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A centrosymmetric binuclear [{Cu(PPh3)2}2(piperzdtc)] (1)
[piperzdtc2– = piperazinebis(dithiocarbamate)] and another
mononuclear [{Cu(PPh3)2}(BzMedtc)] (2) (BzMedtc– = N-ben-
zyl-N-methyldithiocarbamate) complex have been synthe-
sized and characterized by elemental analyses, IR, 1H, 13C,
and 31P NMR spectroscopy and by X-ray crystallography.
The nonlinear optical properties of 2 have been investigated
by density functional theory and its electronic absorption

Introduction

The chemistry of transition-metal 1,1- and 1,2-dithio
complexes in general is increasingly attracting intensive at-
tention due to recognition of their useful physico-chemical
properties such as solid-state conductivity, nonlinear optical
(NLO) and photoluminescent, molecular magnetism, and
multifarious chemistry.[1]

The renaissance of the dithiocarbamate ligand resulted
in a large number of mono- and bimetallic coordination
compounds that exhibited interesting structural motifs and
properties.[1–3] The avid interest in the dithiocarbamate
complexes stems from their ability to stabilize unusual high
oxidation states of transition metals [e.g. iron(IV), cop-
per(III), nickel(IV), and gold(III)] and their interesting elec-
trochemical as well as optical properties and numerous in-
dustrial applications such as lubricants, antioxidants, fungi-
cides, accelerators for rubber vulcanization, and as photolu-
minescent materials.[4,5] These are as a result of the delocal-
ization that the ligand dithiocarbamate provides in contrast
to other uninegative 1,1-dithio ligands (e.g. xanthates and
dithiophosphates) and consequently high electron density
that the sulfur donors present.[6]

[a] Department of Chemistry, Faculty of Science, Banaras Hindu
University,
Varanasi 221005, India
Fax: +91-542-2386127
E-mail: nsingh@bhu.ac.in

[b] Lehrstuhl für Analytische Chemie, Ruhr-Universität Bochum,
44780 Bochum, Germany
Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejic.200900013.

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2009, 2720–27252720

bands have been assigned by time-dependent density func-
tional theory (TD-DFT). Both complexes are weakly conduct-
ing (σrt ≈ 10–8 Scm–1) because of the absence of M···S/S···S
intermolecular stacking and exhibit semiconductivity with
band gaps of 0.94 and 1.24 eV, respectively.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Interestingly, despite synthetic versatility and practical
applications only a few preliminary reports have appeared
on the bidentate N-benzyl-N-methyldithiocarbamate[7] and
polydentate ligand piperazinebis(dithiocarbamate)[8] com-
plexes, the latter becoming one of the scaffolds of choice
for construction of the bimetallic ligand system. Also, be-
cause of the usefulness of bulky tertiary phosphane ligands
when coordinated to transition-metal ions for potential
catalytic reactions[9] owing to their larger steric demand and
σ-donor and π-acceptor ability, triphenylphosphane (PPh3)
has been used in the preparation of these complexes. With
these aspects in mind and in the quest for interesting molec-
ular conducting and nonlinear optical properties we herein
report the synthesis, characterization, conducting, and op-
toelectronic properties of a mononuclear and another binu-
clear complex resulting from the reaction of bis(triphenyl-
phosphane)copper(I) with dithiocarbamate ligands (Fig-
ure 1). Density functional theory calculations have been
performed in order to interpret the nonlinear optical prop-
erties of the complexes. The electronic absorption bands
have been assigned by employing time-dependent density
functional theory (TD-DFT).

Figure 1. Structure of the ligands.
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Results and Discussion

The complexes [{Cu(PPh3)2}2(piperzdtc)] (1) and
[{Cu(PPh3)2}(BzMedtc)] (2) were synthesized by gradual
addition under stirring of a methanol solution of the ligand
salts Na2piperzdtc or NaBzMedtc to the dichloromethane
solution of [Cu(PPh3)2(NO3)] in appropriate molar ratios at
0 °C.

