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The crystal structure of 1,10-phenanthroline-5,6-dione ligand with Zn(II), tris(1,10-phenanthroline-5,6-dione)zinc(II)
hexafluorophosphate, [Zn(phen-dione)3](PF6)2, is reported. The complex was characterized by elemental analysis, IR, 1H NMR,
electronic absorption spectroscopies, cyclic voltammetry and X-ray crystallography. Yellow crystals of [Zn(phen-dione)3](PF6)2
were formed by ether diffusion into an acetonitrile solution of the complex. The title complex crystallized in monoclinic crystal
system (Z = 2) with space groups of P21, a = 12.0299(15) Å, b = 14.5306(19) Å, c = 13.1879(17) Å, β = 94.058(2)° and V =
2299.5(5) Å3. The structure was refined by using 10048 independent reflections, with I > 2σ(I) to an R factor of 0.0490. Singlecrystal structure showed that the coordination geometry around the Zn(II) was a distorted octahedron. The complex showed an
intense fluorescence band at visible region (690 nm) in CH3CN with an excitation wavelength of 310 nm at 25.0 ± 0.1 ºC.
Cyclic voltammogram of the title complex showed two quasi-reversible reduction couples at negative potential, which were
assigned to the consecutive reduction of phen-dione ligand to phen-semiquinonate and phen-diolate respectively by analogy to
other phen-dione complexes at scan rate 200 mV s-1.
Keywords: Zn(II) complex, 1,10-Phenanthroline-5,6-dione, Zn(II)-Fluorophore, Phen-semiquinonate, Fluorescence

INTRODUCTION
Complexes of 1,10-Phenanthroline-5,6-dione (phen-dione)
ligand have been extensively studied. Phen-dione is a wellknown N∩N chelating agent with a rigid planar structure. The
phen-dione complexes, similar to other polypyridine
complexes, exhibit optical and electrochemical properties,
metal-to-ligand charge transfer (MLCT) in the visible light
region, reversible reduction and oxidation, and fairly intense
luminescence. Regarding these properties, however, slight
differences exist between phen-dione complexes and
bipyridine complexes. Phen-dione ligand plays important roles
*Corresponding author. E-mail: ali@hamoon.usb.ac.ir

as molecular scaffolding for supramolecular assemblies,
building block for the synthesis of metallo-denderimers and
thin films of luminescent complexes [1-12].
Metal complexes of the type [M(LL)3]n+, where LL is
either phen-dione or 1,10-Phenanthroline ligand, are
particularly attractive species for developing new diagnostic
and therapeutic agents that can recognize and cleave DNA.
The ligand or the metal in these complexes can be varied in an
easily controlled manner to facilitate an individual application,
thus providing an easy access to the details involved in DNAbinding and cleavage [13-20].
Herein, we report the synthesis, characterization,
electrochemical and fluorescence properties, and crystal
structure of [Zn(phen-dione)3](PF6)2 (Scheme 1).
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Synthesis of [Zn(phen-dione) 3](PF6)2.3CH3CN
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Scheme 1

EXPERIMENTAL
Materials and Measurements
All reagents and solvents used were reagent grade. 1,10Phenanthroline-5,6-dione was synthesized according to the
literature procedure [4,21-22].
Elemental analyses were performed by Heraeus CHN-ORapid elemental analyzer. IR spectra were recorded as KBr
pellets on a FTIR JASCO 460 spectrophotometer and
electronic spectra on a JASCO 7850 spectrophotometer. 1H
NMR spectra were recorded on a Bruker DRX-500 MHZ,
Avance spectrometer at ambient temperature in DMSO-d6.
Cyclic voltammograms were recorded by using a Metrohm
694 apparatus. Three electrodes were utilized in this system, a
platinum disk working electrode (RDE), a platinum wire
auxiliary electrode and Ag/AgCl reference electrode. The
platinum disk working electrode was manually cleaned with 1µm diamond polish prior to each scan. The supporting
electrolyte, 0.1 M tetrabutylammonium hexafluorophosphate
(TBAH), was recrystallized twice from ethanol-water (1/1)
and vacuum-dried at 110 °C overnight. Acetonitrile was
distilled over alumina and degassed under vacuum prior to use
in cyclic voltammetry. The solutions were deoxygenated by
bubbling with Ar for 15 min. Fluorescence spectra were taken
on a CARY ECLIPS spectrophotometer. The spectra were
measured in acetonitrile solution at room temperature.
Solutions were taken in a 1 cm path length fused silica cell.
The band pass for the excitation and emission
monochromators was set at 5 nm each.

