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The reactions of silver(I) perchlorate with 3-(4,6-dimethyl-2-pyrimidyl)-1,5-dimethyl-1,2,4,5-

tetrazane 6-oxide and its oxidized form, the radical 3-(4,6-dimethyl-2-pyrimidyl)-1,5-dimethyl-6-

oxoverdazyl, afford one-dimensional compounds 1 and 2. Single crystal X-ray diffraction shows

that both compounds are built from cationic chains of silver(I) ions bridged by bidentate ligands.

The one-dimensional objects are isolated from one another by perchlorate ions and solvent

molecules. The oxidation state of the ligands is preserved during the reaction, even under aerobic

conditions. The verdazyl derivative presents an intrachain antiferromagnetic exchange interaction

J = �7.5 cm�1 (H = �JSSi � Si+1) between two radicals through the diamagnetic silver(I) ion.

Introduction

The development of molecular magnetism from magneto-

chemistry has made intensive use of the classical ligands of

coordination chemistry, e.g. diamagnetic molecules and ions.

This strategy has given numerous examples of strong exchange

interaction between the bridged metal ions1 and has allowed

tuning of the dimensionality in a controlled manner. Never-

theless using stable radicals as bridging ligands appeared an

attractive way to develop even stronger interactions relying on

the unpaired electron of the ligand. The most studied radicals

are the (nitronyl) nitroxides,2,3 nitroxides4 and semiqui-

nones.5,6 Another coordinating radical has recently appeared,

namely verdazyl. Very strong metal–radical coupling con-

stants have indeed been observed.7–11 Compared to its pre-

decessors, a bridging verdazyl ligand is bischelating,

topologically comparable to an oxalate ligand. The bridge is

then constituted of two sets of three atoms. For the radical

moiety, the shortening of the bridge allows a good exchange

interaction between the linked moieties.

Nitronyl nitroxides have been used to obtain compounds

whose dimensionality ranges from 0 to 2.2,12 In the latter case,

it led to a ferromagnet with a Curie temperature as high as

40 K.12 In contrast, to date, verdazyl-based radicals have

mainly led to discrete compounds. The main drawback of

these ligands in synthesizing extended structures is their weak

Lewis basicity, which imposes either enhancement of the Lewis

acidity of the metal ions and/or the introduction of strongly

basic pyridine moieties on the ligand.6–9,13,14 These strategies

have until now limited the synthesized products to discrete

entities. One noticeable exception has been proposed by

Brook et al.15

Along these lines, we present a strategy based on the use of

metal ions free of electron-withdrawing ligands. To preserve as

much as possible the Lewis acidity of the metal ion, we use

weakly coordinating counter-ions to ease the coordination of

3-(4,6-dimethyl-2-pyrimidyl)-1,5-dimethyl-1,2,4,5-tetrazane 6-

oxide (H3pmvd) and its oxidized radical form, 3-(4,6-dimethyl-

2-pyrimidyl)-1,5-dimethyl-6-oxoverdazyl (pmvd�), to metal

ions. We describe the synthesis and structure of one dimen-

sional (1D) compounds where silver(I) ions are bridged either

by H3pmvd or by pmvd� (Scheme 1). The comparison between

the two compounds provides useful information on the che-

mical reactivity of the two ligands towards Lewis acids and on

the influence of the oxidation state on the structural properties

as well. The magnetic properties of the radical bridged 1D

compound are analysed and discussed.

Results and discussion

Synthesis

Tetrazane 6-oxide molecules are usually spontaneously oxi-

dized in their verdazyl radical form in air in the presence of

metal ions such as Co(II) or Cu(I).11,13 Instead, H3pmvd

Scheme 1
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showed itself to be stable towards oxidation when crystallizing

Ag(H3pmvd)n
+n(ClO4

�)n(CH3CN) (1) in aerobic conditions.

This stability has been exploited to obtain, for the first time,

similar coordination compounds with the reduced and oxi-

dized forms of the ligand.

The ability of both forms of the ligand to bind a metal ion

can appear surprising. The oxidation of H3pmvd to pmvd�

weakens the s-donating activity of the ligand but opens the

possibility of back-bonding with the now singly occupied p*
orbitals of the ligand. The synthesis of 1 and Ag(pmvd�)n

+

n(ClO�)n(H2O) (2) indicates that the two phenomena tend

to cancel one another out.

