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The mixed-ligand title complex, [Cd(C7H3NO4)(C12H8N2)2]�-
C7H5NO4�4H2O, contains a seven-coordinate Cd atom with a

distorted pentagonal bipyramidal geometry. The asymmetric

unit also contains an uncoordinated pyridine-2,6-dicarboxylic

acid molecule and four water molecules. The units are linked

via OÐH� � �O and OÐH� � �N hydrogen bonds, forming a

three-dimensional network.

Comment

The title compound, (I), is the ®rst cadmium complex to

incorporate both 1,10-phenanthroline and pyridine-2,6-di-

carboxyate ligands. It was prepared from cadmium chloride

and an adduct of the two ligands.

The molecular structure of (I) is shown in Fig. 1, and

selected bond distances and angles are given in Table 1. The

central Cd atom is coordinated by four N atoms from two

bidentate 1,10-phenanthroline molecules, with an average

CdÐN bond length of 2.368 (1) AÊ . This is similar to the values

for other Cd±1,10-phenanthroline complexes reported

previously (Aragoni et al., 2002; Chen et al., 2003; Yang et al.,

2003). Atom Cd1 is also coordinated by one N and two O

atoms from the tridentate pyridine-2,6-dicarboxylate ligand.

The shortest CdÐN bond is Cd1ÐN5 [2.3080 (14) AÊ ]. This is

in agreement with the values reported previously for seven-

coordinate cadmium complexes containing pyridine-2,6-di-

carboxylate as a ligand (Ranjbar et al., 2002; Odoko et al.,

2002).

The geometry of the complex is distorted pentagonal

bipyramidal with two N atoms, N1 and N4 (one from each

1,10-phenanthroline ligand), in axial sites. The equatorial
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positions are occupied by atoms N2 and N3 of the 1,10-

phenanthroline ligands, and atoms O1, N5 and O3 of the

pyridine-2,6-dicarboxylate ligand. The angle N4---Cd1---N1 is

152.60 (5)�. With respect to the angles in the equatorial plane,

the largest and smallest deviations from the ideal value of 72�

are observed for N2ÐCd1ÐN3 [80.83 (5)�] and N3ÐCd1Ð

O3 [75.57 (4)�], respectively.

The crystal packing in (I) involves many OÐH� � �O and

OÐH� � �N hydrogen bonds (Table 2), with H� � �A distances

ranging from 1.77 (3) to 2.54 (3) AÊ . This leads to the formation

of a three-dimensional network, as shown in Fig. 2. A number

of CÐH� � �O interactions (Table 2) were identi®ed in a

PLATON (Spek, 2003) analysis of (I), although their chemical

signi®cance is uncertain.

Experimental

In order to prepare an adduct of the two ligands, an aqueous solution

of pyridine-2,6-dicarboxylic acid (pydcH2) and 1,10-phenanthroline

(phen) in a 1:2 molar ratio was re¯uxed for an hour. Slow concen-

tration of the solution at room temperature gave an adduct of the two

ligands in a 1:2 molar ratio. The melting point of the adduct is

different from those of the starting materials. IR and NMR char-

acterization suggested that proton transfer had occurred from

pydcH2 to phen. The complex was synthesized by the reaction of the

adduct and cadmium(II) chloride monohydrate in a 2:1 molar ratio in

water. Colourless rod-like crystals of (I) were obtained by slow

evaporation of the solvent at room temperature. The block-like

crystal used for data collection was cut from a rod.

Crystal data

[Cd(C7H3NO4)(C12H8N2)2]�-
C7H5NO4�4H2O

Mr = 877.10
Triclinic, P1
a = 10.9455 (7) AÊ

b = 12.1212 (8) AÊ

c = 15.5145 (11) AÊ

� = 67.355 (5)�

� = 74.854 (5)�

 = 74.044 (5)�

V = 1798.2 (2) AÊ 3

Z = 2
Dx = 1.620 Mg mÿ3

Mo K� radiation
Cell parameters from 29056

re¯ections
� = 1.9±29.6�

� = 0.68 mmÿ1

T = 173 (2) K
Block, colourless
0.35 � 0.30 � 0.22 mm

Data collection

Stoe IPDS-2 Image Plate
diffractometer

! scans
Absorption correction: none
26165 measured re¯ections
9657 independent re¯ections

8530 re¯ections with I > 2�(I)
Rint = 0.029
�max = 29.2�

h = ÿ14! 14
k = ÿ16! 16
l = ÿ21! 21

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.027
wR(F 2) = 0.070
S = 1.02
9657 re¯ections
554 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0435P)2

+ 0.2854P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.014
��max = 0.76 e AÊ ÿ3

