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The Crystal and Molecular Structure of the Cuprous—Cupric Complex
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Abstract

[Cu(C,HgN,),(H;0) [Cu,(CN),(SeCN),], C, H,Cu;-
NgOSe, is monoclinic, space group Cc, with a =
8:879(2), b = 15-824 (1), ¢ = 13-493(2) A, B =
106-80 (1)°, Z = 4. The structure was refined to R =
0-069 for 1381 counter reflections. The crystal struc-

0567-7408/79/020357-04$01.00

ture is formed of cations [Cuen,.H,0]** and poly-
meric anions [Cu,(CN),(SeCN),]>~. The coordination
about the Cu'' atom is square-pyramidal with two
molecules of ethylenediamine and one molecule of
water at the apex. The Cu' atoms are tetrahedrally
bonded by SeCN and CN, these being present as
bridges.

© 1979 International Union of Crystallography
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Introduction

From the system Cu!'—en—SeCN—H,O the formation
of cuprous—cupric complexes containing cyano groups
in addition to selenocyano groups may occur. These
are formed after redox changes in the system. Depend-
ing on the conditions, solid crystalline substances
Cu,en,(SeCN),(CN),_,.H,0 where x=1 and 2
(Vrabel, Kells, Dunaj-Juréo, Melnik & Garaj, 1975)
precipitate. From the cyanide systems the complex
where x = 0 is formed (Williams, Larson & Cromer,
1972). The equilibrium shift of the reaction Cu?* + e =
Cu* depends mainly on the concentration of N-
containing ligands, e.g. ethylenediamine, ammonia and
ligands with m-releasing properties which stabilize the
oxidation state of Cu?*.

Only a few crystal structures where Cu has mixed
valency (Cooper & Plane, 1966; Dunaj-Juréo & Poraj-
Kosic, 1967; Garaj, 1969) have been described. It
appears that all ammonia or ethylenediamine molecules
are bonded to divalent Cu. If their number is not
sufficient to form planar coordination, they will be
replaced by N atoms from the anionic ligands (e.g. NC,
NCS) which form bridges. The cyanide group forms
bonds between Cu atoms of different oxidation states
Cu''—CN—Cu!, and the complex consists of neutral
polymeric chains, as in Cu,(NH,),(CN), (Williams,
Cromer & Larson, 1971).

If insufficient groups are present to form planar
coordination about Cu'! then such complexes consist of
a cationic part in the cavities formed by the polymeric
anion (Williams, Larson & Cromer, 1972; Cooper &
Plane, 1966).

Experimental

Blue-violet crystals of the title compound were prepared
from the system Cu!'-H,0—en—KSeCN (Vrabel et
al., 1975). The crystals are monoclinic with systematic
absences hk! with & + k odd and hO! with A, [ odd,
indicating space groups Cc or C2/c. The lattice
constants determined from rotation and Weissenberg
photographs were refined by a least-squares procedure
from 12 reflections. Intensities were measured at room
temperature on a Hilger automatic diffractometer with
Mo K« radiation and a graphite monochromator (to 26
= 50°). To obtain the reflections (Ok/~10k!) a crystal
0:3 x 0:2 x 0.2 mm was chosen. 1381 non-zero
independent reflections were obtained. These were
corrected for Lorentz and polarization factors. Ab-
sorption was neglected (4R = 0-6).

The density was determined by flotation in a mixture
of methyl iodide and acetone. Crystal data are given in
Table 1.

THE CUPROUS-CUPRIC COMPLEX [Cu(C,H,N,),(H,0)][Cu,(CN),(SeCN),]

Table 1. Crystal data

C3H 3Cu;N;OSe, Space group Cc

Monoclinic V=1814.9 A3
a= 88792 A FW = 590-8
b=15-824 (1) Z=4

¢ =13-493(2) F(000) = 1140

B =106-80 (1)° D, =2-18 Mgm™?
A(Mo Kt) =0-7107 A D,=2-16

u(Mo Ka) =7-92 mm~!

