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ABSTRACT 
 
(E)-1-((pyridin-2-yl)methylidene)semicarbazide (PMSC) complexes of [Mn(PMSC)2 ]Cl2 (1), 
[Co(PMSC)2]Cl2 (2), [Ni(PMSC)2]Cl2.5H2O (3), and [Cu(PMSC)(H2O)]Cl2 (4) have been synthesized 
and characterized by different spectroscopic techniques, EPR, magnetic susceptibility and thermal 
stability measurements. Complex 3 crystallizes as octahedral coordination complex in monoclinic 
crystal system. Complexes 1 and 2 have been found to have octahedral geometries and 4 to have 
square planar geometry. The complexes were found to be groove binding to calf-thymus DNA. 
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1. INTRODUCTION  
 

Schiff Bases are widely interested due to their 
relevance in living system as in aminotransferase 
reactions [1], aldolase reactions [2], and in 
porphyrin biosynthesis [3] etc. Hydrazide-
hydrazone Schiff bases have been considered 
novel bioactive molecules [4] because of their 
antitubercular [5-6], antimalarial [7], antimicrobial 
[8], analgesic and anti-inflammatory [9], 
antitumor [10-12] and other bioactivities [4]. 
Among them pyridine-2-carboxaldehyde 
thiosemicarbazones/semicarbazones and their 
metal complexes receive attention due                             
to their ligation property and bioactivity                              
[11-13].  The tumor-inhibitory activity of              
pyridine-2-carboxaldehyde thiosemicarbazone 
and 3-aminopyridine-2-carboxaldehyde 
thiosemicarbazone is reported due to their ability 
to inhibit metal binding site of Ribonucleotide 
Reductase, an iron dependent enzyme which 
catalyses the reduction of Ribonucleotide to 
Deoxyribonucleotide in the first step of DNA 
biosynthesis [12-13].  
 

There are numerous reports on studies of 
transition metal complexes of pyridine-2-
craboxaldehyde thiosemicarbazones [14-21]. 
However, reports on their semicarbazone 
analogues are very few. On pyridine-2-
carboxaldehyde semicarbazone complexes it is 
worth to mention the spectroscopic 
characterization of pentacoordinated or 
octahedral Ni(Pysc)X2, Ni(Pysc)2X2, Co(Pysc)X2, 
Co(Pysc)2X2 (where X is uninegative anions) by 
Iskander et. al [14] and Co(L)2SO4 and 
Cu(L)2(SO4) by Chandra and Kumar [21], and 
single crystal X-ray structures by Kasuga et. al. 
([Ni(Hasc)2](OAc)2; Hasc = 2-acetylpyridine 
semicarbazone) [15], Zhao et. al. ([Ni(C7H8N4O)2] 
[22], [Co(C7H8N4O)2](ClO4)2H2O [23]),               
Gerbelini et. al. ([FeII(HL)2](ClO4)2·H2O, 
[CuII(HL)2](ClO4)2· H2O [Ni(HSCpy)2](ClO4)2·H2O, 
[{Cu

II
(HL)(H2O)(SO4)}n], [Mn

II
(HSCpy)2](ClO4)2. 

C2H5OH) [24-27]. Of the reported complexes [14-
15,21-27] their biologically activity is either not 
studied [14,21-27] or found inactive [15].  
However Subashchandra bose et al based on 
theoretical studies predicted physical, chemical 
and biological applications of (E)-1-((pyridin-2-
yl)methylidene)semicarbazide (PMSC) [28]. 
However, to best of our knowledge no biological 
studies have been carried out till date. 
 

The interaction of transition metal complexes 
with DNA continues to attract interest in relation 

to enzyme-DNA interaction and in the search for 
anticancer chemotherapeutic agents [29-37]. 
Transition metal complexes can bind to DNA via 
covalent and/or non-covalent interactions [29]. 
The labile ligand of metal complex such as 
chloride can be replaced by base nitrogen of 
DNA to form covalent bonds [29]. The non-
covalent DNA interactions include (1) 
electrostatic interaction with the phosphates, (2) 
intercalative insertion between base pairs, and 
(3) groove binding [32-37].  
 

