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crystals of Pt-salen crystallize from the solution together with 
T1C1 and can be separated mechanically because of the colour. 
The product can be recrystallized from chloroform. Elemental 
analysis (%): C 41.21 (41.65), H 3.06 (3.06), N 6.07 (6.07), 
Pt 42.04 (42.28) (theoretical values in brackets). 

Crystal data 

[Pt(CI6HI4N2Oz)] 
Mr = 461.39 
Monoclinic 
P21/c 
a = 13.788 (2) ,~ 
b = 7.3827 (12) ,~ 
c = 14.0672 (17) ,~ 
/3 -- 105.66 (2) ° 
V = 1378.8 (4) ,~3 
Z = 4  
Dx = 2.223 Mg m -3 
Dm not measured 

Mo Ko~ radiation 
A = 0.71069 A, 
Cell parameters from 16 

reflections 
0 = 15.1-18.4 ° 
# = 10.182 mm - l  
T = 293 (2) K 
Fragment cut from a larger 

crystal 
0.38 × 0.24 x 0.15 mm 
Red 

Data collection 

Stoe-modified Philips 
PW 1100 diffractometer 

w-20 scans 
Absorption correction: 

~b scan (X-RED; Stoe & 
Cie, 1994a) 
Train = 0.048, Tmax = 0.217 

4850 measured reflections 
2425 independent reflections 

2195 reflections with 
I > 2o-(/) 

R,,, = 0.032 
0max = 24.99 ° 
h = - 1 6 - - ,  16 
k = 0 ---~ 8 
l = - 1 6  ~ 16 
3 standard reflections 

frequency: 60 min 
intensity decay: 3% 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.027 
wR(F 2) = 0.068 
S = 1.051 
2425 reflections 
191 parameters 
H atoms constrained 
w = 1/[¢y2(F 2) + (0.0415P) 2] 

where P = (Fo 2 + 2G2)/3 
(A/ i f )max < 0.001 

Apmax = 1.570 e ,~-3 
(0.89 ,~, from Pt) 

Aprnin = -2 .026  e ,~-3 
(0.93 ,~, from Pt) 

Extinction correction: 
SHELXL97 (Sheldrick, 
1997a) 

Extinction coefficient: 
0.0071 (3) 

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

Table  1. Selected geometric parameters (,4, o) 
Pt--NI 1.938 (5) C8--N2 1.276 (8) 
Pt--N2 1.950 (5) C9--O2 1.3 I0 (7) 
F't---O2 2.002 (4) C15---C16 1.468 (9) 
Pt--OI 2.006 (4) C15--N1 1.497 (7) 
CI--NI 1.288 (9) C16---N2 1.483 (7) 
C2---O 1 1.305 (7) 

NI--Pt--N2 84.2 (2) NI--Pt--O1 94.5 (2) 
N2--Pt--O2 94.27 (19) O2--Pt--O I 87.02 ( 15 ) 

Data collection: STADI4 (Stoe & Cie, 1994b). Cell refinement: 
STADI4. Data reduction: X-RED (Stoe & Cie, 1994a). Pro- 
gram(s) used to solve structure: SHELXS97 (Sheldrick, 1997b). 
Program(s) used to refine structure: SHELXL97 (Sheldrick, 
1997a). Molecular graphics: PLATON (Spek, 1998) and OR- 
TEPIII (Johnson & Burnett, 1996). Software used to prepare 
material for publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GS1038). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The  s t ructure  o f  the title c o m p o u n d ,  [ C o 2 ( C 8 H s O 4 ) 2 -  
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metric dimeric [Co2(#-C8H504)2(CI2H8N2)4] 2+ complex 
units, hydrogen benzene- 1,2-dicarboxylate (C8H504-) 
counter-ions and water solvate molecules. The Co H 
ions display a distorted octahedral environment, with 
Co- -N distances in the range 2.134 (2)-2.170o(3)A, and 
Co- -O distances of 2.066 (2) and 2.082 (2)A. A short 
intramolecular hydrogen bond is found in the unco- 
ordinated oC8H504- ions, with an O.- .O distance of 
2.381 (7)A. The cations, anions and water molecules 
are connected by three O---H---O hydrogen bonds of 
2.530 (4), 2.698 (6) and 2.805 (4) ,~,. 

