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Er2:l: 0.44011 (2) -0.05904 (2) 
Ti 1 1/2 0 
Ol 0.5086 (3) 0.1354 (3) 
02 0.3642 (3) -0.0083 (3) 
03 0.3994 (3) -0.1021 (3) 
04 0.4324 (3) 0.0657 (3) 
05 0.5464 (2) -0.0468 (2) 
06 0.3482 (3) 0.1550 (3) 
07 0.4524 (3) -0.0514 (3) 
08 1/2 0 
CI 0.5289 (5) 0.1969 (4) 
C2 0.3035 (7) -0.0213 (8) 
C3 0.3757 (6) -0.1389 (5) 
C4 0.4133 (4) 0.1000 (4) 
C5 0.5709 (4) -0.0681 (4) 
C6 0.3021 (7) 0.2005 (6) 
C7 0.4009 (6) -0.0645 (5) 
C8 0.4937 (6) 0.2435 (5) 
C9 0.5963 (5) 0.2076 (6) 
C10 0.2801 (9) -0.0795 (8) 
Cll 0.2621 (7) 0.0168 (8) 
C12 0.3914 (6) -0.1095 (6) 
C13 0.3056 (7) -0.1499 (7) 
C14 0.3422 (4) 0.1041 (5) 
C15 0.4415 (5) 0.1649 (5) 
C16 0.5575 (5) -0.1390 (5) 
C17 0.6400 (5) -0.0570 (4) 
CI 8 0.3094 (5) 0.2535 (4) 
C 19 0.2736 (6) 0.2075 (6) 
C20 0.4205 (9) -0.0693 (10) 
C21 0.3770(8) -0.1304(8) 

i" Site occupancy = 0.90. 

0.426368 (14) 0.03443 (8) 
0.28555 (6) 0.0378 (3) 
0.3826 (2) 0.0437 (t4) 
0.3834 (2) 0.0452 (14) 
0.4896 (2) 0.0525 (I 2) 
0.2880 (2) 0.0443 ( 11 ) 
0.4521 (2) 0.0366 (9) 
0.3786 (2) 0.0533 (12) 
0.2482 (3) 0.076 (2) 
0.3580(2) 0.0337(12) 
0.3705 (5) 0.071 (3) 
0.3754 (9) 0.125 (5) 
0.5310 (4) 0.080 (3) 
0.2438 (3) 0.051 (2) 
0.5012 (3) 0.048 (2) 
0.3829(7) 0.113(5) 
0.2172 (5) 0.078 (4) 
0.3902 (6) 0.105 (5) 
0.3881 (6) 0.089 (4) 
0.3861 (I0) 0.198 (10) 
0.3621 (8) 0.178 (8) 
0.5804 (4) 0.082 (3) 
0.5220 (6) 0.124 (6) 
0.2416 (4) 0.070 (3) 
0.2469 (6) 0.091 (4) 
0.5085 (5) 0.086 (4) 
0.5061 (4) 0.064 (3) 
0.3478 (6) 0.080 (3) 
0.4288(7) 0.110(5) 
0.1618(6) 0.133(7) 
0.2302(9) 0.172(10) 

~: Site occupancy = 0.10. 

Table  2. Selected geometric parameters (A, o) 
Tbl---O6 2.061 (4) Tb2--O8 2.520 (4) 
Tbl---O4 2.226 (5) Til---O7 1.783 (6) 
Tbl---OI 2.281 (6) Til--O8 1.865 (6) 
Tbl---O2 2.322 (6) Til--O4 2.021 (5) 
Tbl---O5 i 2.391 (4) OI----C1 1.423 (10) 
Tbl---O8 2.6181 (9) O2---C2 1.347 (15) 
Tb2--O3 2.066 (5) O3---C3 1.420 (10) 
Tb2---O2 2.247 (6) O4----C4 1.414 (9) 
Tb2---O1 ~ 2.270 (6) O5---C5 1.442 (8) 
Tb2---O5 ~ 2.380 (5) O6----C6 1.393 (9) 
Tb2---O5 2.387 (5) O7----C7 1.391 (12) 

C3---O3--Tb2 172.4 (7) C7---O7--Ti 1 152.6 (7) 
C6----O6---Tb I 178.7 (10) 

Symmetry code: (i) I - x, - y ,  z. 

