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possessed octahedral geometry while Cu(ll) complexes possessed

tetrahedral geometry. The in vitro biological activity of the complexes
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INTRODUCTION

In recent year, transition metal complexes of asymmetrical mixed ligands have attracted
attention of chemists due to their diversity of molecular structure.*! The study of metal
complexes of mixed ligands appears to be interesting in view of the possibility of obtaining

coordinating compounds of scarce structure and stability. The formation of mixed ligand
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complexes depends on the size of the ligand cavity, on the nature of donor atoms present in
ligand moiety and on the complexing behavior of the anions involved in coordination
mode.®”) Asymmetrical mixed ligands are also of theoretical interest since they are capable
of furnishing an environment of controlled geometry and ligand field strength.’®! Mixed
complexes have numerous biological activities, e.g. anticarcinogenic, antibacterial, anti-
HIVE! anticancer,™ antiviral, ™ antifungal,*? antitumor etc.***® First row of transition
metal complexes with such ligands have a wide range of biological activities.'**® In this
papers the syntheses and structural aspects of a number of transition metal complexes of NO
donor systems has been described. In view of the above applications it is highly desirable to
synthesize and characterize transition metal complexes with such ligands. Here, we reported
the synthesis, characterization and biological activity of mixed ligand based metal complexes
of 3d series with 2,3-dihydroxypyridine and amino acids glycine(gly), alanine(ala),

valine(val) and leucine(leu).

PHYSICAL METHODS

The metal contents in the complexes were determined following standards methods. C, H and
N were estimated in RRL Bhopal. Nitrogen contents were determined by Kjeldhl’s method.
Electronic spectra of the complexes run on Beckman DU-64 spectrophotometer in the ranges
250-800 mm in CCl,. IR spectra were recorded in the range 4000-200 cm™ on Perkin-Elmer,
621-spectrometer using KBr Pellets. EPR spectra were recorded using Varian EPR

spectrometer.

EXPERIMENTAL DETAILS

Synthesis of mixed ligand metal complexes

The metallic salt, DHP and amino acids (gly/ala/val/leu) were taken in the stoichiometric
ratio 1:2:1 in case of Mn(ll), Fe(ll) and Co(Il) metal salt and 1:1:1 in case of Cu(ll) metal
salt. So, that the total weight was about 1-1.5 gm. The metallic salt was dissolved in 50 mL of
distilled water; the ligands were added slowly into a solution of metallic salt with continuous
stirring. The pH was maintained ~ 9.0 by adding ammonia solution. The reaction solution
was refluxed for nearly 1.30 hours on a water bath. On concentrating and cooling the

complex was separated out, which was filtered, washed and dried in desiccator.
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Elemental analysis
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On the basis of the elemental analysis, Mn(Il), Fe(l1), Co(l1) and Cu(ll) mixed ligands based

metal complexes with DHP and amino acid (gly/ala/val/leu) have been assigned the

composition as given in Table 1 to 4. The presence of ammonia NH,4" in the complexes was

confirmed by the reaction of complexes with NaOH which gave the smell of ammonia.

