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In the title compound, [Hg(NO3)(C6H6N2O)2]NO3, the HgII

atom is ®ve-coordinate. The distorted square-pyramidal

mercury(II) coordination environment is achieved by two

N,O-bidentate picolinamide ligands, with one O-monodentate

nitrate ion in the apical position. A seven-coordinate extended

coordination environment is completed by two additional

weak Hg� � �O interactions, one from the coordinated nitrate

ion and one from the other nitrate ion, to give seven-

coordination. The molecules are linked into a two-dimen-

sional network by NÐH� � �O hydrogen bonds.

Comment

It is well known that the interaction of metal ions with

bioactive ligands can improve their bioactivity pro®les and,

moreover, the inactive free ligands may acquire pharmaco-

logical properties (Krogsgaard-Larsen et al., 2004). In this

context, metal complexes are of central importance to many

aspects of the structure and function of biologically active or

potentially active ligands, and metal coordination is one of the

most ef®cient strategies for designing repository, slow-release

or long-acting drugs (Bharti et al., 2000). We report here the

preparation and structure analysis of the title compound, (I),

as part of our systematic study of group 12 metal complexes

with biologically important molecules (PopovicÂ, PavlovicÂ,

VinkovicÂ et al., 2006; PopovicÂ, MatkovicÂ-CÏ alogovicÂ et al., 2007;

PavlovicÂ, Soldin et al., 2007; Kukovec et al., 2007). In addition

to numerous mercury halide and pseudohalide complexes or

adducts (Dean, 1978; Graddon, 1982; Holloway & Melnik,

1994; House et al., 1994; PopovicÂ, PavlovicÂ & Soldin, 2006),

there are several papers dealing with mercury(II) nitrate

complexes (Bullock & Tuck, 1965; Kamenar et al., 1976;

GrdenicÂ et al., 1978a,b, 1979; Buergi et al., 1982; MuÈ ller et al.,

2005).

Compound (I) consists of [Hg(NO3)(pia)2]+ complex

cations (pia is picolinamide), with pia in its usual N,O-

chelating mode, and nitrate anions (Fig. 1). The coordination

polyhedron around the HgII ion in the complex cation can be

described as a deformed square pyramid achieved through a

[2N+3O] donor set of atoms. The two N and two O atoms in

the coordination environment originate from two pia ligands,

while the third O atom, O3, comes from a nitrate anion, with

the Hg1ÐO3 bond length (Table 1) being 0.29 AÊ longer than

the sum of the covalent radii of the atoms involved (1.57 +

0.66 = 2.23 AÊ ; MatkovicÂ-CÏ alogovicÂ, 1994). The lengths of the

HgÐN and HgÐO bonds (Table 1) involving the pia ligands

differ slightly from each other by 10.6� and 17.0�, respectively.

The steric demand of the nitrate O atom covalently bound to

the HgII ion is probably responsible for these bond-length

differences. To the best of our knowledge, the only other

report of a mercury(II) complex with a pia ligand is that of

[Hg(SCN)2(pia)]2 (�akovicÂ et al., 2007), in which the HgÐN

bond length of 2.239 (3) AÊ is slightly longer than those in (I)

(by 5� and 16�) as a consequence of the three S atoms

coordinated to Hg. Further elongation of HgÐN bonds was

observed in the structure of [HgI(pic)(Hpic)] (Hpic is picolinic

acid; PopovicÂ, PavlovicÂ & Soldin, 2006), where HgÐN =

2.298 (3) AÊ , which is longer than those in (I) by 21� and 30�,

due to the presence of the even larger iodide ligand. In (I),

there are two additional weak Hg� � �O interactions. One is

from atom O4 of the strongly coordinated nitrate ion

[Hg1� � �O4 = 2.860 (2) AÊ ] and the other is from the other

symmetry-independent nitrate ion [Hg1� � �O6 = 2.813 (2) AÊ ]

(Fig. 1). These distances are within the sum of the van der

Waals radii of these atoms (2.9±3.05 AÊ ; MatkovicÂ-CÏ alogovicÂ,

1994). Considering these interactions, the effective coordina-

tion polyhedron (GrdenicÂ, 1965) around the HgII atom can be

described as a distorted capped octahedron.

