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Spectroscopic and Quantum Chemical Studies of
(Z)-N′-(3-(hidroksiimino)butan-2-ylidene)-4-

metilbenzensulfonohidrazide
Ligand
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The structural and spectroscopic characterization of Schiff base ligand, (Z)-N′-(3-
(hidroksiimino)butan-2-ylidene)-4metilbenzensulfonohidrazide (HL) are presented in
this paper. The optimized geometry and vibrational frequencies of the ligand have been
calculated by using DFT/B3LYP method with 6-311G(d,p) and 6-311G+(d,p) basis
sets. The calculated wave numbers are used to assign vibrational bands obtained in IR
spectroscopy and find out to the manifestations of hydrogen bonding in the νstr(N–H) and
νstr(O–H) vibrations. The UV-Vis absorption peaks of the ligand predicted by the time-
dependent DFT method matched quite well with experimentally observed UV-Vis bands.
The molecular electrostatic potential and the energy profile with respect to rotations
about the selected torsion angle τ (C5-S1-N3-N2) is also calculated.

Keywords Crystal structure; DFT calculation; IR spectra; oxime; sulfonyl hydrazone

Introduction

Over the years, oximes have been widely used as very efficient complexing agent in
analytical chemistry for isolation, separation, and extraction of different metal ions [1–6].
Oxime derivatives are very important compounds because of their biological activity, such
as insecticidal, miticidal, nematocidal activities, antidote activities for organophosphor
poison [7]. Some oxime and hydrazone complexes was found to be active as antibacterial,
antitubercular antilepral, antimalarial, and certain kinds of tumors [8–12]. Metal complexes
of oxime serve as models biosystems such as vitamin B12 and miyocardial perfusion imaging
agents [13]. Hydrazones and their metal complexes also possess pronounced biological
and pharmaceutical activities, as antitumor [14, 15], antimicrobial [16], antitubercilosis
[17], and antimalarial agents [18]. Hydrazones play an important role in improving the
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www.tandfonline.com/gmcl.
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214 Feyizan Güntepe et al.

antitumor selectivity and toxicity profile of antitumor agents by forming drug carrier system
employing suitable carrier proteins [19]. Specifically sulfonly hydrazones have been shown
to be active in several pharmacological tests, demonstrating antibacterial, diuretic, antiviral,
antinociceptive activity, specific enzyme inhibition such as carbonic anhydrase, γ -secratese
HIV-protease, metalloproteinase and hormone regulation among others [20–22]. Sulfonyl
hydrazides grafted onto the nanoparticles are also used as polymerizable foaming agent
[23]. The hydrazones are also important for their use as plasticizers and stabilizers for
polymers [24], polymerization initiators, and antioxsidant [25]. Hydrazones possessing
an azomethine NH N CH proton constituent an important class of compounds for
new drug development. Therefore, many researchers have synthesized these compounds as
target structures and evaluated their biological activities [26]. Besides, the compound is a
model for studies on vibrational spectra in hydrogen bonding system. Vibrational spectra
provide the most commonly used criteria for the presence and properties of hydrogen
bonds. The most significant spectral changes resulting from H-bond formation occur in the
IR spectra in the region of X-H stretching bands. These are the decrease in frequency in
the N-H stretching mode, increase of its intensity, broadening of the bands, and appearance
of a complex fine structure [27]. The mechanism of this phenomenon is subject of many
theoretical studies. On the other hand, alternative computational methods have long been
carried out for equilibrium structure properties of molecular system such as geometry,
vibrational frequency, absorption spectrum, etc. Computational methods are also widely
used for simulating IR spectra [28]. Such simulations are indispensable tools to perform
normal mode analysis so that modern vibrational spectroscopy is unimaginable without
involving them. In this study, the ligand is characterized spectroscopically and theoretically.
Herein, we present a comparative analysis of DFT calculations with experimental ones.

Methods

Melting point (Mp) was determined by Electrothermal 9100 melting point apparatus. The
oxime-sulfonylhydrazone Schiff base ligand (HL) was synthesized according to procedure
reported in literature [29] (Mp: 181 (◦C) % Yield: 72). The FT-IR spectrum was recorded in
KBr pellet using an ATI Unicam-Mattson 1000 FT-infrared spectrometer 4000–400 cm−1

range. The absorption spectra of the ligand were performed on a Unicam UV-2-100 spec-
trometer in methanol solvent.