It remains that, following the published results emphasizing

the difficulty in the synthesis of coordination compounds

including verdazyl-containing ligands, these two ligands are

weak Lewis bases. Up to now, the synthesis of such com-

pounds followed two strategies to overcome the problem. The

first relies on the enhanced acidity of the metal center by

electron-withdrawing ligands like (1,1,1,5,5,5)-hexafluoroace-

tylacetonate (hfac�) or trifluoroacetate ligands initially pro-

posed in the coordination chemistry of other radicals.16 A

complementary strategy is the use of chelating ligands includ-

ing one7,14,17–19 or two8,11 pyridine moieties whose Lewis

basicity is much higher than that of the pyrimidine20 moiety.

In the former strategy, the presence of blocking ligands limited

the chemistry to the formation of discrete homometallic di-

nuclear complexes where verdazyl radicals bridge the two

metal ions. In the latter case, mononuclear species are ob-

tained. In the present work, the reaction of the metal ion with

poor Lewis bases was made possible by the choice of per-

chlorate,21 a weakly coordinating counter-ion. The absence of

the electron-withdrawing ligands in the coordination sphere of

the metal ion together with the use of pyrimidine substituted

verdazyl-based species has left open all the potential connec-

tions. As silver(I) can be bound to two bidentate ligands22 and

bis(bidentate) H3pmvd and pmvd� are linear connectors, one

dimensional (1D) extended structures can be obtained, as

demonstrated by the single crystal structures of 1 and 2.

Structurez

Compound 1 crystallizes in the Pbca space group (Table 1).

The asymmetric unit is composed of one silver(I) ion, one

H3pmvd ligand, one perchlorate anion and one acetonitrile

molecule (Fig. 1). Because of thermal agitation, the two latter

were refined isotropically. The presence of a hydrogen atom on

the C(4) carbon atom induces a tetrahedral geometry around

this atom and a non coplanarity of the 4,6-dimethyl-2-pyri-

midyl and the 1,5-dimethyl-1,2,4,5-tetrazane 6-oxide rings

(Fig. 2a). Two H3pmvd ligands are bound to the silver ion.

The dihedral angle between the mean plane of the ligands is

128.11 (Fig. 2b). The average distance between the nitrogen

atoms of the pyrimidine moiety and the silver atom is 2.293 Å

while it is 2.445 Å for the tetrazane 6-oxide moiety (Table 2).

The mean N–Ag–N bite angle is 69.21. The coordination

polyhedron around the silver atom is best described as a

flattened tetrahedron (Fig. 3). The mirror symmetry with

respect to the (100) plane generates a 1D structure with

H3pmvd ligands bridging silver(I) ions (Fig. 3). A significant

change is observed upon coordination of the organic ligand to

the silver(I) ion. In the solid state, the two rings of the free

H3pmvd are almost perpendicular.23 In 1, upon coordination

to silver(I), the H3pmvd molecule, though not perfectly planar,

is strongly flattened compared to the free ligand (Fig. 2).

Table 1 Crystal data for 1 and 2

Compound Ag(H3pmvd)n
+n(ClO4

�)n(CH3CN) 1 Ag(pmvd�)n
+n(ClO�)n(H2O) 2

Formula C12H19N7O5ClAg C10H15N6O6ClAg
M/g mol�1 484.65 458.6
Crystal system Orthorhombic Monoclinic
Space group Pbca, Z = 8 P21/n, Z = 4
Cell parameters a = 12.2251(7) Å a = 10.3656(4) Å

b = 15.406(9) Å b = 14.7041(6) Å
c = 19.7291(10) Å c = 11.0971(4) Å

a = g = 901
a = b = g = 901 b = 111.493(2)

Volume V/Å3 3716(2) 1573.8(2)
T/K 250 100 (2)
Number of variables 174 221
R1, wR2 0.114, 0.110 0.0523, 0.1313
Goodness of fit 1.071 1.039

Fig. 1 Molecular structure of 1: the atoms of the asymmetric unit

that form the cationic moiety are shown as thermal ellipsoids at the

30% probability level; perchlorate ion and acetonitrile molecule are

omitted for clarity.
z CCDC reference numbers 634853 and 635223. For crystallographic
data in CIF or other electronic format see DOI: 10.1039/b701686g
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Compound 2 crystallizes in the P21/n space group (Table 1).

