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The Crystal Structure of Ethylenediammonium Chloride 

By Tamaichi ASHIDA and Sakutaro HIROKAWA 

(Received February 25, 1963)

Ethylenediamine, as a ligand of the coordina-
tion compounds, has been studied by several 
authors1-4). In these crystals, ethylenediamine 
usually has a gauche-configuration. However, 
ethylenediamine in other types of compounds 
has not been sufficiently investigated. In the 
structure of ethylenediammonium sulfates), 
for instance, though it has not been fully 
studied, the ethylenediammonium ion has been 
reported to have a gauche-configuration. On 
the other hand, in ethylenediammonium adipate, 
of which only the crystallographic data have 
been reported6), a planar and a trans-configu-
ration can be expected on the basis of the 
data, because the ethylenediammonium ion 
seems to have a center of symmetry. Thus, 
the ethylenediammonium ion seems to have 
either a trans- or a gauche-configuration. 
Ethylenediammonium chloride was chosen to 
be investigated in order to add to the data on 
the trans- and gauche-stereoisomerism of the 
ethylenediammonium ion. The results of the 
investigation will be given here. 

Recently, tetramethylenediammonium chlo-
ride has also been investigated by the present 
authors from a similar view-point. These 
results will be published later. 

Experimental 

The crystals of ethylenediammonium chloride, 
H3N(CH2)2NH3Cl2, were grown from an ethylal-
cohol-water solution. Most of the crystals were 
obtained as needles elongated along the c axis, 
while others were obtained as plates, the main 
face of which was (001). This difference may be 
due to slight changes in the conditions of the 
recrystallizations. A marked cleavage was found 
perpendicularly to the c axis, as had been reported 
by Groth7). The crystals belong to the monoclinic 
system. The unit cell dimensions were obtained 
from the Weissenberg photographs of (h 0l) and 
(h k 0) by overlapping the powder patterns of 
aluminum as a standard on the same films ; they 
are ;

The axial ratios of the present investigation agree 
with the values given by Groth7) to within the
stated range of experimental error, though the (-
angles differ a little from one other. The values 
given by Groth are :

The space group of the crystal was found to be 
P21/a from the systematic absences of the (0 k 0) 

spectrum for k=2n+1 and the (h0l) spectrum for 
h=2n+1. The density, 1.46g. cm-3, observed by 
the floatation method corresponds to two formula 

units in a unit cell ; the calculated density is 1.46 

g. cm-3. 
Weissenberg photographs were taken around the
band c axes, using CuKα radiation. The multiple-

film technique was used, and the intensities of the 
(h 01), (h k 0) and a part of the (h k 1) reflections 
were estimated visually, comparing them with a 
standard scale made by the same crystal. The 
corrections for polarization and Lorentz factors 
were made. No absorption corrections were made 
because the shapes of the crystals used were irregu-
lar ; they should have been made, however,
because the linear absorption coefficient for CuKα

radiation is rather large (μ=85.0cm-1).

Structure Determination 

Since the crystal belongs to the P21/a space 
group and the number of formula units in a 
unit cell is two, the ethylenediammonium ion 
has to occupy a center of symmetry. The 
position of the chloride ion was determined 
from the projections of the Patterson function 
along the b and c axes. The projections of 
the electron-density functions along the two 
principal axes were synthesized using the 
structure factors whose phases were assigned 
by the coordinates of the chloride ion. The 
maps thus obtained showed the positions of 
the carbon and the nitrogen atoms. The co-
ordinates of the atoms thus obtained were, 
then, refined by successive (F.-F,) syntheses. 
In these procedures, it was found that the
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contributions of the hydrogen atoms to the 
structure factors were not negligible (the elec-
trons which belong to the hydrogen atoms 
amount to 14% of the total number of electrons 
in the crystal). Therefore, the coordinates 
of all the hydrogen atoms were calculated 
geometrically, using the coordinates of the 
heavier atoms, and the presences of these
hydrogen atoms were confirmed on the(ρ-ρc)

maps. They were included in the calculations 

of the structure factors, which were used in 

the further refinements of the structure, where-

upon the R factors of two zones decreased by

about 0.02. The final(ρ-ρe)maps of(h 0 1)

are shown in Fig. 1, where significant changes 

due to the inclusion or exclusion of the 

hydrogen atoms are observed not only at the 

positions of the hydrogen atoms but also

almost everywhere. The final atomic coordi-
nates of the heavier atoms are listed in Table 
I. The isotropic temperature factors assigned 
for the atoms are : 2.66 for all the atoms for 
F(h 01), and 1.40, 0.86, 0.91 and 1.00 for C, 
N, Cl- and H's respectively for F(h k 0). Each 
absolute value of these temperature factors 
may not have significance, because no absorp-
tion corrections for the intensities were made. 
The observed and the calculated structure 
factors are compared in Table II. The final 

