximum amount of lead. For an electrolytic separation
this amount of mercury would require altogether too much time, even
Likewise, in the
if there were involved no other undesirable features.
gravimetric methods which involve a separation by precipitating one
of the constituents, the mechanical difficulties of handling a solution
containing such a large proportion of mei'cury would be too gi'eat to
insure a high degree of accuracy in the determinations.
Two distinct difficulties are evident in the method involving the determination of the density of the amalgams. In the first place, it is
not easy to handle lead amalgams without oxidation of the surface.
The difficulty is increased if the amalgam is wet and must be dried
during the procedure. In the second place, the densities of lead and
mercury are so near each other that a considerable change in density
of the amalgam does not result from a small chang'e in the concentration of the lead in the amalgam.
This means that the accuracy in
determining the concentration of the lead by this method would not
be so great as in the case of such elements as cadmium and zinc, whose
densities are much less than that of lead.
Although the method based upon the measurement of the potentials of amalgams apparently may be very accurate, distinct precautions must be observed in making such determinations.
Rather elaborate electrical apparatus is required along with an accurately controlled thermostat for holding the temperature factor constant.
No
attempt was made to use the method in the present work, although
it is hoped a later study may be made on concentration cells with lead
amalgams. Previous" work has indicated that, under certain conditions, a very constant and reproducible potential is obtained for a saturated lead amalgam.

meet the requirements, as

to ease

is
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Present Work.
Oxidation of Lead Avialgams. As already stated, in the course of
in this laboratory with lead amalgams, it was not found
possible to handle them according to the method of Stabler and Alders
without having marked evidence of oxidation, even with only a few
hundredths of a gram of lead present. Amalgams prepared electrolytically were always bright, and remained so during washing with water
and alcohol. When washed with ether, however, there often formed
on the surface of the amalgam a dark film which was easily lost on
If washed immediately and quickly with the ether,
further washing.
not much of the film formed; but the longer the time of washing, the
more film there was present. It was difficult to avoid losing it when
washing by decantation; and if much was present, some was always
lost.
On standing any length of time following the washings with

some work

just water

and

To show

alcohol, there

was always considerable oxidation.
amalgam on standing, and the

this oxidation of the

re-

sulting loss in weight with washing, the following determinations are
typical, except that the errors are considerably exaggerated due to the

These amalgams
length of time the amalgams stood before washing.
were made up by dissolving a known weight of lead in a known weight
After washof mercury and allowed to stand in a beaker 48 hours.
ing with the liquids mentioned, the amalgams were dried in a desicNumbers 1
cator and reweighed, with the results shown in Table I.
and 2 were washed once with 10 cc. of water and twice with 10 cc.
portions of alcohol, while numbers 3 and 4 had, in addition to this, two
washings with ether.
Table

I.

Loss in Weight of Amalgams During Washing.

•

No.

Lead

in

Lead Amalgam
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of the determinations showed considerable brownish-red material
on the surface of the amalgam, after standing in contact with the solution of copper nitrate for several hours. This was found to be largely
copper, along with some mercury, and the solution was always filtered

many

from

this precipitated material.

Amalgam as Lead Sulfate. In trying out the method for displacing the lead from the amalgam by means
of a solution of copper nitrate, the first attempt to precipitate the lead
was with sulfuric acid. Amalgams containing known weights of lead
stood four days in contact with 40 cc. of a 10 per cent solution of the
After decanting the resulting solution, an additional
copper nitrate.
10 cc. portion of the copper nitrate stood on the amalgams for 30 minutes.
From the total, warm solution the lead was precipitated with
The weight of lead sulfate was determined by
dilute sulfuric acid.
filtering it on a Gooch crucible, the ignition being accomplished by
supporting the crucible in an asbestos ring placed in a larger crucible
and heating the latter to dull redness for 1.5 minutes. The weight of
lead was found to be uniformly low, as shown in Table II.
Determination of Lead in the

Table
Determination of Lead in Lead

No.

II.

Amalgam

as

Lead

Sulfate.

Proceedings of Indiana Academy of Science

194

amalgam to aqueous solution as lead nitrate, that
a state of equilibrium was established, leaving part of the lead still
in the amalgam from which it did not precipitate as the sulfate; or it
might be due to the solubility of the lead sulfate in the excess of copper nitrate, or to a combination of the two.
The method seemed to
be useless for quantitative determinations and no further work was
attempted with it.
metallic solution as
is,

With the idea that lead might be precipitated quantitatively as
the chromate in the presence of copper nitrate, the solution of lead
nitrate being used as electrolyte was analyzed for its concentration of
lead by precipitating the metal, in the presence of a few drops of

potassium dichromate.^ The precipitate was dried at
Gooch crucible. Then the same volume of solution of

acetic acid, with

120°

C.

in a

lead nitrate was ti-eated as before except for the addition of 20 cc. of
the solution of copper nitrate before the precipitation of the lead chromate. The results shown in Table IV indicate either that the solubility
of lead chi'omate in a solution of copper nitrate is very small, or that

errors are inherent in the procedure which serve to compensate such
solubility.
Table IV.
Solubility of lyead

No.

Chromate

in a Solution of

Copper Nitrate

Lead in Lead Amalgam
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by adding a known weight of lead to 40 to 50 grams of mercury and
allowing it to dissolve in the mercury before the addition of the solution of copper nitrate.
The results shown in Table V indicate that
the method is satisfactory for a quantitative determination of the lead
in a lead amalgam.

Summary.
The material presented in this paper includes:
1.
A brief review of some of the methods that have been proposed
for determining the concentration of lead in lead amalgams, together
with a consideration of the possibility of applying them to the analysis
of such amalgams containing a large amount of mercury and a relatively small amount of lead.
2.
An account of some experiments made with the object of developing a more desirable procedure for the above detei-mination. This
work has involved the following determinations:
a. The loss in weight of lead amalgams during washing.
b. The amount of lead in lead amalgams by weighing the metal
as the sulfate and as the chromate.
c.
The solubility of lead sulfate and of lead chromate in an aqueous solution of copper nitrate.
Department of Chemistry, Purdue University.

