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Abstract: Two new nickel complexes with a new 1,2-dithiolate ligand, (Bu,N),[Ni(nbdt),] (1) and (BuyN)[Ni(nbdt),]
(2) (nbdt=4-nitro-benzene-1,2-dithiolate), have been synthesized and characterized by X-ray single-crystal struc-

ture determination, cyclic voltammetry, ESR, UV/Vis spectra and magnetic susceptibility measurements. Complex

2 was obtained by oxidation of complex 1 with I,. The crystal structure determination reveals that the central Ni

atoms in complexes 1 and 2 are in slightly distorted square-planar coordination environment. The cyclic voltam-

metric studies show that there are two oxidation peaks at 0.15 and 0.85 V for complex 1. The antiferromagnetic

interaction dominates the magnetic properties in complex 2. CCDC: 287714; 287715.
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0 Introduction

Metal complexes of 1,2-dithiolene ligands have
been intensively studied because of their novel prop-
erties and applications in the areas of molecular con-
ducting, magnetic materials, non-linear optics and oth-

ers!'?.  Over the last decade, a large number of new

Wi B 19 .2005-09-03, W& i B 1 .2005-11-17,

dithiolene ligands and resultant complexes have been
prepared to optimize the molecular properties in an ef-
fort to prepare novel and advanced materials®*. The
benzene-1,2-dithiolate (bdt) and toluene-3,4-dithiolate
complexes of transition-metal ions were prepared and
characterized as early as the 1960 sP*'2. These com-

plexes have been studied in details because of their
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easy preparation compared with other bis (dithiolene)
complexes and the rich redox and spectral properties.
However, the magnetic and conducting properties of
[M(bdt),]*~ have not been undertaken like other similar
compounds, such as [M(mnt),|"” (mnt=maleonitriledithi-
olate) and [M(dmit),|"~ (dmit=2-thioxo-1,2-dithiole-4,5-
dithiolate)!'!,

poorer intermolecular interactions for these in compari-

This may be due to the perception of
son with the [M (dmit),]"~ class owing to the reduced
number of sulfurs in the [M(bdt),]"~ complexes. Recent-
ly several nickel complexes based on the benzene-1,2-
dithiolate unit were synthesized and studied for mag-

[15~18]

netic properties As we know, the type of side
group on the benzene framework has great effects on
the properties of the resulted complex. In order to ex-
plore the effects of chemical modification group on the
properties of complexes, in this paper we report the
syntheses, structures and properties of two new nickel
complexes with a new 4-nitro-benzene-1,2-dithiolate

ligand.

1 Experimental

1.1 General procedures
All chemicals were reagent grade and used as
received. All solvents were of analytical grade and

dried with standard methods and distilled before use.
5-nitro-2-thioxo-1,3-benzenedithiol was prepared ac-
cording to the literature method"?". Elemental analy-
ses for C, H and N were performed on a Perkin-Elmer
240C analyzer. The ESR spectra were measured using
a Bruker ER 200-D-SRC spectrometer at room tem-

perature. The IR spectra were taken on a Vector22

Bruker Spectrophotometer (400~4 000 ¢cm™) with KBr
pellets. The UV-Vis spectra were recorded on a Shi-
madzu UV-3100 spectrometer. NMR spectra were
measured on a Bruker AM 500 spectrometer. Cyclic
voltammetry data were recorded by an EG&G PAR
Model 273 electrochemical analytical instrument. The
magnetic susceptibility was measured using a Quan-
tum Design MPMS-XL7 SQUID magnetometer at tem-
peratures ranging from 1.8 to 300 K. The complexes

were synthesized as shown in Scheme 1.
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Scheme 1

1.2 Synthesis of complex 1

Under a nitrogen atmosphere, sodium (92 mg, 4
mmol) was added to 10 mL of methanol. After sodium
was dissolved, 5-nitro-2-thioxo-1,3-benzenedithiol
(458 mg, 2 mmol) was added to the solution and the
reaction mixture was left to stir at 0 °C for 1 hour,
then NiCl,-6H,0 (237 mg, in 5 mL of
methanol was added. The color of the solution imme-

diately changed into black-blue. (C,Ho),NBr (645 mg,

2 mmol) in 5 mL of methanol was added to the above

1 mmol)

