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ABSTRACT

The reactions of ruthenium trichloride with Schiff bases derived from sulpha drugs in 1:2 molar
ratio leads to the formation of a new series of coordination compounds of type [Ru(L)

2
(H

2
O)Cl].

The Schiff bases used here are o-Vanillin sulphanilamide (oVSaH), o-Vanillin sulphamerazine
(oVSmrzH), salicylaldehyde sulphanilamide (SdSaH), salicylaldehyde sulphamerazine
(SdSmrzH), 2-hydroxy-1-naphthaldehyde  sulphanilamide (2hNSaH), 2-hydroxy-1-
naphthaldehyde sulphamerazine (2hNSmrzH). The reactions of ruthenium(III) chloride with Schiff
base ligands have been investigated on the basis of elemental analysis, electrical conductance,
magnetic susceptibility measurements and spectral (infrared, electronic, 1H NMR) data. The
possible structures have been suggested for the resulting compounds. The Schiff bases used
in these studies are condensation products of sulpha drugs, viz. sulphanilamide and
sulphamerazine with o-vanillin, salicylaldehyde and 2-hydroxy-1-naphthaldehyde. The
disappearance of phenolic proton upon complexation indicates coordination by phenolic oxygen
(after deprotonation) and azomethine nitrogen, respectively. The magnetic and spectral studies
indicate octahedral geometry for the resulting complexes. The antifungal activity screening
against Aspergillus niger and Fusarium solani shows that complexes are more potent in
comparison with free ligands.
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INTRODUCTION

Multidentate ligands are extensively used for
the preparation of metal complexes with
interesting properties. Among these ligands,
Schiff bases containing nitrogen and phenolic
oxygen donor atoms are of considerable interest
due to their potential application in catalysis,
medicine and material science.[1-4] Recent years
have witnessed discernible growth in interest in
Schiff bases and their metal complexes due to
their facile synthesis, wide application, [5-14]

diversity and structural variability.[15-21]  Schiff
bases are an important class of ligands based
on their potential use as ligands at a metal centre,
their complexing ability containing different donor
atom are widely reported.[22-28] Sulphonamides

were the first drugs found to act selectively and
could be used systematically as preventive and
therapeutic agents against various diseases.[29]

Sulphur ligands are widespread among co-
ordination compounds and are important
components of biological transition metal
complexes.[30,31] Metal components with sulphur
containing unsaturated ligands are also of a great
interest in inorganic and organometallic
chemistry, especially due to their potential with
novel electrical and magnetic properties. Schiff
bases continue to occupy an important position
as ligand in metal coordination chemistry,[32,33]

even almost a century since their discovery. The
study of various types of heteroaromatic
containing Schiff bases linked to metal
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complexes has received a great deal of attention
during past decades.[34,35] Chelating ligands
containing N and O donor atoms show broad
biological activity and are of special interest
because of variety of ways in which they are
bonded to metal ions . [36,37] Aromatic
hydroxyaldehydes form stable complexes and
the presence of a phenolic hydroxyl group at their
o-position impart an additional donor site in the
molecule making it bidentate. Such a molecule
coordinates with the metal ion through the
carbonyl oxygen and the deprotonated hydroxyl
group. The chelating properties of Schiff bases
derived from hydroxylaldehydes and ketones are
well established.[38-40]

It was, therefore, considered of interest to
synthesize ruthenium(III) derivatives of Schiff
bases derived by condensation of o-vanillin,
salicylaldehyde and 2-hydroxy-1-
naphthaldehyde with sulphanilamide or
sulphamerazine. The structure of the ligands are
depicted below:

Fig: Structure of the ligands

EXPERIMENTAL

Chemicals and methods

All chemicals used in this work were of
analytical grade. RuCl

3
·3H

2
O, sulpha drugs, viz.

Sulphanilamide, sulphamerazine and carbon
disulphide were obtained from Merck, Aldrich, SD

Fine chemicals Ltd. (Mumbai, India) and were
used as received. The melting points were
determined by placing finally powdered sample
in a glass capillary and heating by using
Ambassador melting point apparatus. Infrared
spectra using KBr pellets were obtained using
Perkin–Elmer PC–16F FTIR spectrometer in the
range 4000-350 cm -1. The conductivity
measurements of 10-3 M solution in DMF at 250C
were carried out with a Beckman conductivity
bridge model RC-18A. Magnetic measurements
were performed by Gouy’s method using
Hg[Co(NCS)