All the calculations are performed for the ligand by using Gaussian 03 program package
on a personal computer [30]. The molecular structure of the ligand in the ground state (in
vacou) was optimized using Becke’s three-parameter hybrid exchange functional (B3) [31,
32] in combination with correlation functional of Lee Yang and Parr (LYP) [33] were
employed in the DFT calculations. Two different basis sets were used the 6-311G(d,p);
valance triple zeta plus polarization functions of d and p type and the 6-311G+(d,p); valance
triple zeta plus diffuse function and polarization functions of d and p type. For modeling,
the initial guess of ligand was obtained from the X-ray refinement data. The harmonic
vibrational frequencies analysis was performed at the same level of theory. At the optimized
structure of the molecule no imaginary frequency modes were obtained, providing that a
true minimum on the potential energy surface was found. The electronic transitions for the
molecule were calculated using time-dependent DFT method. The most widely used ab
initio approach in UV-visible calculations is the time-dependent density functional theory
which for a reasonable computational effort, commonly yields to accurate results, especially
when hybrid functional are used [34]. The molecular electrostatic potential (MEP) map and

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

42
 0

2 
Ja

nu
ar

y 
20

16
 



Spectroscopic and Quantum Chemical Studies 215

Figure 1. (a) ORTEP drawing of the basic crystallographic unit of the title compound, showing the
atom-numbering scheme. Displacement ellipsoids are drawn at the 40% probability level and all H
atoms are shown as small spheres of arbitrary radii. (b) The optimized geometry computed with the
B3LYP/6–311G+(d, p) level.

frontier molecular orbital surfaces are visualized by GausView Molecular Visualization
program [35].

Result and Discussion

Optimized Structures

The crystal structure of ligand was determined by X-ray diffractions method by Bolhosa
et al. [29]. The title compound is shown in Fig. 1 (a) as an Ortep III view with the optimized
geometry computed with the B3LYP/6–311G+(d,p) level in Fig. 1 (b). In order to verify
the accuracy of used theoretical model the investigated molecule is fully optimized in the
gas phase and optimized geometries are compared with experimental geometry in literature
[29]. Some selected bond lengths, bond angles, and torsion angles calculated by B3LYP/6-
311G(d,p) and B3LYP/6-311G+(d,p) level are listed in Table 1 with experimental ones.

As can be seen in Table 1 most of the calculated bond lengths are slightly longer than
the experimental ones. It was noted that the experimental results belong to solid phase
and theoretical calculations belong to gaseous phase. In the solid state, the existence of
the crystal field along with the intermolecular interactions have connected the molecules
together, which result in the differences of geometric parameters between the calculated
and experimental values. The largest difference between experimental and calculated bond
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216 Feyizan Güntepe et al.

Table 1. Selected experimental and optimized geometric parameters of the title compound

DFT/B3LYP

Parameters Experimental [29] 6-311G(d,p) 6-311G+(d,p)

Bond lengths (Å)
C1-N1 1.272(3) 1.286 1.286
C5-C6 1.381(3) 1.393 1.392
C5-C10 1.384(3) 1.392 1.394
C6-C7 1.374(3) 1.389 1.391
C7-C8 1.381(3) 1.400 1.399
C8-C9 1.379(4) 1.398 1.401
C9-C10 1.373(4) 1.391 1.390
C1-C3 1.481(3) 1.478 1.479
C1-C2 1.491(3) 1.501 1.501
C3-N2 1.279(3) 1.288 1.288
C3-C4 1.492(3) 1.506 1.506
C5-S1 1.754(2) 1.792 1.793
N1-O1 1.403(2) 1.396 1.399
N2-N3 1.386(2) 1.359 1.361
N3-S1 1.632(18) 1.709 1.713
O2-S1 1.418(15) 1.450 1.452
O3-S1 1.432(15) 1.457 1.459
RMSEa 0.0272 0.0282
Max. differencea 0.077 0.081
Bond angles (◦)
N1-C1-C3 115.61(19) 115.531 115.382
N1-C1-C2 124.9(2) 123.452 123.482
C3-C1-C2 119.4(2) 121.015 121.134
N2-C3-C1 114.21(19) 116.063 115.894
N2-C3-C4 125.7(2) 123.592 123.538
C1-C3-C4 120.04(19) 120.341 120.564
C1-N1-O1 112.93(18) 111.745 111.718
C3-N2-N3 117.81(17) 118.247 118.185
N2-N3-S1 116.54(14) 116.923 116.732
O2-S1-O3 119.94(10) 123.205 122.861
O2-S1-N3 107.87(9) 107.249 107.164
O3-S1-N3 104.18(9) 102.312 102.282
O2-S1-C5 108.54(10) 108.164 108.128
O3-S1-C5 108.01(10) 108.648 108.769
N3-S1-C5 107.69(10) 105.945 106.454