Structure determination and refinement

The structure was solved by the heavy-atom method. A
Patterson synthesis enabled the location of all the Cu
and Se atoms. A Fourier synthesis differentiated
between them. It was concluded that all five heavy
atoms are in the general positions of Cc. Positions of
the light atoms (N,0,C) were found from a Fourier
synthesis. The structure was refined by a diagonal least-
squares method; the function minimized was 2> w(IF,|
— IF.1Y%, and the weighting scheme used was that of
Cruickshank, Pilling, Bujosa, Lovell & Truter (1961),
w=(a+ IF) + blF,?)"V2 where a = 1-78 and b =
0-004. After refinement with isotropic temperature
parameters R = X |IF,| — IF,I|/>IF,| was 0-179.
After anisotropic refinement R fell to 0-076. Finally,
the H atom positions of the ethylenediamines were
calculated assuming sp? hybridization of the C and N
atoms. The positions of the H atoms were not refined,
but their introduction gave a final R = 0-069. Inthe last
cycle the shifts of all parameters were <2% of their e.s.d.
A final difference synthesis showed no peak >1-7¢ A—3
Scattering factors for neutral atoms were taken from
International Tables for X-ray Crystallography (1962).
The final atomic parameters are given in Table 2,
bond distances and angles in Table 3.* The calculations
were performed on a Siemens 4004/150 computer with
the programs of Ahmed, Hall, Pippy & Huber (1966).

Discussion

The crystal structure consists of a three-dimensional
skeleton formed by polymeric [Cu,(CN),(SeCN),]*-
anions. In the cavities are located Cu!! atoms, coor-
dinated by two molecules of ethylenediamine and one
of water (Fig. I). This (in principle) planar coordination
of Cu" with CuN, chromophores has been found in all
Cu'-Cu'" complexes containing four NH, or two
NH,—(CH,),—NH, molecules. If a water molecule
occurs in the formula unit, it coordinates the Cu'' atom
in an axial direction. In the present complex the Cu—O

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 34003 ( 8pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.



V. VRABEL, J. GARAJ AND L. KUTSCHABSKY

Table 2. Atomic parameters (x10*) with e.s.d.’s in
parentheses

Hydrogen atom positions are calculated values.

X y z
Se(1) 1544 (2) 2539 (1) 3924 (2)
Se(2) 6(2) 2532 (1) 7924 (2)
Cu(l) 52(3) 1434 (1) 2551 (2)
Cu(?) 1569 (3) 1396 (1) 9276 (2)
Cu(3) 769 (4) 4348 (1) 914 (3)
0 4340 (13) 621 (6) 4037 (10)
N(1) 3827(17) 1750 (9) 9433 (12)
N(2) 2777 (22) 3292 (11) 7432 (16)
N(3) 1003 (20) 1642 (8) 559 (14)
N(4) 568 (22) 320 (11) 3265 (12)
N(5) 4209 (17) 1526 (9) 6223 (14)
N(6) 4331 (23) 185 (9) 1315 (15)
N(7) 2309 (19) 3504 (7) 610 (13)
N(@8) 2205 (20) 4781 (8) 5537 (16)
c) 4919 (19) 1990 (12) 9251 (14)
CcQ) 1717 21) 2968 (9) 7599 (13)
c@) 646 (19) 1565 (9) 1306 (10)
C(4) 1040 (19) 327(10) 8622 (16)
C(5) 2888 (36) 1072 (16) 6301 (39)
c(6) 3233 (47) 247 (16) 6791 (40)
() 3314 27) 3941 (10) 70 (23)
C(8) 3644 (35) 4800 (13) 516 (29)
H(N5) —1111 3053 648
H'(N5) —286 3174 1889
H(N6) 1289 5494 682
H'(N6) ~18 5597 1824
H(NT) 1667 5463 —159
H/(NT) 2441 5680 1066
H(N8) 2982 3260 1275
H'(N8) 1713 3041 162
H(C5) —2895 4020 522
H'(CS5) ~2706 3551 1751
H(C6) —2848 5118 1658
H'(C6) —1222 4678 2620
H(C7) 4413 3596 183
H'(CT) 2704 3984 —1755
H(C8) 4214 5171 46
H'(C8) 4423 4753 1303

distance is 2-48, while in Cu;en,(CN),.H,0 it is 2-38
A. The skeleton shape of the present complex is similar
to that in Cu,en,(CN),.H,0.