Comment 
Numerous transition metal benzene-1,2-dicarboxyl- 
a to(2-)  (phthalato) complexes have been described in 
the literature (e.g. Bakalbassis & Terzis, 1994; Poleti 
et al., 1990, and references therein). Of the few hydro- 
gen benzene- 1,2-dicarboxylate(1 - )  (Hbdc) compounds 
which have been structurally characterized, the Hbdc 
ion in [Ni(Hbdc)2(H20)4]-2H20 acts as a monoden- 
tate ligand (Adiwidjaja & Ktippers, 1976), while in 
the case of [Cu(Hbdc)2(H20)2], Hbdc is a chelating 
ligand (Biagini Cingi et al., 1969; Bartl & Ktippers, 
1980). In [Cu{SC(NH2)2}3](Hbdc) (Biagini Cingi et 
al., 1977), Hbdc ions are also not coordinated, but 
are only hydrogen bonded to the complex cation. In 
[Cu(N3)Hbdc]n.nH20 (Escuer et al., 1997), there is an 
infinite polymeric structure with the Hbdc ion in a bridg- 
ing role. Continuing the study of this ligand, the title 
complex, (I), has been characterized and its crystal struc- 
ture is presented here. 
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Fig. 1. A view of the molecular structure of (I), showing the atom- 
numbering scheme and 20ok probability displacement ellipsoids. 
H atoms have been omitted for clarity. Selected hydrogen bonds 
are shown as dashed lines. Only the first neighbours in the 
centrosymmetric cation are numbered [symmetry code: (i) -x. -.v, 
--2]. 
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In the structure of (I), two Hbdc ions are also in 
a bridging role and each Co" ion is surrounded by 
four N atoms from two 1,10-phenanthroline (phen) lig- 
ands and two O atoms from two Hbdc ions (Fig. 1). 
Ionized C O 0 -  groups bridge the Co" ions, thus con- 
necting two Co(phen)2 moieties to form centrosymmet- 
ric dimeric [Co2(#-CsHsOa)2(CI2H8N2)4] 2+ units. The 
geometry about Co n is distorted octahedral (Table 1). 

Bond distances and angles in the phen ligands and the 
coordinated Hbdc ions are as expected for this type of 
ligand (Nishigaki et al., 1978; Poleti et al., 1990). All 

individual aromatic rings and the whole of each phen 
ligand are reasonably planar [the maximum deviation 
is 0.050 (4)A for C8, but does not exceed 0.033 (4),~, 
in the other phen and 0.018(3),A in the Hbdc ions]. 
Probably because of the stress caused by coordination 
and hydrogen bonding (see below), C31 and C32 lie 
out of the plane of their benzene ring by 0.135 (3) and 
-0 .146(3 )A,  respectively; in contrast, the analogous 
C39 and C40 atoms in the uncoordinated Hbdc are 
coplanar with their benzene ring. The two phen planes 
are almost perpendicular [85.46(5) ° ] to each other, 
while the benzene rings of the coordinated Hbdc ions 
are practically parallel [1.63 (9) °] to the N1-C12 phen 
ligand. 

The orientation of COO-  groups in the two types of 
Hbdc ions is quite different: those in the coordinated 
ions are rotated around their C - - C  bonds in the same 
direction [dihedral angle 61.7 (3)°], while those in the 
uncoordinated Hbdc are rotated in opposite directions 
[dihedral angle 30.5 (5)°]. 

A short intramolecular hyodrogen bond with an 
0 6 . . . 0 8  distance of 2.381 (7) A is found in the uncoor- 
dinated Hbdc ions. The H atom involved in this hydro- 
gen bond was found as a wide peak in a difference map 
and after taking into account the carboxyl dimensions 



D E  J A N  P O L E T I  et al. 2063 

and anisot ropy,  w e  a l l o w e d  for  this as 0.5 o c c u p a n c y  
r id ing  H a toms,  one  on each  o f  0 6  and 0 8 .  

T h r e e  i n t e r m o l e c u l a r  h y d r o g e n  bonds  also exist  in 
the s t ructure  (Table 2). The  wa te r  m o l e c u l e  ( 0 9 )  acts 
as both  a h y d r o g e n - b o n d  d o n o r  and  a h y d r o g e n - b o n d  
acceptor ,  b r idg ing  the c o o r d i n a t e d  Hbdc  ions.  Thus ,  
c e n t r o s y m m e t r i c  1 2 - m e m b e r e d  r ings  are f o r m e d  and 
n e i g h b o u r i n g  d imer i c  ca t ions  are fur ther  d i m e r i z e d  by 
h y d r o g e n  bonds .  T h e  s econd  wa te r  H a tom is d i rec ted  
t o w a r d  the u n c o o r d i n a t e d  H b d c  ion. 

