1100 RALPH W. G. WYCKOFET,

at t°. Where the experimental data for this computation were not knows,
the values for Wiz were interpolated. A, indicates the molecular heat
of combustion of the substances in the gaseous state at ¢° and p = const.
A comparison of Zubow’s data with those of other authors will be made
in the next paper.
Warsaw, PorLAND.
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Purpose of the Investigation.—The crystal structure of the alkali
halides, sodium and potassium chlorides, has been determined.? It has
seemed of particular interest to ascertain the modifications in this struc-
ture which result when more halogen atoms are introduced into the mole-
cule with the formation of alkali polyhalides.

The real nature of these compounds has long been in doubt and it was
felt that a knowledge of the erystal structure of a typical polyhalide
might aid in removing this uncertainty. Formerly it was customary to
consider these compounds as ‘“double salts” or ‘“‘addition compounds,”
for instance the trihalides as compounds of RX and XX'(CsCLICI)
where R is an alkali metal and X and X’ are halogens, and the penta-
halides as compounds of RX and XX’3(CsClICL).2  ‘The ease with which
stich compounds as R(ICly) are decomposed into normal halide and com-
plex halogen (RCl and ICl;) by carbon tetrachloride? supported this view.
By some the halogen atoms were considered to be grouped about the posi-
tive atom but as Werner® has pointed out, this point of view is quite un-
tenable. 'The view which seems to agree best with the properties of these
compounds considers them to be compounds of metal ion or group and
complex halogen anion.® More recent studies, especially upon the poly-
iodides, have strengthened this vicw.®

Cesium dichloro-iodide (CsClI) was chosen for this study of crystal
structure because of its supposed dimorphism, and because experience
had shown that good crystals of one of these forms at least could be readily
prepared.,

* T'his article is based upon a portion of the thesis presented to the Faculty of the
Graduate School of Cornell University by Ralph W. G. Wyckoff in partial fulfilment
of the requirements for the degree of Doctor of Philosophy.

2 W, H. Bragg and W. L. Bragg, “X-Rays and Crystal Structure,” 1918, Chap. VII.

8 Wells and Penfield, Am. J. Sci., [3] 43, 29 (1892) discuss possible structures
for the trihalides.

4 Weinland and Schlegelmilch, Z. anorg. Chem., 30, 134 (1902).

5 A, Werner, “New Ideas on Inorganic Chemistry”’ (Hedley, translator), 1911, p. 86.

8 R. Abegg u. F. Auerbach, “Handbuch d. anorg. Chem.,” Bd. IV, 4b:., 2, 432
et seq. (1913).
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Preparation of the Specimens.—Cesium dichloro-iodide is described
as crystallizing in 2 forms, a hexagonal and a rhombic modification. The
hexagonal cesium dichloro-iodide is obtained from solutions which are
rather weak in cesium chloride (CsCl). If cesium chloride is present in
larger quantities, the rhombic form is said to result.!

Rhombohedral (hexagonal) cesium dichoro-iodide was obtained by
dissolving about 10 g. of cesium chloride in 50 ce. of water, adding 8 g.
of iodine, and passing chlorine through the hot solution until all the iodine
had dissolved.? Six-sided plates (less than a millimeter in thickness, but
nearly a centimeter in diameter) formed upon slow cooling. The edges
of these plates reflect light well but the 2 large faces are invariably dull
and pitted.

All attempts to prepare the rhombic modification by increasing the
amount of cesium chloride failed. When the concentration recom-
mended by Wells and Penfield® was used, small crystals that were appar-
ently of the rhombic system appeared. But when these crystals were
examined by the X-rays the pattern that was obtained clearly indicated
that the crystals were not simple, but twinned. On breaking the crystals
they were frequently found to be hollow. Usually all of the faces ap-
pearing upon these crystals reflected light fairly well. Attempts to grow
rhombic crystals by slow evaporation over sulfuric acid in a room of con-
stant temperature also failed. Under these conditions twined crystals
were always obtained. Crystals were grown from solutions, the cesium
chloride content of which varied by small steps from a solution contain-
ing one molecule of cesium chloride to 5 molecules of water, from which
rhombohedral plates of cesium -dichloro-iodide were obtained, to the
point where cesium chloride itself crystallized out.