In view of above importance and in continuation 
of our research in the field of biologically active 
complexes [30-33], we herein report the 
syntheses, spectroscopic characterization and 
DNA binding studies of Mn(II), Co(II), Ni(II)            
and Cu(II) (E)-1-((pyridin-2-yl)methylidene) 
semicarbazide (PMSC)  complexes.  
 

2. MATERIALS AND METHODS 
 

2.1 Materials and Physical Techniques  
 

All the chemicals were purchased from Sigma 
Aldrich and Himedia and used as received 
without further purification. Elemental (C, H, N) 
analysis were carried out using Perkin Elmer 
2400 II Elemental Analyzer. FTIR spectra (KBr 
pellets, 4000-400 cm-1) were recorded on a 
Shimadzu FTIR-8400 S spectrometer. NMR 
spectra were recorded by using Bruker AV III 500 
MHz spectrometer and Mass spectra were 
recorded with WATER (ZQ-4000) Mass 
spectrophotometer. UV-vis spectra as well as the 
absorption titration studies were recorded on 
Perkin Elmer Lambda 35 UV/VIS spectrometer. 
Perkin Elmer LS 55 Fluorescence 
spectrophotometer was used in Ethidium 
bromide-DNA fluorescence quenching 
experiment. Cyclic voltammetry measurements 
were carried out using a CHI602C 
Electrochemical Analyzer against Ag/AgCl 
(saturated KCl) reference electrode with glassy 
carbon working electrode and Pt-wire counter 
electrode. JEOL, JES-FA200 ESR spectrometer 
was used to record EPR spectra at RT and at 
LNT. Sherwood Scientific Magnetic Susceptibility 
Balance (MSB) calibrated with mercury(II) 
tetrathiocyanatocobaltate(III) was used to 
measure RT magnetic susceptibilities. The 
thermograms were recorded on Perkin Elmer 
STA 6000 Simultaneous Thermal Analyzer using 
10 mg each for complexes 1, 2, 3 and 7 mg for 4 
within temperature range 30 to 800°C in N2 
atmosphere at a heating rate of 10°C min

-1
.  
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Viscosity measurements in DNA binding studies 
were carried out using Ostwald’s viscometer 
immersed in a thermostated water bath at 298 K. 
The viscosities (η) of samples were determined 
using the equation η = (t - to)/to where to is the 
flow time of buffer alone and t is the flow time of 
CTDNA solutions with increasing concentrations 
of complex.  
 

2.2 Synthesis of Ligand and Complexes 
 

2.2.1 Synthesis of (E)-1-((pyridin-2-
yl)methylidene)semicarbazide (PMSC) 
ligand 

 

The PMSC ligand was prepared as purple 
colored crystalline solid by refluxing 2-
Pyridinecarboxaldehyde (2 mmol, 0.190 mL) and 
semicarbazide hydrochloride (2 mmol, 0.222 g) 
in 20 mL of methanol for 2 hours. Crystalline 
solid ligand was collected by slow evaporation. 
Yield: 0.34 g (83%). mp (°C): 118-120; Anal. 
Calcd. for [C7H8N4O]: C, 51.21; H, 4.91; N, 34.12 
%. Found: C, 51.15; H, 4.90; N, 34.11 %. FT-IR 
(KBr, cm

-1
): 3210, 3160 (-NH2), 1705 (C=O), 

1665 (C=N). 
 

2.2.2 Synthesis of [Mn(PMSC)2]Cl2 (1), 
[Co(PMSC)2]Cl2 (2), [Ni(PMSC)2]Cl2.5H2O 
(3), [Cu(PMSC)(H2O)]Cl2 (4) 

 

The complexes 1 to 4 were synthesized using 
metal to Schiff base ligand ratio of 1:2. They 
were prepared by adding drop wise metal 
chloride (MnCl2.4H2O, CoCl2.6H2O, NiCl26H2O, 
CuCl2.2H2O) solution (0.5 mmol) in 10 mL 1:1 
methanol-water to stirring solution of PMSC (1 
mmol, 0.164 g) in 10 mL 1:1 water-methanol. On 
slow evaporation complex 3 crystallized and the 
green colored single crystals were collected after 
one week. The crystalline precipitate obtained on 
slow evaporation of 1, 2, and 4 were filtered, 
washed with ethanol and collected for analysis.  
 

