
1848 [ B a ( C g H 4 0 4 ) ]  

Orthorhombic  
Pbca 
a = 7.792 (1) ~, 
b = 10.390 (1) ,~, 
c = 18.894 (2) ,~ 
V = 1529.6 (3) ,~3 
Z = 8  
D~ = 2.618 Mg m -3 
D,, not measured 

Data collection 

Siemens P4-RA diffractom- 
eter 

0/20 scans 
Absorption correction: 

semi-empirical  via 
scan (XEMP in XSCANS; 
Siemens,  1994b) 
Zmin = 0.583, Tmax = 0.621 

1582 measured reflections 
1582 independent  reflections 

Refinement 

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.025 

wR(F ~) = 0.059 
S = 1.053 
1572 reflections 
122 parameters  
H atoms constrained 
w = 11[o'2(Fo 2) + (0.0082P) 2 

+ 2.7273P] 
where  P = (Fo 2 + 2F~)/3 

Cell parameters from 25 
reflections 

0 = 2 .50-17.25 ° 
# = 5.164 mm -~ 
T = 293 (2) K 
Block 
0.1 × 0.1 × 0.1 mm 
Colorless 

1262 reflections with 
I > 2or(/) 

0max = 26.5 ° 
h = 0--- '  9 
k = 0 ---' 12 
l = 0 ---, 23 
3 standard reflections 

every 150 reflections 
intensity decay: none 

(A/if)max = 0.001 
Apmax = 0.660 e ,~-3 
"~pmin = - 0 . 8 8 6  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SKI168). Ser-,,ices for accessing these 
data are described at the back of the journal. 

References 
Brown, 1. D. & Ahermatt, D. (1985). Acta Crvst. B41,244-247. 
Cherkezova, V. R., Musaev, F. N., Karaev, Z. Sh., Koz'min, P. A., 

Surazhskaya, M. D. & Larina, T. B. (1987). Koord. Khim. 13, 833- 
835. 

Chui, S. S.-Y. & Williams, I. D. (1998). J. Chem. Soc. Dalton Trans. 
Submitted. 

Gutschke, S. O. H., Molinier, M., Powell, A. K., Winpenny, R. E. P. 
& Wood, P. T. (1996). J. Chem. Soc. Chem. Commun. pp. 823-824. 

Hong, C. S. & Do, Y. (1997). Inorg. Chem. 36, 5684-5685. 
Li, H., Davis, C. E., Groy, T. L., Kelley. D. G. & Yaghi, O. M. (1998). 

J. Am. Chem. Soc. 120, 2186-2187. 
Matsuzaki, T. & litaka, Y. (1972). Acta Crvst. B28, 1977-1981. 
Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of 

Crxstal Structures. University of G0ttingen, Germany. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Siemens (1994a). XP. Interactive Molecuhzr Graphics Programs. 

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

Siemens (1994b). XSCANS. X-ray Single Ct-vstal Analysis System. 
Version 2.1. Siemcns Analytical X-ray Instruments Inc.. Madison, 
Wisconsin, USA. 

Smith. R. A. (1977). Acta Crvst. B33. 1594-1596. 

Tab l e  1. Se lec ted  geometr ic  parame te r s  (A, o) 

Bal--Oll' 2.712(3) Bal--O41' 2.659(3) 
Bal--O12 ii 2.742 (3) Bal--O42" 2.745 (3) 
Bal--Ol 1 iii 2.757 (3) Bal--O41 2.806 (3) 
Bal--OI2 'v 2.868 (3) Bal--O42 2.944 (3) 

Ol l'--Bal---O11"' 148.50 (6) O42"--Bal--OI 2" 134.55 (9) 
O41V--Bal--Ol I ' 135.10(I) OI l'"--Bal--Ol 2" 135.93(9) 
O41V--Bal--O12 i' 148.10(I) O42"--Bal--O42 151.71 (6) 
O42"--Ba1--O41 140.7 (1) O1 l"'--BaI--O42 100.65 (9) 
O41'--Bal--O12" 69.6(1) O41--Bal--O42 45.21 (9) 
Ol 2i'--Bal--Ol 2 i' 139.43 (9) 

Symmetry codes: (i)x, ~ - y ,  ½+z; (ii) l - x ,  ½+y, ~-z :  (iii) ½+x, y, ~-:. ,  
(iv) ½ - x , - Y ,  ½+Z;(v) l - x , - y , l - z : ( v i ) ~  + x , ~ - y , l  -Z. 

A relatively small crystal was chosen to minimize absorption 
effects. 

Data collection: XSCANS (Siemens,  1994b). Cell refine- 
ment: XSCANS. Data reduction: XSCANS. Program(s) used 
to solve structure: SHELXS86 (Sheldrick, 1985). Program(s)  
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec- 
ular graphics: XP (Siemens,  1994a). 