(Continued on next page)
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Spectroscopic and Quantum Chemical Studies 217

Table 1. Selected experimental and optimized geometric parameters of the title compound
(Continued)

DFT/B3LYP

Parameters Experimental [29] 6-311G(d,p) 6-311G+(d,p)

RMSEa 1.524 1.449
Max. differencea 3.265 2.921
Dihedral angles (◦)
N1-C1-C3-N2 −179.9(2) −177.640 −177.417
C2-C1-C3-N2 −0.2(3) 2.248 2.548
N1-C1-C3-C4 0.0(3) 2.824 3.174
C2-C1-C3-C4 179.7(2) −177.286 −176.859
C3-C1-N1-O1 −179.69(18) 179.419 179.590
C2-C1-N1-O1 0.6(3) −0.466 −0.374
C1-C3-N2-N3 −178.00(18) −178.421 −178.310
C4-C3-N2-N3 2.1(3) 1.096 1.078
C3-N2-N3-S1 −166.64(17) −167.771 −166.900
N2-N3-S1-O2 −40.74(19) −54.433 −56.497
N2-N3-S1-O3 −169.23(15) 174.669 173.078
N2-N3-S1-C5 76.23(18) 60.919 59.019
C10-C5-S1-O3 13.6(2) −18.836 −20.897
C6-C5-S1-O2 60.0(2) 25.991 23.862

aRMSE and maximum differences between the bond lengths and the bond angles computed by the
theoretical method and those obtained from X-ray diffraction.

length is 0.0339 Å which is calculated with 6-311G+(d,p) basis set for N3−S1. The
largest difference between experimental and calculated bond angle is 5.588◦ which is
calculated with B3LYP/6-311G+(d,p) for O3−S1−N3. The largest differences are caused
by intermolecular hydrogen bonds due to charge redistribution in this part of molecule. The
mentioned intermolecular hydrogen bonds are reported in literature [29] like that: the crystal
structure is stabilized by a combination of intermolecular N−H . . . O (N3−H8 . . . O3i) and
O−H . . . N (O1−H1 . . . N1ii) hydrogen bonds. (Symmetry codes: (i)-x+2, -y, -z; and (ii)
-x, -y+1, -z.). It is generally recognized that for an accurate description of hydrogen bonds
system at least double zeta quality basis augmented with a set of polarization and diffuse
functions set is needed [36]. Therefore, a somewhat better geometry description is expected
with 6-311G+(d,p) basis set. Using the root mean square (RMS) error for consideration it
is found that the both basis sets provide the same RMS value of 0.0141 Å for bond lengths
while the B3LYP/6-311G+(d,p) calculation provide the lowest RMS value of 2.040◦ for
bond angles. Consequently, the B3LYP calculations with both basis sets predict very closer
geometry so the basis sets used in calculations have no significant effect on the results. It is
noted that the calculated N−H, O−H bond length cannot be compared with experimental
one, as X-ray diffraction technique does not locate properly hydrogen atoms, especially in
hydrogen bonded systems [37].

Vibrational Spectra

The FT-IR spectrum of the ligand is shown in Fig 2. Based on optimized geometries har-
monic vibrational frequencies were calculated by using same method and basis sets as. The
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218 Feyizan Güntepe et al.

Figure 2. The experimental FT-IR spectrum of the title compound.

calculated frequencies were not scaled. Frequency calculations at the same level of theory
revealed no imaginary frequencies indicating that an optimal geometry at these levels of
approximation was found for the ligand. By using Gauss View molecular visualization
program [35], the vibrational band assignments have been made. The experimental and
calculated frequencies are given in Table 2 with their assignments. It is well known that the
calculated “nonscale” harmonic frequencies could significantly overestimate experimental
values due to lack of electron correlation, insufficient basis sets and anharmonicity, and the
experimental results belong to solid phase and theoretical calculations belong to gaseous
phase. Thus, there is a reasonable agreement between experimental and calculated frequen-
cies, except for the O−H and N−H stretching bands. The band observed at 3298 cm−1 is at-
tributed to the absorption of the ν(NH) stretching vibration of hydrazone which is calculated
3479 and 3471 cm−1 for 6-311G(d,p) and 6-311+G(d,p) respectively. The ν(OH) stretching
vibration of oxime is observed at 3226 cm−1 which is calculated as 3835 and 3831 cm−1