Table 1: Physical characteristic of mixed ligand based metal complexes

Elemental Analysis (%)
Complexes Color | Yield (%) Calculated Found
M M C N H
NH4[Mn(L),L,] | Brown 4434 |14.98]39.23|1525| 425 | 1456 | 38.17 | 14.90 | 3.96
NHa[Fe(L),L;] | Green 39.75 | 15.21]39.13 | 15.21 | 4.34 | 14.90 | 38.75 | 14.85 | 4.12
NH4[Co(L),L1] | Pink 2338 | 1590 | 38.81 | 15.09 | 4.31 | 15.45 | 38.09 | 14.77 | 4.09
[Cu(L)L,4] Blue 33.59 25.65 | 33.93 | 11.31 | 3.23 | 26.00 | 34.07 | 11.92 | 3.37
L = DHP, L; = Glycine
Table 2: Physical characteristic of mixed ligand based metal complexes
Elemental Analysis (%)
Complexes Color Yield (%) Calculated Found
M C N H M C N H
NH4[Mn(L),L2] g;:)gvca 40.92 14.43 | 40.94 | 1469 | 4.72 | 14.05 | 39.86 | 13.90 | 4.03
NH4[Fe(L),L,] | Green Brown 51.42 14.65 | 40.83 | 1455 | 4.71 | 14.13 | 39.75 | 13.79 | 4.02
NH4[Co(L),L,] | Light Pink 20.65 15.32 | 40.51 | 1454 | 4.67 | 1495 | 39.96 | 13.96 | 4.11
[Cu(L)L,] Blue Brown 31.28 24.28 | 36.71 | 10.70 | 3.82 | 24.75 | 36.96 | 11.15 | 4.15
L = DHP, L, = Alanine
Table 3: Physical characteristic of mixed ligand based metal complexes
Elemental Analysis (%0)
Complexes Color Yield (%) Calculated Found
M C N H M C N H
NHs[Mn(L),L3] [B)?(;\lfvn 42.77 13.44 | 44.00 | 13.69 | 5.37 | 12.96 | 43.65 | 13.52 | 5.09
NHa[Fe(L),L3] grrg‘é‘:]”'sr‘ 59.68 | 13.65 | 43.90 | 13.65 | 5.36 | 13.09 | 43.20 | 13.45 | 5.07
NH4[Co(L),L3] | Pale Pink 20.20 14.28 | 43.58 | 13.55 | 5.32 | 13.75 | 43.08 | 13.28 | 5.05
[Cu(L)Ls] g:gfkh 33.49 | 21.93 |41.45| 09.67 | 4.83 | 22.07 | 42.00 | 09.96 | 5.00
L = DHP, Ls = Valine
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Table 4: Physical characteristic of mixed ligand based metal complexes

Elemental Analysis (%)
Complexes Color Yield (%) Calculated Found

M C N H M C N H
NHs[Mn(L),L4] Light Brown 45.53 13.00 | 45.39 | 13.23 | 5.67 | 12.95 | 44.75 | 12.90 | 5.07
NHa[Fe(L)2L4] Greenish Brown 37.90 13.20 | 45.28 | 13.20 | 5.66 | 12.80 | 44.64 | 12.87 | 5.05
NH;[Co(L),L4] Light Pink 25.97 13.81 | 44.96 | 13.11 | 5.62 | 13.45 | 44.49 | 12.98 | 5.02
[Cu(L)L4] Blueish Brown 24.52 20.92 | 43.49 | 9.22 | 5.27 | 21.17 | 43.90 | 09.57 | 5.39

L = DHP, L, = Leucine

IR SPECTRA

IR spectra of DHP and some representative mixed ligands metal complexes are given in Fig.
1-3. Important IR bands of the ligand and complexes are given in Table 5 to 8. A broad band
of free DHP at 3200-3600 cm™ corresponding to phenolic OH disappeared in all metal
complexes showing simultaneous deprotonation and formation of M-O bond. A strong band
at 1625 cm™ (C=0) shifted to lower side (1616-1652 cm™) suggesting that DHP coordinated
to metal through oxygen of carbonyl group.? A relatively weak band at 3400 cm™ observed
in free DHP and attributed to vn.4 Of a-pyridone like structure of DHP remained unchanged
in complexes suggesting its non-involvement in coordination.” In the IR spectra of each
amino acid three bands around 3260 cm™, 3100 cm™ and 1500 cm™ were assigned to
Vasym(NH2), veym(NH2) and & (NH>) in the mixed ligand complexes vn.4 absorption band were
observed in the form of broad bands in the range 3100-3233 cm™ which might be resulting
from the shifting (due to complex formation) of vn. bands of amino acids.”??* The band due
to vas(COO0), vs(COO) of carboxylic group was observed in the region 1620 cm™ and 1400
cm™ in the free ligands. Bathochromic shift of these bands to in all the case showed the
coordination of oxygen with the metal ion.[?” The absence of v(on) Of the carboxylic group
appeared at 2600 cm™ in free ligands, which confirms the deprotonation of OH bond by

coordination
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Fig. 1: IR Spectrum of 2, 3-Dihydroxypyridine (DHP)
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Fig. 2: IR Spectra of [Cu(L)L,] complex, L = DHP, L; = Glycine
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Fig. 3: IR Spectra of NH4[Co(L),L,] Complex, L = DHP, L, = Alanine