The absolute structure for the compound was chosen according 
to the Flack (1983) parameter. Site-occupation factors for the 
Tb and Er atoms were fixed at 0.9 and 0.1, respectively. All 
H atoms were placed in calculated positions with a common 
fixed displacement parameter of 0.08 ~2. Methyl groups were 
constrained as rigid tetrahedra (C--H 0.98 A) with H atoms 
freely rotating around the C---C bonds and riding on the C 
atoms. Tertiary H atoms were riding on tied C atoms (C--H 
1.00 ,~). 

Data  col lect ion:  DIF4 (Stoe & Cie,  1990). Cel l  refine- 
ment :  DIF4. Data  reduct ion:  X-RED (Stoe & Cie,  1996). Pro- 
gram(s)  used  to solve structure:  SHELXS86 (Sheldr ick ,  1990). 
P rogram(s )  used  to refine structure:  SHELXL93 (Sheldr ick,  
1993). 

This work was supported by a grant from the Swedish 
Natural Science Research Council. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: AB 1489). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The Schiff base ligand in the title complex, [Cu(C9HI0- 
N3OS)2], lost a proton from its tautomeric thiol form 
and coordinated to Cu n via the mercapto S and /3-N 
atoms. The geometry around Cu 1I is square planar with 
two equivalent C u - - N  and Cu- -S  bonds. The two 
phenyl rings and the coordination moieties are in one 
plane forming an extensive electronic delocalization 
system. 

Comment  
Transition metal organometallic and coordination com- 
plexes have emerged as potential building blocks for 
non-linear optical (NLO) materials due to the various 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1998 
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Fig. 1. View of the title compound. Displacement ellipsoids are drawn at the 30% probability level. [Symmetry code: (i) -x, -y, -z.] 

excited states present in these systems, as well as the 
ability to manipulate metal-organic ligand interactions 
(Long, 1995; Bella et al., 1994). In comparison with 
organic molecules, metal complexes offer a wider va- 
riety of structures, with comparable or, in some cases, 
higher environmental stability and a much greater di- 
versity of tunable electronic properties as a result of 
the coordinated metal center (Nalwa, 1991; Laidlaw et 
al., 1994). Thiosemicarbazones are known to coordinate 
readily with transition metals to give stable complexes, 
forming a long 7r-conjugated system by deprotonation 
on complex formation (Podhye & Kauffman, 1985; Tian 
et al., 1996). Therefore, it is expected that the metal di- 
thiocarbazato may exhibit large second-order molecular 
hyperpolarizability. As part of our studies on the synthe- 
sis and non-linear optical properties of thio-Schiff base 
metal complexes, we report here the title structure, (I), 
the copper(H) complex with thiosemicarbazone derived 
from 4-methoxylbenzaldehyde. 

CH30~N/~cu==~NH2 

/ \  

OCH 3 
(I) 

The coordination geometry of copper(II) is square 
planar with two equivalent Cu---N and Cu--S  bonds. 
The Schiff base loses a proton from its tautomeric 
thiol form and acts as a singly charged bidentate ligand 
coordinating to copper(H) via the mercapto S and fl-N 
atoms. The copper(H) does not occupy the coordination 
chelate plane defined by S1, N1, N2 and C1 (mean 

deviation from the best plane is 0.062 ,~); the distance of 
copper(II) to the plane is 0.16 ,~. All bond distances in 
the side chain are intermediate between a formal single 
bond and a double bond, indicating the high electron 
delocalization in the 7r system of the whole molecule. 