An interesting feature of the structure of (I) is the mutual

spatial orientation of the chelate ligands; the planes de®ned by
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Figure 1
The components of the structure of compound (I), showing the atom-
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level and H atoms are shown as small spheres of arbitrary
radii.



atoms Hg1/N1/C1/C6/O1 and Hg1/N3/C7/C12/O2 intersect at

an angle of 37.94 (1)�. This value is close to the corresponding

dihedral angle of 40.5� in the similar �coordinated mercury

compound, [Hg(bipy)2](NO3)2�2H2O (bipy is 2,20-bipyridyl;

GrdenicÂ et al., 1979). Although both pia ligands in (I) are

nearly planar, the conformations of the chelate rings differ

signi®cantly. The r.m.s. deviations of the chelate ring atoms

N1/C1/C6/O1 and N2/C7/C12/O2 from their mean planes are

0.008 and 0.006 AÊ , respectively. Atom Hg1 deviates from these

planes by 0.427 (4) and 0.006 (4) AÊ , respectively, and the

chelate ring puckering of the former ring can best be described

as an envelope on Hg1. The dihedral angles between the

pyridine rings containing atoms N1 and N3 and their corre-

sponding amide groups are 3.0 (1) and 2.1 (2)�, respectively,

while the dihedral angles between these pyridine rings and

their corresponding chelate rings are 3.1 (1) and 0.5 (1)�,
respectively, which are in accordance with those found in

similar Hg compounds, namely 2.2 (2) and 8.3 (2)� in [Hg-

(SCN)2(pia)]2, and 7.5 (2) and 1.7 (2)� in [HgI(pic)2(Hpic)].

The crystal structure of (I) is predominantly determined by

NÐH� � �O hydrogen bonding. The cation possesses two hy-

drogen-bond donors, viz. amide atoms N2 and N4, and both

participate in intermolecular interactions. The combination of

these interactions links the molecules into extended sheets

which lie parallel to the (100) plane (Fig. 2). Hydrogen

bonding within the sheets consists of a combination of

reasonably short strong and, on average, more linear inter-

actions with longer weaker and more bent interactions

(Table 2). In the former group of interactions, two types of

centrosymmetric ring motifs can be discerned. The `standard'

amide hydrogen-bond motif of R2
2(8) (Bernstein et al., 1995)

involves N4ÐH15� � �O2iv, while two centrosymmetric R2
2(16)

motifs, involving O atoms from the weakly coordinating

nitrate anion, O7 and O8 (N2ÐH12� � �O8i and N4Ð

H14� � �O7iii), are established (symmetry codes as in Table 2).

The weaker interactions involve O atoms from the strongly

coordinated nitrate ion. Atom O4, which already participates

in coordination with atom Hg1, and atom O5 act as acceptors

in bifurcated N2ÐH13� � �O4ii and N2ÐH13� � �O5ii hydrogen

bonds, thereby forming an R2
1(4) graph-set motif.

Experimental

To an aqueous solution (10 ml) of mercury(II) nitrate monohydrate

(0.34 g, 0.1 mmol) containing a few drops of nitric acid (20% by

weight), an aqueous solution (30 ml) of picolinamide (0.24 g,

0.2 mmol) was added. After a few hours, colourless crystals of (I)

suitable for X-ray analysis were obtained. The crystals were ®ltered

off, washed with water and dried in air (yield 0.52 g, 91.4%). IR (KBr

pellet, �, cmÿ1): 3556 (w-m), 3406 (s), 3291 (s), 2395 (w), 2360 (w),

2343 (w), 1762 (w), 1680 (s), 1611 (w-m), 1590 (s), 1570 (s), 1473

(w-m), 1448 (s), 1431 (s), 1385 (vs), 1292 (m-s), 1255 (m), 1169 (w), 1118

(w), 1097 (w-m), 1045 (w), 1036 (w), 1024 (vw), 1013 (w), 999 (m), 825

(m), 766 (w), 746 (m), 715 (vw), 680 (w), 668 (w-m), 658 (w), 634 (w),

618 (m), 582 (w-m), 504 (w). The crystals decompose prior to melting.