Because of the failure to produce true rhombic cesium dichloro-iodide
the special rhombohedral arrangement, which shows only in this particu-
lar polyhalide, has alone been determined.

The cesium chloride used in preparing the cesium dichloro-iodide was
very pure. It was originally obtained from pollucite, and an arc spectrum
photograph showed the presence of no other alkalies.

The Method of Crystal Structure Determination.—The method of
study is similar to that used by Nishikawa in studying the structure of
the spinels.® ‘This method may be considered as made up of 2 parts.

1. The study of the X-ray spectrum obtained from the anticathode of
an X-ray bulb using the crystal under investigation as a grating. From

t Wells and Penfield, loc. cit., p. 17.

2 If an excess of chlorine is wused, cesium tetrachloro-iodide (CsClsI) is produced
(Wells and Penfield, loc. ¢it.).

3 Loc. cit,

¢ 8, Nishikawa, Tokyo Sugaku-Buturigakkwai Kizi, [2] 8, 199 (1913).
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this spectrum the distance between like planes in the crystal can be ascer-
tained and information can be obtained concerning the kind of unit which
by repetition of itself builds up the crystal.

2. The study of the Laue patterns obtained by passing X-rays through
a section of the crystal.

Part 1. The Study of the X-ray Spectrum.—The X-ray spectrum of
tungsten from a Coolidge tube was obtained by reflection from the large
(rx1) face of a crystal. The distances measured upon the photographic
plate from the image of the slit to the principal tungsten lines are:

Wave, Length.® Plate Distance.
Line. Av. Cm.
o N 1.471 8.6
Bre e 1.278 6.9
B e e 1.241 6.7
7 P 1.095 5.6

* M. Siegbahtn, Jahrb. Radioakt. Elektronik., (3] 13, 296 {1916).

The order of the spectrum which appears upon the plate is not known.
But from the above data the value of the ratio d/n (where d is the dis-
tance between like planes of this face and # is the order of the spectrum)
can be calculated. The well-known expression, n) = 2d sin 8, where
#n and d have the meanings already given, N = the wave length of the
K-rays, 8 = the angle of the reflection,' holds in this case. From this
equation d/n = Z/(z sin 6) results. The distances measured upon the
photographic plate from the particular lines to the position of zero deflec-
tion are equal to the distances from the crystal to the plate (g9.25 cm. ap-
proximately) multiplied by the tan 26. Calculations from the above
data lead to the following values for d/n:

Line d/n
4 2 .01
N 2.015
O 2,01
0 2 ST S 2.03

A more accurate determina‘tién of this ratio can be made, using the refer-
enee spectrum from sodium chloride. In making this comparison spec-
e ~trum, crystals of cesium dichloro-iodide and sodium

\ chloride were mounted together, one above the other.
The spacing for sodium chloride is accurately known? so
2“ that by the use of this sodium chloride spectrum it is
K’W possible to get the distance from the crystal to the plate
with greater accuracy. ‘The following table gives meas-

Fig. 1. i urements upon this second photograph:

Y. H. Bragg and W. L. Bragg, loc. c¢it., Chap. II.
¢W. H. Bragg and W. L. Bragg, ibid., p. 71.
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Distance upon the plate from
slit image to line for.