Table 5: Important IR bands (cm™) of mixed ligand metal complexes of DHP and
glycine
Compound v Voo UN-H (a"n?‘,'i':]o Vcoo Vcoo VO-H
o-H €=0" | (pyridine) acid) (asy) (sym) | (COOH)
DHP 3200-3600 1625 3400 - - - -
Glycine - - - 3100 1620 1400 2600
NHsMn(L),L4] - 1620 - 3090 1610 1410 -
NH4[Fe(L),L4] - 1615 - 3085 1607 1415 -
NH4[Co(L),L4] - 1610 - 3078 1605 1416 -
[Cu(L)L4] - 1604 - 3070 1601 1420 -
L = DHP, L1 = Glycine
www.wjpr.net Vol 5, Issue 2, 2016.
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Table 6: Important IR bands (cm™) of mixed ligand metal complexes of DHP and

alanine

Compound v Ve- UN-H (aDnN{ii:\o Ycoo vcoo vo-H
o-H C=0 | (pyridine) acid) (asy) (sym) | (COOH)

DHP 3200-3600 1625 3400 - - - -
Alanine - - - 3100 1620 1400 2600
NHi[Mn(L),L] - 1605 - 3090 1609 1413 -
NH4[Fe(L),L.] - 1602 - 3082 1606 1418 -
NH4[Co(L),L,] - 1600 - 3075 1604 1423 -
[Cu(L)L,] - 1590 - 3068 1600 1428 -

L = DHP, L, = Alanine

Table 7: Important IR bands (cm™) of mixed ligand metal complexes of DHP and valine

UN-H

ON-H . VCcoo Vcoo VO-H
Compound VO-H VC=0 | (pyridine) (Zgldn)o (asy) (sym) | (COOH)
DHP 3200-3600 1625 3400 - - - -
Valine - - - 3100 1620 1400 2600
NH.[Mn(L),L3] - 1602 i 3085 | 1607 | 1415 i
NHa[Fe(L):Ls] - 1598 : 3078 | 1605 | 1426 i
NH4[Co(L)Ls] - 1690 i 3065 | 1601 | 1436 i
[Cu(D)Ls] - 1585 i 3055 | 1598 | 1445 i

L = DHP, L; = Valine

Table 8: Important IR bands (cm™) of mixed ligand metal

complexes of DHP and

leucine
Compound v ve- Un-H (anryl-iiao peoo | beoo Do
P o-H C=0" | (pyridine) acid) (asy) (sym) | (COOH)
DHP 3200-3600 1625 3400 - - - -
Leucine - - - 3100 1620 1400 2600
NH.[Mn(L),L] - 1602 i 3078 | 1606 | 1418 i
NHa[Fe(L)sLa] - 1595 i 3075 | 1603 | 1430 i
NH[Co(L)sLd] - 1588 i 3068 | 1602 | 1438 i
[Cu(L)La] - 1580 i 3057 | 1588 | 1447 i

L = DHP, L, = Leucine

ELECTRONIC SPECTRA

The magnetic measurement of the Mn(Il) complexes lie in the range of 4.9 to 5.0 BM

corresponds to four unpaired electron. Electronic spectra of Mn(ll) and Fe(ll) complexes
displayed weak absorption bands at 17900-18100(v1), 24600-24700(v,), 29400-29600(v3)

and 31700-31800(v4) cm™ characteristic of the octahedral geometry, in these complexes.
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These bands may be assigned to ®Aig — *Tig, (4G) (10B+5C), °Aig —*Eg, *Awg (4G)
(10B+5C), °Aig — “Eg, (4D) (17B+5C) and °Aig — “Tg (4P) (7B+7C) transition,
respectively Table 9.