The asymmetric unit is composed of one silver(I) ion, one

pmvd� molecule, one perchlorate anion and one water mole-

cule (Fig. 4a). The absence of hydrogen atoms on C(7), N(8)

and N(12) and the planar geometry around the C(7) atom

confirms that the molecule is in its oxidized pmvd� radical

form. The two rings of pmvd� are coplanar. The silver(I) ion is

surrounded by two pmvd� ligands. The coordination of the

silver atom is a nearly regular tetrahedron. The dihedral angle

between the two verdazyl rings coordinated to the silver(I) ion

is 95.01 (Fig. 4b). The nitrogen atoms from the pyrimidine

moiety are located at an average distance of 2.286 Å from the

silver ion while this mean distance is 2.309 Å for the oxoverdazyl

moiety (Table 3). The mean N–Ag–N bite angle is 71.81. The

mirror symmetry with respect to the (1�11) plane generates a one-

dimensional structure where verdazyl ligands bridge silver(I) ions

(Fig. 5). The planarity of the oxoverdazyl radical and the

observed bond lengths and angles are close to those observed

for other oxoverdazyl radicals coordinated to metal atoms.9,15,24

The four nitrogens of the verdazyl moiety are separated

from the oxygen atom of the neighbouring water molecule by

distances ranging from 3.032 to 3.469 Å. These distances are in

accordance with hydrogen bonds between the water molecule

and the verdazyl ring. This water molecule has no other close

neighbour. As is shown in Fig. 5, the nearest pmvd� radicals of

neighbouring chains are perpendicular to one another exclud-

ing p-interactions. Together with the absence of interchain

hydrogen bonds or any other noticeable interchain interac-

tions, this means that the chains can be considered as isolated.

It is worthwhile to briefly compare the structures of 1 and 2.

When going from 1 to 2, a shortening of respectively 0.140 Å

and 0.071 Å of the mean C–N and N–N bond lengths is

observed related to the change from the tetrazane to verdazyl

moiety. The other distances within the tetrazane/verdazyl

moiety decrease by less than 0.03 Å. At the same time, the

bond distances within the pyrimidine ring increase by less than

0.03 Å. This development is due to the transformation of the

highest occupied molecular orbital into a singly occupied one

upon oxidation whose electron density is concentrated on the

NNCNN fragment of the verdazyl moiety.25 The mean bond

length between Ag(I) and the pyrimidine moiety remains

practically unchanged when going from 1 to 2. At the same

time, the bond lengths between the silver atom and the

nitrogen atoms of the second moiety of the ligand decrease

by 0.140 Å while the bite angle increases by 2.61. This indicates

that the loss of s-donating capability upon oxidation is over-

come by the appearance of strong p-back donation from the

metal to the SOMO of the ligand.17 The flattening of the

tetrahedron around silver(I) when going from 2 (Fig. 4b) to 1

(Fig. 3) can be attributed to the mismatch between the two

rings of the ligands (Fig. 2) appearing in H3pmvd compared to

their coplanarity in pmvd�.

1 is the first compound where a verdazyl-based ligand

appears in its reduced form while 2 is the first extended

Fig. 2 (a) Tetrahedral geometry around the C(4) atom of the ligand

in 1. (b) View along 100 of the cationic chains in 1 illustrating the

flattening of the ligand upon coordination.

Table 2 Selected bond lengths (Å) and angles (1) for 1

Ag(1)–N(1)#1 2.401(10) C(4)–N(1) 1.469(15)
Ag(1)–N(4) 2.498(10) C(4)–N(4) 1.459(14)
Ag(1)–N(2) #1 2.307(9) N(4)–N(5) 1.423(13)
Ag(1)–N(3) 2.279(11) N(1)–N(6) 1.429(14)
C(5)–N(2)–Ag(1)#2 119.1(7) N(1)–C(4)–C(5) 109.8(9)
N(2)#1–Ag(1)–N(1)#1 69.3(3) C(4)–C(5)–N(2) 117.3(9)
N(3)–Ag(1)–N(4) 69.1(3) Ag(1)#2–N(1)–C(4) 108.3(7)

a Symmetry transformations used to generate equivalent atoms:

#1 x � 3/2, y � 1, �z � 1/2; #2 x � 1/2, y, �z + 1/2.