1)  Yield: 0.14 g (55%), Anal. Calc. for 
[Mn(PMSC)2]Cl2: C, 37.02; H, 3.55; N, 
24.67%. Found: C, 37.00; H, 3.52, N, 
24.66%; UV-vis [nm (M-1 cm-1)]: 525 (0.05), 
305 (1.00); FT-IR (KBr, cm

-1
): 3187, 3122 

(-NH2), 1685 (C=O), 1653 (C=N), 565 (Mn-
N), 453 (Mn-O); EI-MS (70eV): m/z = 
383.21 [M

+
], 219.10 [base peak];  

1
HNMR 

(DMSO-d6): δ = 12.83, 12.34 (2H, -NH2), 
9.32 (1H, s, -NH-), 8.45 (1H, s, =CH-), 8.06 
to 7.46 (4H, m, ArH); Magnetic moment 
(27°C, μB), 5.7; ΛM (Acetonitrile, 27°C, S 
cm

-1 
M

-1
): 141. 

2) Yield: 0.16 g (60%), Anal. Calc. for 
[Co(PMSC)2]Cl2: C, 36.70, H, 3.52, N, 
24.45%. Found: C, 36.70, H, 3.50, N, 
24.43%. UV-vis [nm (M

-1 
cm

-1
)]: 525 (0.20), 

305 (3.00); FT-IR (KBr, cm-1): 3167, 3098 
(-NH2), 1702 (C=O), 1618 (C=N), 512 (Co-
N), 458 (Co-O); 

1
HNMR (DMSO-d6): δ = 

12.34, 11.44 (2H, -NH2), 10.12 (1H, s, -
NH), 9.05 (1H, s, =CH-), 8.64 to 7.77 (4H, 
m, ArH); EI-MS (70eV): m/z = 387.35 [M+], 
223.10 [base peak];  Magnetic moment 
(27°C, μB), 3.98; ΛM (Acetonitrile, 27°C, S 
cm-1 M-1): 146. 

3) Yield: 0.14 g (50%), Anal. Calc. for 
[Ni(PMSC)2]Cl2.5H2O: C, 30.68, H, 4.78, N, 
24.45%. Found: C, 30.67; H, 4.75, N, 
24.42%; UV-vis [nm (M

-1 
cm

-1
)]: 890 (0.08), 

691 (0.07), 387 (2.5); FT-IR (KBr, cm-1): 
3039, 3010 (-NH2), 1610 (C=O), 1505 
(C=N), 539 (Cu-N), 455 (Cu-O);  Magnetic 
moment (27 

o
C, μB), 2.87; ΛM (Acetonitrile, 

27°C, S cm-1 M-1): 120. 
4) Yield: 0.06 g (75%), Anal. Calc. for 

[Cu(PMSC)(H2O)]Cl2: C, 26.55, H, 3.18, N, 
17.69%. Found: C, 26.54, H, 3.15, N, 
17.64%; UV-vis [nm (M

-1 
cm

-1
)]: 840 (0.20), 

307 (2.20); FT-IR (KBr, cm-1): 3281, 3157 
(-NH2), 1674 (C=O), 1631 (C=N), 558 (Cu-
N), 515 (Cu-O); EI-MS (70 eV): 

1
HNMR 

(DMSO-d6): δ = 13.18, 12.55 (2 H, -NH2), 
10.49 (1H, s, -NH-), 8.51 (1 H, s, =CH-), 
8.14 to 7.31 (4 H, m, ArH), 6.60 (2H, -H2O) 
; m/z = 245.71 [M

+
], 81.94 [base peak];  

Magnetic moment (27°C, μB), 1.68; ΛM 
(Acetonitrile, 27°C, S cm-1 M-1): 134. 