Spectroscopy

The IR spectra of both 1 and 2 show a distinct vi-
brational band at 1091 cm–1 that is associated with the sym-
metric bidentate ν(CS2) vibration of the dithiocarbamate
ligands. The band near 1384 cm–1 for both 1 and 2 is char-
acteristic of the thioureide vibration and is associated with
ν(C–N) which is appreciably higher than for the free ligand
thereby indicating a significant increase in the partial
double-bond character in the C–N bond.

The purity and composition of both the compounds have
been checked by NMR spectroscopy. Both the compounds
display sharp 1H NMR signals that integrate well with the
corresponding hydrogen atoms. A significant shift of δ =
10 ppm in the 13C NMR resonances for the CS2 carbon in
both complexes as compared to the free ligand indicates
M–S bonding. The signals in the δ = 127–136 ppm range
correspond to the aromatic protons of the triphenylphos-
phane ligand for both 1 and 2 and the benzyl group for 2.
Only one singlet was observed in the 31P NMR spectra of
1 (δ = –1.76 ppm) and 2 (δ = 0.19 ppm) revealing that the
phosphorus donors are only bonded to the Cu atom. Ap-
pearance of sharp peaks in the 1H and 13C NMR spectra
confirms the presence of diamagnetic CuI in both 1 and 2.

Single-Crystal Structure

The single crystals of both 1 and 2 were obtained by
slow evaporation of the reaction mixture. The immediate
coordination geometries about the Cu atoms in the binu-
clear 1 (Figure 2) and mononuclear 2 (Figure 3) are defined
by the two phosphorus atoms of the monodentate tri-
phenylphosphane and the atoms S(1) and S(2) of the biden-
tate dithiocarbamate ligands in which the Cu atom is lo-
cated at the center of a distorted tetrahedral environment
(see Figures 2 and 3). The Cu(1)–S(1) and Cu(1)–S(2) bond
lengths for 1 are 2.402(6) and 2.401(6) Å, respectively, while
for 2 these are 2.402(14) and 2.398(12) Å, respectively,
thereby reflecting the symmetrical bidentate coordination
of the dithio ligand with the Cu atoms. In the case of 1 the
bond angles P(1)–Cu(1)–S(1), P(1)–Cu(1)–S(2), P(2)–
Cu(1)–S(1), and P(2)–Cu(1)–S(2) are 111.82(2)°, 116.57(2)°,
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120.94(2)°, and 106.43(2)°, respectively, while for 2 these are
109.71(5)°, 110.12(5)°, 106.64(5)°, and 118.32(5)°, respec-
tively. The bite angles S(1)–Cu(1)–S(2) are 75.41(2)° and
75.29(4)° for 1 and 2, respectively. The deviation from plan-
arity of atoms Cu(1), S(1), S(2), and C(1), defining the che-
late ring are 0.03, 0.05, 0.05, and 0.07 Å, respectively for 1,
whereas for 2, these are 0.02, 0.03, 0.03, and 0.04 Å, respec-
tively. For 1 the angle between the least square plane, i.e.
Cu(1), S(1), S(2), and C(1) and that through the plane
formed by P(1), Cu(1), and P(2) is 81.92° and in the case
of 2 this angle is 85.28°, both of which indicate that the two
planes are approximately perpendicular to each other. In
the case of 1 the angle between the plane formed by the
carbon atoms of the piperazine 4C chair and the chelate
ring formed by the Cu(1), S(1), S(2), and C(1) atoms is
68.53°. Additionally for the binuclear complex 1 the dis-
tance between the two parallel planes formed by Cu(1),
S(1), S(2), and C(1) at the opposite ends is 2.36 Å. The
C(1)–N bond lengths in 1 and 2 are 1.342(3) and
1.336(5) Å, respectively. This is indicative of partial double
bond character as these values are intermediate between
those of the C–N (1.47 Å) and C=N (1.28 Å) bonds. Se-
lected bond lengths and bond angles are given in Table 1.

Figure 2. ORTEP diagram for 1 at 50% probability level. Hydrogen
atoms are removed for clarity.

Figure 3. ORTEP diagram for 2 at 50% probability level. Hydrogen
atoms and solvent molecule are removed for clarity.



A. Kumar, H. Mayer-Figge, W. S. Sheldrick, N. SinghFULL PAPER
Table 1. Selected bond lengths [Å] and angles [°] for the complexes.

