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CI(2)---Th(I)---CI(3) 100.1 (1) CI(3)--Th(I)--N(4) 137.5 (2) 
CI(2)--Th(I)----CI(4) 149.5 (1) CI(4)--Th(I)--N(I) 73.0 (2) 
CI(3)---Th( 1 )----C1(4) 87.4 ( I ) CI(4)---Th( 1 )--N(2) 137.4 (2) 
CI(I)--Th(I)--N(I)  74.6 (2) CI(4)--Th(I)---N(3) 78.7 (2) 
CI(I)--Th(I)--N(2) 79.1 (2) CI(4)--Th( I )--N(4) 75.6(2) 
CI(I)--Th(I)--N(3) 136.9 (2) N(I)--Th(I)---N(2) 66.2 (3) 
CI(I)--Th(I)--N(4) 72.5 (2) N(1)--Th(I)---N(3) 142.0 (2) 
CI(2)---Th( 1 )----N( I ) 137.2(2) N(I)--Th(I)--N(4) 128.0(3) 
CI(2)---Th( 1 )----N(2) 72.8 (2) N(2)--Th( 1 )---N(3) 129.3 (3) 
CI(2)--Th( 1 )----N(3) 75.5 (2) N(2)--Th( 1 )--N(4) 140.9 (2) 
Ci(2)--Th( 1 )--N(4) 79.1 ( 1 ) N(3)--Th( 1 )--N(4) 65.9 (2) 

All non-H atomic displacement parameters were refined 
anisotropically. Orienting H atoms were located from differ- 
ence Fourier maps and then the remai.'ning H atoms were gen- 
erated with ideal geometries (0.96A and 109.5°). All were 
subsequently refined as riding groups with a group displace- 
ment parameter. The maximum residual electron density is 
located 1.2 A from C(2) and the minimum residual electron 
density is located 1.0 A from Th(1). Structural refinements 
in the other enantiomorph of this non-centrosymmetric space 
group gave R = 0.0569 and wR = 0.0645. 

Data collection: MSCIAFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1988). Cell refine- 
ment: MSC/AFC Diffractometer Control Software. Data reduc- 
tion: TEXSAN (Molecular Structure Corporation, 1989). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELXTL-Plus (Sheldrick, 
1990). Molecular graphics: SHELXTL-Plus. 

This work was performed under the auspices of  the 
Divisions of  Chemical  Science and Technology,  and 
Materials Science and Technology, Los Alamos National 
Laboratory, which is operated by the University of  Cal- 
ifornia for the US Department of  Energy under con- 
tract W-7405-ENG-36.  The structure was analyzed in 
conjunction with an undergraduate faculty development  
workshop in PC-Based X-ray Crystal lography,  con- 
ducted at Clemson University. We gratefully acknowl- 
edge the Camille  and Henry Dreyfus Foundation Special 
Grant Program in the Chemical  Sciences for funding of  
this workshop. 

Lists of structure factors, anisotropic displacement parameters, 
atomic coordinates and complete geometry have been deposited with 
the IUCr (Reference: BK1289). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 

The title compound,  [Cu(C3H204)(CIoH8N2)(H20)].- 
H20,  exists as discrete monomers.  The Cu II ion is square 
pyramidal,  with two N atoms of  the bipyridyl  l igand 
and two O atoms, one from each of  the carboxylates 
of  the folded dibasic acid, providing the base and a 
water molecule forming a long apical bond [Cu- -O5  
2.523 (3),~]. The 'scorpion-l ike '  complex possesses a 
plane of  symmetry bisecting the molecule lengthwise, 
the non-planari ty arising from severe puckering of  
the six-membered chelate ring of  the acid. Hydrogen- 
bonding interactions between the water molecules and 
the carboxylate O atoms stabilize the crystal structure. 