for 6-311G(d,p) and 6-311+G(d,p), respectively. As mentioned above, one of the spectral
changes in IR spectrum resulting from H-bond formation is the decrease in frequency in
the X-H stretching mode. Both the hydrazone and oxime group have hydrogen bonding
capability as much as stronger than alcohol, phenol, and carboxylic acid groups [38]. So
such differences between experimental and calculated frequencies for ν(OH) and ν(NH)
bands could be expected for the modes in a medium strong hydrogen bond [39]. For substi-
tuted benzenes, the ν(CH) stretching modes are expected in the region of 3105–3000 cm−1

[40]. In the present study, the bands observed at 3144, 3100, and 3068 cm−1 are attributed
to aromatic ν(CH) stretching vibrations and were calculated using B3LYP/6-311G(d,p)
and B3LYP/6-311+G(d,p) 3213/3201/3170 and 3210/3199/3167 cm−1, respectively. The
strong band at 1597 is assigned to ν(C=N) stretching of oxime and hydrazone. This band was
computed as 1653 and 1646 cm−1 for B3LYP/6-311G(d,p) and B3LYP/6-311+G(d,p), re-
spectively. The band centered at 1340 cm−1 is assigned as ν(S=O ) stretching and computed
as 1322 and 1312 cm−1 for B3LYP/6-311G(d,p) and B3LYP/6-311+G(d,p), respectively.
The band centered at 1080 cm−1 is assigned as ν(N−O) stretching and computed as 1040
and 1035 cm−1 for B3LYP/6-311G(d,p) and B3LYP/6-311+G(d,p), respectively. These
values are in accord with those of previously reported oximes and hydrazones [41–43].
Since our main interest of IR study is the characterization of hydrogen bonds no elaborate
normal mode analysis was performed and only the approximate description of selected
modes is given in Table 2.
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Spectroscopic and Quantum Chemical Studies 219

Table 2. Comparison of the observed and calculated vibrational frequencies (cm−1) of the
title compound

DFT/B3LYP (cm−1)

Assignments Experimental (cm−1) 6-311G(d,p) 6-311G+(d,p)

υstr (NH) hydrazine 3298 3479 3471
υstr (OH) oxim 3226 3835 3831
υsym-str (CH) aromatic 3144 3213 3210
υsym-str (CH) aromatic 3100 3201 3199
υasym-str (CH) aromatic 3068 3170 3167
υasym-str (CH3) 2974 3168 3160
υsym-str (CH3) 2929 3028 3026
υstr (C N) oxime +

υbend (OH) oxime
1649 1676 1670

υstr (C N)hydrazine 1597 1653 1646
υstr (CC) aromatic 1490 1638 1635
υsci (CH3) 1454 1493 1491
υbend (NH) 1402 1423 1421
υbend (NH) + υbend (OH) 1378 1393 1390
υstr (CC) aromatic +

υbend (CH) aromatic
1347 1329 1329

υasym-str (S O) + υbend

(NH) + υbend(OH)
1340 1322 1312

υstr (CC) aromatic 1184 1229 1228
υsym-str (S O) 1163 1132 1126
υstr (CC) aromatic + υstr

(NO)
910 956 951

υbend-out of plane (CH) 750 853 852
υbend-out of plane (CC) 686 713 723
υbend-out of plane (OH) +

υbend-out of plane (NH)
649 607 637

Vibrational modes: str; stretching, bend; bending, sci; scissoring, sym; symmetric, asym; asym-
metric.

Molecular Electrostatic Potential

The MEP is a very useful descriptor for determining sites of chemical reactivity of the
molecule for electrophilic attack and nucleophilic reactions as well as hydrogen-bonding
interactions [39, 44, 45]. To predict reactive sites for electrophilic and nucleophilic attack
of the molecule, MEP was calculated at the B3LYP/6–311G+(d,p) optimized geometry and
shown in Fig. 3. The negative (red) regions of MEP were related to electrophilic reactivity
and the positive (blue) regions related to nucleophilic reactivity. It can be seen from Fig. 3,
there are two possible sites on the ligand for electrophilic attack with a maximum value of
-0.057 a.u. and -0.054 a.u which around electronegative O atoms. However, positive (blue)
regions are localized on hydrogen atoms of oxime and hydrazone moiety. These results
provide information about potential hydrogen bond or metal complexing side of molecule.
Therefore, Fig. 3 confirms the existence of O–H . . . N and N–H . . . O interactions.
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220 Feyizan Güntepe et al.