TABLE 1. FINAL ATOMIC COORDINATES

TABLE 11. OBSERVED AND CALCULATED STRUCTURE FACTORS 

In each column, the left hand column is the h index, the middle column the 

observed structure factor, and the right hand column, the calculated structure 

factor. All structure factors have been multiplied by ten.

* These reflections were not used for the refinements because of their marked extinction 

effects.
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Fig.1. Final (po-pe) projected on the

(010). (a):po includes all the atoms;

(b): po does not include any hydrogen

atoms. Contours at intervals of O.4e.

A-3,broken lines represent negative con-

tours, and negative areas are shaded.

●C ○N ◎Cl ・H

R factors are 0.065 for all the observed reflec-
tions of (h 01) and 0.081 for (k k 0), excluding 
four reflections which showed marked extinc-
tion effects (these are shown with asterisks 
in Table II). 

Discussion 

In Table III, some of the important inter-
atomic distances and bond angles in this 
crystal are shown. Because the ethylene-
diammonium ion occupies a center of sym-
metry, the ion has a trans-configuration and 
the N-C-C-N chain of the ion is geometri-
cally planar. The equation of the plane is:

where.x=ax sinβ, y=by and Z=CZ+αxcosβ.

Thus, in the crystals, the ethylenediammonium

TABLE III. IMPORTANT INTERATOMIC DISTANCES 

(A) AND ANGLES (deg.)-

Fig. 2. The structure of ethylenediammo-
nium chloride projected on the (001). 
Broken lines represent hydrogen bonds.

•œC •›N ••Cl

Fig. 3. The structure of ethylenediammo-
nium chloride projected on the (010). 
Broken lines represent hydrogen bonds. 
A dotted line shows another short contact 
between N and Cl-.

•œC •›N ••Cl

ion was found to have either a trans- or a 
gauche-configuration, depending on the struc-
ture of the crystals. 

The crystal structures projected on the 
(0 10) and the (0 0 1) planes are shown in 
Figs. 2 and 3. The nitrogen atom's three 
nearest neighbors are chloride ions (Cl(1), 
Cl(2) and Cl(3), cf. Figs. 2 and 3), the N-Cl 
distances being 3.20, 3.22 and 3.14A respec-
tively. These N-Cl lengths may be compared
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to the values 3.11 and 3.24A found in hexa-
methylenediammonium chloride8) and to many 
others9). Thus, these short contacts may be 
said to be hydrogen bonds, when we consider 
the < CNCI or < C1NC1 angles shown in 
Table III and the positions of the hydrogen 
atoms shown in Fig. 1. One N-Cl contact 
3.481 in length may not have significance, 
judging from the argument given above, and 
such a length has also been reported in hexa-
methylenediammonium chloride8) (3.37 and 
3.58A). The shortest Cl-Cl distance is 3.88A, 
between those chloride ions which are related 
to each other by a twofold screw axis. Thus,
in this crysta1, the three N-H…Cl hydrogen

bonds binds the organic ions and the chloride 

ions and make infinite two-dimensional net-

works perpendicular to the c axis. The forces 

which combine these layers along the c axis 

may be van der Waals forces, together with 

weak electrostatic forces, if any. These facts

explain the perfect cleavage along the (0 0 1) 
plane. 

Summary 

The crystal structure of ethylenediammo-
nium chloride has been determined. The 
crystal belongs to the monoclinic system with 
a=9.95, b=6.89, c=4.42A and g=90.7° ; the 
space group is P21/a. The unit cell contains 
two ethylenediammonium ions and four chlo-
ride ions. The ethylenediammonium ion oc-
cupies a center of symmetry and takes a trans-
form ; thus, the ethylenediammonium ion was 
found to be either a trans- or a gauche-
form in the crystals, depending on the struc-
tures of the crystals. The bond distances and 
angles of the ethylenediammonium ion are :
C-C 1.53,C-N 1.491 and <CCN 109.8°

Three N-H•cl hydrogen bonds (3.20 , 3.22 
and 3.14A) make two-dimensional networks 

of the ions perpendicular to the c axis. 
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