To a solution of ZnCl2 (137 mg, 1 mmol) in water was
added 1,10-phenanthroline-5,6-dione (630 mg, 3 mmol)
dissolved in 50 ml ethanol. The resulting solution was stirred
at room temperature for 24 h. The complex was precipitated as
a light yellow solid by addition of ammonium
hexafluorophosphate (NH4PF6) (652 mg, 4 mmol). The
product, [Zn(phen-dione)3](PF6)2, was collected by suction
filtration, washed with cold water and diethylether, and then
air dried. Diffusion of diethylether into an acetonitrile solution
of the complex yielded yellow crystals suitable for
crystallography. Yield: 230 mg, 92%. Anal. Calcd. for C42H27
F12N9O6P2Zn: C, 45.49; H, 2.45; N, 11.37. Found: C, 45.08; H,
2.47; N, 11.50.

X-Ray Crystallographic Study of [Zn(Phen-dione)
3](PF6)2.3CH3CN
Single-crystal X-ray diffraction measurements were carried
out on a Bruker Apex II, using graphite-monochromated MoKα radiation (λ = 0.71073 Å, 2θ < 55o) at 100(2) K. Unit cell
parameters were determined by the least-squares calculation
with θ angle ranging from 2.09 to 27.10º. Intensities of 23786
reflections were measured using Bruker Apex II CCD Area
detector giving 10048 unique reflections. The structures were
solved by direct method and refined by the full-matrix leastsquares against F2 in anisotropic (for non-hydrogen atoms)
approximation. All hydrogen atoms were located from the
difference-Fourier syntheses and placed in geometrically
calculated positions. All hydrogen atom positions were refined
in isotropic approximation in riding model with the Uiso(H)
parameters equal to 1.5 Ueq(Ci) for methyl groups and 1.2
Ueq(Ci) for other carbon atoms, where U(Ci)s are the
equivalent thermal parameters of the atoms to which
corresponding H atoms are bonded. All calculations were
made on an IBM PC/AT using the SHELXTL version 5.1
software [24] giving a final R1 = 0.0601, WR2 = 0.1409 (for
7434 reflections with I > 2σ(I)). The largest diffraction peak
and hole on the final difference-Fourier map were 0.649 and
-0.610 e A-3.
Further details of the structural analyses are given in Table
1. The selected bond lengths and bond angles are listed in
Table 2.
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Table 1. Crystallographic Data and Structure Refinement Summary for [Zn(phen-dione)3](PF6)2.3CH3CN
Empirical Formula
Formula weight
Temperature
Wavelength
Crystal system, Space group
Unite cell dimension
Volume
Z
Density
Absorption coefficient
F (000)
Crystal shape
Crystal color
Crystal size
Theta rang for data collection
Reflections collected/unique
Goodness-of-fit on F^2
Data/restraints/parameters
Final R indices (I > 2σ (I))
R indices (all data)
Limiting indices

RESULTS AND DISCUSSION
The title complex was synthesized in good yield at room
temperature according to the following reactions:
ZnCl2 + 3phen-dione → [Zn(phen-dione)3]Cl2
[Zn(phen-dione)3]Cl2 + 2NH4PF6 → [Zn(phen-dione)3]
(PF6)2 + 2NH4Cl
Under these conditions, the phen-dione ligands
preferentially bind to Zn(II) through the nitrogen atoms
instead of the carbonyl groups. Due to the poor solubility of
[Zn(phen-dione)3]Cl2 in common organic solvents such as
acetone and acetonitrile, the chloride salt of the complex was
replaced by hexafluorophosphate salt. The complex [Zn(phen-