4
] as a calibrant. The electronic

spectra were recorded on Perkin Elmer Lambda
in DMF. Proton NMR spectra of the complexes
were recorded in CDCl

3 
on a Bruker DRX 300

spectrometer at a sweep width of 900 Hz. The
elemental analysis (C, H, N and S) was carried
out with a Carlo-Erba 1108 elemental analyzer.
Ruthenium was estimated by standard
gravimetric procedures,[41] while the chloride was
estimated as silver chloride. The thermal
behavior of Ru(III) complexes have been
investigated using a Shimadzu TGA 50H
analyzer in the temperature range 25-8000C at a
heating rate of 100C min-1. Antifungal studies were
done following the method described earlier.[42]

The solutions of metal complexes with different
concentrations were mixed in DMF which were
then mixed with the medium. The linear growth
of the fungus was recorded by measuring the
diameter of the colony after 96 h and the
percentage inhibition was calculated as 100(C-
T)/ C, where C and T are the diameters of the
fungal colony in control and test plates,
respectively.

Synthesis of ligands

The ligands were synthesized in accordance
with an earlier reported method.[ 43] An ethanolic
solution of appropriate aldehyde (o-Vanillin/
salicylaldehyde/ 2-hydroxy-1-naphthaldehyde)
(0.02 mol) was added to ethanolic solution of
sulpha drug, viz. Sulphanilamide or
Sulphamerazine (0.02 mol) and the resulting
mixture was then refluxed on a water bath for 4-
5 h. The colored solid mass separated out on
cooling, which was kept in a refrigerator for better
crystallization. It was then filtered, washed with
ethanol, ether and subsequently dried over
anhydrous calcium chloride in desiccators.
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Synthesis of complexes

 (i) Synthesis of ruthenium(III) complex with
Schiff base derived from o-Vanillin and
sulphanilamide (oVSaH) in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, prepared ethanolic solution (30 ml) of
RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added to

(3.063 g, 0.01 mol) of hot ethanolic solution of o-
Vanillin sulphanilamide (oVSaH). The resulting
mixture was then refluxed on a heating mantle
with constant stirring at 80oC for around 6-7 h.
The color of the solution changed from black to
dark brown. On cooling a dark brown solid
precipitated out which was suction filtered,
washed with ethanol and finally with diethyl ether
and dried over anhydrous calcium chloride

(ii) Synthesis of ruthenium(III) complex with
Schiff base derived from o-Vanillin and
sulphamerazine (oVSmrzH) in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, prepared ethanolic solution (30 ml) of
RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added to

(2.763 g, 0.01 mol) of hot ethanolic solution of o-
Vanill in sulphamerazine (oVSmrzH). The
resulting mixture was then refluxed on a heating
mantle with constant stirring at 80oC for around
8-9 h. The color of the solution changed from
black to olive black. On cooling a crystalline dirty
brown solid precipitated out which was suction
filtered, washed with ethanol and finally with
diethyl ether and dried over anhydrous calcium
chloride.

(iii) Synthesis of ruthenium(III) complex with
Schiff base derived from Salicylaldehyde and
sulphanilamide (SdSaH) in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, prepared ethanolic solution (30 ml) of
RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added to

(2.763 g, 0.01 mol) of hot ethanolic solution of
Salicylaldehyde sulphanilamide (SdSaH). The
resulting mixture was then refluxed on a heating
mantle with constant stirring at 80oC for around
8-9 h. The color of the solution changed from
black to olive black. On cooling a crystalline dirty
brown solid precipitated out which was suction

filtered, washed with ethanol and finally with
diethyl ether and dried over anhydrous calcium
chloride.

(iv) Synthesis of ruthenium(III) complex with
Schiff base derived from Salicylaldehyde and
sulphamerazine (SdSmrzH) in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, freshly prepared ethanolic solution (30
ml) of RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added

to (3.684 g, 0.01 mol) of hot ethanolic solution of
Salicylaldehyde sulphamerazine (SdSmrzH).
The resulting mixture was then refluxed on a
heating mantle with constant stirring at 80oC for
around 8-9 h. The color of the solution changed
from black to brown. On cooling a crystalline
black solid precipitated out which was suction
filtered, washed with ethanol and finally with
diethyl ether and dried over anhydrous calcium
chloride.

