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Abstract

Crystals of aqua(glutamato)cadmium hydrate, [Cd(CsH;-
04)(H,0)].H,0, are orthorhombic, space group P2,2,2;.
The compound is nearly isostructural with the cor-
responding zinc and copper complexes. The coordi-
nation about the cadmium is a distorted octahedron,
with Cd—O1 2.282(3), Cd—02 2.254(3), Cd—O03
2.303(2), Cd—04 2.449(2), Cd—OS5 2.255(2) and
Cd—N 2.290 (2) A.

Comment

In our laboratories, we have been investigating the op-
tical properties of metal-glutamate complexes. By per-
forming the Kurtz test (Kurtz & Perry, 1968; Kurtz &
Dougherty, 1978), we have found that Zn, Cu and Cd
glutamate complexes have excellent second-order non-
linearity. Upon irradiation at 1064 nm, the powders show
intense green light at 532 nm. Also, large single crys-
tals can be grown from these materials, making them
possible candidates for non-linear optical materials.
Second-order non-linear optical materials have numer-
ous applications as second-harmonic generators, optical
parametric oscillators and electro-optic modulators.
The coordination about the Cd atom in the title
compound (I), is very similar to the square pyramid
found in the corresponding Zn adduct (Gramaccioli,
1966). The additional glutamate O atom (O4) at 2.449 A
completes the distorted octahedron exhibited by both
the Zn and Cu complexes (Gramaccioli & Marsh, 1966;
Gramaccioli, 1966). The Cd atom lies 0.22 A from the
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base of the pyramid and is approximately equidistant
from all five atoms. The average distance from the Cd
atom to the five nearest neighbors is 2.277 A, which is at
least 0.2 A larger than those reported in the Cu and Zn
studies (2.047 and 2.069 A, respectively; Gramaccioli
& Marsh, 1966; Gralpacmoh 1966). However, the O4
atom is at least 0.12 A closer in the Cd complex.

0} o
N 0

M

There are six H atoms available for hydrogen bonding
[four from the two water molecules (H8—HI11) and
two from the nitrogen (H6 and H7)], however, only
five actively participate in hydrogen bonding. The four
O—H- - -O distances of 2.717(3)-2.786 (3)A and the
N—H6. - -O1 distance of 2.967 (3)A are typical values
indicative of moderately strong interactions. The second
H atom on the nitrogen (H7) does not participate in
hydrogen bonding.

Fig. 1. The molecular structure of cadmium glutamate dihydrate along
with the atomic numbering scheme. Displacement ellipsoids are
drawn at the 50% probability level.

Experimental

A one liter solution of 0.34 M L-glutamic acid was heated to
373 K with gentle stirring and the pH was adjusted to 7.0 with
6 M NaOH. A one liter solution of 0.34 M cadmium acetate
was added dropwise to the glutamic acid solution over a period
of 1 h. The solution was removed from the heat. Cadmium
glutamate was precipitated by adjusting the pH to 10.0 (10 M
NaOH). The precipitate was then washed with ethanol and
ether and dried for 48 h at 323 K. Cadmium glutamate was

Acta Crystallographica Section C
ISSN 0108-2701  ©.1%97



1816

recrystallized by lowering the pH of a 0.05 M solution of
cadmium glutamate to 2.0 (6 M HCI). Once the cadmium
glutamate was dissolved, the pH was adjusted to 5.88 and the

solvent allowed to evaporate.

Crystal data

[Cd(CsH704)(H,0)].H,O
M, = 293.55
Orthorhombic
P212,2, .
a = 11.5747 (13) A
b =10.7639 (7) A
c=72556(7) A

V = 903.97 (15) A®
Z=4

D, =2.157 Mgm™>
D,, not measured

Data collection
Enraf-Nonius CAD-4
diffractometer
0720 scans
Absorption correction:
% scan (SDP/PDP;, Enraf—
Nonius, 1985)
Tmin = 037, Tmax = 048
1063 measured reflections
1063 independent reflections

Refinement

Refinement on F

R=0.014

wR = 0.020

§=091

1019 reflections

152 parameters

Only coordinates of H atoms
refined

Mo radiation .

A=071073 A

Cell parameters from 25
reflections

6 = 10.88-25.88°

p=241 mm™'
T=29 K
Prismatic

0.40 x 0.30 x 0.30 mm
Colorless

1019 reflections with
1> 30(])

Omax = 27.96°

h=0-—>15

k=0— 14

I1=0-9

3 standard reflections
frequency: 240 min
intensity decay: <3%

w = l/o?