There is a short contact (Fig. 2) between Cul 
and N3 [Cul . . .N3A(-x ,  l - y ,  - z )  3.438A]. The 
intermolecular contact between N3 and O 1 B ( - 1 - x ,  
1 -  y, - z )  [3.163 (4),~,], indicates a soft intermolecular 
hydrogen bond [N3--H3. . .O1B 145.1 (3)°]. The second 
H atom on N3 seems to have no clear hydrogen-bond 
acceptor. 

Fig. 2. Packing diagram viewed down the c axis. See text for 
symmetry codes. 

Experimental 
The title compound was synthesized by refluxing the methanol 
solution of thiosemicarbazone (0.42 g, 2 mmol) and copper 
acetate tetrahydrate (0.50 g, 2 mmol) for 4 h. The dark green 
crystalline solid formed was isolated and dried under vacuum. 
Good quality crystals were obtained by evaporating a methanol 
solution in air. 

Crystal data 

[Cu(CgHIoN3OS)2] Mo Ko~ radiation 
Mr = 480.06 )~ = 0.71073 ,~, 
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Monoclinic 
P21/c 
a = 12.504 (3) ,4, 
b = 5.5750 (10) .~ 
c = 14.450 (2) 
flV : 102"300(10)° 

984.2 (3) ,~3 
Z = 2  
Dx = 1.620 Mg m -3 
Dm not measured 

Cell parameters from 136 
reflections 

0 = 1.75-27.50 ° 
# = 1.351 mm - l  
T = 293 (2) K 
Prism 
0.32 × 0.22 × 0.16 mm 
Dark blue 

Data collection 
Rigaku RAXIS IIC imaging- 

plate diffractometer 
Oscillation IP photos 
Absorption correction: 

A B S C O R  (Higashi, 1995) 
Train = 0.65, Tmax = 0.88 

2362 measured reflections 
2260 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2a(F2)] = 0.039 
wR(F 2) = 0.132 
S = 1.068 
2260 reflections 
133 parameters 
H atoms: see below 
W = 1/[cr2(Fo 2) + (0.08P) 2 

+ 0.13P] 
where P = (Fo 2 + 2F~)/3 

1777 reflections with 
I > 20"(/) 

Rim = 0.018 
0ma~ = 27.50 ° 
h = 0 ---~ 16 
k =  0 ---~ 7 
l = - 1 8  ~ 18 

(A/o')m,x < 0.001 
Apmax = 0.390 e ,~-3 
Apmin = -0 .446  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (,4, o) 
CuI--NI i 1.922(2) N I---C2 1.290(4) 
CuI--NI 1.922 (2) NI--N2 1.400 (3) 
CuI--S1 2.1842 (7) N2---C1 1.307 (3) 
Cul--Sl' 2.1842 (7) N3--C I 1.340 (4) 
S I---CI 1.740 (3) 
N I i - - -Cu I --N I 180.0 N I '------C u 1 --S 1' 84.86 (7) 
Nli~CuI--SI 95.14(7) S I---CuI--SI i 180.0 

Symmetry code: (i) -x ,  -y ,  -z .  

Data were collected on a Rigaku RAXIS IIC imaging-plate 
diffractometer using Mo Ka radiation from a rotating-anode 
generator operating at 50 KV and 90 mA (20max = 55.2 °, 60 
oscillation frames in the range of 0-180°),  exposure 8 min per 
frame. Absorption corrections were made using the ABSCOR 
(Higashi, 1995) program based on Fourier-coefficient fitting 
to the intensities of symmetry-equivalent reflections (Tanner 
& Krause, 1990a,b; Kraus & Phillips, 1992; Higashi, 1995). 
All the non-H atoms were refined anisotropically. All H 
atoms were placed in calculated positions ( C - - H  0.96 A,), 
assigned fixed isotropic displacement parameters 1.2 times the 
equivalent isotropic U value of the attached atom and allowed 
to ride on their respective parent atoms. 