T h e  R e s e a r c h  G r a n t s  C o u n c i l  o f  H o n g  K o n g  is 

g r a t e f u l l y  a c k n o w l e d g e d  for  s u p p o r t  o f  this  w o r k  (g ran t  
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Abstract  

T h e  ti t le c o m p o u n d ,  [ C u ( C 3 H 2 0 4 ) ( C I 2 H I 2 N 2 ) ( H 2 0 ) ] . -  
2 H 2 0 ,  l ies on  a c r y s t a l l o g r a p h i c  mir ror .  T h e  Cu  u ion in 

the  c o m p l e x  has  a s l igh t ly  d i s t o r t e d  s q u a r e - p y r a m i d a l  
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coordination environment, with one water molecule 
in the apical position, and two malonate O atoms 
and both N atoms of the bipyridine ligand defining 
the base. The five-membered chelate ring defined by 
atoms N l, C5, C5', N I' and Cul is almost planar, 
while the chelate ring defined by the malonate ligand 
(O1, C7, C8, C7' and O1') and the Cu atom has an 
envelope conformation. Hydrogen bonding and 7r-~r*- 
orbital interactions between the bipyridine tings seem 
to determine the crystal packing. 

Comment 
Our study of the IR spectroscopic properties of several 
mixed aromatic diimine and oxygen-donor complexes 
has led us to prepare and crystallize, among others, the 
title complex, (I), in order to elucidate the relationships 
between structure and spectroscopic behaviour. 

H20 

3 '~"  J'u - Mc 

(I) 

The angle between the least-squares mean plane of 
the bipyridine ring and that of the malonate ring, 
excluding C8, is 3.06 (2) °. The angle between the mean 
plane of the coordinated atoms and the mean plane 
of the bipyridine chelate ring is 8.23 (3) °, while the 
angle between the mean plane of the coordinated atoms 
and the mean plane of the malonate chelate ring is 
14.54 (4) ° . 

The Cu--N distances [2.003(2)*] are longer than 
the Cu--O distances [1.931 (2)A], as observed in many 
complexes with amines and malonate (Kwik et al.,  1986; 
Borghi, 1987; Pajunen & Nasakkala, 1977; Hamalainen 
& Pajunen, 1973; Kansikas & Hamalainen, 1977; Suresh 
& Bhadbhade, 1997; Kawata et al.,  1995; Gasque et 
al.,  1998). Complexes with malonate as the only ligand, 
however, have Cu--O distances that are longer than in 
mixed-ligand complexes (Kiosse et al., 1989). 

The Cu--OW bond length [2.297 (4)*] is similar 
to those in the related complexes with phenanthroline 
[2.31 (3)*;  Kwik et al.,  1986; Borghi, 1987], 5,6-di- 
methylphenanthroline (2.275,~;oGasque et al.,  1998) or 
oxamide-oxime ligands (2.350A; Kawata et al., 1995), 
but shorter than the Cu--OW bond in the simple parent 
bipyridine complex (2.523.~,; Suresh & Bhadbhade, 
1997). 

Each Cu H ion is surrounded by five ligating atoms in 
a square-pyramidal arrangement. The mirror symmetry 
of the molecule requires atoms N1, N I', O1' and O1 to 
be coplanar; Cul deviates from this least-squares mean 
plane by -0.239 (2),~,. The O atom of the water mol- 
ecule coordinated in the apica! position deviates from 
this mean plane by -2.533 (3) A. A similar coordination 
behaviour is observed in the unsubstituted bipyridine 
complex (Suresh & Bhadbhade, 1997), in which Cu 
deviates by -0.112,~ and OW by -2 .651A from the 
corresponding basal plane. Differences between these 
two complexes are found in the disposition of the planes 
defined by the coordinating atoms of each ligand and Cu 
(i.e. the plane of N1, NI '  and Cul, and that of O1, O1' 
and Cul, in the title complex): the interplanar angle 
is 19.24 (7) ° in the title complex and 9.00 (8) ° in the 
unsubstituted bipyridine complex. 

Other relevant mean planes in the molecule are that 
of the five-membered bipyridine chelate ring defined 
by N1, C5, C5', N I' and Cul, which is planar with 
negligible distortion (average r.m.s, deviation of the five 
fitted atoms is 0.0092 A), and the plane defined by O1, 
C7, C7', O1' and Cul, which is roughly planar (average 
r.m.s, deviation of the five fitted atoms is 0.1505 A). 

The chelate ring formed by the malonate ligand 
(O1, C7, C8, C7' and O1') and Cul has an envelope 
conformation; C8 deviates by -1.126 (5) .A from the 
plane of the other five atoms. This behaviour is also 
found in the unsubstituted bipyridine complex. 
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Fig. I. The molecular structure of the title compound. Displacement 
ellipsoids are drawn at the 50c~ probability level. H atoms are 
shown as spheres of  arbitrary radii. 

