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Ansrnacr

The crystal properties of the complexes of copper (II) and nickel (lI) chloride with

diethylenetriamine (dn) indicate that the complex fCudnzlClz'HzO is isostructural with

the analogous nickel compound tNidntcl, II2O and that in each case the metal ion is prob-

ably in 6-fold covalent coordination. The complex [CudnCl]C1.4HzO was also studied.

Considerable interest has been shown in recent years in the complexes

formed by metallic ions such as Cu++ and Ni++ with various organic

compounds of basic character. This paper reports the crystal properties

(morphology, optics, and unit cell dimensions) of three of these com-

plexes formed from copper (II) or nickel (II) chloride and the organic

base diethylenetriamine (dn : NHTCH2-CH2-NH-CHz-CH2-NH2). These

compounds, reported by Breckenridge (1943) have the formulae ICudnr]
Cl2' H2O, [Nidnr]Ch. HzO and ICudnCI]Cl' ]HzO.

In complexes of this type it has been well established that nickel is in

6-fold covalent coordination (Mann & Pope, 1926;Mann,1934;Haendler
1942). On the other hand, copper is more commonly in 4-fold coordina-

tion. However, since both metals form complexes of similar formulae, it

might be expected that the coordination number of the metal ion would

be the same in each compound.
A study of the crystal properties of these two complexes does indeed

show that the complexes [Cudnz]Clz'HzO and [Nidnr]ClrHrO are iso-

structural and hence that the states of coordination are identical. From

chemical considerations, it seems probable therefore that both the

copper and nickel ions are in 6-fold covalent coordination.
The complex ICudnCl]Cl *Hro has quite difierent crystal properties

from the above complexes. It seems probable that the copper ion in this

complex is in 4-fold covalent coordination.
Crystalline samples of these three complexes were donated by Dr' J'

G. Breckenridge of the Department of Chemical Engineering of this

University. These crystals were regrown from 95/e ethanol to a size

suitable for morphological, optical and. r-ray studies (1-2 mm.). The
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complex ICudnCl]Cl.]HzO would not crystallize from this solvent until
acetone was added, which caused its rapid precipitation as fine needle-
Iike prisms. X-ray powder photographs established the identity of these
needles with the original, material.

An examination with a two-circle reflecting goniometer was first made
of each of the compounds. Since the crystal faces were in most cases very
poor, the morphology was determined graphically with reference to the
unit cells later found by *-ray measurements. Typical crystals of the
three complexes (Figs. 1-3) show the similarity between the copper and
nickel complexes of similar formulae.

An investigation of the optical properties of the compounds was
made with the polarizing microscope and the universal stage using im-
mersion technique (Table 1).

Tesm 1. Cnvsrar- 
""""r;;;"X1.ra*Tiilexo 

Nrcrer- Coulr.exBs wrtr

lCudnzlClz.HzO

Monoclinic, P2r/o
a:13.96, b:8.80, c:13.62 A, p:102' 40',  Z:4
aib : c :  1.586:l :  1.548 (r.-ray)
Forms: c(001), a(100), lz(110). Habit: tabular c
Physical Properties: m.p. 197'. d:1.459-1.467 (meas.), 1,460 (calc.)
Optical Properties: z(Na)
X (l ight blue): c:f84' 1.582+0.001 Posit ive
I  (purp l i shb lue) :c : -6o  1 .592+0.001 27 :81* ' (meas. )
Z (dark blue):[ 1.607+0.001 r)aperceptible

[Nidnz]Clz.HzO

Monoclinic, P2r/a
a : t3 .91 ,b :8 .67 ,  c :13 .50  A,  p :7O2"  15"2 :4
a i b : c : 1.604. | : 1.557 (*-ray)
Forms: c(001), a(100), m(ll0), d(011). Habit: tabular c
Physical Properties: m.p.232o. d:1.468 (meas.), 1.478 (calc.)
Optical Properties: z(Na)
X (reddish): c: -65" 1.591 +0.001 Posit ive
[ (purpl ish): c:+25" 1.596+0.001 2trr:89'(meas.)
Z (bluish) : | 1 .601 +0.001 Dispersion not perceptible

lCudnCllCl '*IIzO

Monoclinic, P2/m
a:7 .32 ,  b :10 .27 ,  c :6 .72  A,  g :g5"  56"  Z :2
atb:c:0.7131.1:,0.654
Forms: c(001), o(100), b(010), m(ll}), p(T11). Habit: prismatic [001]
Physical Properties: m.p. 205' (decomposed). d:1.633 (meas.), 1.628 (calc.)
Optical Properties: z(Na)
X ft luish): c:-54" 1.555+0.002 Negative

fIuishpurple):[  1.600+0.002 2V:66" (meas.)
Z (reddish purple): c:*36' 1.625+0.002 r)a perceptible



CRVSTAL PROPERTIES OF COPPER

The unit cell ,dimensions were found using a Weissenberg camera and
copper radiation (CuKa1:1.5405 A).In each case rotation and Weissen-
berg photographs were taken about the D-axis and one other direction of
the crystal. The space groups were derived from a consideration of the
systematically missing reflections on the zero and first layer-line weissen-
berg exposures. Table 1 summarizes the observed crystallographic data
of the three compounds in the form recently proposed by peacock
(1945,  p.  558) .

Frc. 1. [Cudnr]Clg'IIzO; forms c (001), o (100), m (ll}).
Ftc. 2. [Nidnr]Cl:']I:O; forms c (001), a (100), m (110), d (Ol1).
Ftc. 3. [CudnCl]Ct . i]r:O; forms c(001), o (100), A (010), m (tt}), p (Itl).

T.qsr.e 2. Osspnvno INrnNsrrrus elqn Specrxcs (A) or pomnn perrrnxs

[CudndClz.HzO [CudnCl]Cl . i HzO
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Table 2 lists the principal interplanar spacings and visually estimated

intensities of the *-ray powder patterns of the three complexes, using

fi l tered copper radiat ion, CuKa:1.5418 A.
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