C42H27F12N9O6P2Zn
1109.04
100(2) K
0.71073 Å (Cu Kα)
Monoclinic, P21
a = 12.0299(15) Å α = 90.00 deg
b = 14.5306(19) Å β = 94.058(2) deg
c = 13.1879(17) Å
γ = 90.00 deg
2299.5(5) Å3
2
1.602 (g cm-3)
0.711 (mm-1)
1116
Plate
Yellow
0.05 × 0.02 × 0.02 mm
2.09-27.10 deg
23786/10048 [R(int) = 0.0490]
1.018
10048/16/638
R1 = 0.0601, WR2 = 0.1409
R2 = 0.0900, WR2 = 0.1575
-15 <= h <= 15, -18 <= k <= 18, -16 <= l <= 16

dione)3](PF6)2 is air-stable and can be readily recrystallized.
The elemental analysis of the complex was consistent with
C42H27F12N9O6P2Zn formula. However, it is worth mentioning
that the perchlorate salt of this complex was obtained by a
mixture of zinc perchlorate and phendione in the sealed
Teflon-line bomb at 160 ºC [26].
Figure 1 shows the coordination geometry around the
Zn(II). The three independent bidentate phen-dione ligands are
coordinated to the Zn(II) atom solely via the two N atoms,
whereas in the M(O,O'-phen-dione)3 (M = Ti and V)
complexes, the phen-dione ligands are coordinated via the
C=O moieties to the metal centers [1]. As shown in Fig. 1, the
coordination geometry around the Zn(II) is distortedoctahedron, with bite angles of 76.27-77.34o for all three
bidentate ligands. However, in perchlorate salt, the cis bond
angles fall within the range of 76.2-98.1º. The Zn(II)-N bond
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Table 2. Selected Bond Lengths (Å) and Angles (º) for [Zn(phen-dione)3](PF6)2.3CH3CN

Zn(1)-N(1)
Zn(1)-N(5)
Zn(1)-N(3)
Zn(1)-N(6)
Zn(1)-N(2)
Zn(1)-N(4)
O(1)-C(6)
N(2)-C(11)
N(2)-C(12)
N(4)-C(23)
N(4)-C(24)
N(6)-C(35)

2.129(4)
2.146(4)
2.150(4)
2.151(4)
2.158(4)
2.191(4)
1.186(8)
1.328(7)
1.349(7)
1.317(7)
1.335(7)
1.337(7)

N(1)-Zn(1)-N(5)
N(1)-Zn(1)-N(3)
N(5)-Zn(1)-N(3)
N(1)-Zn(1)-N(6)
N(5)-Zn(1)-N(6)
N(1)-Zn(1)-N(4)
N(5)-Zn(1)-N(4)
N(2)-Zn(1)-N(4)
C(1)-N(1)-Zn(1)
C(11)-N(2)-C(12)
C(12)-N(2)-Zn(1)
C(13)-N(3)-Zn(1)
C(23)-N(4)-C(24)
C(24)-N(4)-Zn(1)
C(26)-N(5)-Zn(1)
C(35)-N(6)-C(36)

98.47(16)
94.20(15)
100.19(15)
94.20(15)
77.34(16)
167.19(15)
91.72(15)
94.29(16)
115.5(3)
118.7(5)
114.3(4)
115.4(3)
118.8(4)
114.6(3)
126.3(4)
119.2(4)

Bond lengths
O(2)-C(7)
O(3)-C(18)
O(4)-C(19)
O(5)-C(30)
O(6)-C(31)
N(1)-C(1)
N(1)-C(2)
N(3)-C(13)
N(3)-C(14)
N(5)-C(26)
N(5)-C(25)
N(6)-C(36)
Bond angle
N(3)-Zn(1)-N(6)
N(1)-Zn(1)-N(2)
N(5)-Zn(1)-N(2)
N(3)-Zn(1)-N(2)
N(6)-Zn(1)-N(2)
N(3)-Zn(1)-N(4)
N(6)-Zn(1)-N(4)
C(1)-N(1)-C(2)
C(2)-N(1)-Zn(1)
C(11)-N(2)-Zn(1)
C(13)-N(3)-C(14)
C(14)-N(3)-Zn(1)
C(23)-N(4)-Zn(1)
C(26)-N(5)-C(25)
C(25)-N(5)-Zn(1)
C(35)-N(6)-Zn(1)