solution and black-blue precipitate was observed im-
mediately. The reaction mixture was left to stir for 1
hour. The precipitate was filtered off, washed with
methanol and ether, and dried in vacuo. Yield: 750
mg (82%). Anal. Calc. for CuHxN,OS,Ni (%): C,
57.76; H, 8.53; N, 6.13. Found (%): C, 57.68; H,
8.57; N, 6.20. Air-stable black-blue needle-shaped
crystals of (BuyN),[Ni(nbdt),] were obtained by slow
diffusion of diethyl ether into a solution of the product
in acetonitrile.
1.3 Synthesis of complex 2

lodine (127 mg, 0.5 mmol) in 5 mL of acetoni-
trile was added to 1 (458 mg, 0.5 mmol) in 10 mL of
acetonitrile.  The color of the solution changed into
brown-black. The brown-black precipitate was obtained
by slow evaporation of the resulting solution. Air-stable
brown-black needle-shaped crystals of (Bu,N)[Ni(nbdt),]
were obtained by slow diffusion of diethyl ether into a
solution of the product in dichloromethane. Yield: 289
mg (86%). Anal. Calc. for CxH,N;OSNi (%): C,
50.03; H, 6.25; N, 6.25. Found (%): C, 50.11; H,
6.20; N, 6.23.
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1.4 X-ray structure determination of complexes

1 and 2

The crystal diffraction data of complexes 1 and 2
were collected on a Siemens (Bruker) SMART CCD
diffractometer using graphite monochromatized Mo Ko
radiation (A=0.071 073 nm). Cell parameters were re-
trieved using SMART software and refined using
SAINT on all observed reflections. Data collection was
carried out by using the following strategy: 606 frames
of 0.3° in w with $=0°, 435 frames of 0.3° in @ with
$»=90°, and 235 frames of 0.3° in w with $=180°. An
additional 50 frames of 0.3° in @ with ¢$=0° were col-
The highly re-

dundant data sets were reduced using SAINT and cor-

lected to allow for decay correction.

rected for Lorentz and polarization effects. Absorption
corrections were applied using SADABS supplied by
Bruker. Structures were solved by direct methods us-
ing the program SHELXTL. The positions of metal
atoms and their first coordination spheres were located
from direct methods E-maps;  other non-hydrogen
atoms were found in alternating difference Fourier
syntheses and least-squares refinement cycles and,
during the final cycles, refined anisotropically. Hydro-
gen atoms were placed in calculated position and re-
fined as riding atoms with a uniform value of U,. A
summary of crystallographic data and refinement pa-

rameters is given in Table 1.

CCDC: 287714, 287715.

Table 1 A summary of crystallographic data for complexes 1 and 2
1 2

Formula C,H7N,0,S,Ni CsHoN50,S,Ni
Formula weight 914.05 671.60
Temperature / K 293(2) 293(2)
Crystal system Monoclinic Orthorhombic
Space group P2 Pea2,
a/nm 0.967 8(10) 3.310 6(7)
b/ nm 1.980 9(2) 1.302 4(3)
¢/ nm 1.514 7(17) 1.529 6(3)
al() 90 90
B/ 119.522(3) 90
v/ 90 90
Z 2 8
V / o 2.5242(5) 6.595(2)
D/ (g+cm) 1.203 1.353
A/ nm 0.071 073 0.071 073
Absorption coefficient / mm™ 0.591 0.878
F(000) 988 2840
0 range / (°) 1.86~26.00 1.56~26.29

Index range (h, k, [)
Reflection collected
Independent reflections

Data / restraints / parameters

S0Sh<I11,-24<k<17-17<I<18
13 453

4 958 [R(int)=0.160 9]

4958 /0/263

4l <h<42,-16<k<15-19<< 14
33 288

12 506 [R(int)=0.041 3]

12506 /1 /729

Goodness-of-fit on F? 0.806 1.024
Final R indices [I>20/(1)] R=0.0686, wR,=0.0793 R=0.0472, wR,=0.1181
Largest diff. peak and hole / (e-nm™) 343 and -251 452 and -306

2 Results and discussion

2.1 Preparation of complexes 1 and 2

The complex 1 was prepared similar to the liter-

ature method!". The synthetic procedures were shown
in Scheme 1. Under a nitrogen atmosphere, 4-nitro-1,
2-dithiolate was prepared by the reaction of CH;ONa
and 5-nitro-2-thioxo-1,3-benzenedithiol. Oxidation of 1
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with I, as oxidant led to the formation of complex 2,
accompanied with color changes from black-blue to
brown. The dried sample of complex 1 is stable in air.
2.2 Crystal structure