Comment 
In recent years, inorganic solids with novel polymeric  
networks have found applications in catalysis, separa- 
tion, magnetism and optics. The extraordinary versa- 
tility of  a,~v-dicarboxylic acids, forming different types 
of  polymeric species upon coordination, is well known 
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(Michaelides, Kiritsis, Skoulika & Aubry, 1993; Udupa 
& Krebs, 1980; Karipides, Ault & Reed, 1977; O'Connor 
& Maslen, 1966). We are interested in the structural 
frameworks generated by ternary complexes of a , ~ -  
dicarboxylate, with varying chain length and N-donor 
ligands such as bipyridyl, imidazole and 2-methyl- 
imidazole, with Co u and Cu II metal centres, because 
the acid can act either as a monodentate, a chelating or 
a bridging ligand. As a result of this, the structure of 
the title compound, (I), has been determined. 

!H2 0 
II \ u/°-c 

/ \ o -  c/ C"2 
'o' 

(I) 

The Cu u ion in (I) is square pyramidal (Fig. 1), 
with two N atoms from the bipyridyl ligand and two 
deprotonated O atoms, one from each carboxylate group 
of the acid, forming the base and the O atom from 
the 05  water molecule occupying the apical position. 
Although the base of the pyramid is planar, the bond 
angles deviate from the ideal value of 90 ° (Table 1). The 
present complex is strictly monomeric, but malonate can 
form polymeric networks with different metal centres 
(Ray & Hathaway, 1982; Karipides, Ault & Reed, 
1977; Hansson, 1973). The complex molecule has an 
approximate plane of symmetry passing through atoms 
Cul  and 05  bisecting the N I - - C u l - - N 2  and O 1 - -  
C u l - - O 2  angles. 

The C u - - N  distances are unequal [Cu--N1 1.962 (3) 
and Cu- -N2  1.995 (3),~], as are the C u - - O  distances 
[Cul - -O1  1.885 (2) and C u l - - O 2  1.932 (2)A], but the 

c7& 1 cl,, o3 

L F" 

v '~eg~ C2 

Fig. 1. ORTEP (Johnson, 1965) view of the title complex. The water 
molecule is not shown. Ellipsoids are plotted at the 50% probability 
level. 

reasons for these distortions are not very obvious. The 
C u l - - O 5  apical bond [2.523 (3),~,] is somewhat longer 
than the reported values (Chen, Tioh, Zou, Xu & You, 
1996). The folded malonate ion forms a six-membered 
chelate ring having a boat conformation, with the Cul 
and C12 atoms above the mean plane consisting of 
atoms O1, C l l ,  C13 and 0 2  by 0.58 and 0.52,4,, 
respectively. The Cu atom deviates by 0.11 ,~, from the 
coordination plane through atoms N1, N2, O1 and 03  
towards the apical 05  atom. 

The packing down the b axis (Fig. 2) shows that the 
molecules are arranged in bilayers with their longest 
dimension almost parallel to the c axis. There is 
an extensive hydrogen-bonding network involving the 
carboxylate group, a coordinated water molecule and 
a free water molecule present in the lattice (Table 2). 
The studies of complexes of copper(II) and cobalt(II) 
metal ions with various N-donor ligands and the higher 
carboxylic acids are in progress. 

o a ¢ 

\C 

Fig. 2. The packing of molecules viewed down the b axis. 

Experimental 

The title compound was prepared by refluxing basic copper 
carbonate [CuCO3.Cu(OH)2], sodium hydroxide, malonic acid 
and bipyridyl in the ratio 1:2:1:1 in aqueous media for 45 min. 
The filtrate was kept at a constant temperature of 295 K and 
afforded single crystals suitable for crystallographic studies by 
slow evaporation. 