Program(s) used to solve structure: SHELXTL (Sheldrick, 
1994). Program(s) used to refine structure: SHELXTL. Molec- 
ular graphics: SHELXTL. Software used to prepare material 
for publication: SHELXTL. 

This  resea rch  was  suppor ted  by the State Sc i ence  
and  T e c h n o l o g y  C o m m i s s i o n ,  Na t iona l  Na tu re  S c i e n c e  

F o u n d a t i o n  o f  C h i n a  wi th  a grant  for  a K e y  R e s e a r c h  
Project .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SKl lI9). Services for accessing these 
data are described at the back of the journal. 

References  
Bella, D. S, Fragata, I., Ledoux, I., Draz-Garcia, M. A., Lacroix, P. G. 

& Marks T. J. (1994). Chem. Mater. 6, 881-890. 
Higashi, T. (1995). ABSCOR. Program for Absorption Correction. 

Rigaku Corporation, Tokyo, Japan. 
Kraus, K. L. & Phillips, G. N. (1992). J. Appl. Cryst. 25, 146-148. 
Laidlaw, W. M., Denning, R. G., Verbiest, T., Chauchard, E. & 

Persoons, A. (1994). Nature, 363, 58-60. 
Long, N. J. (1995). Angew. Chem. Int. Ed. Engl. 34, 21-46, and 

references therein. 
Nalwa, H. S. (1991). Appl. Organomet. Chem. 5, 349-352. 
Podhye, S. & Kauffman, G. B. (1985). Coord. Chem. Res. 63, 127- 

164. 
Sheldrick, G. M. (1994). SHELXTL. Structure Determination Pro- 

grams. Version 5.03. Siemens Analytical X-ray Instruments Inc., 
Madison, Wisconsin, USA. 

Tanner, J. & Krause, K. (1990a). The Rigaku Journal, 11, 4. 
Tanner, J. & Krause, K. (1990b). The Rigaku Journal, 7, 28-31. 
Tian, Y.-P, Duan, C.-Y., Lu, Z.-L., You, X.-Z., Fun H.-K. & Yip, 

B.-C. (1996). Polyhedron, 15, 2236. 

A c t a  Cryst. (1998).  C54 ,  3 3 - 3 6  

Aqua(dicyanonitrosomethanido-O)bis(1,10- 
phenanthroline-N,N')copper(II) Dicyano- 
nitrosomethanide 

DU~,AN MIKLO~, a IVAN POTO~I~.~,K, a MlCrt~_. DUNAJ- 
JUR(20 a AND LOTHAR J~GER b 

aDepartment of Inorganic Chemistry, Slovak Technical 
University, Radlinskgho 9, 812 37 Bratislava, Slovakia, and 
blnstitute of Inorganic Chemistry, Martin-Luther- University, 
Halle-Wittenberg, Weinbergweg 16, 06120 Halle/Saale, 
Germany. E-mail: miklos@cvtstu.cvt.stuba.sk 

(Received 22 Januar). 1997: accepted 16 July 1997) 

Abstrac t  

The  crysta l  s t ructure  o f  the title c o m p l e x ,  [ C u { O N C -  

(CN)2} (CI2H8N2)2 (H20) ] [ONC(CN)2 ] ,  is c o m p o s e d  o f  
d iscre te  [ C u ( d c n m ) ( H 2 0 ) ( p h e n ) 2 ]  + ca t ions  and  d c n m  
anions  [phen is 1 ,10 -phenan th ro l ine  and  d c n m  is di- 
c y a n o n i t r o s o m e t h a n i d e ,  O N C ( C N ) 2 - ] .  T h e  coo rd ina t i on  
p o l y h e d r o n  o f  the Cu Ii a t om is a d is tor ted  e l o n g a t e d  
te t ragonal  b i p y r a m i d  wi th  a C u N 4 0 2  c h r o m o p h o r e .  T h e  
wa te r  m o l e c u l e  occup ie s  an axial  pos i t ion ,  wh i l e  the  
d c n m  an ion  occup ie s  an equator ia l  posi t ion.  
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