Electronic spectra of the complexes under study display two well defined spectral bands at
8700-8900 cm™ and 20500-20800 cm™ and a shoulder at 14000-14800 cm™ to *Tig —
To(F)(v1), “Tig — “Tig(P)(vs) and *Tig — “Tig(F)(v2) transitions respectively,
characteristic of octahedral geometry of Co(l1) complexes.?® The electronic spectra of six
coordinated Cu(ll) complexes had either Dsh or C4,v symmetry, and the Eg and T,g level of
the 2D free ion term will split into B.g, A:g, Bog and Eg levels respectively.?” Thus three
spins allowed transitions were expected in the visible and near IR region. But only a few
complexes are known, in which such bands are resolved ether by “Gassian Analysis” or by
“single crystal polarization” studies. These bands have been assigned to the following
transitions in order of increasing energy “Big — *Aqq (di2*- d.), “B1g — °Bog (di2y -dyy)
and ?B1g —’Eg (dx’y? — dyxz, dyz). The energy level sequence will depend on the amount of
tetragonal distribution due to ligand-field and the John-Teller effect. The electronic spectra of
complexes reported here showed two characteristic bands at 13400-13750 and 18500-18900
cm™. These may be assigned to the ?B.g —°A;g and ?B;g — 2Eg transitions respectively, and
corresponding to the tetrahedral geometry of Cu(ll) complexes. Big —°B,g transition is

usually not observed as a separate band in the tetragonal field.

LIGAND FIELD PARAMETERS

By using the experimentally observed transition energies various ligand field parameters B,
C, Dq & B for Cu(ll) complexes had been calculated and values listed in Table 9. Various
ligand field parameters Dq, B and 3 for Cu(ll) complexes had been calculated and given in
Table 10. Dq values have been evaluated by using Orgel energy level diagram.?®
Nephlexautic parameters  have been calculated by using the following expression.

B = B(complex) /B(free ion)

The value of B in the present study indicates appreciable covalent character in metal

complexes.
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Table 9: Ligand Field parameters of mixed ligand complexes of Mn(lIl) with DHP (L)

and amino acids [glycine (L) /alanine(L,) /valine (L3) /leucine(L4)]

Complex Dg(cm™) B(cm™) C(cm™) B(cm™)
NH{[Mn(L),L1] 1790 686 3548 0.87
NH[Mn(L)Lo] 1815 700 3540 0.89
NH[Mn(L),Ls] 1800 679 3592 0.86
NH[Mn(L)>La] 1805 700 3530 0.89

Table 10: Ligand Field parameters of mixed ligand complexes of Co(ll1) with DHP (L)

and amino acids [glycine (L) /alanine(L,) /valine (L3) /leucine(L,)]

Complex Dg(cm™) B(cm™) B(cm™)
NHa[Co(L)sLi] 1036 1079 0.96
NH.[Co(L),Ls] 1030 1073 0.95
NHa[Co(L)sLs] 1036 1079 0.96
NH.[Co(L)sLa] 1024 1067 0.95

EPR SPECTRA
In polycrystalline samples of Mn(ll) complexes usually give broad signals attributed to

forbidden transitions where (M= +1) (M = electron spin quantum number) and Am = 0
(where m = nuclear spin quantum number). The broadening of the spectrum in powder
sample is analogous to that observed in Mn(11) complexes of conconavallin.”®! Broadening
due to immobilization of Mn(ll) ion in the ligand results because the rotational motion of
Mn(I1) is highly restricted. Another origin of line broadening is spin relation, which is
temperature dependent. EPR spectrum of NH4[Mn(L),L1] complex is shown in Fig. 4. The
calculated g- values lies in the range of 1.9928-2.000, these values proposed octahedral
geometry for the Mn(ll) complexes.*” Complexes showed isotopic ESR spectra Fig. 5.
Characteristic of tetrahedral Cu(ll), g-values are given in the Table 12. The stronger
interaction along the axis is to be accompanied by an increase in the value of g,.. The stronger
axial bonding leads to an increase in length of the bond in the xy plane, which results in a
decrease of both the in plane covalency and energy of the dxz_y2 — dyy transition, Both these

factors lead to increase the value of g.