Bond length [Å] 1 2

Cu(1)–P(1) 2.256(6) 2.2378(14)
Cu(1)–P(2) 2.244(6) 2.2603(13)
Cu(1)–S(1) 2.402(6) 2.402(14)
Cu(1)–S(2) 2.401(6) 2.398(12)
S(1)–C(1) 1.721(2) 1.708(4)
S(2)–C(1) 1.715(2) 1.729(5)
N(1)–C(1) 1.342(3) 1.336(5)

Bond angle [°]

P(2)–Cu(1)–P(1) 118.06(2) 124.88(5)
P(2)–Cu(1)–S(2) 106.43(2) 118.32(5)
P(1)–Cu(1)–S(2) 116.57(2) 110.12(5)
P(2)–Cu(1)–S(1) 120.94(2) 106.64(5)
P(1)–Cu(1)–S(1) 111.82(2) 109.71(5)
S(1)–Cu(1)–S(2) 75.41(2) 75.29(4)
C(1)–S(1)–Cu(1) 83.09(8) 83.80(16)
C(1)–S(2)–Cu(1) 83.24(8) 83.51(14)
S(2)–C(1)–S(1) 117.52(13) 117.1(3)

Electronic Absorption Spectrum

The observed electronic absorption spectrum of 2 has
been interpreted with the help of TD-DFT calculations.
The electronic absorption spectrum of this complex (Fig-
ure 4) displays bands at 318, 264, and 231 nm which are
assigned to the ligand-to-ligand charge transfer transition
(LLCT) from the thioureide group of the dithiocarbamate
ligand to the aromatic rings of triphenylphosphane and
benzyl groups (Figure 5). The other transitions are also of
ligand-to-ligand charge-transfer type. Calculated excitation
energies, wavelength, oscillator strength, and major contri-
bution are given in Table 2.

Figure 4. Electronic absorption spectrum for 2.

Table 2. Selected excitation energies [eV], wavelength [nm], oscil-
lator strengths (f), and transition type for 2.

Excitation en- Wavelength Oscillator Major contribution
ergy [eV] [nm] strength (f)

4.9762 249 0.0015 n�π* (PPh3)
4.9489 252 0.0191 n� π* (Benzyl)
4.6036 269 0.0148 n�π* (PPh3)
4.2352 293 0.0546 n�π* (PPh3)
3.9796 304 0.0397 imide�π* (PPh3)
3.8984 318 0.0379 n�π* (PPh3)

www.eurjic.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2009, 2720–27252722

Figure 5. Selected orbital transitions for 2 (orbital contour values
are 0.06).

Nonlinear Optical Property

In order to gain some insight into the nonlinear optical
property of complex 2 the first static hyperpolarizability (β)
was calculated with double numerical differentiation of en-
ergies, that is by the finite-field perturbation method. Al-
though 27 components of β can be calculated, only the vec-
tor component along the dipole direction is sampled experi-
mentally in the electrical-field-induced second-harmonic
generation (EFISH) experiments. The βvec is defined[10] as

βvec = (βx
2 + βy

2 + βz
2)1/2,

where βx, βy, and βz are defined as

βx = βxxx + βxyy + βxzz

βy = βyyy + βyxx + βyzz

βz = βzzz + βzxx + βzyy.

Compared with βvec of p-nitroaniline (14.44�10–30 esu)
computed at the same level of theory, 2 (17.88�10–30 esu)
exhibits stronger second-order polarizability. For 2 the βx,
βy, and βz values are –16.23�10–30, 6.69�10–30, and
–3.37�10–30 esu, respectively. This clearly indicates that the
main contribution to βvec arises from the x-axis direction
for 2. As indicated in the electronic spectrum of 2 the
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charge transfer is of ligand-to-ligand type, which is primar-
ily responsible for its good NLO property. For 1 calcula-
tions reveal that it is a Ci symmetrical molecule and hence
because of the absence of an acentric structure, its β values
were not calculated (see Supporting Information).