(v) Synthesis of ruthenium(III) complex with
Schiff base derived from 2-hydroxy-1-
naphthaldehyde and sulphanilamide
(2hNSaH)  in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, prepared ethanolic solution (30 ml) of
RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added to

(3.264 g, 0.01 mol) of hot ethanolic solution of 2-
hydroxy-1-naphthaldehyde sulphanilamide
(2hNSaH). The resulting mixture was then
refluxed on a heating mantle with constant stirring
at 80oC for around 9-10 h. The color of the
solution changed from mud black color to brown.
On cooling a tan brown solid precipitated out
which was suction filtered, washed with ethanol
and finally with diethyl ether and dried over
anhydrous calcium chloride.

(vi) Synthesis of ruthenium(III) complex with
Schiff base derived from 2-hydroxy-1-
naphthaldehyde and sulphamerazine
(2hNSmrzH) in 1:2 ratio.

The complex was prepared by reacting 1:2
metal to ligand molar ratios. A magnetically
stirred, prepared ethanolic solution (30 ml) of
RuCl

3
·3H

2
O (1.30 g, 0.005 mol) was added to

(3.855 g, 0.01 mol) of hot ethanolic solution of 2-
hydroxy-1-naphthaldehyde sulphamerazine
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(2hNSmrzH), the resulting mixture was then
refluxed on a heating mantle with constant stirring
at 80oC for around 9-10 h. The color of the
solution changed from black to dark brown. On
cooling a blackish brown solid precipitated out
which was suction filtered, washed with ethanol
and finally with diethyl ether and dried over
anhydrous calcium chloride. All the reactions are
summarized in their corresponding Table 1 and
analytical data are given in Table 2.

Table: 1 Reactions of ruthenium(III) chloride with

Schiff bases derived from sulphadrugs and various

aldehydes.

Table: 2 Analytical data of ruthenium(III) complexes
with Schiff bases derived from sulphadrugs and
various aldehydes.

RESULTS AND DISCUSSION

Systematic study of reactions of
ruthenium(III) chloride with Schiff base ligand  in
1:2 ratio   synthesized in combination of hydroxyl

aromatic aldehydes and sulpha drugs
(sulphanilamide or sulphamerazine) in 1:1 molar
ratio in ethanol. The complexes of type
[Ru(L)

2
(H

2
O)Cl] are obtained according to the

following reaction.

RuCl
3
·3H

2
O     +      2LH     →     [Ru(L)

2
(H

2
O)Cl] + 2HCl

LH = oVSaH, oVSmzH, SdSaH, SdSmrzH, 2hNSaH,

          2hNSmrzH

The analytical and physical data of the
ligands and the complexes are in agreement with
their molecular formulae. All the complexes are
found to be stable in air and non-hygroscopic
microcrystalline salts. Complexes exhibit good
solubility in DMF, DMSO, THF and poor solubility
in diethyl ether, acetone and water. Complexes
are sparingly soluble in methanol and ethanol.
All complexes were obtained in good yield and
are stable in phase. The very low conductance
values in DMF (10-3M) solution indicate the non-
electrolytic nature of the complexes.

MAGNETIC MOMENT

The importance of µ
eff

 to chemist lies in the
fact that for many compounds it can be
calculated theoretically from knowledge of the
structure and bonding. Magnetic susceptibility
measurements of the complexes were performed
at room temperature lie in the range 1.82- 1.96
B.M., which is expected to be lower than the
predicted value of 2.10 B. M. The spin-only
values were calculated using the equation  µ

Ru 
=

2[S
Ru

(S
Ru 

+ 1)]1/2 for complexes and are markedly
equal to/ or higher than spin-only value for one
unpaired electron for low spin t

2g
5

ruthenium(III) in an octahedral environment.
Therefore, these data indicate that ruthenium(III)
complexes are in low-spin states.[ 44,45]

ELECTRONIC SPECTRAL STUDIES

The low spin ruthenium(III) is a d5 system with
ground state 2T

2g
 and first excited doublet levels

in the order of increasing energy are 2A
2g

 and
2T

1g
,  which is arises from t4

2g
e

g
1 configuration. In

most of UV-spectra of ruthenium(III) complexes
only charge transfer bands occur. These bands
are characteristic of an octahedral geometry.
Spectra of all ruthenium(III) complexes displayed
bands at 13550-14100 cm-1 (v1) and 17340-
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18230 cm-1 (v2) assigned to 2T
2g

