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334. Intermetallic Compounds formed in Mercury.
Part IV. Summary of Work on the Sn—Cu,
Sn-Fe, Zn—Cu, Zn-Fe, Cd-Cu, Hg-Cu, Mn—Cu, and
Zn-Mn Systems.

By ALExaNDER S. RusseLr, T. R. KENNEDY, J. HowIrr,
and H. A. M. Lyoxs.

Ta1s paper summarises extensions of previous wark on the Sn—Cu,
Zn—Cu, Zn-Fe, and Sn-Fe systems (this vol., pp. 842, 852, 857) and
new work on the Hg-Cu, Cd-Cu, Zn-Mn, and Mn-Cu systems.
The methods of investigation are the chemical ones described earlier ;
44 new compounds are mentioned.

Copper Mercurides—The new compounds formed in mercury
have empirical formule Cu,Hg, Cu;Hg,, CuHg,, CuHg,, Cu,Hg,,
CuHg,, Cu,Hg, and CuHg,. The first three of these, the compound
CuHg earlier reported, and the next three, may be respectively
formulated as S, 8,T, ST,, T, T,U, TU,, and U respectively, where
S, T, and U represent Cu,Hg, Cu,Hg,, and CuHg, respectively.
Four of the compounds thus appear to be analogous to UzO4 or
Fe,0,, i.e., compounds of simpler ones. The eight compounds
found may, therefore, be reduced to Cu,Hg, Cu,Hg, CuHg, CuHg,,
and CuHg,. In previous work, CuHg and possibly CugHg, have
been found by X-ray methods (Katoh, Z. physikal. Chem., 1929,
B, 6, 27; Bull. Chem. Soc. Japan, 1930, 5, 13; Terrey and Wright,
Phil. Mag., 1928, 6, 1055); two compounds of undetermined
formuls were found by thermal and micrographic work by Tammann,
Mansuri, and Stassfurth (Z. anorg. Chem., 1923, 132, 65; 1925,
143, 357).

Relation of the Systems.—In Table I the principal compounds of
six systems investigated are arranged for comparison. The arrange-
ment is that described earlier (this vol., p. 865). Compounds
previously announced are given in parentheses.

The table brings out the equivalence of copper and iron, and the
close, although not exact, similarity of the formule of the com-
pounds of cadmium and copper and of those of zinc and iron. It
may also be seen that most of the compounds containing combined
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TasiE I.
* Uni-
valent,**
atoms System.
pertin
atom. Sn-Cu. Sn-Fe. Zn-Cu. Cd-Cu. Zn-Fe. Hg-Cu.
1/2 Hg,Cu
B;g o Hg,Cu
6 sCug
2 (SoCuy) (SnFe,) (Zn,Cu,) (HegiCua)
3 (SoCu,, SnCu,Hg) (SnFe,, SnFe,Hg)
4 (SnCu,Hg,) Hey CdCu,
¢ ?S?FF Hg) ((z ey OrowHg g oo
nre Hg n,Uu g 2Ulty nyteg
8 Zn,Cu,Hg, Cd,Cu, (Zn,Fe,) Hg,Cu,
10 Cd,Ou,yoHg, ZngFeyHe,
12 Cd,Cu,,Hg  Zn,Fe,Hg
4 CdyCu,(Hg, Zn,Feyg Hg,COuy,
16 CdyCu,¢Hg, (ZnyFe,Hey)
18 Cd,Cu, Hg  Zn,Fey Hg
20 Zn,FeyeHgs
28 Cd,Cu, Hg,

mercury may be formulated as M,T, T,Hg, or M,T,,T,Hg,, where
T represents Cu or Fe, M is Zn, Cd, or {Sn, and z has values for such
compounds, M,T,, as have no mercury of combination. It is seen
also that for these values of z, viz., 2, 5, 8, and 14, there is a corre-
sponding mercuride of copper. There is a possibility, therefore,
that many of the compounds found may be regarded (a) as deriv-
atives of copper mercurides (in which one atom of iron may be
substituted for one of copper, and one atom of tin or two atoms of
zine or cadmium for two of mercury), and (b) as compounds analogous
to Uz04 or Fey0,.