Pressed Pellet Conductivity

Pressed pellet electrical conductivity studies for both 1
and 2 were performed with a Keithley 236 source measure
unit by employing the conventional two-probe technique.
Both 1 and 2 are weakly conducting with σrt values of
2.15�10–8 and 5.00�10–8 Scm–1, respectively. Their lower
conductivity can be attributed to the absence of S···S/M···S
intermolecular stacking, which is a prerequisite for the
higher conductivity of the complexes (see Supporting Infor-
mation). A plot of log σ vs. T–1 in the 300–343 K tempera-
ture range shows their semiconducting behavior. Their con-
ductivity progressively increases with the increase in tem-
perature and ideally decreases vice versa in the given tem-
perature range with bandgaps of 0.94 and 1.24 eV, respec-
tively (Figure 6). The enhancement in σ with temperature
may be attributed to the thermal activation of electrons.

Figure 6. Temperature-dependent pressed pellet conductivity for 1
and 2.

Conclusions

The TD-DFT calculations for 2 show that the ligand-to-
ligand charge transfer transition is primarily responsible for
its electronic absorption bands and promising nonlinear op-
tical response. The DFT calculations presented in this paper
discern sufficiently good NLO response for 2 due to its
asymmetrical structure. These observations may be used for
the rational design of new electrooptic materials. Both the
compounds are weakly conducting at room temperature be-
cause of absence of S···S intermolecular stacking in the so-
lid state and exhibit semiconducting behavior.
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Experimental Section
Materials and Reagents: All chemicals were obtained from com-
mercial sources and used as received. The solvents were purified
and dried in accordance with the standard literature methods. The
precursor [Cu(PPh3)2]NO3 was prepared in accordance with the lit-
erature procedure[11] while the ligands disodium piperazinedithi-
ocarbamate (Na2piperzdtc) and sodium N-benzyl-N-methyldithio-
carbamate (NaBzMedtc) were prepared by reacting the appropriate
secondary amine with NaOH and CS2 in appropriate molar ratio
in water.

Physical Measurements: Elemental analyses were performed with a
Perkin–Elmer 240 C, H, N analyzer. Infrared spectra were recorded
as KBr pellets with a Varian 3100 FTIR. 1H, 13C, and 31P NMR
spectra were recorded on JEOL AL300 FTNMR spectrophotome-
ters. Chemical shifts were reported in parts per million using TMS
as internal standard for 1H and 13C NMR and phosphoric acid for
31P NMR spectra.

Synthesis of [{Cu(PPh3)2}2(piperzdtc)] (1): To a stirring dichloro-
methane solution (50 mL) of Cu(PPh3)2NO3 (1.299 g, 2 mmol) was
added dropwise methanol solution (40 mL) of the ligand disodium
piperazinebis(dithiocarbamate) (0.282 g, 1 mmol) at 0 °C. The solu-
tion was additionally stirred for another 30 min to obtain a white
residue to which dichloromethane (20 mL) was added. This was
filtered and the filtrate was kept for five days to obtain the colorless
needle-like crystals, which were filtered and dried (1.10 g, yield
78%; m.p. 286 °C). C78H68Cu2N2P4S4 (1412.64): calcd. C 66.32, H
4.85, N 1.98; found C 66.28, H 4.02, N 1.23. 1H NMR (CDCl3): δ
= 3.87, 3.99. (s, 8 H, ax/eq-NC4H8N), 7.22 (m, 60 H, C6H5) ppm.
13C NMR (CDCl3): δ = 51.2 (CH2), 128.4, 128.5, 129.2, 133.6,
133.8, 135.2 (-C6H5), 208.2 (-CS2) ppm. 31P NMR (CDCl3): δ =
–1.76 ppm. IR (KBr): ν̃ = 1091 (νC–S), 1384 (νC–N) cm–1.