I:T_aal. —Csle;i Wave Length.
Tige, Cm. Cm. L.
L 5.55 8.65 1.471
Ba e 4.5 7.20 1.296
R 4..68 7.03 1.278
B8t 4.58 6.90 1.258
Ba o 4..50 6.75 1.241
2 T 3.92 5.75 1.093

The distance from the crystal to the plate, x, is given by sin ¢ =
n\/2d, tan 20 = m/x or x = wm/tan 20, where m is the distance of the
spectrum line from the undeviated line. This leads to the following
values for %

Line. Cm.
Lo 4 PR 9.44
B 9.43
P 9.44
B3 e e e e e 9.47
ot e e e e e e 9.4
22 9.43

9.44

This value of x, when used for the more accurate evaluation of d/n
for cesium dichloro-iodide leads to

Line, d/n,
7 S 2.03
7 2.02
Blr e e e e e 2.03
B s v et e e e e e 2.02
Bt v e e e e e 2.03
I 2 T I T T T T 2.02

2.02 X 1078 cm,

The Density of Cesium Dichloro-iodide.—In order to know the num-
ber of molecules associated with the unit of structure and the shape of
this unit, the density of the salt must be known. As no determinations
were to be found in the literature, the following measurements were made.
Great accuracy in this determination was not needed for the present
purpose. The density was found by observing the buoyant effect of
benzene upon definite weights of cesium dichloro-iodide. Most of the -
air could be removed from the particles of the solid by keeping the salt
during the determination in a small bottle which could be placed in boil-
ing benzene. A number of determinations gave a mean density for cesium
dichloro-iodide of 3.86.

The Unit of Structure.—Cesium dichloro-iodide belongs to the rhombo-
hedral division of the hexagonal system. ‘Two lattices, or units of struc-
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ture, are fundamental to this division—the hexagonal lattice (I';) and
the rhombohedral lattice (I',;).! The spacing (d) between like planes of
either of these units can be obtained in terms of the crystallographic data,
the density (p), the weight of one molecule of the salt (M), the number
of molecules associated with the unit of structure (m), and the order of
the reflection spectrum (#). In the case of the rhombohedral unit (I',;)

¢* 1—cosa

3Y3 1 -4 2 cos o
where ¢ = the body diagonal of the unit, « = the angle between the
rhombohedral axes, and V = the volume of the unit rhombohedron.

C=V\/VI+2COSa’

I — (0§

3

d=c/3 = Js\/v L 2005¢ 1y ol /p,

I — ¢0S «
mM (1 4+ 2 cos )

d? =
3V3 o (1 — cos @)
&/ = ]W;(I 4+ 2 cos «) 1”@’
3V3 p (1 — cos o) wd
W = M I+ 2c05 o

p X (@/n)? X 3¥3 1—cosa
M = 330.7 X 1.64 X 107% g., where 1.64 X 10~ g. is the weight
of one atom of hydrogen.?
p = 3.86
o = g8% 228
d/n = 2.03 X 1078 cm.
nd/m = 2.001.

Since #, the order of the spectrum, is not known with certainty, the
number of molecules associated with the unit cell cannot be evaluated
directly. ‘The value of #3/m, however, is seen to agree very closely with
the wvalue it would have if 4 molecules were associated with the unit of
structure and the reflection were of the second order. A consideration
of the other possible unit, the hexagonal prism, makes I', seem highly im-
probable as the fundamental lattice for cesium dichloro-iodide. The re-
sults from these spectra measurements point then to a rhombohedral
unit containing 4 molecules. The later study of the Laue photographs
confirms this conclusion.

The value of m or my, the number of molecules associated with the
unit of structure cannot be told directly because # cannot be evaluated

L A, Schonflies, “Krystallsysteme und Krystallstructur.,” p. 459.
?W. H. Bragg and W. L. Bragg, lec. cit., p. 110.
# P. Groth, “Chemische Krystallographie,” 1, 305 (1906).
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with certainty. It can, however, be obtained in the following indirect
fashion. All possible values of the ratio n®/m are shown in the following
table:

m 1 2 3 4 6 12
7
1 1 0.50 0.33 0.25 0.16 0.08
2 8 4.00 2.67 2.00 1.33 0.67
3 ; 27 13.50 .00 6.75 4.50 2.25
4 64 32.00 21.33 16.00 10.67 5.33

From an inspection of this table it is evident that 4 molecules are
associated with the unit cell, which is a rhombohedron. ‘The spectrum
obtained upon the photographic plate is of the second order.

