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Introduction 

 The crystals, of hydrochloride dihydrate of 
trans-dichloro-diethylendiamine-cobalt (III) 
chloride, [Coen2Cl2]Cl.HCl.2H2O, are grass 

green in color, and show an easily perceptible 
pleochroism which may be mainly attributed 
to the polarized absorption of light by the 
trans-dichloro-diethylenediamine-cobalt (III) 
ion itself. We have investigated the crystal 
structure of this substance for the purpose of 
determining the shape and size of the complex 
ion and also to correlate this structure with 
the absorption spectra of crystals. 

Experimental 

 The substance was prepared by the method of

Werner.(1) The crystals used in this investigation 
were grown from aqueous solution containing 

strong hydrochloric acid by slow evaporation at 
room temperatures. They belong to the mono-

clinic holohedral class and are tabular on (100), 
showing faces (011) etc. The crystals show well-
formed faces, but when exposed to air they 

rapidly lose part of the water and hydrogen 
chloride of crystallization and begin to disinte-

grate. To prevent this, crystals used for X-ray 
measurements were coated with vacuum grease.

Their dimensions were 0.1×0.15×0.01 cm.

Oscillation photographs about (010] and[001]

were Prepared using Fe Ka zadiation(λ=1.937A。).

They gave for the dimensions of the unit cell:

(1) A. Werner, Ber., 34,1733 (1901).
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and 5=110°26'.

From the size of the unit cell and the density,

1.653g,/cm.3, determined at 10℃ by the pykno-

meter method, the number of the formula units

in the unit cell was calculated to be 2.01=2.

Observed extinctiol18 were (h0l) for l=odd. and

(OkO)for k=odd, whence the space group is

C2h-P21/c,
 The intensities of reflections were estimated by 

comparison with a time-exposure calibrated strip. 
They were converted into structure amplitudes 
in the usual way. 

Determination of the Structure 

 In the space group C25n-P21/c the general 
position is fourfold, and since there are two formula 
units, [Coen2Cl2]Cl•HCl.2H2O, in the unit cell, it 
follows that the cobalt atoms must lie in special 
positions. These special positions are the sym-
metry centers. 
 As the first step in the structure determination, 
Patterson projections on (010) and (001) were 
made, using the (hOl) and (hk0) data respectively. 
In the projection upon (010) the peaks close to 
the origin were readily identified as corresponding 
to the Co-Cl interatomic distances within the 
[Coen2Cl2]+ complex ion and the Cl-Co-Cl 
direction was found to be nearly parallel to the 
c-axis. All other peaks on both projections, P(xz) 
and P(xy), were easily interpreted in terms of the 
Co-Co, Co-Cl and Cl-Cl interatomic distances. 
At this stage, however, it was not possible to find 
the approximate parameter values of Co and Cl 
atoms without ambiguity, as there exist various 
possibilities. In order to decide adequate ones 
among these, (hkl) reflections were considered.

Approximate parameter values for Co and Cl 
atoms could then be determined uniquely, while 
those for other lighter atoms remained unfixed. 
 As the next step, the projections of the electron 
density upon (010), and (001) were synthesized 
using the F(hOl)'s and F(hk0)'s respectively, the 
signs of which were calculated from the arrange-
ment of the heavy atoms. The projections so 
obtained showed the heavy cobalt and chlorine 
atoms quite clearly resolved, together with rather 
faint outlines of other atoms in the unit cell. 
Particularly the projection upon (001) showed the 
ethylenediamine ring very clearly resolved. Using 
these projections, together with our knowledge 
about interatomic distances, it was possible to 
assign approximate coordinates for all other 
lighter atoms including two molecules of water 
of crystallization. By the method of successive 
approximation the final projections including all 
observed F's were obtained. The results are shown 
in Figs. 2 and 4, which may be interpreted with 
the aid of Figs. 1 and 3 respectively. The atomic 
parameters determined in this way were finally 
adjusted by small amounts to obtain the test

 Table 1 

Final Parameters

Fig. 1-Projection of the structure upon the plane (010).
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Table 2 

Observed and Calculated Structure Factors
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Fig. 2.-A Fourier projection of electron density upon (010). The projection 
 corresponds to Fig. 1. Contours at arbitrary intervals.

Fig.3.-Projection of the structure upon a place normal to the c-axis. Units marked B are

 derived from those marked A by the operation of a glide plane"c"parallel to(010).G
roup3[H2O...H...H2O]+are indicated by dotted lines.

agreements between the observed and calculated 
F's. A list of the final parameters is given in 

Table 1. In the calculation of the structure 
factors, the atomic scattering curves in Inter-
nationale Tabellen (1935) were employed and 

corrected for temperature according to the Debye-
Waller formula, the constant B being given the 

value 2.5 A.2 
 The agreement on the whole is quite good and

the values of R=Σ||Fo|-[Fc|/Σ|Fo| are

0.194, 0.228 and 0.279 for (hOl), (AN) and (Old) 
respectively. The larger values of R for the (Okl) 
zone may be attributed to the less accurate values 

due to absorption.

 Description of the Structure 

Figs. I and 3 show the structure projected upon 
(010) and a plane normal to the c-axis respec-
tively. The interatomic distances and interbond 
angles calculated from the parameter values are 
listed in Table 3. 