Crystal data

[Hg(NO3)(C6H6N2O)2]NO3

Mr = 568.87
Triclinic, P1
a = 6.6594 (1) AÊ

b = 9.5373 (2) AÊ

c = 13.6949 (3) AÊ

� = 73.832 (2)�

� = 86.714 (2)�

 = 75.399 (2)�

V = 808.34 (3) AÊ 3

Z = 2
Mo K� radiation
� = 9.58 mmÿ1

T = 183 K
0.31 � 0.08 � 0.04 mm

Data collection

Oxford Diffraction Xcalibur
diffractometer with a Rubby
detector

Absorption correction: multi-scan
(CrysAlisPro; Oxford
Diffraction, 2007)
Tmin = 0.187, Tmax = 0.682

38635 measured re¯ections
4719 independent re¯ections
4201 re¯ections with I > 2�(I)
Rint = 0.039

Re®nement

R[F 2 > 2�(F 2)] = 0.016
wR(F 2) = 0.035
S = 1.02
4719 re¯ections
261 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

��max = 1.47 e AÊ ÿ3

��min = ÿ0.75 e AÊ ÿ3

metal-organic compounds
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Figure 2
A perspective view of the packing of compound (I), showing the
hydrogen bonds as dashed lines. Aromatic H atoms have been omitted for
clarity. [Symmetry codes: (i) 1 ÿ x, 2 ÿ y, 2 ÿ z; (ii) x, y + 1, z; (iii) 1 ÿ x,
2 ÿ y, 1 ÿ z; (iv) 2 ÿ x, 2 ÿ y, 1 ÿ z.]

Table 1
Selected geometric parameters (AÊ , �).

Hg1ÐO1 2.444 (2)
Hg1ÐO2 2.396 (2)
Hg1ÐO3 2.515 (2)

Hg1ÐN1 2.191 (2)
Hg1ÐN3 2.221 (2)

O1ÐHg1ÐO2 72.25 (5)
O1ÐHg1ÐO3 118.02 (6)
O1ÐHg1ÐN1 71.06 (6)
O1ÐHg1ÐN3 129.40 (6)
O2ÐHg1ÐO3 80.66 (6)

O2ÐHg1ÐN1 137.45 (6)
O2ÐHg1ÐN3 71.17 (6)
O3ÐHg1ÐN1 98.25 (7)
O3ÐHg1ÐN3 88.90 (7)
N1ÐHg1ÐN3 151.19 (7)



The aromatic H atoms were ®xed in geometrically calculated

positions and re®ned using a riding model, with CÐH = 0.95 AÊ and

Uiso(H) = 1.2Ueq(C). The H atoms on the carboxamide N atom were

found in a difference Fourier map at the ®nal stage of re®nement and

re®ned freely. The largest peak of residual electron density lies 1.67 AÊ

from atom Hg1 and 1.10 AÊ from atom N1.

Data collection: CrysAlisPro (Oxford Diffraction, 2007); cell

re®nement: CrysAlisPro; data reduction: CrysAlisPro; program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)

used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular

graphics: ORTEP-3 for Windows (Farrugia, 1997) and Mercury

(Macrae et al., 2006); software used to prepare material for publica-

tion: PLATON (Spek, 2003).
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Table 2
Hydrogen-bond geometry (AÊ , �).

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

N2ÐH12� � �O8i 0.85 (3) 2.12 (3) 2.911 (3) 154 (3)
N2ÐH13� � �O4ii 0.86 (3) 2.41 (3) 3.180 (3) 150 (2)
N2ÐH13� � �O5ii 0.86 (3) 2.47 (3) 3.238 (3) 150 (2)
N4ÐH14� � �O7iii 0.84 (3) 2.19 (3) 3.003 (2) 163 (3)
N4ÐH15� � �O2iv 0.83 (3) 2.06 (3) 2.878 (3) 170 (2)

Symmetry codes: (i)ÿx� 1;ÿy� 2;ÿz� 2; (ii) x; y� 1; z; (iii)ÿx� 1,ÿy� 2,ÿz� 1;
(iv) ÿx� 2;ÿy� 2;ÿz� 1.