1.216(9)
1.211(6)
1.212(6)
1.211(6)
1.219(7)
1.326(7)
1.348(7)
1.355(6)
1.355(6)
1.340(7)
1.342(7)
1.358(6)
171.51(14)
76.75(17)
170.13(16)
88.84(15)
94.27(16)
76.27(15)
95.61(15)
118.8(4)
125.5(4)
126.6(4)
117.3(4)
127.0(3)
126.7(4)
118.9(4)
114.6(3)
126.3(4)

Fig. 1. ORTEP diagram of the [Zn(phen-dione)3]2+ cation. Hydrogen atoms are deleted for clarity.
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lengths range from 2.129(4) to 2.191(4) Å , with an average of
2.154(5) Å while, in perchlorate salt, the average Zn(II)-N
bond length is 2.167 Å [26], that is, longer than those in PF6
salt. As shown in Fig. 2, there is no strong hydrogen bond in
the crystal of the complex. The counter ions (PF6- anions) are
not close enough to interact with hydrogen atoms of phendione ligands. The two counter ions PF6- are distorted
octahedron, with P-F bond lengths ranging from 1.584(4) to
1.621(4) Å. On the other hand, in the perchlorate salt, the
complex molecules are assembled by hydrogen bonding
interaction into 2D layers parallel to (101), where the
phendione donor hydrogen atoms to the perchlorate anion
oxygen atoms and the π-π stacking interactions play important
role in the stabilization of the crystal structure. This complex
in perchlorate salt crystallized in monoclinic crystal system (Z
= 4) with space group of P1211/n, a = 10.4974(9) Å, b =
18.048(2) Å, c = 18.807(2) Å, β = 94.547(1)°, V = 3552.0 Å3
and an R factor of 0.0490 [26].
The 1H NMR spectra of the free phen-dione and Zn(II)
complex showed three signals in 7.5-8.9 ppm range. The

Fig. 2. Unit cell of [Zn(phen-dione)3](PF6)2.3CH3CN.

relative intensities of these signals were congruent with the
proposed structure. Due to high liability of Zn(II) complex and
exchange of ligand, the 1H NMR signals were broad, making it
difficult to see the splitting of each peak (Fig. 3) [25].
The IR spectrum of the free phen-dione showed a sharp

Fig. 3. The 1H NMR spectrum of [Zn(phen-dione)3](PF6)2 in DMSO-d6.
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band at 1675 cm-1, which associated with the stretching
frequency of the C=O band of the ligand [17,27]. The
observed band did not shift significantly in comparison with
the corresponding complexes. This was reasonable since the
C=O moieties were far from the coordination site of the ligand
with the metal ion [4,28-31]. The IR spectrum of the complex
showed a band around 1695 cm-1, which was assigned to the
υ(C=O) band of an o-quinoid group of the phen-dione ligand.
In general, the carbonyl stretching frequency was relatively
insensitive to change in the metal center, a reflection of the
fact that the effect of the metal center and its coordination
environment on the carbonyl stretch was a secondary one. In
the M(O,O'-phen-dione)3 (M = V and Ti) and M(O,O'-phendione)3(M'Ln)3 (M = V, M'Ln = TiCl4, M = Ti, M'Ln = TiCp2
and M = V, M'Ln = TiCp2), phen-dione ligand was coordinated
to metal ion as a phen-semiquinonate or phen-diolate via
oxygen atoms. In these complexes, the carbon-oxygen
stretching vibration of about 200-300 cm-1 shifted to the lower
wave number [1]. The strong absorption band at 840 cm-1 was
assigned to υ(P-F) and demonstrated the existence of PF6- as a
counter ion [29].
The electronic spectrum of the complex that was recorded
in acetonitrile solution (Fig. 4) exhibited three absorption
bands in the UV region and one band in the visible region.
These bands centered at 253, 293 and 314 nm and were
assigned to ligand-centered (ππ*) transitions [28,30-32]. The
strong absorption band centered at 487 nm was assigned to
n→π* of the C=O group of phen-dione ligand. The solvent
dependency of n→π* energy on the solvent polarity, which is
a well-known phenomenon, was the reason behind such an
assignment [25,32]. The n→π* transition of the complex
showed a blue shift by changing the solvent from CH2Cl2 to
DMSO. This behavior is consistent with ground-state
stabilization of the complex's permanent dipole by the solvent.
The fluorescence spectrum of [Zn(phen-dione)3](PF6)2 was
obtained in CH3CN at 25.0 ± 0.1 ºC (Fig. 5) with excitation at
310 nm. The band structures of the absorption and
fluorescence spectra of this complex were essentially the same
as those of phen-dione. In previous studies [32], the lowest
excited singlet states of Zn(II)-polypyridyl complexes were
assigned as mainly polypyridyl ligand localized 1(π,π*). This
assignment was consistent with that of the S0 → S1 absorption.
The lowest excited singlet states of [Zn(phen-dione)3](PF6)2

