LATTICE CONSTANTS OF THE
CUPROUS AND SILVER HALIDES

BY
TOM. BARTH AND GULBRAND LUNDE

An essential idea, established by W. L. BRAGG, is that it
should be possible to attribute to every chemical atom,
considered as a sphere, a constant radius. This hypothesis of
“constant atomic radii” has shown itself to be of great impor-
tance in the investigations of new types of structures.

The atomic radii are calculated from the known simple
structures, by using an arbitrary chosen starting-point, as has
actually been done by different authors.

It should be noticed, however, that the radii calculated in
this way for heteropolar compounds give the value of the radius
of the ion and hence it will differ from that of the atom.

In comparing the different atomic radii it should only be permitted to
compare the atoms under identical conditions, reached by comparisons between
“the true atomic radii” defined as the radii of the atoms when being outside
the influence of an exterior field of force, a condition approximately reached
in the gaseous state.!

Further it should be noticed that the atoms frequently
occur with different valencies and therefore with different radii
of the ions, which is especially salient in compounds like the
metals of the sixth and seventh groups of the periodic system,
these metals also being able to form negative ions.

On account of these facts there exists in several compounds
an apparently great disagreement from the hypothesis of con-
stant atomic radii.

1 Cfr. Norsk Geol. Tidsskr. 8, 267 (1925).
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Moreover there occur less salient discrepancies, on account
of a greater or lesser deformation of the ions. As shown by
Fajans the anions may be arranged in a series of increasing
deformability of the ions:

F‘(lAVOB (80,7 7<(CO, ClL {(Bri <I'{CN"XO (S <Se

He has also shown that the metals with the peripheric
electron orbits arranged according to the type of the cuprous
ion (eighteen peripheric electrons) affect a greater deformation
of the anions than the metals with noble gas orbits.

This difference in the deformation is so great that it may
often be observed in the lattice spacings (e. g. of the monohalides).

Thus the differences between the radii of the chloride,
bromide and iodide ions of the alkali halides are greater than
the corresponding differences between the cuprous, thallous and
silver halides.

The data from the X-ray analyses hitherto carried out on
the monohalides of the heavy metals are meagre; thus many of
the reflections demanded by the zinc sulfide grouping have never
been observed on photographs of the cuprous halides. Moreover,
the determinations of the lattice spacings are partly inconsistent.

It would therefore be of great importance to determine the
lattice spacings of these compounds with a higher degree of
accuracy.

For this purpose the method of Wyckorr! was used. The
principles of this method are briefly the following: A Debye-
Scherrer photograph is made of a sample containing an intimately
mixed powder composed of the substance to be determined and
sodium chloride, the latter thus serving as a standard. In this way
there occur lines from sodium chloride side by side with lines
from the other substance. The lattice spacing of sodium chloride
a = 5628 4 serves as an accurate standard for X-ray measure-
ments. From this figure it is possible to compute the theore-
tical reflection angles of the different planes of the sodium
chloride lattice for different radiations. For Cu K, = 1,539 4,
the figures quoted in the tables are obtained.

I Zeitschr. f. Krist. 59, 55 (1923).
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By measuring the differences between the outer edges of
the reflection lines from the substance and the nearest sodium
chloride lines, it is easy to get an accurate determination of the
reflecting angles, from the planes of the substance. When using
a camera with a diameter D = 58 mm., the reflection angle ¢
may in this way be determined with a maximum error of + 0,03,
provided the concerning reflection line from the substance has
approximately the same intensity as the sodium chloride line
referred to. Working in this way the usual sources of error are
omitted (errors depending on divergence of the X ray beam,
absorbtion, excentricity of the samples, etc.). In the films of the
pure substances the reflection angle ¢ of each line was found
from the formula
90(2d )

2ar K

(]7 =
where 2d is the distance between two corresponding lines, s
the diameter of the sample, r the radius of the camera and
K a correction term, empirically determined for each film.!
Apparatus, procedure and calculation of the films are described
in a previous paper.> A copper target was used.

In the last column of the tables, sin® ¢ is quoted as a
product of the common factor, X, and the sum of the square
of the indices, 2h* = g. By the calculation of the length of
the edge of the unit cube, the different figures for X were
attributed a value proportional to g. (Concerning the reason
for this procedure we may refer to our previous paper?)

The intensities quoted in the tables were computed from
the usual formula
(A*+ BY)j 1 - cos?2¢

Xh? T 2cosq

[ =

(A* + B?) being the structure factor, j the frequency of the
reflecting planes of the form.

