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The crystal structure of CszCr;Cly. By G.J. WesseL and D.J. W.IJpo, Laboratory for Inorganic Chem-

istry, Undversity of Leyden, Netherlands

(Recetved T February 1957)

Introduction

A number of trihalides, in reaction with alkali halides,
form complexes in a somewhat unusual 3:2 ratio, the
formula then being 4,B,X,. For some compounds of this
type, K;W,Cly (Brosset, 1935) and Cs;T1,Cl; (Hoard &
Goldstein, 1935; Powell & Wells, 1935), the crystal struc-
ture has been investigated. In the case of K ;W,Cl,, Paul-
ing (1947) showed that there is some evidence that the
unexpected magnetic behaviour is due to bond formation
between the trivalent ions: the W—-W distance is shorter
than would be expected for an ionic compound. An in-
dication of covalent character is that K;W,Cl, is dia-
magnetic.

In view of this unusual behaviour we prepared some
related compounds, namely Cs;Cr,Cly, Cs;V,Cly, and
Cs,Ti,Cly. The structure determination of the first-
named compound is described here.

Preparation

Cs,Cr,Cly is obtained by fusing a mixture of the two
chlorides in the ratio 3:2 in a sealed quartz tube. When
the tube was heated at 725° C. for a few days, hexagonal
needles appeared in the upper part of the tube. Since the
crystals are not formed in the melt it is necessary to
check the composition. The chlorine content was deter-
mined by chemical analysis (calculated: 38-839%, ; found:
38-839%, 38-91%).

Crystallographic investigation
Photographs were taken both with Cu K« and Mo K«
radiation about the ¢ and the a axis.

From oscillation and Weissenberg photographs taken
with Cu radiation the space group was found to be either
Pé;mc or P6;/mmc. The centrosymmetric space group
was tried first; since on its basis a satisfactory structure
could be found, we will leave the non-centrosymmetric
group out of consideration.

The cell constants are

a = 7-224 001, ¢ = 17-934+0-02 A, c/a = 2-48.

The density was determined to be 3-36 g.cm.™%. From
this value the number of molecules per unit cell was
found to be 2; this gives a calculated density of 3-37
g.cm. ™3,

The cell dimensions indicate that Cl and Cs might form
a close packing with six layers of four atoms each:

a =722 = 2dg; ¢ = 1793 ~ 6x3dg /6.

The fact that many reflexions with A—%k = 3n and
! = 2n are strong led us to the assumption that four of
the Cs ions are placed in position (f) of the space group
6;/mmc; z must be about 75 as reflexions 00! with [ = 6n
are very strong. The other two Cs atoms then lie pre-
sumably in (b). With the above Cs positions, each layer
would contain one Cs atom and three Cl. The only
plausible position for the four Cr atoms is then on

4(f) (with z ~ —1), where they are octahedrally sur-
rounded by Cl ions.

The exact co-ordinates were found from a Fourier
synthesis of 20! reflexions. Photographs of a very small
sublimed crystal, taken with Mo K« radiation, served
as a basis for this synthesis. In a first approximation
the signs were calculated from the Cs and Cr positions.
However, all signs could be calculated without am-
biguity after the first Fourier synthesis, which gave also
the Cl coordinates.
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Fig. 1. Projection of the electron density. Contours at inter-
vals of 10 e.A—2. The lowest contour line is broken and cor-
responds to a density of 5 e.A~2.

A second projection (Fig.1) gave us the following
coordinates:

2 CSI in (b),

4 Cs;p in (f) with z = 0-077;

4Cr in (f) with z = 0-837;

6Cly in (k) with x = 0-508,

12Cly; in (k) with = 0-824 and z = 0-092.

Taking into account an appropriate temperature factor,
these co-ordinates give values for the structure factors
as shown in Table 1.

The quantity R = 3 (|F¢|—|F,|)+ 3 |F,] was then

ho! RO

calculated to have the value 0-151; in the calculation
the reflexions 006 and 0,0,12 were omitted because they
were suspected to have strong extinction.