Fig. 4. UV-Vis absorption spectra of [Zn(phen-dione)3](PF6)2
in CH3CN (a = 10-3 M, b = 10-5 M).

Fig. 5. Fluorescence spectrum of [Zn(phen-dione)3](PF6)2 in
CH3CN at 25.0 ± 0.1 ºC; Excitation wavelength = 310
nm.

can be assigned as mainly phen-dione localized 1Lb(π,π*)
(= A1g(π,π*) in the Oh point group and A1(π,π*) in the D3 point
group).
In ZnX2(phen) (where phen = 1,10-phenanthroline and X =
Cl, Br and I), the S0 → S1 absorption and fluorescence spectra
were red-shifted from those of phen. This means that the π
conjugated system of ZnX2(phen) was not completely
localized on the phen moiety but was somewhat extended to
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the halogen atoms [33].
It is shown in previous studies [17] that the free phendione has a very weak fluorescence at 543 nm. The intense
fluorescence band of [Zn(phen-dione)3](PF6)2 at 690 nm, as
was described above, could be assigned as intraligand
emission of phen-dione ligand. When phen-dione coordinated
to Zn(II) and tris(1,10-phenanthroline-5,6-dione)zinc(II)
cation formed, the intensity of Zn(II)-fluorophore emission
increased. As expected, the structure rigidity of the complex
was larger than free ligand.
Cyclic voltammetry was used to examine the
electrochemical behavior of this complex. In the beginning,
for a better understanding of the observed behavior, the
electrochemical behavior of free phen-dione was described,
followed by a discussion of the electrochemical behavior of
the complex. Previous studies have shown that the phen-dione
ligand is electrochemically active due to the presence of the oquinone moiety [28,30,31,34]. It should be mentioned that the
1,10-phenanthroline (starting material for synthesis of phendione ligand) is also electro-active. As with quinines in
general, the electrochemical behavior is strongly dependent on
whether an aprotic solvent such as acetonitrile or an aqueous
solvent is employed. In acetonitrile, the free ligand shows two
reversible one-electron-reduction waves. The formal potentials
for the processes are -0.45 and -1.25 V, and they represent
formation of the ion radical and dianion of the free phen-dione
ligand. In an aqueous solvent, the process is the "twoelectron/two-proton" reduction of the quinone to the
hydroquinone [27,34].
In the light of what was said, the electrochemical behavior
of phen-dione complexes can be explained. The presence of
metal centers such as Fe(II), Ru(II) and Os(II) suggests that a
metal-localized oxidation should be expected, and in aprotic
solvents, the phen-dione ligand would show two reduction
waves. In comparison with 1,10-phenanthroline complexes as
described in an earlier report [26], the potential of each
reduction wave of phen-dione would shift to more positive
potential. This behavior indicates the higher acidity of the
phen-dione ligand. Cyclic voltammograms of the tris
(phenanthrolinedione) complexes, M(phen-dione)3n+, indicate
that all phen-dione ligands are electro-active at the same
potential [27,35-36].
Cyclic voltammetry was performed in an acetonitrile