Part 2.” The Study of the Laue Patterns.—A symmetrical Laue photo-
graph made by passing the X-rays in a direction normal to the (111)
face of a crystal and several unsymmetrical photographs when the rays
were not exactly perpendicular to this face were prepared. Stereographic
projections of these photographs were made and the indices of the planes
producing the various spots in the figures were determined. The manner
of drawing this projection is given by
the following data for the symmetrical
case (Fig. 10).

XYZ is the plane of the photo-
graphic plate,

O is the position of the crystal,

XZ = XY = YZ,

Ol = 5 cm., YXI = 30°,

bsin af2 = 1/2 XY = % cos 30° =

x/3/2,
therefore
_ xV3 )
b= 2 sin /2 Fig. 1.
Also
2 3%?
%% 4 52 = , and x = 8.98 cm.

4 sin® a/2
If an attempt is made to construct the diagram using a base built upon

this value of #, there is no simple correspondence between the calculated
and observed positions of the spots. - This agreement, however, is ob-
tained by taking as axes the face diagonals of the figure (as 2). These
new axes rather than the old are to be considered as the axes of the unit
rhombohedron. The necessary calculations follow:

x sin 30° = 4,

2% = 52 + u?

2z = V52 + [8.98 sin 30°]% = 6.72 cm,,
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¥y = % cos 30° = 7.77 cm.,
B (the new face angle) = sin~! (y/2)/2 X 2 = 70° 42/,

Fig. 2.
The distance! between a plane (hkl) and a parallel plane through a point

(x19121) in a rhombohedral lattice is
(hxy + kyy + lzy — 1) V1 + cos® B — 3 cos? B
V2 F k* + I2) sin® B + 2(hk + hl + kl) (cos® B — cos B)
where h, k, | are the Miller indices of the plane. g, the angle between

@

=)

-
Z

B 5 -, -

=

= 3

°l[

ozl

¥ |
0 10 FIM a5 N

Fig. 3.

the crystallographic axes, = 70°42’. =, 3, 2 are the codrdinates of

the point of reference. From this d (the spacing) is seen to vary with
I

Ve + k2 + 12) sin? 8 + 2(hk + hl + El) (cos® B — cos B)

varies with the wvalue of the

——, consequently -
2 smm 6 2 sin 6

1 A. W. Hull, Phys. Rev., [2] 10, 661 (1917).

But d =
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above expression and the wave length, N, of the X-rays producing a spot

is a function of
sin 8

Vit kT 4 12 sin 28 + 2(hk + Kl - kL) (cos® B — cosB)

The distance of a spot from the undeviated position, as measured upon

the photographic plate, divided by the distance from the crystal to the

plate is the tangent of twice the angle of reflection, §. The relative in-

tensities given in the following tables are from estimations made upon

= f(N).

Fig. 4.

the negative. ‘The value of f(A) for the various spots which appear are
plotted against intensities in Fig. 3. The stereographic projection of this
symmetrical photograph (Fig. 2) is shown in Fig. 4.

TapLy I.—DATA FROM THE SYMMETRICAL LAUE PHOTOGRAPH.
Distance {rom

hEL. central spot. 2F(N). Iatensity.
021 1.90 0.3339 1.0
151 2.55 0.424 8.0
121 4.03 0.373 4.0
031 2 .80 ©.298 7.0
051 3.75 0.214 3.5
132 2.30 0.198 9.0
141 1.0% 0.177 5.0
161 2.85 0.152 0.5
152 3.40 0,170 2.5
332 4.30 0.193 3.0
343 3.18 0.134 2.5
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Similar measurements were made upon 3 unsymmetrical photographs
and the data thus obtained are contained in the accompanying Tables
(11, TIT and IV). In all cases the distance from the crystal to the photo-
graphic plate was 5 cm.