Fig. 3 The flattened tetrahedral geometry of silver(I) ion in the cationic chains of 1. Perchlorate ions and acetonitrile have been omitted for clarity.
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oxoverdazyl-based structure where two radicals are bound

through a diamagnetic ion. As such, the magnetic properties

of 2 deserve particular attention.

Magnetic properties

1 is built from a d10 silver(I) ion and a non radical ligand. It is a

diamagnetic compound. The thermal variation of the molar

magnetic susceptibility wM of 2 shows a monotonic increase

when the temperature decreases (Fig. 6). The wMT product

decreases monotonically when the temperature decreases (in-

sert of Fig. 6). The wMT value at 300 K is 0.376 emu K mol�1.

Its remains nearly unchanged down to 150 K and then falls

smoothly to 0.226 emu K mol�1 at 5 K.

The wMT value at room temperature is very close to the

theoretical value 0.375 cm3 K mol�1 for one isolated spin of a

radical (S = 1/2, g = 2.00). The thermal variation of the wMT

product is characteristic of a weak but noticeable antiferro-

magnetic coupling between paramagnetic species. The crystal

structure shows that 2 is made of well isolated chains of

radicals linked by silver(I) ions. This statement is crucial since

recent studies have shown both experimentally and theoreti-

cally that p-stacking can mediate very strong exchange inter-

action in verdazyl-based materials.25,26 In the present case, the

antiferromagnetic exchange coupling is then an intrachain one

between spins 1/2 of nearest neighbours radicals Si and Si+1.

The experimental magnetic susceptibility can thus be fitted

with the 1D antiferromagnetic model of Bonner and Fischer:27

wM = (Ng2mB
2)/(kT)(0.41058 + 0.46049x + 0.49970x2)/

(1 + 2.17368x + 2.02133x2 + 1.90290x3)

with H = �J Si Si � Si+1 and x = �J/2 kT.

Fixing the value of g to 2.00, the best fit gives an exchange

interaction constant J = �7.5 cm�1 (Fig. 6).

Because it governs the value of the overlap between the

SOMOs of the radicals, the dihedral angle between the radicals

is often considered as a key parameter to determine the

overlap between the magnetic orbitals and therefore the sign

and the value of J. Two examples taken from imino nitroxide

chemistry show that strong ferromagnetic exchange interac-

tions are found for a dihedral angle of 901 while a substantial

antiferromagnetic interaction is found for an angle value close

to 01.28 For verdazyl-based radicals, the most valuable system

for comparison is the mononuclear bis(1,5-dimethyl-3-(6-

methylpyridyl)-6-oxoverdazyl)copper(I) complex where a J

value of �2 cm�1 has been found for a dihedral angle between

the two radicals equal to 115.81.18 The decrease of the angle

from 115.81 in the copper(I) complex to 951 in the silver(I)

compound 2 is not followed by a decrease in the antiferro-

magnetic interaction. At first sight, this can appear surprising

because a decrease in the overlap is expected when the dihedral

angle is decreased. It means that the nature of the diamagnetic

metal ion binding the two radicals, especially the energies and

the diffuseness of the occupied d and vacant p orbitals, must

have a strong influence on the magnitude of the exchange

interaction between the radicals.17 Previous calculations have

failed to reproduce the experimental behaviour of the

copper(I) bisverdazyl complexes.19 A theoretical study based

on ab initio calculation is under way to determine the role of

the different parameters.

Fig. 4 (a) Molecular structure of 2: the atoms of the asymmetric unit

are shown as thermal ellipsoids at the 30% probability level. (b) View

along the cationic chains of 2 illustrating the planarity of pmvd� and

the tetrahedral environment of the silver ion.

Table 3 Selected bond lengths (Å) and angles (1) for 2

Ag–N(12) 2.334(2) C(7)–N(8) 1.328(3)
Ag–N(8)#1 2.284(2) C(7)–N(12) 1.323(3)
Ag–N(5)#1 2.303(2) N(9)–N(8) 1.353(4)
Ag–N(1) 2.269(2) N(12)–N(11) 1.357(3)

C(6)–N(1)–Ag 118.09(19) N(12)–C(7)–C(6) 116.3(2)
N(1)–Ag–N(12) 71.57(8) C(7)–C(6)–N(1) 117.3(2)
N(5)#1–Ag–N(8)#1 72.06(9) Ag–N(12)–C(7) 116.65(18)

a Symmetry transformations used to generate equivalent atoms:

#1 x + 1/2, �y + 1/2, z + 1/2.