(A/O')max < OOQ[

Aprmax = 0.36 ¢ A7°

Apmin = —0.36 ¢ A™?

Extinction correction: none

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)

Table 1. Selected geometric parameters (A, °)

Cd—N 2.290 (2) Cd—05 2.255 (2)
Cd—O1 2.282 (3) C1—02 1.254 (3)
Cd—02' 2.254 (2) C1—0l1 1.259 (4)
Cd—O03" 2.303 (2) C2—N 1.469 (4)
Cd—04 2,449 (2)

02—C1—-01 124.6 (3) C4—C3—C2 113.5 (2)
N—C2—Cl1 112.1 (2) C3—C4—C5 113.4 (2)
N—C2—C3 111.7 (2) 04—C5—03 120.4 (3)
C1—C2—C3 109.4 (2)

Symmetry codes: (i) 3 —x, | —y,z— 4 (i) § +x, 1 —y, 1 -z
Table 2. Hydrogen-bonding distances (A)
D—H---A D—H H---A DA
0O5—H8- - -06 0.61 (5) 2.12 (5) 2.726 (3)
05—H9- - -0¢' 0.74 (4) 1.99 (4) 2717 (3)
06—H10- - -04" 0.62 (4) 2.14 (5) 2.786 (3)
0O6—HI1. - .03 0.86 (5) 1.85 (5) 2.708 (3)
N—Hé- - -0O1™ 077 4) 2.34 (4) 2.957 (3)

Symmetry codes: (i) 3 — x,—y, 4 +z (i) L +x 1 -y, ~z (i)

I—-x1l—yz—1.

All non-H atoms were located from electron-density maps
and were refined anisotropically by full-matrix least squares.
H atoms were located from difference Fourier synthesis and
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[Cd(CsH704)(H20)].H,0

were refined isotropically. Their bonded distances were in the
ranges 0.88-1.09 (C—H), 0.77-0.86 (N—H) and 0.62-0.86 A
(O—H).

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: CAD-4 SDP
(Frenz, 1978). Program(s) used to solve structure: CAD-4 SDP.
Program(s) used to refine structure: CAD-4 SDP. Molecular
graphics: Xtal3.4 ORTEP (Hall, Flack & Stewart, 1995).
Software used to prepare material for publication: Xtal3.4
BONDLA CIFIO.
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Supplementary data for this paper are available from the [UCr
electronic archives (Reference: BK1343). Services for accessing these
data are described at the back of the journal.

References

Enraf-Nonius (1985). Structure Determination Package. SDPIPDP
Users Guide. Version 3.0. Enraf-Nonius, Delft, The Netherlands.

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Frenz, B. A. (1978). The Enraf~-Nonius CAD-4 SDP — a Real-Time
Svstem for Concurrent X-ray Data Collection and Crystal Structure
Solution. Computing in Crystallography, edited by H. Schenk, R.
Olthof-Hazekamp, H. van Koningsveld & G. C. Bassi, pp. 64-71.
Delft University Press.

Gramaccioli, C. M. (1966). Acta Cryst. 21, 600-605.

Gramaccioli, C. M. & Marsh, R. E. (1966). Acta Cryst. 21, 594-599.

Hall, S. R, Flack, H. D. & Stewart, J. M. (1995). Editors. Xral3.4
Reference Manual. Universities of Western Australia, Australia,
Geneva, Switzerland, and Maryland, USA.

Kurtz, S. K. & Dougherty, J. P. (1978). Systematic Materials Analysis,
edited by J. H. Richardson & R. V. Peterson, pp. 269-342. New
York: Academic Press.

Kurtz, S. K. & Perry, T. T. (1968). J. Appl. Phys. 39, 3798-3813.

Acta Cryst. (1997). C53, 1816-1819

Dual Behaviour of Acetylacetonate Anions
in the Hydrogen-Bonded Supramolecular
Structure (Acetylacetonato-0,0')[trans-
(1R,2R)-diaminocyclohexane-N,N']-
platinum(Il) Acetylacetonate

HipETAKA YUGE AND TaKESHI KEN MiyamMoTo

Department of Chemistry, School of Science, Kitasato
University, Kitasato, Sagamihara, Kanagawa 228, Japan.
E-mail: yuge@kitasato-u.ac.jp

(Received 13 March 1997; accepted 31 July 1997)

Abstract

The title compound, [Pt(CsH;0,)(C¢H4N;)1(CsH70,),
involves two independent acetylacetonate anions with
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