Fig. 6. Cyclic voltammogram of [Zn(phen-dione)3](PF6)2 in
CH3CN at scan rates of 25-375 mV s-1; 0.1 M TBAH
as a supporting electrolyte.

solution of [Zn(phen-dione)3](PF6)2 with 0.1 M TBAH as a
supporting electrolyte at scan rate 25-200 mV s-1 (Fig. 6). In
this voltammogram, two quasi-reversible reduction couples at
-0.450 and -0.740 V are assigned to the reduction of phendione ligand to phen-semiquinonate and phen-diolate,
respectively, by analogy to other phen-dione complexes
[27,30]. In comparison with free phen-dione, the reduction
couples shift to more positive potentials due to the
coordination of phen-dione ligand to the zinc(II) center.
Zn(phen-dione)3]2++ e-  [Zn(phen-dione)2(phensemiquinonate)]+
[Zn(phen-dione)2(phen-semiquinonate)]+ + e-  [Zn(phendione)2(phen-diolate)]
However, by decreasing the scan rate to 50 mV s-1, the
reduction of phen-dione to phen-diolate occurs in one step
[27,30-32].
[Zn(phen-dione)3]2++ 2e-  [Zn(phen-dione)2(phen-diolate)]
Due to the electrochemically innocent behavior of the
Zn(II) ion in comparison to other phen-dione transition metal
complexes, there is not any reduction couple associated with
metal center [38-39].
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SUPPLEMENTARY MATERIALS
[15 ]
Crystallographic data for the structure reported in this
work have been deposited with the Cambridge
Crystallographic Data Center as supplementary materials
(CCDC No 692176).

[17 ]

ACKNOWLEDGMENTS

[18 ]

The authors are grateful to the University of Sistan and
Baluchestan for financial support.

[19 ]

[16 ]

[20 ]

REFERENCES
[1 ]
[2 ]
[3 ]
[4 ]
[5 ]
[6 ]
[7 ]
[8 ]
[9 ]
[10 ]
[11 ]

[12 ]
[13 ]
[14 ]

F. Calderazzoz, G. Pampaloni, V. Passarelli, Inorg.
Chim. Acta 330 (2002) 136.
U. Udeochu, T. Jimerson, A. Vivoni, O. Bakare, C.M.
Hosten, J. Phys. Chem. A 111 (2007) 3409.
A.Y. Girgis, Y.S. Sohn, A.L. Balch, Inorg. Chem. 14
(1975) 2327.
M. Yamada, Y. Tanaka, Y. Yoshimoto, S. Kuroda, I.
Shimao, Bull. Chem. Soc. Jpn. 65 (1992) 1006.
P.L. Hill, L.Y. Lee, T.R. Ypunkin, S.D. Orth, L.
McElwee-White, Inorg. Chem. 36 (1997) 5655.
R.D. Gillard, R.E.E. Hill, R. Maskill, J. Chem. Soc.
(1970) 1447.
S. Bodige, F.M. MacDonnell, Tetrahed. Lett. 38 (1997)
8159.
M.J. Kim, R. Konduri, H.W. Ye, F.M. MacDonnell, F.
Rajeshwar, Inorg. Chem. 41 (2002) 2471.
K. Warnmark, J.A. Thomas, O. Heyke, J.M. Lehn, J.
Chem. Soc., Chem. Commun. (1996) 701.
D.S. Sigman, A. Mazumder, D.M. Perrin. Chem. Rev.
93 (1993) 2295.
A. Sigl, H. Sigl (Eds.), Metal Ions in Biological System,
Probing of Nucleic Acids by Metal Ion Complexes of
Small Molecules, Vol. 33, Marcell Dekker, New York,
1996.
D.R. McMillin, K.M. McNett. Chem. Rev. 98 (1998)
1201.
S. Arounaguiri, B.G. Maiya, Inorg. Chem. 35 (1996)
4267.
K. Naing, M. Takashani, M. Taniguchi, A. Yamagishi,

[21 ]

[22 ]
[23 ]
[24 ]

[25 ]
[26 ]
[27 ]
[28 ]

[29 ]

[30 ]