Figure 3. Molecular electrostatic potential map (in a.u.) of the title compound computed with the
B3LYP/6–311G+(d, p) level.

Absorption Spectra and Frontier Molecular Orbital Analysis

The absorption spectra of the ligand was recorded in methanol at room temperature and
theoretical absorption spectra is predicted by using TD-DFT method based on B3LYP/6-
311G+(d,p) level optimized structure. A comparison of calculated (vertical excitations) and
experimental electronic spectrum is reported in Fig. 4 and all of the data are listed in Table 3.
The visible absorption spectrum of the ligand appears as multiple absorption bands at higher
energies (250 and 227 nm). In the calculated spectrum, these bands appear a composition
of three excitations at 4.518 eV ( λ 274.41 nm, f = 0.2561), 4.8783 eV (λ 254.16 nm,
f = 0.1203), and 5.0380 eV (λ = 246.10 nm, f = 0.1680). As seen from Fig. 4, the three
bands appeared in the calculated spectrum having some differences (about 0.15 eV red
shifted) compared to the experimental spectrum. The reasons for the discrepancy between
the experimental values and theoretical predictions may be as follows: TD-DFT approach is
based on the random-phase approximation method [46–48] which provides an alternative to
computationally demanding multireference configuration interaction methods in the study

Figure 4. The experimental absorption spectrum of the title compound in methanol solution. Inset:
Calculated absorption spectra of title compound. The excited states are shown as vertical bars with
high equal to oscillator strength.
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Spectroscopic and Quantum Chemical Studies 221

Table 3. Experimental and theoretical electronic absorption spectra values

Electronic Oscillator
Excitation transition strength (f ) λtheo (nm) λexp (nm)

1 71(HOMO)→72(LUMO) 0.2561 274.12 250
71(HOMO)→73(LUMO+1)

2 69(HOMO-2)→72(LUMO) 0.1203 254.16
69(HOMO-2)→73(LUMO+1)
70(HOMO-1)→72(LUMO)
71(HOMO)→72(LUMO)
71(HOMO)→73(LUMO+1)
71(HOMO)→74(LUMO+2)

3 68(HOMO-3)→72(LUMO) 0.1680 246.10 227
69(HOMO-2)→72(LUMO)
69(HOMO-2)→73(LUMO+1)
70(HOMO-1)→72(LUMO)
70(HOMO-1)→74(LUMO+2)
71(HOMO)→72(LUMO)
71(HOMO)→73(LUMO+1)
71(HOMO)→74(LUMO+2)

of excited states. TD-DFT calculations do not evaluate the spin–orbit splitting; the values
are averaged. Here, in this paper the objective is to evaluate the electronic structure by
direct electronic excitations and only singlet–singlet transitions considered. In addition, the
role of solvent effect of solution is not included in the theoretical calculation.

The B3LYP/6-311G+(d,p) calculation indicate that the ligand has 71 occupied MOs.
The surface and energy levels of the highest occupied molecular orbital (HOMO), the
lowest unoccupied molecular orbital (LUMO), HOMO-1, and LUMO+1 orbitals of the
ligand are shown in Fig. 5. The value of energy separation between the HOMO and LUMO is
4.95 eV and this large energy gap indicates that the ligand is quite stable. Analyses of frontier
molecular orbital provide helpful information for studies on electrical and optical properties
as well as in UV–Vis spectrum and chemical reactions [49]. The maximum absorption of
calculated electronic absorption spectrum corresponding to electronic transition from the
HOMO to the LUMO. As can be seen from the Fig. 5 while the electrons are delocalized over
the hydrazone and oxime fragment in HOMO, they are delocalized among all the atoms
in LUMO. These frontier molecular orbitals are mainly composed of p atomic orbitals;
therefore, the above electronic transitions are mainly derived from the contribution of the
to π→π∗ bands.

Conformational Analysis

In order to determine the preferential position of hydrazone moiety with respect to SO2

group a preliminary search of low-energy structures was performed using AM1 compu-
tations as a function of the selected degrees of torsional freedom τ (C5-S1-N3-N2). The
calculated energy profile with respect to rotations about the selected torsion angle τ (C5-
S1-N3-N2) is given in Fig. 6 with the optimized geometries of the most favorable and
unfavorable conformations which is proceed the orientation of hydrazone moiety with
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222 Feyizan Güntepe et al.