Crystal data 

[Cu(C3H204)(CmHsN2)- 
(H20)].H20 

Mr = 357.80 
Triclinic 
PI 
a = 7.138 (3) ,~, 
b = 10.148 (4) ,4, 
c = 10.686(2) ,~, 
a -- 105.81 (3) ° 
/3 = 104.54 (2) ° 
3' = 105.30 (3) ° 
V = 673.5 (4) ,~3 
Z = 2  
D, = 1.764 Mg m -3 
O,,, not measured 

Mo Ka, radiation 
A = 0.7107,4, 
Cell parameters from 25 

reflections 
0 = 10-12 ° 
# = 1.655 mm-t 
T = 293 (2) K 
Plate 
0.32 x 0.12 × 0.08 mm 
Blue-green 
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Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

w/20 scans 
Absorption correction: none 
1955 measured reflections 
1955 independent reflections 
1831 reflections with 

I > 20"(/) 

0,,,x = 23.5 ° 
h =  - 7 - - +  7 
k = 0 --+ 11 
l = -11  ---+ 11 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

Refinement 

Refinement on F z 
R(F) = 0.0382 
wR(F z) = 0.1066 
S = 1.046 
1951 reflections 
256 parameters 
All H atoms refined 
w = 1110.2(F~ 2) + (0.0921P) 2 

+ 0.1003P] 
where P = (F} + 2F,?)/3 

(A/0.)max = -0 .011 

Apmax = 0.617 e A, -3 
Apmin = - 1 . 1 6 2  e ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
19931 

Extinction coefficient: 
0.019 (5) 

Scattering factors from 
International Tables for  
Crystallography (Vol. C) 

Table  1. Selec ted  geometr ic  parameters  (A, 

Cul--Ol 1.885 (2) O2--C13 
Cu I--O2 1.932 (2) O3--C11 
CuI--NI 1.962 (3) O4--C 13 
CuI--N2 1.995 (3) CI I---CI 2 
Cul--O5 2.523 (3) C12--CI3 
O I --C I 1 1.286 (4) 

O l---Cu 1---O2 92.13(101 CI l~Ol~Cul  
O I----Cu I--N 1 169.00 (9) C 13--O2---Cu 1 
O2---Cu I--N 1 95.78 (9) O3~CI I~O1 
Ol---Cu I--N2 91.51 (10) O3---C11 ~C 12 
O2---CuI--N2 172.70(91 OI---C 11--CI 2 
N 1---Cu I--N2 79.81 (10) C13---CI 2---CI I 
Ol---Cul~O5 100.46(111 O4---C 13--O2 
O2---Cu 1 ----05 95.12 ( I 0) O4--C 13--C 12 
N I--Cu 1---O5 86.45 (10) O2---C13--C 12 
N2---Cu 1----O5 90.44 (10) 

o) 

1.271 (3) 
1.192 (4) 
1.223 (4) 
1.506 (4) 
1.481 (4) 

124.0 (2) 
124.3 (2) 
122.1 (3) 
119.9 (3) 
118.1 (3) 
116.2 (2) 
124.1 (3) 
I 18.3 (31 
117.5 (31 

Table  2. Hydrogen-bond ing  geometry  ( A, °) 

D--H. • .A H. • .A D. • .A D--H. • .A H--D. • .A 
O6---H61 • • .O1' 2.13 (4) 2.850 (4) 173 (4) 5 (3) 
O6--H62- - -03" 2.10 (4) 2.737 (4) 169 (4) 8 (3) 
O5--H52. • .04'" 2.12 (5) 2.743 (4) 154 (6) 19 (4) 
O5--H51...06" 2.08(4) 2.811 (4) 170(41 7(3) 

Symmetry codes: (i) -x ,  l - y ,  I -z ;  (ii) x,y, l+z; (iii) i -x ,  -y ,  -z;  (iv) 
I -x ,  I -y ,  I -z .  

Data collection: CAD-4 Software (Enraf-Nonius,  1989). Cell 
refinement: CAD-4 Software. Data reduction: NRCVAX (Gabe, 
Le Page, Charland, Lee & White, 1989). Program(s) used to 
solve structure: SHELXS86 (Sheldrick, 1990). Program(s) used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: ORTEP (Johnson, 1965). 