In Fig. 5 is shown a perspective drawing of the 
[Coen2Cl2]+ ion. The cobalt atom lies at the 
center of symmetry. Two chlorine atoms are 
co-ordinated at a distance of 2.33 A. to a cobalt 
atom in trans-positions. The line joining them 
is perpendicular to the plane in which the four 
nitrogen atoms of the two ethylenediamine mole-
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Fig. 4.-A Fourier projection of electron density upon a plane normal to 
 the c-axis. The projection corresponds to Fig. 3. Contours at arbitrary 
 intervals.

Fig. 5.-A perspective drawing of the complex 
 ion, [Coen2C12]+. 

 Table 3 

Interatomic distances (in A.) and 
 interbond angles.

cules were found to lie. Within the errors of 
experiment these ligand atoms (4 N and 2 Cl) 
form a distorted octahedron around a cobalt atom. 
The C-C distance of 1.55 A. as well as the C-N 
distances, 1.47 A. and 1.48 A., although not very 
reliable because these atoms were not fully re-
solved in the projection upon (010), are in good 
agreement with the well-known values of C-C 
and C-N distances respectively.

 It is interesting to note here that the ethylene-

diamine molecules are present in the "gauche" 
forms; there are two kinds of "gauche" mole-

cules in the crystal, the one being the mirror 
image of the other, and moreover, these two kinds 

of molecules are co-ordinated to a cobalt atom 
in such a way that the one is related by the 

operation of a center of symmetry to the other. 
Referring to Fig. 1, it is evident that these' 
complex ions are arranged in layers parallel to' 

the plane (100). The Cl-Co-Cl bond direction
is inclined to the plane (010)at an angle of 14・50

and the projection of 11119 〔3irection upon (010)

makes an angle of 10° with the c-axis. The

closest distances of approach between the complex 
ions in the layer are found to be 2.91 A. between 
Cl(1) atom of one complex ion and N(1) atom of 
the adjacent. Thus the complex ions are held 
together in layers by these Cl...N bonds. A pro-
jection of a single layer of [Coen2Cl2]+ is shown 
in Fig. 6. Between these layers are arranged the 

Cl- ions and H
2O molecules, both occupying 

general positions. A complex ion has four nearest 
Cl- ions. The closest approach of a complex ion 
and Cl- ion is between N(2) and Cl-. The Cl-... 
N(2) distances are 3.00 and 3.31 A. which may 
be compared with the values found in the case 
of methyl ammonium chloride crystals.(2) 
 The position3 of H cannot in general be deter-

mined by the method of X-rays; however, the 
fact that two molecules of water of crystallization 
form a pair with 0...O distance of 2.66 A. and 
this pair is surrounded exclusively by Cl- ions 
strongly suggests the existence of a group [H2O... 
H...H2O]+. A molecule of H2O possesses two Cl-
ions at 2.90A. and 3.06A., thus every group, 

[ H2O...H...H2O]+, is surrounded by four Cl- ions.

 (2) E. W. Hughes and W. N. Lipsconmb, J. Am. Chem. 
Soc.. 68, 1970 (1946).
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 Fig. 6. Projection of a single layer of [Coen2 
 Cl2)+ upon the plane (100). Only positions 
 of Co, 01(1) and N atoms are shown. Cl... 
 Ni(2) bond directions are indicated by broken 
 lines. 

 Remarks on the Optical Properties 

 Thin tabular crystpls extended on (100) appear 
blue when the electric vector is parallel to the 
c-axis, while they appear yellowish green when 
the light is polarized along the b-axis. Such 
striking dichroism may be reasonable, since there 
is a large component of the Cl-Co-Cl bond 
along the c-axis. This result cannot be considered 
to be in full agreement with the conclusion 
.obtained by Yamada and Tsuchida,(3) who have 
measured microscopically the absorption of the 
.crystals of the praseo-salts * Detailed discussion 
,will be given in reference to the absorption of 
the crystals of the " dichrochloride ", the crystal 
structure of which has been determined recently

by the present authors; (4)the absorption measure-

menu of the dichrochloride are now in progreac,

Summary

The crystal structure of trans-dichloro-

diethylenediamine-cobalt(III)chloride hydrei-

chloride has been determined using the rotation

method(Fe Kα λ=1.937 A.)- the substance

crystallizes in a monoclinic lattice with two.

formula,.unite in the, unit cell, the dimensions

of which are α=10.68 A., b=7.89a., c=9.09A.

with β=110°26.

 The determined structure seems most easily 
described as consisting of layers of [Coen2Cl2] 
ions parallel to the plane (100) and those of 
Cl-, H2O and H+. Two chlorine atoms are 
co-ordinated to a cobalt atom in trans-positions. 
The line joining them is perpendicular to the 
plane in which four nitrogen atoms are found 
to lie. The dimensions of a complex ion are 
given. The water molecules probably form a 
group [H2;O...H...H20]+ together with a 
proton, 0...0 distance being 2.66A. These 
groups are located between them. The dichro-
ism of the crystal is_ discussed on the basis 
of the determined structure. 
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(3) S. Yamada and R. Tauchida, This Bulletin, 29,127 
.(1952). 

(4) Y. Tanito, Y. Saito and H. Ruroya, This Bulletin, 
.25, 326 (1952). 

* a, b and c-axes adopted by Yamada and Tauchida 
correspond to c. b and waxes in the present paper re-
spectively.