4T
1g

 and
2T

2g
4T

2g
. The two lowest energy absorptions

corresponding to 2T
2g

4T
1g

 and 2T
2g

4T
2g

 were

frequently observed as shoulders to charge trans-
fer bands. The bands in the region 23660-23860

cm-1 (v3) has been assigned to 2T
2g

2A
2g

 transi-

tion in ruthenium complexes.[46,47] The electronic
spectral data are summarized in Table 3.

Table: 3 Magnetic moment and electronic spectral

data of ruthenium(III) complexes with Schiff bases

derived from sulphadrugs and various

aldehydes.

INFRARED SPECTRAL STUDIES

The infrared spectra of the complexes are
compared with those of the free ligand in order
to determine the coordination sites that may
involve in chelation. In the present investigation
, four possible donor sites (i) Phenolic oxygen
(ii) Azomethine nitrogen (iii) Sulphonamide
nitrogen (iv) Sulphonamide oxygen and (v) Ring
nitrogen have been indicated. All the ligands
display a strong and sharp band in the region
1615-1635 cm -1 which is due to v(C=N)
azomethine band. This band shifts to lower
frequency by 10-25 cm-1 in the spectra after
complexation, indicating the coordination of
azomethine nitrogen to metal ion.[ 48,49] In the
spectra, ligands exhibit two broad peaks in the
region 3040-3400 cm-1 due to the hydrogen
bonded OH and NH. [ 50] In the spectra of
complexes, the band due to OH gets shifted to

the higher wave number region showing the
coordination of the ligand through the phenolic
oxygen after deprotonation.[51] However, the vNH
band remains approximately at the same
position, which clearly indicates the non
involvement of NH in complexation. This is further
substantiated by the appearance of v(C-O)
phenolic at lower frequencies (compared to 1355-
1370 cm-1 in the ligands) in the range 1340-1350
cm-1, after complexation. The coordination of
azomethine nitrogen and phenolic oxygen is
further supported by the appearance of bands at
480-500cm-1, 440-460 cm-1 and 355-380 cm-1 due
to v(Ru-N), v(Ru-O) and v(Ru-Cl), respectively in
all complexes.[ 52] A broad band in the region
3295-3400 cm-1 is arising from overlap of
stretching vibrations of coordinated water
molecule with v(N-H) of ligands observed in
almost all of the complexes.[53] Thus, the infrared
spectra reveal that Schiff base ligands are
uninegatively bidentate, coordinating through
phenolic O and azomethine N. The infrared
spectral bands are summarized in Table 4.

Table: 4 Infrared spectral band (cm-1) of the Schiff
bases derived from sulphadrugs and various

aldehydes and their ruthenium(III) complexes.

PROTON MAGNETIC RESONANCE
SPECTRAL STUDIES

A survey of literature revealed that the 1H
NMR spectroscopy has been proved useful in
establishing the nature and structure of Schiff
bases in solutions. The 1H NMR spectra of Schiff
bases were recorded in CDCl

3
 solution using
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tetramethylsilane (TMS) as internal standard. The
signals due to phenolic-OH protons of the ligands
appear at ca. 12.86-12.94 ppm. The signals at
ca. 8.09-8.64 ppm appear due to azomethine
protons (-CH=N). The ligands show a complex
multiplet in the region ca. 6.84-7.86 ppm for
the aromatic protons. In addition, signals appear
in the ligands due to various groups e.g. at ca.

10.22-10.52 ppm due to NH protons and at ca.
3.46 due to protons of methoxy group. The 1H

NMR spectra of the Schiff bases and the chemical
shifts of various types of protons are summarized
in Table 5.

Table: 5 Proton magnetic resonance spectral data

( , ppm) of the Schiff bases derived from

sulphadrugs and various aldehydes.