Tapry II.—DATra rroM THE First UNsvMMETRICAL LAUE PHOTOGRAPH.
Distance from

hEl. central spot. ). Intensity.
021 I1.40 0.0592 2.5
120 1.18 0.0492 2.0
Toz 1.50 0.0630 2.0
o1z 1.95 0.0805 3.5
210 2.53 0.1000 6.0
201 2.35% 0.0948 5.5
11T 2.50 0.131 5.5
111 3.15 0.158 2.0
TrY 1.78 0.103 8.0
127 3.72 0.131 2.0
I21 3.05 0.I13 3.0
Ti2 3.25 0.118 2.7
112 4.55 0.150 0.5
271 5.10 0.161 0.2
211 4.4 0.147 0.3
03T 2.25 0.066 6.5
130 2.10 0.062 7.0
103 2.50 0.072 3.0
013 2.95 0.083 1.0
310 3.60 0.096 0.7
30T 3.40 0.092 0.7
03T 3.10 0.0545 3.5
150 2.95 0.0526 6.0
o5 3.50 0.0588 2.3
015 3.75 0.0628 2.0
570 4.70 0.078¢9 0.4
501 4.60 0.0800 c.4
132 2.00 0.0495 8.0
231 1.55 0.0393 4.0
Z13 1.75 0.0437 7.0
123 2 .60 0.0624 3.5
321 3.00 0.0700 3.0
312 2 .60 0.0624 3.5
14T 1.35 0.0304 0.5
114 1.85% 0.0404 2.5
411 2.60 ©.0547 4.5
116 2.5%= ©.0372 0.1
611 3.65 0.0498 2.5
152 2.90 0.0480 4.0
251 2.55 0.0430 4.0
215 2.90 0.0480 3.7
125 3.65 0.0568 1.0
521 4.30 ©.0639 0.5
512 3.95 0.0603 0.7



CRYSTAIL STRUCIURE OF CESIUM DICHLORO-IODIDE.

hkl,
332
233
323
233
323
233
332
143
134
431
343
334
334
433
433
253
352
235
532
523

Tasre II (continued).

Distance from
central spot,
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TasrLyg III.—Data FrROM THE SECOND UNSYMMETRICAL LLAUER PHOTOGRAPH.

hkl.
010
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120
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Distance from
central spot.
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Tasrre III (continued).

Distance from

hEl central spot, . Intensity.
211 1.85 0.0349 15.0
221 3.54 0.0361 0.5
231 4.47 0.0582 7.0
251 5.44 0.0483 7.2
261 5.70 0.0437 1.0
271 5.88 ©0.0393 1.0
z212 5.15 o.081 1.5
213 7.35% 0.0913 4.0
218 g.80 0.0806 2.8
312 2 40 0.0306 6.0
313 4 .60 0.0500 0.2
314 6.15 ©.0560 5.6
316 8.25 0.0358 2.5
203 5.63 0.0723 0.1
227 4.87 0.0852 6.0
231 5.85 ©0.0768 7.5
24T 6.30 0.0716 2.0
251 6.58 0.0627 7.0
271 6.75 0.0477 3.0
127 3.10 0.0892 9.0
137 4.30 0.0670 2.2
14T 4.95 ©.0600 8.5
15% 5.32 ©.0525 1.8
167 5.58 0.0462 6.0
332 3.30 ©.0358 4.5
342 4.13 ©.0399 0.2
352 4.75 (.0402 4.0
552 6.00 0.0429 3.5
572 6.70 0.0371 0.1
331 6.85 ©0.0825 2.7
341 7.35 0.0761 6.3
361 7.68 0.0594 4.3
38T 7.90 0.0467 3.5
451 8.30 0.0669g 5.0
471 8.45 0.0549 3.0
561 8.38 0.057 3.5
581 .00 0.0499 1.0
322 3.68 0.0421 a.3
332 4.35 0.0464 6.5
352 5.63 0.044 4.5
323 5.05 0.0565 6.0
Tr1 6.45 0,175 3.5
343 6.97 0.0868 3.2
242 .16 0 .0800 o.1
353 7.28 0.0330 o.x
T2x 7.50 0.147 6.0
252 7.60 0.,0641 0.1
131 7.63 0.113 4.0
41 7.60 00,0885 4.5
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Tapre IV.—Dara rroMm THE THIRD UNSYMMETRICAL LAUE PHOTOGRAPH.