There are considerable stereochemical differences
between the Cu'! and Cu! atoms. Cu™! has a distorted
square-pyramidal coordination, with two molecules of
ethylenediamine approximately in the plane and a water
molecule at the apex. The Cu'-N distances are
approximately equal (2-02—2.08 A) and agree well with
other results (Williams, Larson & Cromer, 1972;
Brown, Lee & Melsom, 1968). The ethylenediamine
molecules have a gauche configuration; the maximum
deviation of a C atom from the plane defined by N(5),
N(6), N(7), N(8) is 0-32 A (Table 4). The Cu" atom
lies 0-007 A from this plane on the same side as the
water molecule.
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Table 3. Bond distances (A) and angles (°) with e.s.d.’s

in parentheses

Cu(1)—Se(1) 2-613 (3) Cu(3)-N(5) 2.083 (15)
Cu(1)-N(2) 2-026(21)  Cu(3)-N(6) 2-019 (18)
Cu(1)—N(4) 1:997(18)  Cu(3)-N(7) 2-036 (19)
Cu(1)=C(3) 1.912(15)  Cu(3)-N(@®) 2.035 (17)
Cu(2)-Se(2) 2-649 (3) Cu(3)-0 2-483 (14)
Cu(2)-N(1) 2.033(15)  N(5-C(5) 1.403 (34)
Cu(2)-N(3) 1.977(17)  N(6)-C(6) 1.481 (44)
Cu(2)~C(4) 1:904 (1) N(7)-C(7) 1-477 (29)
N(1)-C(1) 1.132(22)  N@®-C(8) 1.452 (33)
N(2)-C(2) 1.151(28)  C(5)-C(6) 1.454 (42)
N(3)-C(3) 1-1147(24)  C(7)-C(8) 1.481 (31)
N(4)-C(4) 1.157(25)  Se(1)-C(1) 1.789 (17)

Se(2)-C(2) 1.833 (18)
Cu(1)=Se(1)-C(1)  99-9(0-6)  Cu(3)—N(5)—C(5)  107-0(I-5)
Cu(1)-N(2)-C(2)  159-0(1-8)  Cu(3)-N(6)—C(6)  109-0(I-5)
Cu(1)=C(3)=N(3)  179-9(2:3)  Cu(3)-N(7))-C(7)  109-2(0-9)
Cu(1)-N@4)—C(4)  170-6 (1-7)  Cu(3)-N(8)—C(8)  108-4(1-2)
Cu(2)-Se(2)-C(2)  96:6 (0-5)  N(5)—Cu(3)}-N(6)  82-7(0-6)
Cu@)-N()=C(1)  161-8(1-5)  N(5)-Cu(3)-N(7)  97-4(0-6)
Cu(2-N(3)-C(3)  162:5(1-2)  N(5)-Cu(3)-N(8)  176-8(0-7)
Cu(2)-C()-N()  172-2(1-6)  N(6)~Cu(3)-N(7)  176-1(0-7)
Se(1)-Cu(1)-N(2)  101-7(0-6)  N(6)-Cu(3)-N(8)  96-4(0-6)
Se(1)~Cu(1)=N(4)  104-5(0-5)  N(T)—Cu(3)-N(8)  83.-7(0-6)
Se(1)—=Cu(1)~C(3)  109-7 (0-4) N(5)-Cu(3)-0 92.5(0-5)
N(2)-Cu(1)-N(4)  108-2(0-8)  N(6)—Cu(3)-0O 94-8 (0-6)
N(2)-Cu(1)-C(3)  115-4(0-8)  N(7)—Cu(3)—O 89-0(0-5)
N(4)—Cu(1)=C(3)  115-8(0-7)  N(8)—Cu(3)-O 84-5 (0-6)
Se(2)-Cu(2)—N(1) 101.0(0-4)  N(5)-C(5)-C(6)  114-9(1-3)
Se(2)-Cu(2)-N(3)  104-7(0-4)  N(6)-C(6)—C(5)  107-3(1-5)
Se(2)-Cu(2)—C@d) 105.9(0-6)  N(T-C(1-C(8)  107-8(2-2)
N(I)-Cu(2)~N(3)  110-3(0-7)  N(8)-C(8)-C(7)  110:7(2-1)
N(1)-Cu(2)-C(4)  113-4(0-6)  Se(1)-C(1)-N(l)  174-5(1.7)
NG3)-Cu(2—-C(@)  119:3(0-7)  Se(2)-C(2)-N(2)  175:2(1-6)