FAB MASS SPECTRAL STUDIES

Fast atom  bombardment (FAB) is an
ionization technique used in mass  spectrometry
. [54-56 ]Mass spectroscopy mainly applied in
analyses of biomolecules has been increasingly
used as a powerful structure characterization
technique in the coordination chemistry. The
mass spectra of the ligands and complexes are
compared. Their fragmentation revealed the
exact composition of the compounds formed.
Mass spectra of the ligands namely oVSaH,
oVSmrzH, SdSaH, SdSmrzH, 2hNSaH and
2hNSmrzH show molecular peak at m/z = 306,
398, 276, 368, 326 and 418, which correspond
to their molecular weights. The molecular ion
peaks for ruthenium(III) complexes are observed
at  m/z = 768, 952, 708, 892, 808 and 988 , they
are in good agreement with their molecular

weights. Therefore, above fragmentation pattern
complemented the exact composition of the
various compounds and described the
stoichiometry in which complexes have been
formed.

THERMAL STUDIES

The presence of one water molecule and
chloride ion in the coordination sphere of the
complexes suggested from infrared spectra is
confirmed by TG and DTG data. Ruthenium(III)
complexes lose their weight and become stable
in the temperature range 150-2600C
corresponding to one water molecule and from
280-3300C a mass loss is attributed to the loss
of chloride ion. The organic moiety such as ligand
decomposed further with the increasing
temperature. Although decomposed fragments
of the ligand could not be approximated owing
to continuous weight loss, the complete
decomposition of the ligand occurred at ~6300C
in all the complexes. The final decomposition
favors a mixed residue of Ru

2
O

3
-RuO

2
 at 680-

6950C. Thus, the decomposition pattern obtained
from TG curve confirms the proposed formulation
of the complexes.

BIOLOGICAL EVALUATION

 All the ligands and their corresponding
ruthenium(III) complexes were screened in vitro

for their antifungal activity against two fungal
cultures Aspergillus niger and Fusarium solani

by agar plate technique. The results of antifungal
screening are presented in Table 6. The results
show that the complexes exhibit antifungal
properties and it is important to note that their
activity is enhanced in comparison to the free
ligands.[57] These results may be rationalized on
the basis that chelation reduces the polarity of
the metal ion mainly because of the partial
sharing of its positive charge with the donor

groups and possibly theπ -electron delocalization
within the whole chelate ring system thus formed
during coordination.[58] This process of chelation
increases the lipophilic nature of the complex,
which in turn favors its permeation through the
lipoid layer of the membrane. This increase in
lipophilicity enhances the biological utilization
ratio and activity of testing compound. It may be
suggested that these complexes deactivate
various cellular enzymes, which play a vital role
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in various metabolic pathways of these
microorganisms.

Table: 6 Antifungal activities of Schiff bases and

their complexes.

Therefore, on the basis of above spectral
studies the following octahedral structures may
be proposed for the complexes.

Where,     R” = H;

Fig: Proposed structure of metal complexes

CONCLUSIONS

The monobasic bidentate Schiff base
ligands were found to be coordinated with
ruthenium(III)  through phenolic oxygen and
azomethine nitrogen and gave complexes of the
type [Ru(L)

2
(H

2
O)Cl]. The characteristics of the

compounds have been studied by various
physiochemical data. A tentative octahedral
structure have been proposed for the complexes,
where the ruthenium atom surrounded by
different atoms showing six coordination
numbers.

ACKNOWLEDGEMENTS

The authors are thankful to  Head,
Department of Chemistry, University of Lucknow,
Lucknow , Uttar Pradesh, India for providing
laboratory facilities and to University Grants
Commission, New Delhi, India for financial
assistance.

REFERENCES

1. S. Yamada, Coord. Chem., Rev., 190, 537, 1999.

2. K. C. Gupta and A. K. Sutar, Cood. Chem. Rev.,
252, 1420, 2008.

3. V. Arun, N. Sridevi, P. P. Robinson, S. Manju and K.
K. M. Yusuff, J. Mol. Catal. A: Chem.,      304, 191,
2009.

4. P. A. Vigato and S. Tamburini, Coord. Chem. Rev.,
248, 1717, 2004.

5. H. Schiff and R. H. Holm, Prog. Inorg. Chem., 7, 85,
1996.

6. A. Pasini and O. Crispu, J. Chem. Soc., Dalton
Trans., 16, 3467, 2000.

 

CH

O

OCH3

N S

O

O

NHR"

RuH2O

C
H

O

OCH3

NS

O

O

R"HN

Cl

 

