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 It is well known that cuprous ion plays 
an important role in the dyeing of poly-
acrylonitrile fibers with anionic dyes; 
cuprous ion is readily absorbed by the 
fibers which then acquire an almost un-
limited affinity for anionic dyes, which 
ordinarily can not be applied to this class 
of fibers. 
 Blaker et al.') suggested that the high 

affinity of cuprous ion for polyacrylonitrile 
is due to the inherent capability of nitrile 

groups in the fibers to absorb cuprous ion 
through formation of complexes analogous 
to those described by Morgan2) for simple 
nitriles. These complexes, which may act 
as positive sites for fixation of dye anions, 
are considered to be of the type,

To verify this hypothesis, Rath et al.'' 
have prepared similar complexes from 
nitriles of aliphatic dibasic acids. It would 
be of interest to determine the crystal

structures of these compounds, since they 
would shed light on the mechanism of the 
dyeing. 
 The crystal structure of bis(succino-
nitrilo) copper (I) nitrate, [Cu (NC-CH2-
CH2-CN) 2] NO3, has been determined as a 
part of a program to establish the con-
figurations of these complexes. Further-
more, the infrared spectrum of this com-
plex has been investigated in relation to 
the crystal structure.

Experimental 

Bis(succinonitrilo)copper(I) nitrate was pre-

pared according to the directions of Morgan2) by 

dissolving silver nitrate into succinonitrile at 

60•Ž and adding an excess of copper powder. 

After black spongy silver was deposited, the 

mixture was filtered while warm and the filtrate 

was extracted with a mixture of ether and 

alcohol. On cooling, the clear extract deposited 

colorless crystals. This compound shows no 

definite melting point. 

Anal. Found: C, 33.24; H, 2.99; N, 24.85; Cu, 

22.12. Calcd. for CsH9N5O3Cu: C, 33.63; H, 2.82; 

N, 24.51; Cu, 22.24%. 

Rotation and Weissenberg photograph showed 

the crystal to be monoclinic with _

a=11.62土0,03A, b=5.31士0.01A, C=9.53±0.03A,

,β=98.8° ±0.2°.

systematically aosent reuecliuus were krs v &J 
for h odd, which indicated space groups P2/a or 
Pa. The statistical method of Howells, Phillips 
and Rogers4), when applied to the h 0 1 data, 
indicated the presence of a center of symmetry, 
which enabled us to adopt the space group P2/a 
for the crystal. The density, determined by 
floatation, was found to be 1.634 g./cc., while
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that calculated assuming two formula units per 
cell was 1.633 g./cc. 

 Intensity data were obtained by visual estima-
tion of a-, b-and c-axis zero-layer Weissenberg 
photographs taken with Cu Ka radiation. A 
multiple-film technique was used and the inten-
sity was corrected for geometrical and polariza-
tion factors. The final set of data consisted of 
122 (h 0 l), 66 (h k 0) and 54 (0 k l) terms of 
measurable amplitudes. Absorption corrections 
were not made, but errors were minimized by 
selecting small and as well-formed crystals as 
were available. 
 The infrared absorption spectra of bis(succino-
nitrilo) copper (I) nitrate and succinonitrile in 
the wavelength region from 2 to 15 microns 
were obtained with a Perkin-Elmer model 21 
spectrophotometer (with NaCl optics).

 Structure Determination 

 Space group P2/a contains fourfold 
general point positions. Since the unit 
cell contains only two formula units, the 
copper atom and the nitrate ion must lie 
either on a twofold symmetry axis or on 
a center of symmetry. The latter can be 
excluded since a tetrahedral coordination 
of a cuprous ion and trigonal configuration 
of a nitrate ion are to be expected. The

copper atom and the central nitrogen 
atom(N1) of the nitrate ion, therefore, 
must lie on twofold axes. The Patterson 
function was computed for the b-axis pro-
jection, which could be solved without 
difficulty, because of the occurrence of the 
copper atoms on special positions. Ap-
proximate x-and z-coordinates of all the 
lighter atoms were obtained at once. 

 A Fourier synthesis of the electron 
density projected along the b-axis was 
computed and this enabled all the x-and 
z-coordinates to be fixed. The Patterson 
function for the a-and c-axis projection 
could be solved successfully by trial 

TABLE I. FINAL ATOMIC COORDINATES

Fig. 1. Final Fourier projection of electron density along [01 0j. Contours are drawn at 
 intervals of 3 eA

p-2 for copper and those for other atoms are at intervals of 1 eA-2, the  l
owest being 2 eA-2.
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TABLE II. COMPARISON OF OBSERVED AND CALCULATED STRUCTURE FACTORS
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TABLE II. (continued)
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Fig. 2. Final Fourier projection of electron 
 density along [100]. Contours are drawn 
 at intervals of 2 eA-2 for copper and 
 nitrate group except 01. Those for other 
 atoms are at intervals of 1 eA-2, the lowest 
 being 2 eA-2 (broken).

studies with models having suitable inter-
atomic distances and bond angles. Ap-
proximate y-coordinates of all the atoms 
were thus obtained. Fourier projections 
of the electron density along [100] and

[0 011 were then computed. Fourier re-
finements were repeated as usual. The 
final projections along [010] and [100] are 
shown in Figs. 1 and 2, respectively. 
 The final set of parameters is listed in 

Table I. This gave the reliability index
of 0.124, 0.106 and

0.134 for (h 0 l), (h k 0) and (0 k l), respec-
tively. A mean isotropic temperature factor 
with B=4.0 A2 was found to be satisfactory 
for the three equatorial zones. Observed 
and calculated structure factors are shown 
in Table II.
 Calculation of the structure factors as 

well as that of the electron density was 
carried out with Remington Rand UNIVAC 
120 electronic computer quite effectively.