Selected bond lengths and angles for complexes
1 and 2 are listed in Table 2. The molecular structure
of complex 1 is shown in Fig.1a, the Ni atom is in an
inversion center and the four sulfurs surrounding the
nickel atom yield an square-planar coordination envi-
ronment with the bond angles being 90.32(7)° for S(2)-
Ni(1)-S(1) and 89.68(7)° for S(2)-Ni(1)-S(1)#1. The Ni-
S bond lengths are 0.223 8(19) nm (Ni(1)-S(2)) and
0.2272(18) nm (Ni(1)-S(1)), respectively. The molecu-
lar structure of complex 2 is shown in Fig.1b. Two kinds
of independent molecules with slightly different bond
lengths and angles exist in the same asymmetric unit of
crystal structure of complex 2. The molecular structure
of complex 2 is similar to complex 1, but the Ni atom is
in a slightly distorted square-planar coordination envi-
ronment with the bond angles being 92.30(6)° for S(2)-
Ni(1)-S(1) and 87.58(7)° for S(4)-Ni(1)-S(2). The aver-
age bond length of Ni-Sis 0.214 8(17) nm, which is
shorter than the corresponding value in complex 1.

The bond angles of S(4)-Ni(1)-S(1), S(3)-Ni(1)-S(2) are

176.67(7)°, 179.14(6)°, respectively, which deviate
slightly from 180°. The packing diagram of complex 2

®

ORTEP diagrams and atomic numbering scheme of
complexes: (a) [Ni(nbdt),]* in 1 and (b) [Ni(nbdt),]-
in 2, with thermal ellipsoids at 50% probability

level

Table 2 Selected bond distances (nm) and bond angles (°) for complexes 1 and 2

Complex 1
Ni(1)-S(2) 0.223 8(19) S(1)-C(1) 0.168 9(7) C(3)-C(4) 0.136 8(7)
Ni(1)-S(2)#1 0.223 8(19) S(2)-C(6) 0.173 7(7) C(4)-C(5) 0.139 1(8)
Ni(1)-S(1) 0.227 2(18) C(1)-C(2) 0.139 9(8) C(5)-C(6)#1 0.140 8(8)
Ni(1)-S(1)#1 0.227 2(18) C(2)-C(3) 0.139 0(8) C(1)#1-C(6) 0.139 8(7)
S(1)#1-Ni(1)-S(2)#1 90.32 (7) S(2)#1-Ni(1)-S(2) 180.00(1) S(1)-Ni(1)-S(2) 90.32(7)
S(L)#1-Ni(1)-S(2) 89.68(7) C(1)-S(2)-Ni(1) 103.9(3) S(1)-Ni(1)-S(2)#1 89.68(7)
S(1)-Ni(1)-S(1)#1 180.00(10) C(2)-S(3)-Ni(1) 103.6(3)
Complex 2
Ni(1)-S(1) 0.214 5(16) S(1)-C(2) 0.173 2(5) C(1)-C(2) 0.139 8(7)
Ni(1)-S(2) 0.215 0(17) S(2)-C(1) 0.174 2(6) C(2)-C(3) 0.139 8(8)
Ni(1)-S(3) 0.214 7(15) S(3)-C(7) 0.175 0(6) C(7)-C(8) 0.138 5(9)
Ni(1)-S(4) 0.215 0(18) S(4)-C(8) 0.174 0(6) C(1)-C(6) 0.138 5(7)
S(1)-Ni(1)-S(2) 92.30(6) S(2)-Ni(1)-S(4) 87.58(7) C(7)-S(3)-Ni(1) 104.3(2)
S(1)-Ni(1)-S(3) 88.08(6) S(1)-Ni(1)-S(4) 176.67(7) C(2)-S(1)-Ni(1) 104.7(2)
S(3)-Ni(1)-S(4) 92.08(7) S(2)-Ni(1)-S(3) 179.14(6)

#1: —x+1, —y+1, —z+1.
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shows that [Ni(nbdt),]” layers are separated by cation
layers preventing any short anion-anion interaction
(Fig.2).

position in both complexes 1 and 2.

The two nitro groups of ligands are in trans-

Fig.2 Packing diagram for complex 2 along the c-axis

The cations are omitted for clarity.