Distance from
central spot,
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TasLe III (continued.)
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Tasry IV (continued).

Distance from

Rkl central spot, ). Intensity.
TIt 0.95 0.0528 2.5
213 1.20 0.03106 1.5
102 1.20 0.0513 1.5
321 2.00 0.0782 3.2
233 3.05 0.0464 2.0
233 2.40 0.04853 5.0
122 3.40 0.1035 1.5
235 3.55 0.0518 2.0
215 2.45 0.0414 3.0
113 3.40 0.0915 1.0
105 3.30 0.0569 2.0
103 2.20 0.0671 4.0
114 1.85 0.0404 2.0
011 0.72 0.0482 20.0
012 2.30 0.0929 4.5
013 3.15 0.0%70 1.5
(3%} 4.00 0.0657 1.0
132 1.20 0.0310 1.8
121 1.28 0.0485 15.0
231 1.45 0.0358 1.5
134 2 .43 0.0429 2.2
125 4 .20 0.0626 1.0
123 3.30 0.0754 1.0
235 4.10 0.0542 c.5
233 3.05% 0.0559 1.6
343 2.75 0.0417 0.7
332 3.35 0.0599 1.4
221 2.90 0.1010 0.5
110 1.55 0.1010 15.0
431 3.35 ©.0549 r.0
327 1.50 0.0364 2.0
530 3.10 0.0452 1.0
270 3.70 0.136 0.7
521 3.10 00,0482 1.0
411 3.60 0.070 10.0
211 1.35 ©.0512 15.0
312 1.20 0.0300 2.0
512 2.80 0.0447 1.5
201 3.05 0.1175 1.8

Calculations from the Laue Photographs.—The symmetry of cesium
dichloro-iodide is that of the point group Df.! The spectrum measure-
ments indicate that the fundamental lattice is T',;. There are 2 groups
of Df which have T, as the lattice, D3, and D§;. ‘The fact that planes
having two odd and one even indices are effective in the first order shows
that the cell must be body-centered. The simplest body-centered cell
which possesses the new face diagonal axes contains one molecule. The

LA, Schonﬂies, loc. cit., PDP. 95, 475.
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arrangement of the atoms within a unit rhombo-
hedron containing one molecule of cesium di-
chloro-iodide is shown in Fig, 5, the cesium atom
being placed at the origin, the iodine atom in the G
center and the 2 chlorine atoms along the diag-
onal joining them. This arrangement may he
considered as a special case of D3; ‘The co-

drdinates of these points will be: Cs (0, 0, 0); I Ofs
(a/2, a/2, a/2); C1 (afa, ala, a/a); (—ala, bt
—a/a, ——a/a); where «/a is some fractional part Fig. s.

of g, the length of a side of the rhombohedron.

Assuming this arrangement for the atoms in the unit of structure for
cesium dichloro-iodide, the intensity of reflection of the X-rays from
any plane can be considered as proportional to the sum of the squares
of 2 terms:

A? 4 B? « Intensity.

A = Cs cos 2mn(hx + ky + I2) + I cos 2an(hes + ky + la) +

Cl cos 2mn(hzs + kyy 4 lg) + Cl cos 2an(hzs + kys + lzs).