Figure 5. Molecular orbital surfaces and energy levels given in parentheses for the HOMO-1,
HOMO, LUMO, LUMO+1 of the title compound computed with the B3LYP/6–311G+(d, p) level.

Figure 6. Energy profile of the optimized counterpart of the title compound for the rotation about
τ (C5-S1-N3-N2) torsion angle.
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respect to SO2 group. The respective value of the selected degree of torsion angle τ (C5-
S1-N3-N2) is 75.70(12)◦ in literature [29], whereas the corresponding value in optimized
geometry is 60.919◦ for B3LYP/6-311G(d,p) and 59.019◦ for B3LYP/6-311+G(d,p). As
can be seen from Fig. 6, the minimum energy domain is located at 60◦ having energy
of -22.1619 kcal/mol, the maximum energy is also located at 220◦ having energy of
-19.8302 kcal/mol. Energy difference between the most favorable and unfavorable con-
former, which arises from rotational potential barrier calculated with respect to the selected
torsion angle is calculated as 2.3317 kcal/mol when both selected degrees of torsion angle
are considered. The molecular energy can be divided into bonded and nonbonded contri-
butions. The bonded energy is considered to be independent of torsional angle changes and
therefore vanished when relative conformer energies are calculated. The nonbonded energy
is further separated into torsional steric and electrostatic terms. Hydrogen bond is an intense
electrostatic contribution [50]. Owing to the fact that the ligand contains intramolecular
hydrogen bonds, the computational results allow us to predict the most stable conformer
is principally determined by the nonbonded torsional energy and also electrostatic energy
terms affected by packing of the molecules.

Conclusions

In this study, we have characterized the Schiff base ligand (Z)-N’-(3-(hidroksiimino)butan-
2-ylidene)-4metilbenzensulfonohidrazide (HL) by spectroscopic and quantum chemical
methods.

The optimized geometries compared with the structure obtained by (XRD) technique
reported in literature [29]. Take account of the fact that the experimental results belong to
solid phase and theoretical calculations belong to gaseous phase, the general agreement
is good and calculations support the solid-state structure. The IR spectra supported by
DFT calculations was particularly devoted to the manifestations of hydrogen bonding in
the νstr(N–H) and νstr (O–H) vibrations. The calculated MEP map agrees well with solid-
state interactions. The maximum absorption wavelength of calculated electronic absorption
spectrum is comparable with electronic transition from the HOMO to the LUMO. As a
result, all of these calculations will be provide helpful information to further studies on the
title compound.
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Ghosh, A. (2006). İnorg. Chim. Acta, 1367, 359.
[3] Ray, M. S., Ghosh A., Bhattacharya, R., Mukhopadyay, G., Drew, M. G. B., & Ribas, J. (2004).

J. Chem. Soc., Dalton Trans. 252.
[4] Wan, S., Mori, W., Yamada, S., & Murahashi, S. I. (1989). Bull. Chem .Soc. Jpn., 43, 62.
[5] Kukushkin, V.Yu., Tudela, D., & Pompeiro, A. J. L. (1999). Coord. Chem. Rev., 33, 156.
[6] Mohanty, G., & Chakravorty, A. (1976). Inorg. Chem., 15, 2912.
[7] Sevagapandian, S., Rajagopal, G., Nehru, K., & Athappan, P. (2000). Trans. Met.Chem. 388,

25.
[8] Hania, M. M. (2009). E-J. Chem., 508 (S1), 6.
[9] Petering, H. G., & Buskik, H. H. (1963). G.E.Underwood. Cancer Res., 367, 64.

[10] Jayaraju, D., & Kondapi, A. K. (2001). Curr. Sci., 787 (7), 81.
[11] Liu, L., Nam, S., Tian, Y., Yang, F., Wu, J., Wang, Y., Scuto, A., Polychronopoulos, P., Magiatis,

M., Skaltsounis, L., & Jove, R. (2011). Cancer Res., 3972 (11), 71.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

42
 0

2 
Ja

nu
ar

y 
20

16
 



224 Feyizan Güntepe et al.

[12] Barybin, M. V., Diaconescu, P. L., & Cummins, C. C. (2001). İnorg.Chem., 2892, 40.
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