Table 4. Deviations (A x 10%) of atoms from the plane
—0-294X + 0-004Y — 0-956Z = —1-200 through
N(5), N(6), N(7) and N(8)

N(5) 607 C(5) 3213
N(6) —622 C(6) 3114
N(7) —606 C(7) 2859
N(8) 621 C(8) -2936
Cu(3) 67 o 24818

N O
SNrane » o

e

Fig. 1. The crystal structure of [Cu(C,HN,),(H,0)I[Cu,(CN),-
(SeCN),).
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Cu' is coordinated tetrahedrally by cyano and
selenocyanato groups which are present as bridging
groups. The skeleton cavities are formed by six Cu!
atoms bonded together by CN and SeCN groups (Fig.
1). The Cu'-NC distances are somewhat longer than
the Cu'—CN (Table 3). This difference is one of the
factors which allows distinction between the N and C
atoms in the cyano groups.

As a consequence of their bridging function, the
selenocyanato groups lose their linearity. Deviations
from linearity average 5°. This can be explained from
steric factors. Cu'—Se—C angles are near 100°, unlike
the Cu'—=C—N and Cu'-N—C angles which are near
180° (Table 3). This means that the latter bonds lie
along the line connecting the Cu' atoms.

Our results show that the crystallochemical
generalizations of Garaj (1975) are valid also for this
complex.

In cuprous—cupric compounds the (Cu'):(X) ratio
(where X represents an anionic ligand) may be
classified into five groups. For each group the type of
coordination of Cul, the function of the anionic ligands
and the structure type of the skeleton are characteristic.
In this classification Cu,en,(SeCN),(CN),.H,0
belongs to group II, with the ratio (Cu'): (X) = 2:4.

Acta Cryst. (1979). B35, 360-366
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Conformational Polymorphism.
III. The Crystal and Molecular Structures of Form II and Form III of Iminodiacetic Acid
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Abstract

The crystal structures of the second and third poly-
morphic forms of iminodiacetic acid [form I: Boman,
Herbertsson & Oskarsson (1974), Acta Cryst. B30,
378-382] have been determined by X-ray single-crystal
structure analysis. Form II crystallizes in space group
Pbc2, with eight molecules in the unit cell a =
5:267 (2), b = 14-140 (4), ¢ = 14-933 (5) A; form III
crystallizes in space group P2,/n with four molecules in
the unit cell @ = 5-258 (1), b = 12-206(2), ¢ =
8-709 (1) A, B = 100-14 (1)°. Both structures were
solved by direct methods and refined anisotropically to
R factors of 0-052 and 0-042 respectively. Bond

* Permanent address: Chemistry Department, Ben-Gurion Uni-
versity of the Negev, Beersheva, Israel.

0567-7408/79/020360-07801.00

lengths and angles agree well among the four indepen-
dent molecules in the three structures. However,
molecular conformations, as measured by comparison
of torsion angles, differ significantly among the three
forms, and these differences are related to the packing
scheme as determined predominantly by the hydrogen-
bonding network.

Introduction

In two recent papers (Bernstein & Hagler, 1978;
Hagler & Bernstein, 1978) we demonstrated the utility
of studying conformational polymorphs to gain insight
into the influence of crystal forces on molecular
conformation. A pair of structures was analyzed in
which the packing was dominated by van der Waals

© 1979 International Union of Crystallography