Fig. 4: EPR Spectrum of NH;[Mn(L).L] complex, L:DHP, Li: Glycine
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Fig. 5: EPR Spectra of [Cu(L)L1] complex, L = DHP, L= Glycine

Table 11: EPR spectral data of mixed ligand complexes of Mn(l1) with DHP (L) and
amino acids [glycine (L) /alanine(L;) /valine (L3) /leucine(L4)]

Complex Fs F> hx g

NHs[Mn(L),L4] 101 1193 1.86 1.991
NHs[Mn(L),L,] 101 1206 1.57 1.861
NHs[Mn(L),Ls] 103 1192 2.00 1.899
NHs[Mn(L);L4] 101 1205 1.57 1.999

Table 12: EPR spectral data of mixed ligand complexes of Cu(ll) with DHP (L) and

amino acids [glycine (L) /alanine(L,) /valine (L3) /leucine(L4)]

Complex Oi gL Jiso G

[Cu(L)Ly] 2.268 2.056 2.127 479
[Cu(L)Ls] 2.260 2.050 2.120 515
[Cu(L)Ls] 2.261 2.055 2.124 475
[Cu(L)La] 2.267 2.056 2.126 476

BIOLOGICAL STUDY

2,3-dihydroxypyridine(DHP) and amino acids glycine(gly), alanine(ala), valine(val),
leucine(leu) and all complexes were evaluated against different species of bacteria and fungi
by using disc diffusion method and food poisoning method, respectively.®*32 The results
obtained from biological activity were compared with standard antibiotic and antifungal drug

Streptomycin and Amphotericin, respectively.

Antibacterial Screening

Complexes were screened against S.lutea (gram-positive) and E.coli (gram-negative)
bacteria, as growth inhibitor by using disc diffusion method. The results of the antibacterial
screening showed the maximum inhibition by the [Cu(L)L;], [Cu(L)L4] complexes. But these

complexes showed lesser activity than the standard drug (Streptomycin).
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Antifungal Screening

A.niger and A.glaucus fungi were used as the tested microorganism for all the newly
synthesized complexes for the purpose of antifungal screening by food poisoning method. All
the complexes show nearly the same inhibition except the NH4[Co(L),L3] complex, which
showed comparatively higher activity and all complexes exhibited lesser inhibition zone than
used standard drug (Amphotericin).

CONCLUSION

In the light of above discussed studies, octahedral geometry is proposed for Mn(ll), Fe(ll),
Co(ll) complexes while tetrahedral geometry for Cu(ll) Fig. 6-7. Among all metal
complexes, [Cu(L)L;], [Cu(L)L4] complex showed an excellent inhibition potential against
used bacteria and NH4[Co(L),L3] complex exhibited higher antifungal activity than other
tested complexes. All

NH O =
@R
/: :\

Fig 6: Octahedral structure of complex NH4[M(L)2L1-4]
Where H = DHP, L;.4= Amino acid
R =-H, Glycine (L,)
R = -CHgs Alanine (L)
R = -CH (CHj3) ,, Valine (L3)
R = -CH,-CH (CHpg) 2, Leucine (Ly)
M = Mn(Il), Fe(1l) and Co(ll)

Iz
Iz

WWW.Wjpr.net

0 /O—=Q
Q =O/M\N__R
N /
H HH H

Fig 7: Tetrahedral structure of complex [M(L)L1.4]
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Where L = DHP, L;.4= Amino acid
R =-H, Glycine (L,)

R = -CHgs, Alanine (L)

R =-CH (CHj3) , Valine (Ls)

R =-CH,-CH (CHg) 2, Leucine (Ly)
M = Cu(ll)

ACKNWLEDGEMENT
One of the author is thankful to Regional Institute of Education, Bhopal Shyamla Hills, for
providing research facility. The author express sincere thanks to the DRDO New Delhi.

REFERENCES

1. C. Sulekh, Agrawal S. Spectroscopic characterization of metal complexes derived from a
hexadentate macrocyclic ligand: Study on antifungal capacity of complexes,
Spectrochimica Acta Part A, 2014; 124: 564-570.