The salts used for the following determinations were made
by precipitation of pure, water-soluble salts.

I Cfr. V. M. GoLDSCHMIDT, L. THOMASSEN; Vid. Selsk. Skr. I, 1923, nr. 2.
2 Zeitschr. f. physikal. Chemie 117, 478 (1925).

Norsk Geol. Tidsskr. VIII. 19
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Cuprous Chloride, CuCl. X-ray investigations on this salt
have been carried out by R. W. G. Wyckorr! and E. W. Posn-
jac and by W. P. DavEY.? The zinc sulfide grouping was stated.
The length of the edge of the unit cube was given to a - 5,49 A4,
and a = 5,36 4 respectively.

The new measurements gave a 5,407 A.

Cuprous Bromide, CuBr. Thiscompound has been investigated
by the same authors. The zinc sulfide arrangement was stated, and
the lattice constant found to be a = 5,82 4 and 5,75 4 respectively.

The new measurements gave a = 5,681 A.

Cuprous lodide, Cul. Three investigations have been made
of this crystal. The two said authors give a = 6,104 and
6,07 A4 resp. The third investigation was made upon the mineral
marshite by G. AmINOFF.3 He states a - 6,02 A. The observed
intensities agree with the zinc sulfide grouping.

The new measurements gave a = 6,047 A.

For the three said cuprous halides the observed intensities
of the reflection lines are in good agreement with those cal-
culated for the zinc sulfide grouping (cfr. table 1, 3, 5).

Silver Chloride, AgCl. The following values have been
published for the length of the edge of the unit cube of this salt,
crystalizing in the sodium chloride arrangement; W. P. DAVEY
(loc. cit) states a=25,52 4, and R.B.WILsEY4givesa 5,540 4.

The new measurements gave a =- 5,545 A in close agree-
ment with WILSEY’S value.

Silver Bromide, AgBr. This salt has also been investigated
by W. P. Davey (oc. cit.) and by R. B. WILsSEY (loc. cit.).
The values for the lattice constant given by these authors are
a--578 A4 and 5,768 4 resp.

The new measurements lead to @ = 5,755 A in good agree-
ment with WILSEY’s data.

The observed intensities for the two said silver halides
agree well with those calculated for the sodium chloride group-
ing (cfr. table 7, 9).

I Journ. Am. Chem. Soc. 44, 30, (1922).
2 Phys. Rev. 19, 248, (1922).

3 Geol. For. Forh. 44, 444, (1922).

4 Phil. Mag., 46, 487, (1923).
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Silver lodide, Agl. 1t has been shown that artificial silver
iodide at an ordinary temperature is mostly met with as a
mixture of hexagonal and cubic crystals, assigned to the zinc
oxide and zinc sulfide grouping respectively.

According to R. B. WILSEY (loc. cit) the lattice constant of
the cubic crystal is given to a = 6,493 A.

The new measurements gave a 6,491 4, in close agree-
ment with the result obtained by WILSEY. No additional lines from
the hexagonal modification were observed on the films used for
these measurements. As seen from table 11 the intensities are
in good accordance with the zinc sulfide grouping.
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Summary.

The lattice spacings of the cuprous and silver halides were
redetermined. The values obtained for the three silver halides
are in close agreement with those published by R. B. WILSEY
(loc. cit). There is good agreement between observed and
calculated intensities.

Structure! Lattice Constant
CuCl zinc sulfide [4 b, 4d] ao - 5407 4
CuBr zinc sulfide [4b, 4d) a, 5,681 4
Cul  zinc sulfide [4b, 4d] ap - 6,047 A
AgCl sodium chloride [4 b, 4 c] a, - 5,545 4
AgBr sodium chloride [4 b, 4 c] a, 57554
Agl  zinc sulfide [4b, 4d] a,: 6,491 4

Shortest Atomic Distances.

‘ cr { Br’ 7
Cu 2,341 0,119 2,460 0,158 2,618
0,432 0,418 0,193
Ag 2,773 0,105 2,878 |+ 0,067 2811

In the preceeding table the shortest atomic distances and
their differences are calculated. The shortest atomic distance
for Ag J/ is not comparable with those of the two other silver
halides, on account of different structures.

Mineralogical Institute of the University
Oslo, Febr. 26th, 1926.

I The symboles correspond to WYCKOFF's tables (The Analytical Expression
of the Results of the Theory of Space-Groups, Washington, 1922.)

Printed Mars 22nd, 1926.