Discussion

The structure is shown in Fig. 2, which gives a section in
the mirror plane (1120). (Atoms not lying on a threefold
axis are repeated by these axes in front of and behind
the plane of drawing.) It bears a strong resemblance to
the structure of K,W,Cl,. There is, however, one striking
difference: the distance W—-W across the mirror plane
at (x, y, 1) is exceptionally short, whereas the Cr atoms
are shifted from this plane towards the outer Cl; layers
of the group Cr,Cl,, in accordance with Pauling’s rule for
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Table 1. Observed and calculated F (hOl) values of CsyCr,Cl,

Fe

—6

-8
+29
+23

+27
—170
+ 82
+80
+ 54
—11
—48
+59
—67
—51
—14
—3
+18
—46
+40
+49
+30
—14
—22
+37
—34

—1
—8
—12
-3
+1
—33
+3
—19
+10
—28
-3

Rl F, F, nl F, F,
312 55 + 56 58 26 + 27
313 0 -3 59 20 —25
314 22 +17 510 0 +0
315 9 -1 511 21 —18
316 10 +13 512 0 +2
317 0 +5 513 0 —3
318 12 —24 514 27 —28
319 0 +3 515 0 + 15
320 31 —22 516 0 +4
517 38 138
41 21 —20
42 49 —52 61 0 +0
43 55 —62 62 0 —6
44 56 +59 63 0 +1
45 44 —43 64 0 -7
46 11 —9 65 (1] +0
47 38 +39 66 65 —72
48 54 +53 67 0 —0
49 57 + 57 68 0 -2
410 41 —42 69 0 —0
411 0 413 610 10 —12
412 0 —2 611 0 +0
413 15 —15 612 70 483
414 39 —41
415 34 —36 i1 10 +9
416 46 +44 72 22 —21
417 29 —28 73 21 —19
418 0 —13 74 27 +25
419 19 420 75 15 —18
420 33 +34 76 0 +5
717 0 —1
51 10 +8 78 26 +25
52 16 —16 B
53 23 124 81 0 +13
54 15 +16 82 27 —34
55 44 + 37 83 35 -+39
56 17 —16 84 35 139
57 25 —20 85 20 128

F, = 0 too weak to estimate or totally absent.

F, F, hl F,
21 —17 118 0
12 —11 119 10
72 +73 120 31
7 —8 121 20
0 +3
120 4100 21 30
26 —17 22 56
23 62
18 —14 24 61
24 —18 25 52
71 —115 26 12
0 —Z 217 48
15 —15 28 64
96 +119 29 70
15 -9 210 46
15 —4 211 13
57 —63 212 0
10 +10 213 16
26 —21 214 44
57 + 59 215 37
216 43
7 +6 217 30
36 —30 218 20
36 —34 219 22
34 +35 220 39
43 —44 221 32
7 —8
8 + 14 31 0
37 +39 32 0
36 +34 33 22
11 —12 34 0
17 +16 35 0
8 -9 36 33
24 +16 37 0
33 —32 38 22
16 —19 39 16
18 416 310 22
44 —41 311 0
[ 6 63
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Fig. 2. The mirror plane 1120.

_polyhedra sharing faces. Moreover, Cs,Cr,Cl, is para-

magnetic, corresponding to a moment pgps = 3:82up;
Heale. = 3-8Tup for Crlll having three unpaired d elec-
trons. This is the value expected either for ionic Cr3*
or for covalently bonded CrlMl in octahedral d%sp® con-
figuration.

Fig. 3. (a) The Cr,C3~ ion. (b) Projection of the W,CI3~ ion
on 001.
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The shift of the Cr atoms causes a pyramidal distortion
of the octahedra in the CryCl, group, the angle « being
176° (Fig. 8(a)); in K;W,Cl, a similar distortion is found
but in that case « is slightly larger than 180°. A further
distortion occurs in the group W,Cly because the Clyt
layers are rotated about the ‘axis’ W—-W until the upper
and lower Cl, triangles differ 37°30’ in azimuth (Fig.3(b));
in the regular Cl configuration, as found in Cs;Cr,Cl,,
this difference is 60°.