Mercurides of ZngCug,—This well-defined compound is stable
and uncombined with mercury in amalgams more concentrated than
29,. At smaller concentrations, mercurides of definite composition
are formed, which, like those of SnCuyHg previously investigated
(this vol., p. 842), may be in equilibrium with one another. There
is, indeed, a striking resemblance between the two series which is
brought out in Table II. The new compounds of both series are
given without parentheses.

Tasre II.

Zn—Cu. Sn—Cu. Valency electrons.
(Zn,Cuy) (SnCuzHg) 9
Zn,Cu,Hg,; SnCugHg,; 12
Zn,CuHg,; (SnCugHg ;) 18
Zn,CusHg, SnCu;Hg, 21
Zn,CuzHg, (SnCuzHg,,) 27

Instances of this mercurisation of compounds so that the valency
electrons in the empirical formulee total 9, 12, 21, or simple multiples
of these numbers have previously been reported in both the Sn~Cu
and the Zn—Cu system. New instances are SnCu, and SnCu,Hg,;
Zn;CugHgg and Zn,CugHg.;.

Compounds of Manganese and Zinc and of Manganese, Copper, and,
Mercury.—In the first system three compounds containing no
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mercury were found : Zn,Mn, Zn,Mn, and Zn,Mn. The first and
third of these have been found by X-ray examination by Parravano
and Montoro (Mem. R. Accad. Ital. Sci. Fis. Mat. Nat., 1930, 1,
No. 4); ZnMn may be approximately one of the compounds
Zny, X5 (X a transition element) found by Eykman (Z. physikal.
Chem., 1931, B, 12, 217). Manganese~copper-mercury compounds
were very unstable. Independent examination by three of us has
enabled the formule of four of them to be approximately fixed :
MnCugHg, MnCu,;Hgs, MnCu,;Hg,,, and MnCu,,Hg,,. These
may be regarded as derivatives of Cu,oHg, Cu,,Hg,, Cu,sHg,,,
and Cu,gHg,, (the simplest formule of three of which have been
found experimentally), by the replacement of one of the copper
atoms by a manganese atom.

The facts (2) that the simpler of the compounds formed in mercury
conform to the rules relating valency electrons to atoms in the
molecule, discovered by X-ray examination (Adnn. Reports, 1931, 27,
294), (b) that the more complex compounds may in many cases be
regarded as made up of these simpler ones (and in a few cases have
been found experimentally to dissociate into simpler ones), and
(¢) that compounds whose approximate formule conform to no
rules, such as the above zinc-manganese compounds or Sn;Cug,
have previously been found by X-ray or thermal examination, leave
little doubt that the compounds formed in mercury are as real and
as definite as those formed in the solid state by ordinary methods.

CurisT CHURCH, OXFORD. [Received, April 2nd, 1932.]
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335. Selenium Dioxide, a New Oxidising Agent.
Part I I . Its Reaction with some Unsaturated
Hydrocarbons.
By H. L. RILEY and N. A. C. FRIEND.
THE study of the specific oxidising action of selenium dioxide has
now been extended to ethylene, propylene, acetylene, certain higher
olefines, and ethane.
Reaction with Ethylene.-SeO, (40 g.) was placed in a flask, which was
connected, on the one hand, through a drying train of KOH and CaCl,, to a
10-1. gas-holder, and, on the other, to a receiver surrounded by a freezing
mixture. The apparatus was swept out with dry C,H4, and the gas-holder
filled. At room temp., the SeO, soon developed a faint pinkish tint, indicating
reduction, At 45-55" the CzH4 was absorbed with appreciable velocity,
indicated by a manometer attached to the side tube of the receiver : the
reaction was sufficiently exothermic to proceed without further heating, and its
velocity (as roughly judged by the rate of passage of the C2H4 through the