CH

O

N S

O

O

RuH2O

C
H

O

NS

O

O

Cl

NHR"

R"HN

H; N

N CH3

 

CH

O

N S

O

O

NHR"

RuH2O

C
H

O

NS

O

O

Cl

R"HN

Compounds Average  inhibition % after 96h

Aspergillus niger Fusarium solani

100 ppm 500 ppm 1000 ppm 100 ppm 500 ppm 1000 ppm

Ridomil 56.5 68.2 89.5 54.8 72.0 88.9

oVSaH 24.8 36.5 45.2 26.0 36.4 44.8

oVSmrzH 23.9

 

33.4

 

42.0

 

22.8

 

34.5 48.6

SdSaH 21.8

 

32.5

 

40.2

 

23.2

 

31.6 49.5

SdSmrzH 21.6

 
33.6

 
42.9

 
21.5

 
33.6 43.4

2hNSaH 21.2 21.2 40.8  20.8  32.0 48.8

2hNSmrzH 22.0

 
34.8

 
44.0

 
24.4

 
36.8 42.5

[Ru(oVSa)2(H2O)Cl] 38.2

 

56.0

 

72.4

 

36.6

 

58.2 72.9

[Ru(oVSmrz)2(H2O)Cl] 37.8

 

58.4

 

74.6

 

36.4

 