B = Cs sin 2rn(hx + ky + I2) + 1 sin 2zn(hx + by + la) +

Cl sin 2wn(hwg + kys + lza) + Cl sin 2on(hxs + kys + la),
where # is the order of the reflection, kkl are the Miller indices of the re-
flecting plane, %,,2, are the codrdinates of the various atoms in the unit,
and Cs, I and Cl represent the atomic numbers (or atomic weights) of
these elements.

Introducing the values for x,y,2,, these become

A = Cs cos 2a7n{0) + I cos wn(h + k + 1) + 2Cl cos 2ana/a(h + & -+ 1),

B = Cssin 2zn(o) + Lsin anlh + & 4 1) + o;
and these immediately reduce to

A = Cs = I -+ 2Clcos 2ana/a(h + k + D),
B = o.
Two general cases arise when # = 1:
(1) When (b + k -+ 1) is odd.
A = Cs—1+4 2Clcos 2raf/alh + k + 1).
Because cesium and iodine would be expected to have about the same
diffracting power, the chlorine atoms should be very effective. This
will be the case with points having either all odd or 2 even and one odd
indices.
(2) When (b -+ k + 1) is even.
A = Cs + I+ 2Clcos 2ra/alh + k + ).
Points having 2 odd and one even indices fall in this class.

If # = 2 the effects of the cesium and iodine atoms will always add to-

gether.,
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To Determine the Position of Chlorine.—A few points will be found
in the first order which do not have 2 odd and one even indices. These
points fall into 3 groups according to the value of (b + & + ).

-+ k41D =1:1. 322, T20, 711, 313, 221.

3. 041, 13T1.

= 5. 342, 261, 160, 353, 252, 151, 140.
They should be especially effective for the placing of chlorine because it is
to be expected that cesium and iodine will practically neutralize one an-
other.

i

If various values are assigned to «/a in the preceding equations, there
will be changes in A (the amplitude of the reflected beam) which can be
represented by the series of curves of Fig. 6. In preparing these curves

= _ the constant value of Cs— 1
\ y has been neglected. Thesystem
> ‘ of curves is thus symmetrical

\ \ about its center point and con-
T~ sequently information derived

Us £ 7 {from these curves will not be
sufficient to settle between 2
U i ; 15 possible positions of the chlorine

\.‘ / / \\ ’\ l/ 7/ atoms. Inone of these positions
\ A/

w / the chlorine atoms will lie closer
\ N\ N T \‘; /'\ I//7] to the jodine atom than to the
\y/ /’ \N pooA A cesium atom; in the other this
‘ " ‘ condition will be reversed. It
will be assumed for the purposes

of calculation that the chlorine atoms lie closer to the iodine atom than
to the cesium atom. If this is the case the curves show that the chlorine

atoms must lie between o/a = 0.3 and a/a = 0.4 and between a/¢ =
0.6 and «/a = o.7.

In one photograph the 2 points 05T and 134, having approximately
the same spacing, are produced by X-rays of the same length. Of these
2 spots 05T is much more intense. Consequently planes for which (b 4
k -+ 1) = 4 give larger effects than planes having (h + k2 + 1) = 2. A
consideration of spots due to 233 and 233 and of spots due to 631 and
415 leads to the same conclusion. This means that a/a must have a
value about 0.3 rather than near to o.4.

It is difficult to find points having approzimately the same values for
the spacing and different values of (b -+ £ + 1) produced by X-rays of
the same wave length. In order to place the chlorine atoms more ac-
curately it is necessary to make use of the assumption, generally assumed
to be correct, that the amplitude of the reflected X-ray wave is inversely
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proportional to the spacing of the reflecting plane. Accepting this as-
sumption a reduction of the form
spacing X (Cs == I -+ 2Cl cos 2mna/alh -+ k -+ 1)
can be used in comparing the amplitudes of the heams reflected from
planes of different spacings.
Results from the first unsymmetrical photograph show that the in-

tensity of reflection of X-rays of the same wave length by different planes
is as follows:

Jiki. Intensity. Relative spacing. Amplitude.