T h e  au tho r s  w i s h  to d e d i c a t e  this  p a p e r  to the  m e m o r y  
o f  the  late Dr  K. V e n k a t a s u b r a m a n i a n ,  w h o  p i o n e e r e d  
the  X- ray  c r y s t a l l o g r a p h i c  w o r k  in this  labora tory .  We  
w i s h  to a c k n o w l e d g e  P r o f e s s o r  P. Na ta ra jan ,  D i r ec to r  o f  

the  Ins t i tu te ,  for  his e n c o u r a g e m e n t .  
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Lists of structure factors, anisotropic displacement parameters, 
atomic coordinates and complete geometry have been deposited with 
the IUCr (Reference: DEI0391. Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH! 2HU, England. 

R e f e r e n c e s  

Chen, W., Tioh, N. H., Zou, J. Z., Xu, Z. & You, X. Z. (19961. Acta 
Cryst. C52, 43-45. 

Enraf-Nonius (19891. CAD-4 Software. Version 5.0. Enraf-Nonius, 
Delft, The Netherlands. 

Gabe, E. J., Le Page, Y., Charland, J.-P., Lee F. L. & White, P. S. 
(19891. J. Appl. Cryst. 22, 384-387. 

Hansson, E. (19731. Acta Chem. Scand. 27, 2813-2826. 
Johnson, C. K. (19651. ORTEP. Report ORNL-3794. Oak Ridge 

National Laboratory, Tennessee, USA. 
Karipides, A., Auh, J. & Reed, A. T. (19771. Inorg. Chem. 16, 3299- 

3302. 
Michaelides, A., Kiritsis, V., Skoulika, S. & Aubry, A. (19931. Angew. 

Chem. Int. Ed. Engl. 32, 1495-1497. 
O'Connor, B. H. & Maslen, E. N. (1966). Acta Cryst. 20, 824-835. 
Ray, N. J. & Hathaway, B. J. (1982). Acta Cryst. B38, 770-773. 
Sheldrick, G. M. (19901. Acta Co'st. A46, 467-473. 
Sheldrick, G. M. (19931. SHELXL93. Program for the Refinement of 

Crystal Structures. University of GOttingen, Germany. 
Udupa, M. R. & Krebs, B. (19801. lnorg. Chim. Acta, 42, 251-254. 

Acta  Cryst. (1997) .  C 5 3 ,  1 9 5 - 1 9 7  

Luminescent Tris(3-ethyl-l,5-diaza- 
3-azonia-7-phosphatricyclo[3.3.1.13,7]- 
decane-P)gold(I) Tetraiodide Trihydrate, 
[ (EtTPA)3Au]I4.3H20 
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A b s t r a c t  

T h e  ti t le c o m p l e x ,  [ A u ( C 8 H I 7 N 3 P ) 3 ] I 4 . 3 H 2 0 ,  has  the  
c o m p l e x  ca t ion  ly ing  wi th  its A u  and  a s soc i a t ed  I a t o m  
on  a c r y s t a l l o g r a p h i c  t h r e e f o l d  axis.  T h e  AuP3 m o i e t y  

has  d i s to r t ed  t r i g o n a l - p l a n a r  g e o m e t r y  [ the A u  a t o m  is 
0 .336  ( 3 ) A  f r o m  the  P3 p lane] ,  w i th  A u - - P  2 .334  (3), 
A u . . . I  2 . 9129  (12)  A, and  P - - A u - - P  1 1 7 . 9 7 ( 3 )  °. T h e  
a s y m m e t r i c  uni t  a l so  has  one  i od ide  ion  and  o n e  wa t e r  
m o l e c u l e  in gene ra l  p o o t i o n s ,  w i th  O - . - I  d i s t ance s  
[ 3 . 5 1 6 ( 2 )  and  3 . 5 7 6 ( 2 ) A ]  c o n s i s t e n t  wi th  O - - H . . - I  
h y d r o g e n  b o n d i n g .  

t Present address: Harvard Department of Chemistry, 12 Oxford 
Street-237, Cambridge, MA 02138, USA. 
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