Synthesis of [{Cu(PPh3)2}(BzMedtc)] (2): To a stirring dichloro-
methane solution (30 mL) of Cu(PPh3)2NO3 (0.649 g, 1 mmol) was
added dropwise a methanol solution (20 mL) of the ligand sodium
N-benzyl-N-methyl dithiocarbamate (0.219 g, 1 mmol) at 0 °C. The
solution was additionally stirred for another 30 min and filtered.
The filtrate was kept for eight days to obtain the colorless needle-
like crystals. This was filtered and dried (0.635 g, yield 81%; m.p.
171 °C). C45H40CuNP2S2 (784.43): calcd. C 68.90, H 5.14, N 1.79;
found C 69.08, H 5.20, N 1.84. 1H NMR (CDCl3): δ = 3.29 (s, 3
H, CH3), 5.30 (s, 2 H, CH2) 7.22 (m, 35 H, C6H5) ppm. 13C NMR
(CDCl3): δ = 39.7 (CH3), 57.7 (CH2), 127.2, 127.7, 128.2, 128.3,
128.5, 129.2 (-PC6H5), 133.7, 133.9, 134.5, 134.8, 136.8 (C6H5)
209.9 (-CS2) ppm. 31P NMR (CDCl3): δ = 0.189 ppm. IR (KBr): ν̃
= 1091 (νC–S), 1382 (νC–N) cm–1.

Structure Determination: Intensity data for the colorless crystals 1
and 2 were collected at 105(2) K on a Sapphire2-CCD, OXFORD
diffractometer system equipped with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). The final unit cell determination,
scaling of the data, and corrections for Lorentz and polarization
effects were performed with CrysAlis RED.[12] The structures were
solved by direct methods (SHELXS-97)[13] and refined by a full-
matrix least-squares procedure based on F2.[14] All non-hydrogen
atoms were refined anisotropically; hydrogen atoms were located at
calculated positions and refined using a riding model with isotropic
thermal parameters fixed at 1.2 times the Ueq value of the appropri-
ate carrier atom. Figures for 1 and 2 were prepared using OR-
TEP.[15] Crystal data for 1: C78H68Cu2N2P4S4, formula mass
1412.54, triclinic space group P1̄, a = 10.2936(4), b = 12.4738(6), c
= 14.3842(6) Å, α = 98.306(4), β = 110.233(4), γ = 97.086(4)°, V
= 1684.65(13) Å3, Z = 1, dcalcd. = 1.392 mgm–3, linear absorption
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coefficient 0.897 mm–1, F(000) = 732, crystal size
0.60�0.26�0.09 mm, reflections collected 6851, independent re-
flections 5623 [Rint = 0.0209], final indices [I � 2σ(I)] R1 = 0.0280
wR2 = 0.0653, R indices (all data) R1 = 0.0382, wR2 = 0.0668, GOF
0.920, largest difference peak and hole 0.404 and –0.281 eÅ–3.
Crystal data for 2: C46H40Cl2CuNP2S2, formula mass 867.29, tri-
clinic space group P1̄, a = 12.2322(7), b = 13.0085(7), c =
15.5313(9) Å, α = 108.702(5), β = 92.990(4), γ = 114.423(5)°, V =
2081.9(2) Å3, Z = 2, dcalcd. = 1.383 mgm–3, linear absorption coeffi-
cient 0.864 mm–1, F(000) = 896, crystal size 0.37�0.21�0.05 mm,
reflections collected 9190, independent reflections 7056 [R(int) =
0.0647], final indices [I � 2σ(I)] R1 = 0.0453 wR2 = 0.0614, R in-
dices (all data) R1 = 0.1288, wR2 = 0.0711, GOF 0.586, largest
difference peak and hole 0.493 and –0.490 eÅ–3.

Computational Details: Geometrical characterization of 2 was per-
formed at the level of density functional theory using the B3LYP
functional.[16] For the atoms N, S, P, and Cu 6-311G++(d, p) was
employed, whereas for C and H 6-31G** basis sets were used. The
energies and intensities of the 65 lowest-energy spin-allowed elec-
tronic excitations for 2 were calculated using TD-DFT at the same
level of theory. The first static hyperpolarizability (β) for 2 was
calculated using the finite-field perturbation method. For 1 the cal-
culations were performed by employing the single-crystal X-ray ge-
ometry using the Hartree–Fock method. All calculations were per-
formed using the Gaussian 03 program.[17] Molecular orbital dia-
grams were constructed using the MOLDEN program.[18]

CCDC-712184 (for 1) and -712185 (for 2) contains supplementary
crystallographic data. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Output files of the theoretical calculations and weak interac-
tions.
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