132 3.2 0.262 X (260 4 716) = 68.1 -} 18.2¢

057 3.0 0.168 X (260 ++ v1¢') = 51.5 -+ 13.8¢

T4T 2.0 0.229 X (260 + 716) = 56.5 -+ 16.0¢

152 2.0 0.183 X (260 - 71¢") = 47.6 + 12.6¢"

323 0.5 0.206 X {260 + 71¢) = 53.6 4 14 .4¢
e = cos 2we/o X 2, ¢ = cos 2ra/a X 4.

Results from the second unsymmetrical photograph confirm those from
the first. If the relative amplitudes of the X-rays are determined by
substituting various values for «/o around o.3 (the approximately de-
termied position of chlorine} it is found that the observed intensity rela-
tions can be obtained only when «/¢ has a value from about 0.312 to
about 0.317.

The following points are due to X-rays of the same wave length. 'The
order of intensity is the order of writing:

hkl. Relative spacing, h-tFk-1.
015 0.193 4
125 0.183 4
233 0.206 2
116 0.171 6
138 0.129 10
127 0.148 8
345 0.13% 4
037 0.128 4
019 0.120 10
156 0.124 6

The very favorable conditions for planes having (h -+ k -+ 1) = 10
indicate that the chlorine atoms must lie near to o.312 rather than to
0.317.

It is thus seen that the chlorine atoms must lie close to o.31 of the
length of the diagonal of the unit rhombohedron on either side of the
cestum atom. ‘This, of course, is on the assumption that the chlorine
atoms He nearer to the iodine atom. Since cesium and iodine have atomic
weights so nearly equal (133 and 127), they must reflect X-rays to nearly
the same extent if the generally accepted law of proportionality between
reflecting power and atomic number is true. It then will be a very diffi-
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cult matter to determine whether the chlorine atoms really le nearer to
the cesium or to the iodine atom.

When the arrangement of atoms in the unit of structure of cesium di-
chloro-iodide which we have obtained above is used for calculating the
amplitudes of the X-rays reflected by various planes, there is a qualita-
tive agreement with the observed intensities of the spots. Certain difficul-
ties are met, however, if it is attempted to make this agreement quantita-
tive. ‘These attempts require the use of those assumptions, generally
supposed true, which give the relation between intensity of reflection and
spacing of like planes! and intensity of reflection and mass of the atom.?

The qualitative agreement is, however, so uniformly good that there can
be little doubt as to the truth of the determination given here. The fact
that this agreement is not quantitative points to the necessity, so many
times urged before, for a careful and accurate investigation of the funda-
mental relations connecting reflection and spacing and reflection and
weight of the reflecting atom.

This structure for cesium dichloro-iodide may be considered as closely
analogous to that of sodium chloride and the other alkali halides. From
this point of view the group (ICly) may be thought of as replacing the
halogen of the simple compound. As a result of this substitution the unit
cube is deformed inmto a rhombohedron by extention along tbe body
diagonal.

The author wishes to express his thanks to Professor I,. M. Dennis,
who suggested this investigation, and to the Department of Physics for
the use of the necessary apparatus. Most especially he is under great
obligation to Dr. . Nishikawa, whose untiring advice and aid has made
this determination possible.

Summary.

The crystal structure of cesium dichloro-iodide (rhombohedral) has been
determined. ‘The body-centered unit rhombohedron contains one mole-
cule. The cesium atom is placed either at the center or the corner of this
unit and the iodine atom either at the corner or the center. Two chlorine
atoms lie on the long diagonal of the rhombohedron very close to 0.3
of its length from the corners. Because of the supposedly very nearly
equal scattering powers of cesium and iodine, it is impossible at present
to decide which of these 2 possibilities is correct.

Iruaca, N, Y.

1'W. H. Bragg and W. L. Bragg, loc. cit., Chap. XI.
#W. H. Bragg and W, L. Bragg, ibid., Chap. VIIL.