��min = ÿ0.65 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Cd1ÐN5 2.3080 (14)
Cd1ÐN4 2.3356 (14)
Cd1ÐN2 2.3528 (15)
Cd1ÐN1 2.4162 (15)

Cd1ÐN3 2.4262 (14)
Cd1ÐO1 2.4313 (12)
Cd1ÐO3 2.4700 (13)

N5ÐCd1ÐN4 112.20 (5)
N5ÐCd1ÐN2 134.15 (5)
N4ÐCd1ÐN2 91.68 (5)
N5ÐCd1ÐN1 95.06 (5)
N4ÐCd1ÐN1 152.60 (5)
N2ÐCd1ÐN1 69.84 (5)
N5ÐCd1ÐN3 143.10 (5)
N4ÐCd1ÐN3 70.38 (5)
N2ÐCd1ÐN3 80.83 (5)
N1ÐCd1ÐN3 86.37 (5)
N5ÐCd1ÐO1 68.51 (5)

N4ÐCd1ÐO1 84.32 (5)
N2ÐCd1ÐO1 76.11 (5)
N1ÐCd1ÐO1 109.30 (5)
N3ÐCd1ÐO1 145.06 (5)
N5ÐCd1ÐO3 67.63 (5)
N4ÐCd1ÐO3 99.04 (5)
N2ÐCd1ÐO3 148.90 (5)
N1ÐCd1ÐO3 88.55 (5)
N3ÐCd1ÐO3 75.57 (4)
O1ÐCd1ÐO3 133.73 (4)
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Figure 1
The asymmetric unit of (I), showing the atom-numbering scheme and
displacement ellipsoids at the 50% probability level (arbitrary spheres for
the H atoms).

Figure 2
The crystal packing in (I), viewed approximately down the a axis;
hydrogen bonds are indicated by dashed lines.



Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1WÐH1WA� � �O2i 0.91 (7) 1.95 (6) 2.797 (4) 155 (6)
O1WÐH1WB� � �O4W 0.99 (4) 2.51 (5) 3.357 (7) 144 (5)
O1WÐH1WB� � �O6W 0.99 (4) 1.89 (3) 2.738 (7) 143 (5)
O2WÐH2WA� � �O6ii 0.74 (3) 2.16 (3) 2.880 (2) 166 (3)
O2WÐH2WA� � �N6ii 0.74 (3) 2.54 (3) 3.013 (2) 124 (3)
O2WÐH2WB� � �O2 0.79 (4) 1.98 (4) 2.762 (2) 179 (4)
O3WÐH3WA� � �O5W 0.90 2.22 2.916 (8) 134
O6ÐH6� � �O3 0.81 (3) 1.77 (3) 2.575 (2) 173 (3)
O8ÐH8� � �O2Wiii 0.83 (3) 1.93 (3) 2.741 (3) 165 (3)
O8ÐH8� � �N6 0.83 (3) 2.35 (3) 2.696 (2) 105 (2)
C2ÐH2A� � �O4iv 0.95 2.45 3.337 (3) 155
C8ÐH8A� � �O1Wv 0.95 2.36 3.251 (4) 155
C13ÐH13A� � �O3Wiv 0.95 2.56 3.220 (6) 127
C15ÐH15A� � �O7vi 0.95 2.49 3.346 (3) 151
C17ÐH17A� � �O7vi 0.95 2.59 3.427 (3) 147
C22ÐH22A� � �O1 0.95 2.59 3.193 (2) 122
C33ÐH33A� � �O2vii 0.95 2.59 3.373 (3) 140

Symmetry codes: (i) 1ÿ x; 1ÿ y; 1ÿ z; (ii) x; 1� y; z; (iii) x; yÿ 1; z; (iv)
1ÿ x;ÿy; 1ÿ z; (v) ÿx; 1ÿ y; 1ÿ z; (vi) ÿx;ÿy;ÿz; (vii) 1ÿ x; 1ÿ y;ÿz.

Some of the water H atoms could be located in Fourier difference

maps. In the ®nal re®nement cycles they were either re®ned with an

OÐH distance restraint of 0.90 (2) AÊ or as riding on their carrier O

atom. The constraint Uiso(H) = 1.5Ueq(O) was applied in all cases.

The other H atoms were included in calculated positions and treated

as riding atoms using SHELXL97 (Sheldrick, 1997) default para-

meters; CÐH = 0.95 AÊ and Uiso(H) = 1.2Ueq(parent C atom). Atoms

O3W, O4W, O5W, and O6W are disordered with occupancies of 0.5.

The H atoms attached to O4W, O5W, and O6W were not found.

Data collection: X-AREA (Stoe, 2002); cell re®nement: X-AREA;

data reduction: X-RED32 (Stoe, 2002); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

PLATON (Spek, 2003); software used to prepare material for

publication: SHELXL97.
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