Fig. 5 Crystal packing of the cationic Ag(pmvd�)n
+ chains of 2

(perchlorate ions and water molecules are omitted for clarity).

Fig. 6 Thermal variation of the molar magnetic susceptibility, wM
and wMT product (inset) for 2 and best fit for wM (see text).
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Concluding remarks

The stability under aerobic conditions of 3-(4,6-dimethyl-2-

pyrimidyl)-1,5-dimethyl-1,2,4,5-tetrazane 6-oxide (H3pmvd)

and the reduced form 3-(4,6-dimethyl-2-pyrimidyl)-1,5-di-

methyl-6-oxoverdazyl (pmvd�) even when metal ions are pre-

sent allows the use of both molecules as ligands. The reaction

with silver(I) perchlorate21 leads to single crystals of the first

coordination compound with the reduced form of an oxover-

dazyl radical. Thanks to the absence of electron withdrawing

ligands in the coordination sphere of the metal ions, it is

possible to get extended structures with both H3pmvd and

pmvd� acting as bidentate bridging ligands between silver(I)

ions. The comparison of these parent extended coordination

compounds indicates that the Lewis basicity of the ligand is

enhanced upon oxidation because of the appearance of p-
accepting orbitals. When the pmvd� radical is used, isolated

chains of spin 1/2 coupled through the diamagnetic silver(I) are

obtained. They present a uniform intrachain antiferro-

magnetic interaction between two successive radicals J =

�7.5 cm�1 (H = �Si JSi � Si+1).

As exemplified in nitronyl nitroxide,12 the stability of the

pmvd� ligand and its ability to react with non-activated metal

ions open new possibilities for using this versatile building

block for the preparation of multifunctional molecular mag-

netic materials of various dimensionalities where a stronger

interaction between the spin bearers allows enhancement of

the critical temperatures of the systems.

Experimental

H3pmvd and pmvd� were synthesized according to literature

methods.29 All other reagents were used as received.

Synthesis and crystallization conditions

Caution! Perchlorate salts are potentially explosive and should

be handled with care, at room temperature, without shocks

and in small amounts.21

Ag(H3pmvd)n
+, n(ClO4

�) n(CH3CN), 1. An ethyl acetate

solution (5 mL) containing 70.8 mg of H3pmvd (M = 236 g

mol�1; 0.03 mmol) is added to a solution containing 22.5 mg

of silver(I) perchlorate monohydrate Ag(ClO4)(H2O) (M =

225 g mol�1; 0.01 mmol) dissolved in the minimum amount of

ethyl acetate. The mixture is stirred for 30 min in the dark.

Then the solution is filtered out and the yellow solid is washed

twice with 2 mL of ethyl acetate to remove excess H3pmvd

ligand. The resulting solid is dissolved in a minimum of

acetonitrile. Slow diffusion of gaseous ether, in the dark,

allows pale yellow needle-shaped single crystals of 3-(4,6-

dimethyl-2-pyrimidyl)-1,5-dimethyl-1,2,4,5-tetrazane 6-oxide

silver(I) perchlorate Ag(H3pmvd)n
+n(ClO4

�)n(CH3CN) to be

obtained after four days. IR (KBr) nmax/cm
�1:3206m (N–H),

2960w, 2923w (C–H), 1660vs (CQO), 1611s, 1542s (CQN),

1442m, 1428m (C–C), 1101s (Cl–O).y

Ag(pmvd�)n
+n(ClO4

�) n(H2O), 2. An acetonitrile solution

(5 mL) containing 45.1 mg of silver(I) perchlorate monohy-

drate Ag(ClO4)(H2O) (M= 225 g mol�1; 0.02 mmol) is slowly

added to an acetonitrile solution (5 mL) containing 46.7 mg of

pmvd� (M = 233 g mol�1; n = 0.02 mmol). The colour of the

solution readily changes from orange to brown-red. During

the 30 min stirring in the dark, a solid appears. It is redissolved

by adding 5 mL of acetonitrile. Dark brown single crystals are

obtained after two days by slow evaporation in the dark at

room temperature.