2. Abu Bakar AF, Bahron H, Kassim K, Zain MM. Synthesis, characterization and
neurotoxic effect of schiff base ligands and their complexes, The Mal J Anal Sci., 2011,
15(1): 93-100.

3. Malik S, Ghosh S, Mitu L. Complexes of some 3d-metals with a Schiff base derived from
5-acetamido-1,3,4-thiadiazole-2-sulphonamide and their biological activity, J Serb Chem
Soc., 2011; 76(10): 1387-1394.

4. Thakor YJ, Patel SG, Patel KN. Synthesis, characterization and biocidal studies of some
transition metal complexes containing tetra dentate and neutral bidentate schiff base, J
Chem Pharm Res., 2010; 2(5): 518-525.

5. Yadav M. Synthesis, Characterization, and Biological Activity of Some Transition Metal
Complexes of N-Benzoyl-N-2-thiophenethiocarbohydrazide, Int J Inorg Chem,
doi:10.1155/2012/269497.

6. Chandra S, Gautam S, Kumar A. antifungal screeningof nitrogen and sulphur donor atom
containing ligand 3,3’-thiodipropionicacid-bis(5- amino-1,3,4-thiodiazole-2-thiol) and its
mn(ii),co(ii) complexes: synthesis, spectrscopic approch, molecular modeling, World J
Pharma Res., 2014; 3(7): 576-595.

7. Chandra S, Gautam S, Kumar A, Agrawal S. Mn(ll), Co(Il), Ni(ll), & Cu(ll) complexes
of nitrogen and sulphur donor ligand: synthesis, spectral characterization, molecular

modeling and microbiology activity, Int J Therapeutic App, 2015; 24: 14-26.

WWW.Wjpr.net Vol 5, Issue 2, 2016. 1088




Chandra et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chandra S, Gupta A, Synthesis, spectroscopic, and antimicrobial studies on bivalent
Nickel(I1) and Copper(ll) complexes with 2,6-diacetyl pyridine bisthiosemicarbazone, J
Chem Pharma Res., 2013; 5(7): 278-285.

Shiekh RA, Rahman I, Malik MA, Luddin N, Masudi SM, Al-Thabaiti SA. Transition
Metal Complexes with Mixed Nitrogen-Sulphur (NS) Donor Macrocyclic Schiff Base
Ligand: Synthesis, Spectral, Electrochemical and Antimicrobial Studies, Int J
Electrochem. Sci., 2013; 8: 6972-6987.

Prakash A, Adhikari D. Application of Schiff bases and their metal complexes-A Review,
Int. J Chem Tech Research, 2011; 3(4): 1891-1896.

Chang EL, Simmers C, Knight DA. Cobalt Complexes as Antiviral and Antibacterial
Agents, Pharmaceuticals, 2010; 3: 1711-1728.

Chandra S, Gautam S, Rajor HK, Bhatia R. Syntheses, spectroscopic characterization,
thermal study, molecular modeling, and biological evaluation of novel Schiff’s base
benzil bis(5amino-1,3,4-thiadiazole-2-thiol) with Ni(ll), and Cu(ll) metal complexes,
Spectrochimica Acta Part A, 2015; 137: 749-760.

Marzano C, Pellei M, Tisato F, Santini C. Copper Complexes as Anticancer Agents, Anti-
Cancer Agents in Med Chem., 2009; 9: 185-211.

Katwal R, Kaur H, Kapoor BK. Applications of copper schiff’s base complexes a review,
Sci Revs Chem Commun, 2013; 3(1): 1-15.

Hariprasath K, Deepthi B, Babu IS, Venkatesh P, Sharfudeen S, Soumya V. Metal
Complexes in Drug Research - A Review, J Chem Pharm Res., 2010; 2(4): 496-499.
Chandra S, Gautam S, Antibacterial and antifungal activity of Schiff base ligands and
their metal complexes-A Review, Int J Chem Pharma Sci., 2014; 5 (2): 27-41.

Kumar U, Chandra S. Synthesis, characterization and in vitro antifungal screening of
manganese(ll) and copper(ll) complexes of hexaaza [N6] macrocyclic ligand. J Nepal
Chem Soc., 2010; 25: 46-52.