Experimental 

Crystals of (I) were prepared by the slow evaporation of 
a dilute E tOH-H20  (1:5) solution (pH = 3.84) containing 
Co(NO3)2, 1,10-phenanthroline and KCsHsO4 in a 1:1:2 molar 
ratio. Analysis calculated for C 4 o H 2 8 C o N 4 0 9 :  C 62.6, H 3.7, 
Co 7.7, N 7.3%; found: C 62.5, H 3.6, Co 8.1, N 7.6%. 

Crystal data 

[ C 0 2 ( C 8 H 5  O4)2 ( C I 2 H 8 N 2 ) 4  ]- 

(CsHsO4)2.2H20 
Mr = 1535.23 
Triclinic 
/'T 
a =  11.611(2) 
b = 12.140 (7) 
c = 13.584 (4) ,~, 
a = 110.13 (4) ° 
fl = 97.62 (2) ° 
7 = 94.56 (4) ° 
V = 1765.7 (12) ,~3 
Z = I  
Dx = 1.444 Mg m -3 
Dm not measured 

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

reflections 
0 = 11.7-16.7 ° 
# = 0.550 m m -  
T - 299 (3) K 
Prismatic 
0.23 x 0.18 x 0.14 mm 
Orange 

Table  1. Se lec ted  bond  lengths (A) 

Co- -O  1 2.066 (2) O2---C31 
Co---O2 2.082 t2) O3~C32  
Ccr---N I 2.139 t2) O ~ - C 3 2  
C~---N2 2.136 (2) O5---C39 
Co--N3 2.134 (2) O ~ - C 3 9  
Co--N4 2.170 (3) O 7 ~ 4 0  
O1--C31'  1.255 (3) O8---C40 

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

.254 (3; 

.222 (4) 

.303 (4) 

.208 (4) 

.249 ~4) 

.191 (6) 

.276 (6) 

Table  2. Hydrogen -bond ing  g e o m e t r y  (,4, o) 

D--H. • .A D--H H. . .A D. • .A D--H. . .A 
O4--HIO4...09" 0.84 (4) 1.70 (3) 2.530 ~4) 173 (4) 
O9--HIO9---05 0.83 (5) 1.87 (5) 2.698 (6) 179 (5) 
O9--H209...03"' 0.79 (4) 2.04 (3) 2.805 (4) 162 (5) 
Symmetry codes: (iiJ x, y - 1, z; (iii) ! - x, 1 - y, -z .  

H atoms connected to carbon were placed at calculated posi- 
tions using a riding model [C- -H  = 0.93,4, and Ui~o(H) = 
1.2Ueq(C)]. In the uncoordinated Hbdc ion, two half- 
occupancy H atoms were placed one on each of 0 6  and 0 8  
and treated as riding using the SHELXL97 AFIX147 option 
(Sheldrick, 1997) [O- -H = 0.82 ,~ and Ui~o(H) -- 1.2Ueq(O)]. 
The H atoms from the H20 molecule and the COOH group 
in the coordinated Hbdc ion were refined isotropically. 

Data collection: CAD-4 Sofm'are (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: local mod- 
ification of MoIEN (Fair, 1990). Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: SHELXL97. Molecular graphics: ORTEX7e 
(McArdle, 1995, Burnett & Johnson, 1996). Software used 
to prepare material for publication: SHELXL97. 

This  w o r k  was  suppor ted  f inanc ia l ly  by the Min i s t ry  
for  S c i e n c e  and T e c h n o l o g y  o f  the Repub l i c  o f  Serbia .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GDI046). Services for accessing these 
data are described at the back of the journal. 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w/20 scans 
Absorption correction: 

by integration (ABSORB; 
DeTitta, 1985) 
Train = 0.907, Tmax = 0.935 

8024 measured reflections 
7684 independent reflections 
4810 reflections with 

I > 20-(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.050 
wR(F 2) = 0.126 
S = 0.985 
7684 reflections 
499 parameters 
H atoms: see below 

2 "~ w = 1/[o" (F¢;=) + (0.0588P) 2] 
where P = (F,~ + 2/7,.2)/3 

Rim = 0.024 
0max = 27.95 ° 
h = - 1 5  ~ 15 
k = - 1 5 - - ~  15 
l = 0 --* 17 
2 standard reflections 

frequency: 120 min 
intensity decay: none 

(z~/0.)max < 0 .001  
Apmax = 0.315 e ,~-3 
Apmin = -0 .280  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 
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