59.2 72.4

[Ru(SdSa)2(H2O)Cl] 35.6 56.6 70.8 35.8 56.8 72.2

[Ru(SdSmrz)2(H2O)Cl] 38.2 58.9 73.5 38.6 59.6 75.8

[Ru(2hNSa)2(H2O)Cl] 36.4 56.6 71.8 36.4 57.8 72.6

[Ru(2hNSmrz)2(H2O)Cl] 35.8 58.5 74.2 38.0 58.8 73.6



International Journal of Scientific and Innovative Research 2014; 2(2) : 26-33,

P-ISSN 2347-2189, E- ISSN 2347-4971

www.ijsir.co.in 33

7. N. Rajaiah, Sangeetha and S. Pal, Polyhedron, 19,
1593, 2000.

8. M. R. Bermejo et al., Polyhedron, 15, 4185, 1996.

9. R. C. Bayenese et al., J. Chem. Soc. Chem.
Commun., 17, 1292, 1989.

10. V. K. Sharma, S. Srivastava and A. Srivastava,
Polish J. Chem., 80, 387, 2006.

11. V. K. Sharma, S. Srivastava and A. Srivastava, J.
Appli. Biosci., 31, 114, 2005.

12. B. N. Berad, M. R. S. Deshmukh and C. S. Bhaskar,
Asian J. Chem., 14, 1241, 2002.

13. Z. M. Nofal, M. I. El-Zahar and S. S. Abd El-Karim,
Molecules, 5, 99, 2000.

14. T. Nagata, K. Yorozu, T. Yamada and T. Mukaiyama,
Angew Chem. Int. Ed., 34, 2145,   1995.

15. M. R. Maurya, S. Gopinathan and C. Gopinathan,
Polyhedron, 12, 159, 1993.

16. A. Syamal and M. R. Maurya, Coord. Chem. Rev.,
95, 183, 1989.

17. R. C. Maurya, D. D. Mishra, N. S. Rao and N. N.
Rao, Synth. React. Inorg. Met.-Org. Chem., 25, 437,
1995.

18. S. D. Kolwalkar and B. H. Mehta, Asian J. Chem., 8,
406, 1996.

19. J. J. Murthy and B. H. Mehta, Orient. J. Chem., 14,
129, 1998.

20. S. Zhou, S. Liu, G. Zhou and Huaxue Shiji, Asian J.
Chem., 23, 26, 2001.

21. S. Zhou, F. Xie, S. Ni and Huaxue Shiji, Asian J.
Chem., 33, 261, 2001.

22. C. R. Samy and S. Radhey, Indian J. Chem., 35A,
1, 1996.

23. E. L. Chang, C. Simmers and D. A. Knight,
Pharmaceuticals, 3, 1711, 2010.

24. Z. H. Chohan and H. A. Shad, J. Enzyme Inhib. Med.
Chem., 23, 369, 2008.

25. S. Khan, M. K. Gupta, S. Varshney and A. K.
Varshney, J. Saudi Chem. Soc., 10, 63, 2006.

26. C. M. Sharaby, Spectrochim. Acta, A 66, 1271, 2007.

27. R. C. Maurya and S. Rajput, J. Mol. Structure, 24,
794, 2006.

28. R. V. Singh, S. C. Joshi and R. Dwivedi, Phosphorus,
Sulfur and Silicon, 179, 227, 2004.

29. P. Nagpal and R. V. Singh, Appl. Organomet. Chem.,
18, 221, 2004.

30. C. Y. Wu, L. H. Chen, W. S. Hwang, H. S. Chen and
C. H. Hung, J. Organomet. Chem., 689, 2192, 2004.

31. R. C. Maurya and P. Patel, Spectrosc. Lett., 32, 213,
1999.

32. H. L. Singh, S. Varshney and A. K. Varshney,
Appl.Organomet. Chem. 13, 637, 1999.

33. A. K. Varshney, S. Varshney, M. Sharma and H. L.
Singh, Phosphorus, Sulfur and Silicon, 161, 163,
2000.

34. R. C. Maurya, D. D. Mishra and N. S. Rao, Synth.
React. Inorg. Met. Org. Chem., 25, 437, 1995.

35. R. C. Maurya and M. R. Maurya, Inorg. chem., 15,
1, 1995.

36. M. R. Maurya, S. Gopinathan, C. Gopinathan and
R. C. Maurya, Polyhedron, 12, 159, 1993.

37. M. K. Gupta, H. L. Singh, U. D. Tripathi and A. K.
Varshney, Synth. React. Inorg. Met.-Org. Chem., 30,
1685, 2000.

38. A. K. Varshney and J. P. Tandon, Synth. React. Inorg.
Met.-Org. Chem., 17, 651, 1987.

39. M. Jain, S. Nehra, P. C. Trivedi and R. V. Singh,
Metal Based Drugs, 9, 53, 2002.

40. G. G. Mohamed and C. M. Sharaby, Spectrochim.
Acta A 66, 949, 2007.

41. F. E. Beamish, “The analytical chemistry of the noble
metals”, Pergamon Press, 1966.

42. V. K. Sharma, S. Srivastava and A. Srivastava, J.
Coord. Chem., 59, 1321, 2006.

43. A. K. Varshney, J. P. Tandon and A. J. Crowe,
Polyhedron, 5, 739, 1986.

44. D. Thangadurai and K. Natarajan, Trans. Met.
Chem., 25, 347, 2000.

45. A. B. P. Lever, Inorganic Electronic Spectroscopy,
Elsevier, Amsterdam, 1984.

46. S. K. Sengupta, S. K. Sahni and R. N. Kapoor,
Polyhedron, 5, 317, 1983.

47. R. L. Dutta and A. Syamal, Elements of
Magnetochemistry, Affiliated East-West Press PVT
Ltd., 1993.

48. A. K. Varshney, S. Varshney and H. L. Singh, Synth.
React. Inorg. Met.-Org. Chem., 29, 245, 1999.

49. P. Chattopadhyaya and C. Sinha, Indian J. Chem.,
34A, 76, 1995.

50. A. Varshney and J. P. Tandon, Polyhedron, 4, 1311,
1985.

51. S. K. Sahni, Trans. Met. Chem., 49, 73, 1997.

52. V. K. Sharma, S. Srivastava and A. Srivastava, Rev.
Roum. Chim., 50, 751, 2005.

53. V. K. Sharma and S. Srivastava, J. Coord. Chem.,
61, 178, 2008.

54. H. R. Morris, M. Panico, M. Barber, R. S. Bordoli, R.
D. Sedgwick and A. N. Tyler,  Biochem.
Biophys. 101, 623, 1981.

55. M. Barber, R. S. Bordoli, G. J. Elliott, R. D.
Sedgewick and A. N. Tyler, Analytical Chem.,  54,
645A, 1982.

56. M. Barber, R. S. Bordoli, R. D. Sedgewick and A. N.
Tyler, J. Chem. Soc., 7, 325, 1981.

57. N. Tripathi, Shalini and V. K. Sharma, Polish J.
Chem., 82, 523, 2008.

58. Z. H. Chohan, Synth. React. Inorg. Met.-Org. Chem.,

34, 833, 2004.


	26-33
	30-33
	32-33