2.3 Spectroscopic studies

The UV-Vis absorption spectra of complex 1 and
2, recorded in acetonitrile, are shown in Fig.3. Three
315 nm and 380 nm

and three absorption

absorption peaks at 260 nm,
were observed for complex 1,
bands at 310 nm, 375 nm and 850 nm for complex 2.
The strong absorption at 850 nm for complex 2 is as-
The EPR spectrum
for 2 recorded at room temperature shows the broad

(Fig.4),

signed to the 7 — 7" transition.

feature centered at g=2.113 indicating that

there is an unpaired electron in complex 2.

- = - [Ni(nbdt):P 1
— [Ni(nbdt)-] 2

0.0 ; . ey
400 600 800 1000
Wavenumber / nm

Fig.3 UV-Vis absorption spectrum of the complexes 1

and 2 in acetonitrile

Fig.4 ESR spectrum of complex [Ni(abdt),]" (2) at room
temperatllre

2.4 Cyclic voltammetry

Cyclic voltammetry of complexes 1 and 2 were
carried out on a Macroscopic platinum-disc electrode in
an acetonitrile solution, and the reference electrode was
Ag/AgCl (using 0.1 mol -dm= (Bu,N)ClO, as support-
ing electrolyte, scan speed: 100 mV -s™). The complex
1 shows two oxidation peaks at 0.15 and 0.85 V, and
the complex 2 does an oxidation peak at 0.85 V. They
are ascribed to the couple [Ni(nbdt),]*~ / [Ni(nbdt),]~
and [Ni(nbdt),]” / [Ni(nbdt),]. The first ox-red value is
apparently higher than the related values for similar
compounds with unsubstituted benzodithiolate (bdt) and
toluenedithiolate (tdt) ligands, [Ni(bdt),]>~ / [Ni(bdt),]"
(=1.05 V) and [Ni(tdt),]*~ / [Ni(tdt),]” (-1.07 V), sug-
gesting that the strong electron-withdrawing ability of
the substituted nitro group stabilizes the dianionic
state of complex 1. In fact, the monoanionic complex-
es, [Ni(bdt),]” and [Ni(tdt),|", can be easily obtained
by oxidation of the dianion [Ni(bdt),]*” or [Ni(tdt),]* in
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air. However, to obtain [Ni(nbdt),]” from the dianion,
the stronger oxidizing agent, such as iodine, has to be
used.
2.5 Magnetic properties

Magnetic susceptibility measurements for com-
plex 2 were performed on a Quantum Design MPMS-
XL7 SQUID magnetometer at temperatures ranging
from 1.8 to 300 K. For complex 2 at the room tem-
perature, yyT is 0.41 emu-K-mol™, which is almost e-
qual to the value (0.375 emu-K-mol™) of an unpaired
electron in a molecular sheet. As the temperature low-
ers, the yyI' value decreases slowly to reach 0.25 emu
-K-mol™ at 15 K, then, the value rapidly decreases to
0.16 emu+K-mol™ at 1.8 K (Fig.5), implying that an
antiferromagnetic interaction dominates the magnetic
properties of this complex over the whole temperature
range. The weak antiferromagnetic exchange results
from intermolecular spin coupling. Variable tempera-
ture magnetic susceptibility studies in the temperature
range 50~300 K show that 2 obeys the Curie-Weiss's

law, xw=C/(T-6), with value of §=—15.6 K, (€=0.35
emu K- mol™.
0.104
o
= 040
0084 ° 5
g 03s .
= T
£ 0064 ° go.so
g . 5 025 /
z a £ 020 ¢
&E’, 0041 a go.ls '
S~ u]
2 g "0 50 100 150 200 250 300
= 0.024 k TIK
0.004
0 50 100 150 200 250 300
T/K

The solid line is the fitting from 300 K to 50 K
Fig.5 Temperature dependence of the yy and yyT (inset)
for complex [Ni(nbdt),]” (2)
In conclusion, two new nickel complexes with a
new 1,2-dithiolate ligand have been synthesized and
characterized by X-ray single-crystal structure deter-

mination, cyclic voltammetry, ESR, UV-Vis spectra

and magnetic susceptibility measurements. The struc-
tures and properties of two nickel complexes are obvi-
ously different because of the difference of the va-

lence states of the central Ni atoms.
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