The following distances are observed in Cs;Cr,Cly:

CrChf =252A C-Cl =343 A Cs;-Clf = 3614

Cr-Clip = 2-34 Clp—Clyy = 3-40 Csp —Clyy = 3-59

Cr-Cr = 3-12 Cs—Clp = 3-68
Csp-Cljp = 362, 3-63

Finally, powder photographs showed that the earlier

mentioned compounds Cs;V,Cl, and Cs,TiyCl, are iso-
morphous with the compound described above.
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The dimensions of the unit cell are:

C8,V,Cly: a =724, c= 1794 A, c/a = 2:48.
CsTiCly: a = 1732, ¢=1797 A, c/a = 245.

The authors wish to express their thanks to Prof. Dr
C. H. MacGillavry and Prof. Dr A. E. van Arkel for their
constant help and interest during the investigation.
They are also indebted to the F.O.M.R.E. organization
for the use of the apparatus.
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Elementarzelle von 1,8-Diaza-cyclo-tetradecan. Von Hans vox DierricE, HELMUT ZAEN und HERBERT
SrooRr, Chemisches Institut der Universitit, Heidelberg, Deutschland

(Eingegangen am 25. Mdrz 1957)

Die von Zahn & Spoor (1956) dargestellte Verbindung
(I) kristallisiert in gut ausgebildeten prismatischen Na-
deln, monoklin, Nadelachse [101].

(CHa)s\

Die Roéntgenuntersuchung lieferte die folgenden Ab-
messungen der Elementarzelle:

¢o = 10,2040,03 A, b, = 15,33+0,02, a, = 9,0064-0,01,
B =112°41'16'.

Bei Annahme von vier Molekiilen in der Elementar-
zelle berechnet sich daraus die Dichte = 1,0144-0,004
g.cm.73, die mit der bei 20° C. gemessenen Dichte 1,002
g.cm,~® hinreichend iibereinstimmt.

Acta Cryst. (1957). 10, 468

Beim Versuch eine Kristallnadel quer zur Nadelachse
durchzuschneiden, spaltet sich dieselbe sehr leicht in ein
faseriges Nadelbiindel, das dem Zerschneiden in der
Querrichtung grossen Widerstand entgegensetzt. Diese
Eigenschaft zeigt, dass die zwischenmolekularen An-
ziehungskréfte im Gitter in Richtung der Nadelachse
offenbar wesentlich grésser sind als senkrecht dazu. Da
andererseits die Methylengruppen der Molekiile im Ver-
gleich zu den Aminogruppen nur einen kleinen Beitrag
zur zwischenmolekularen Anziehung liefern diirften, kann
man annehmen, dass in Richtung [101] Molekiilketten
im Kristallgitter vorliegen werden, deren Einzelmolekiile
iber N-H-N-Briicken zusammenhéngen.

Eine volle Strukturbestimmung ist z. Zt. nicht beab-
sichtigt.
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Polymorphism of chloroacetamide. By Mikio Katavama, Department of Chemistry, Faculty of Science,
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(Received 25 February 1957)

In the course of the analysis of the crystal structure of
chloroacetamide (Katayama, 1956), the author found a
new form of this compound which has strikingly almost
the same cell dimensions and belongs to the same space
group as the one analysed by Dejace (1955). The former
was named tentatively an unstable form and the latter

the stable one. In the following, we shall call the former
the f-form and the latter the «-form.

The difference between the cell dimensions and space
groups of these two forms (Table 1) is found only in the
value of B, B being 98° 49’ in the «-form and 102-5° in
the B-form. Penfold & Simpson (1956) recently reported