 Description of the Structure 

 The interatomic distances and the bond 
angles calculated on the basis of the above 

parameter values are given in Table III. 
Calculation of the standard deviation of 
atomic coordinates by Cruickshank's

TABLE III. INTERATOMIC DISTANCES AND 

BOND ANGLES

Fig. 3. Projection of the structure along [010].
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Fig. 4. Projection of the structure along 

[100].

methods) for each projection gives 0.025A 
for the resolved carbon and nitrogen 
atoms. This suggests a standard deviation
of about±0.04Ain the Cu-N bondlength

determination. 
 The projections of the structure of bis-
(succinonitrilo) copper (I) nitrate along 
[010] and [10 0] are shown in Figs. 3 and 
4, respectively. 

 It is evident from the figures that the 
structure consists of nitrate ions and a 
polymeric chain of the composition,

which runs parallel to the a-axis. A 

copper atom is surrounded tetrahedrally 

by four nitrogen atoms with Cu-N dis-

tances of 1.96 and 2.02 A. A succinonitrile 

molecule in the complex takes a gauche 

configuration with respect to the central 

C2-C3 bond, the azimuthal angle of internal 

rotation being 127•‹ with the trans position 

taken as the origin. The observed C-N 

distance of 1.14A is, within the limits of 

error, close to the value expected for triple 

C-N bond length. The N-C-C bond as 

well as the Cu-N-C bond is found to be

approximately linear. It is possible ac-
cordingly that the bond character in the 
C-N group may be expressed as C=-N. 
 The nitrate ionn exists on a twofold 
symmetry axis. The shape and size of 
the ion is as listed in Table III. These 
data are in good agreement with those 
obtained for other crystals.

Infrared Spectrum as Related to the 
Configuration of the Ligand Molecule 

The vibrational spectrum of the free 
succinonitrile molecule was investigated 
by Fitzgerald and Janzs), who concluded 
that this molecule exists as an equilibrium 
mixture of two rotational isomers, trans 
and gauche, the latter being the more 
stable configuration. Nakagawa and 
Tokumaru7 also studied the vibrational 
spectrum of this substance and reached a 
similar conclusion. In considering the 
infrared spectrum of the complex com-
pound it was first assumed that the inter-
action forces between ligand molecules are 
so small that the main features of the 
spectrum may be explained from con-
sideration of an isolated succinonitrile 
molecule. The infrared spectra of bis-
(succinonitrilo)copper(I) nitrate and free 
succinonitrile are shown in Fig. 5. In 
Table IV are listed the vibrational frequen-
cies and the assignments for the infrared 
absorption bands of these substances in 
the region 1300-700cm-t. In fact, all the 
main bands of the complex in this region 
may be assigned to the vibrations of the

Fig. 5. Infrared spectra of (a) complex and 
 (b) free succinonitrile.

5) D. W. J. Cruickshank, Acta Cryst., 2, 65 (1949).
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scopy, 1, 49 (1957). 
 7) I. Nakagawa, Private communication.
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TABLE IV. INFRARED BANDS OF COMPLEX AND 

 FREE SUCClNONITRILE

a) Solid film 
b) In Nujol 
c) Based on Nakagawa and Tokumaru's 

results

gauche configuration of succinonitrile, 
which is in complete agreement with the 
X-ray results. 
 The spectral features in the nitrile 
absorption region show strong evidence of 
tetrahedral coordination of the nitrile 

groups to the copper spa orbitals; the 
complex compound shows two intense 
bands with peaks at 2278cm-1 and 2381 
cm-1, instead of the one at 2257cm-1 cor-
responding to the C-N stretching vibra-
tion of the free succinonitrile. These two 
bands are certainly to be assigned to the 
CAN stretching modes characteristic to 
the tetrahedral configuration of the com-

plex compound, although the vibrational 
shifts towards higher frequencies with 
respect to the free nitrile may require 
further considerations. 
 The intense bands at 830cm-1 and near 
1380cm-1 and a weak band at 749cm-1 
are assigned to the vibrations of the 
nitrate ion. A weak band at 1042cm-1 
may correspond to an infrared inactive 
frequency for the nitrate ion which is 
considered to become active because of

the breakdown of the selection rule in the 
crystalline field. 

 Summary

 The crystal structure of bis (succino-

nitrilo) copper (I) nitrate has been deter-

mined by two dimensional Fourier method. 

It is monoclinic P2/a with two formula 

units in a cell of dimensions: a=11.62•} 

0.03 A, b=5.31•}0.01 A, c=9.53•}0.03 A and

β=98.8。:±:0.2。. The crystal consists of

nitrate ions and polymeric chains of the 

following composition:

These chains run parallel to the a-axis. 
A succinonitrile molecule takes a gauche 
form with respect to the central C2-C3 
bond. A copper atom is surrounded tetra-
hedrally by four nitrogen atoms with Cu-N 
distances of 1.96 and 2.02A. These facts 
are in close agreement with infrared 
spectral observations. 
 All the atoms in the group Cu-N-C-C 

lie almost on a straight line. This fact 
and the observed C-N distance of 1.14A 
suggest that the bond character in the 
C-N group may essentially be expressed 
as C-N.
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