IR (KBr) nmax/cm
�1:2962w, 2926w (C–H), 1704vs (CQO),

1612s, 1538s (CQN), 1441m (C–C), 1095s (Cl–O).y

Physical measurements

The IR spectra were recorded on a Bio-Rad IRFT spectro-

meter as KBr pellets in the 4000–250 cm�1 region.

The magnetic susceptibility of a set of small single crystals

was measured in a 0.1 T external field between 5 and 300 K on

a Quantum Design MPMS5 SQUID magnetometer and cor-

rected for temperature independent effects (1.0 � 10�3 cm3

mol�1) before fitting with the expression given in the text.

X-Ray crystallography

Crystallographic data for 1 were recorded at 250 K on a

Kappa-CCD Bruker diffractometer with graphite mono-chro-

mated MoKa radiation (l = 0.71073 Å) and the o-scan
technique. Orientation matrix and lattice parameters were

obtained by least-squares refinement of the diffraction data

of 147 reflections within the range of 31 o y o 171. The index

ranges of data collection were �11 r h r 15, �19 r k r 11,

�25 r l r 24. Intensity data were collected in the y range

3.0–27.51, 1904 independent reflections have F0
2
Z 3sF0

2. All

the measured independent reflections were used in the analysis.

The structure was solved by direct methods using

SHELXS8630 and refined with full-matrix least-squares tech-

nique on F using the CRYSTALS31 programs. Non-hydrogen

atoms were refined anisotropically (except for CH3CN and

ClO4
�). All hydrogen atoms were set in calculated positions

and isotropically refined. The values of the discrepancy indices

R1 (Rw2) for all data were 0.114 (0.110), whereas those listed

in Table 1 correspond to the data with I o 3s(I). The final

Fourier–difference map showed maximum and minimum

height peaks of 1.52 and �1.52 e Å�3. The values of number

of reflections/number of variable parameters are 196, and

those of the goodness-of-fit are 1.106. The molecular structure

was drawn with the program CAMERON.32

For 2, a single crystal (0.24 � 0.06 � 0.02 mm3) was

mounted with Paratone-N oil (Hampton Research) coating

and immediately placed in a nitrogen cold stream. X-Ray

intensity data were collected at 100 K on a Bruker-Nonius X8-

APEX2 CCD area-detector diffractometer using Mo-Ka ra-

diation (l= 0.71073 Å). Nine sets of narrow data frames (30 s

per frame) were collected at different values of y, for 4 and 5

initial values of f and o, respectively, using 0.51 increments of

f or o. Data were collected from y = 2.411 up to 35.481

(99.4% coverage). The index ranges of data collection were

�16 r h r 16, �24 r k r 22, �16 r l r 18. 38 252

reflections were collected. Data reduction was accomplished

using SAINT V7.0333 leading to 7122 independent reflections

(4716 F0 4 4sF0). The substantial redundancy in data allowedy Intensity: w, weak; m, medium; s, strong; vs, very strong.

This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007 New J. Chem., 2007, 31, 1001–1006 | 1005

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

B
el

gr
ad

e 
on

 0
1 

Ja
nu

ar
y 

20
13

Pu
bl

is
he

d 
on

 1
9 

A
pr

il 
20

07
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
70

16
86

G

View Article Online

http://dx.doi.org/10.1039/b701686g


a semi-empirical absorption correction (SADABS V2.10)33 to

be applied, on the basis of multiple measurements of equiva-

lent reflections. The structure was solved by direct methods,

developed by successive difference Fourier syntheses, and

refined by full-matrix least-squares on all F2 data using

SHELXTL V6.14.34 Hydrogen atoms were included in calcu-

lated positions and allowed to ride on their parent atoms. The

highest residual electron density was 2.894 e Å�3. The values

of the discrepancy indices R1 (Rw2) for all data were 0.0902

(0.1469), whereas those listed in Table 1 correspond to the

data with I o 2s(I). The final Fourier–difference map showed

maximum and minimum height peaks of 2.893 and

�1.396 e Å �3. The values of number of reflections/number of

variable parameters are 173, and the goodness-of-fit is 1.040.
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