Singh DP, Kumar R. Template synthesis, spectroscopic studies and biological screening
of macrocyclic complexes derived from thiocarbohydrazide and benzyl. Trans Met
Chem., 2006; 31: 970-973.

Chandra S, Gautam S, Kumar A, Madan M. Coordination mode of pentadentate ligand
derivative of 5-amino-1,3,4-thiadiazole-2-thiol with nickel(1l) and copper(Il) metal ions:
Synthesis, spectroscopic characterization, molecular modeling and fungicidal study,
Spectrochimica Acta Part A, 2015; 136: 672-681.

WWW.Wjpr.net Vol 5, Issue 2, 2016. 1089




Chandra et al. World Journal of Pharmaceutical Research

20.

21.

22.

23.

24,

25.

26.

217.

28.
29.

30.

31.

32.

Mohamed GG, Abd EI-Wahab ZH, Mixed ligand complexes of bis(phenylimine) Schiff
base ligands incorporating pyridinium moiety: Synthesis, characterization and
antibacterial activity, Spectrochimica Acta Part A, 2005; 61(6): 1059-1068.

Chandra S, Sharma AK. Applications of several spectral techniques to characterize
coordination compounds derived from 2,6-diacetylpyridine derivative, Spectrochimica
Acta Part A, 2009; 74: 271-276.

Mounika K, Anupama B, Pragathi J, and Gyanakumari C, Synthesis, characterization and
biological activity of a schiff base derived from 3-ethoxy salicylaldehyde and 2-amino
benzoic acid and its transition metal complexes, J Sci Res., 2010; 2(3): 513-524.
Nakamoto K. “Infrared Spectra of Inorganic and coordination compounds”, Wiley Inter
Science, New York, 1978; 270.

Chandra S, Gupta LK, Jain D. Spectroscopic studies on Mn(I1), Co(l1), Ni(Il), and Cu(ll)
complexes with N-donor tetradentate (Ns) macrocyclic ligand derived from
ethylcinnamate moiety, Spectrochimica Acta Part A, 2004; 60: 2411-2417.

Chandra S, Pipil P. Spectral studies of transition metal complexes with 25, 26
diox01,6,12,17,23,24 hexaazacyclohexacosa 1,5,12,16 tetraene macrocyclic ligand (L),
Open J Inorg Chem., 2013; 3: 109-115.

Kavitha T, Kulandaisamy A, Thillaiarasu P. Synthesis, Spectroscopic Characterization,
Electrochemical and Antimicrobial Studies of Copper(ll), Nickel(ll), Cobalt(ll) and
Zinc(11) Complexes Derived from 1-Phenyl-2,3-dimethyl-4(2-iminomethylbenzylidene)-
pyrozol- 5-(a-imino)-indole-3-propionic Acid, Chem Sci Trans., 2013; 2(51): 525-532.
Lever ABP. (1968) inorganic & electronic spectroscopy. 1st Edition, Elsevier,
Amesterdam, 249-360.

Figgis BN. “Introduction to ligand Fields” Wiley Eastern Ltd., New Delhi (1976).
Chandra S, Verma S, Dev U, Joshi N, Tetraazamacrocyclic complexes: synthesis,
spectraland antimicrobial studies, J Coord Chem., 2009; 62: 1327-1335.

Hathaway BJ. Essays in chemistry (Ed. J.N. Bardley and R.D. Gillard), Academic Press,
New York, 1971; 61.

Olar R, Badea M, Marinescu D, Chifiriuc MC, Bleotu C, Grecu MN, lorgulescu EE,
Lazar V, N,N-dimethylbiguanide complexes displaying low cytotoxicity as potential large
spectrum antimicrobial agents, Eur J Med Chem., 2010; 45: 3027-3034.

Chandra S, Gupta A, synthesis, spectroscopic, and antimicrobial studies on bivalent
nickel (11) and copper (I1) complexes with 2,6 diacetyl pyridine bis(semicarbazone), Int J
Anal Pharma Biomed Sci., 2013; 2: 34-42.

WWW.Wjpr.net Vol 5, Issue 2, 2016. 1090