[31 ]

Inorg. Chem. 34 (1995) 350.
P.G. Sammes, G. Yahioglu, Chem. Soc. Rev. (1994)
327.
P.K. Bhattacharya, H.J. Lawson, J.K. Barton, Inorg.
Chem. 42 (2003) 8811.
D.M. Boghaei, F. Behzadian Asl, Coord. Chem. 60
(2007) 1629.
P.K. Bhattacharya, H.J. Lawson, J.K. Barton, Inorg.
Chem. 42 (2003) 8811.
M. Pascaly, J. Yoo, J.K. Barton, J. Am. Chem. Soc. 124
(2002) 9038.
N. Margiotta, V. Bertolasi, F. Capitelli, L. Maresca,
A.G. Moliterni, F. Vizza, G. Natile, Inorg. Chim. Acta
357 (2004) 149.
P. Lenaerts, A. Torms, J. Mullens, J.D. Haen, C.
Gorller-Waleand, K. Binnemans, K. Driesen, Chem.
Mater. 17 (2005) 5194.
P.G. Sammes, G. Yahioglu, Chem. Soc. Rev. 23 (1994)
327.
T. Gennett, D.F. Milner, M.J. Weaver, J. Phys. Chem.
89 (1985) 787.
G.M. Sheldrick, SHELXS v. 5.1, Structure
Determination Software Suite, Bruker AXS, Madison,
Wisconsin, USA, 1998.
R.S. Drago, Physical Methods for Chemists, Saunders
College Publishing, New York, 1992, p. 118.
Z.-S. Peng, J.-X. Liu, W.-J. Jiang, Q. Deng, T.-J. Cai,
M.-Z. Huan, NCS 223 (2008) 228.
C.A. Goss, H.D. Abruna, Inorg. Chem. 24 (1985) 4263.
H. Hadadzadeh, M.M. Olmsted, A.R. Rezvani, N.
Safari, H. Saravani, Inorg. Chim. Acta 359 (2006)
2154.
K. Nakamato, Infrared and Raman Spectra of Inorganic
and Coordination Compounds Part II: Application in
Coordination, Organometallic and Bioinorganic
Chemistry, 5th ed., Wiley-Interscience, New York,
1997.
G. Mansouri, A.R. Rezvani, H. Hadadzadeh, H.R.
Khavasi, H. Saravani, J. Organomet. Chem. 692 (2007)
3810.
H. Saravani, A.R. Rezvani, G. Mansouri, A.R. Salehi
Rad, H.R. Khavasi, H. Hadadzadeh, Inorg. Chim. Acta
360 (2007) 2829.

832

www.SID.ir

Archive of SID

Synthesis, Crystal Structure, Electrochemical and Fluorescence Studies

[32 ] A.B.P. Lever, Inorganic Electronic Spectroscopy, 2nd
ed., Elsevier, 1984.
[33 ] S. Ikeda, S. Kimachi, T. Azumi, J. Phys. Chem. 100
(1996) 10528.
[34 ] K. Kano, B. Uno, Anal. Chem. 65 (1993) 1088.
[35 ] Y. Yamada, H. Sakurai, Y. Miyashita, K. Fujisawa, K.
Okamoto, Polyhedron 21 (2002) 2143.
[36 ] S. Berger, J. Fiedler, R. Reinhardt, W. Kaim, Inorg.

Chem. 43 (2004) 1530.
[37 ] V.W. Yam, Y.L. Pui, K. Kaicheung, Inorg. Chem. 39
(2000) 5741.
[38 ] B.G. Maiya, Y. Deng, K.M. Kadish, J. Chem. Soc.
Dalton Trans. (1990) 3571.
[39 ] K.J. Nag, P.K. Santra, C. Sinha, F.L. Liao, T.H. Lu,
Polyhedron 20 (2001) 2253.

833

www.SID.ir

Surf and download all data from SID.ir: www.SID.ir
Translate via STRS.ir: www.STRS.ir
Follow our scientific posts via our Blog: www.sid.ir/blog
Use our educational service (Courses, Workshops, Videos and etc.) via Workshop: www.sid.ir/workshop