Relevant hydrogen bonds are listed in Table 2. 
Molecules in the crystal are linked by hydrogen bonding 
between water molecules and malonate O atoms, form- 
ing chains; the bipyridine rings in neighbouring chains 
are parallel to one another. It may be suggested that 
the crystal packing is not only determined by hydrogen- 
bond interactions, but also by 7r-Tr* interactions among 
bipyridine units. The closest distance between bipyridine 
mean planes in the cell is 3.49 (1),~,. 
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Experimental 

The title compound  was obtained by mixing Cu(NO3)2 (2.5 ml, 
0.1 M) with 4,4 ' -dimethylbipyridine (0.25 retool) in methanol.  
To this solution, malonic acid (2.5 ml, 0.1 M in water) was 
added. The mixture was then neutralized with 0.1 M NH4OH 
until a deep-blue colour was observed. The product was 
isolated as prismatic deep-blue crystals. Recrystall ization of  
the product was performed twice from a mixture of  water and 
methanol  in equal parts. Crystals suitable for X-ray analysis 
were grown by slow evaporation from a water /methanol  
solution. 

Crystal data 

[Cu(C3H204)(CI~_HI2N2)- Mo Ko~ radiation 
(H20)] .2H20 A = 0.71073 ~, 

Mr = 403.87 Cell parameters from 25 
Orthorhombic  reflections 
Pnma 0 = 11.5-24.4 ° 
a = 6.9780 (1) A, # = 1.344 m m -  
b = 17.156 (3) ~, T =  293 (2) K 
c = 13.996 (3) ~, Prismatic 
V =  1675.5 (5),~3 0.35 x 0.15 x 0.10 mm 
Z = 4 Blue 
Dx = 1.601 Mg m -3 
O,, not measured 

Data collection 

Enraf -Nonius  CAD-4 
diffractometer  

w/20 scan 
Absorption correction: 

g, scan (North et al., 
1968) 
Tin,, = 0.821, Tm~,~ = 0.874 

2608 measured reflections 
2608 independent  reflections 

1474 reflections with 
I > 2o-(/) 

0ma~ = 30.4 ° 
h = - 9  ---~ 0 
k =  - 2 4  ~ 0  
l = - 1 9  ---~ 0 
3 standard reflections 

every 60 reflections 
intensity decay: none 

Refinement 

Refinement  on F 2 
R[F 2 > 2o-(F2)] = 0.041 
wR(F 2) = 0.115 

S = 0.956 
2608 reflections 
128 parameters 
H atoms: see below 

9 
w = 1/[cr-(F,;) + (0.0620P) 2] 

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

( A / a ) m ~  = 0.064 
,Apmax = 0.55 e ~ - 3  

,Apmin = - 0 . 4 3  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables f o r  
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Tab l e  1. S e l e c t e d  g e o m e t r i c  p a r a m e t e r s  (A, o) 

Cul---Ol 1.931 (2) c5---c5' 
CuI--NI 2.003 (2) C7--C8 
CuI--O1W 2.297 (3) 

OI--CuI--Ol' 91.3(I) OI--CuI--OIW 
O1--Cul--N 1 i 165.03 (9) N 1--CuI--OI W 
OI--CuI--N1 92.21 (8) N 1---C5--C5 ~ 
NI'--Cul--N1 80.8(I) C4--C5--C5' 

O 1 ---C7--C8--C7' 53.2 (4) 

[ C u ( C 3 H 2 0 4 ) ( C I 2 H I 2 N 2 ) ( H 2 0 ) ] . 2 H 2 0  

Tab le  2. H y d r o g e n - b o n d i n g  g e o m e t r y  (A, °) 

D--H. • .A D--H H. • .A D. • .A D-- t t . . .A  
O1W---HIW.-.O2~A" (1.84~11 1.95(I) 2.749(31 161 (3) 
O2W--H2W...O1' (I.88(11 2.07(11 2.952 (31 176(3) 
O2W--H3W. • .02 0.87 (I I .92 ~1 ~ 2.762 (3~ 163 ~3~ 

Symmetry code: (i).~ - i,.v, ½ - z. 

Water H atoms were refined lsotropically, while C - - H  H 
atoms were placed in calculated positions with U,,,,(H) = 
1.5U~,q(attached C) for methyl H atoms and 1.2U~,q(attached 
C) for others. 

Data collection: CAD-4 Software (Enraf-Nonius ,  1989). 
Cell refinement: CAD-4 So.~vare. Data reduction: MolEN 
(Fair, 1990). Program(s)  used to solve structure: SHELXS97 
(Sheldrick, 1990). Program(s)  used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular  graphics: XPMA and 
Z O R T E P  (Zsolnai, 1997). Software used to prepare material 
for publication: CIFTAB in SHELXL97.  

1.478 (5~ 
1.516 (3) 

99.17 (81 
94.61 (8) 

114.4(11 
124.4(1) 

O n e  o f  us  ( R M - E )  w o u l d  l ike  to a c k n o w l e d g e  the  

E u r o p e a n  E c o n o m i c  C o m m u n i t y  C o m m i s s i o n  ( In te r -  

na t i ona l  Sc ien t i f i c  C o o p e r a t i o n  In i t i a t ive )  for  f inanc ia l  

s u p p o r t  in the  f o r m  o f  a M a r i e  C u r i e  F e l l o w s h i p .  

Supplementary data for this paper arc available from the IUCr 
electronic archives (Reference: FRIll71. Services for accessing these 
data are described at the back of the journal. 
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