 

2.3 Crystallographic Data Collection and 
Refinement 

 
X-ray crystallographic data were collected on 
Xcalibur, Eos diffractometer equipped with 
graphite monochromatized Mo Kα radiation (λ = 
0.7107 Å) at 298 K. Data reduction and 
absorption correction were performed with 
CrysAlisPro, Agilent Technologies, Version 1. 
171. 36. 21. [38]. The structures were solved 
using SHELXL-2008 [39] and refined with full-
matrix-least-squares on F2. Empirical absorption 
correction using spherical harmonics were 
implemented in SCALE3 ABSPACK scaling 
algorithm. Primary atoms were located by 
structure-invariant direct method. Hydrogen atom 
sites were inferred from neighboring sites. 
Molecular structure and crystallographic 
illustrations were prepared using OLEX-2 [40]. 
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Scheme1. Reaction Scheme for Synthesis complex (1) to (4) 
 

2.4 DNA-Binding Studies 
 
For predicting the mode of CT-DNA binding of 
the newly synthesized complexes, Electronic 
absorption titrations, Fluorescence quenching 
experiment, Cyclic Voltammetric measurements 
and viscosity measurements were carried out. 
 

3. RESULTS AND DISCUSSION 
 
The Schiff base ligand was synthesized by Schiff 
base condensation method. The reported 
complexes of the ligands were prepared by 
reaction with their respective metal salts 
(Scheme 1). The complexes are soluble in water 

and other polar solvents. Molar conductances 
(ΛM) of complexes 1 to 4 in acetonitrile at 27°C 
were found as 141, 146, 120 and 134 S cm

-1 
M

-1
 

respectively, showing 1:2 electrolytic in nature.  
 
3.1 X-ray Diffraction Studies of 3 
 
The complex (3), C14H26Cl2N8NiO7 or 
[Ni(PMSC)2]Cl2.5H2O crystallizes in monoclinic 
space group P21/a in octahedral geometry (Fig. 
1(a)). The crystal data, selected bond angle and 
bond length are given in Table 1-3. In the 
complex two tridentate ketonic form of PMSC 
ligands, which possess E configuration with 
respect   to imine   double   bond,   meridionally 
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coordinate to the Ni+2 center through N(pyridine), 
N(imine) and O(amide). The bond lengths Ni1-N1 
[2.094(2) Å], Ni1-N5 [2.089(2) Å], Ni1-N2 
[1.9835(19) Å], Ni1-N6 [1.9903(19) Å], Ni-O1 
[2.0849(18) Å], Ni1-O2 [2.1313(17) Å] are 
comparable to earlier reported Ni-N(pyridine), Ni-
N(imine) and Ni-O(amide) bonds for other 
nickel(II) complexes with semicarbazone ligands 
[25]. The Ni1-N1(pyridine) and Ni1-N5(pyridine) 
bonds are longer than Ni-N2(imine) and Ni1-
N6(imine) bonds. The C7-O1 [1.249(3) Å] and 
C14-O2 [1.255(3) Å] are comparable with other 
reported coordinated C=O double bonds 
[1.247(2) Å] [25]. The imine C6-N2 and C13-N6 
bonds [1.276(3) Å] are much shorter than C7-N3 
and C14-N7 bonds [1.378(3) and 1.372(3) Å 
respectively] showing ketonic form of the ligand.  
The coordination angle of N1-Ni1-N2 [78.38(8)°], 
N2-Ni1-O1 [77.66(7)°], N5-Ni1-N6 [78.59(8)°], 
N6-Ni1-O2 [76.73(7)°] are smaller than 90° and 
N1-Ni1-O1 [155.93(7)°], N5-Ni1-O2 [155.23(7)°] 
are significantly smaller than 180° showing the 
complex has distorted octahedral geometry. The 
+2 charge of the complex is balanced by two 
chloride anions. The coordination compound 
crystallizes in hydrated form with five water 
molecules. The crystal packing is stabilized by 
hydrogen bonds involving PMSC ligands, H2O 
molecules and chloride anions (Fig.1 (b)). 
 

3.2 FTIR, UV-Vis and Thermal studies of 3  
 
3.2.1 FTIR spectral studies of 3 
 
The FTIR spectra of 3 (supplemental information 
S-1) shows broad band at 3600-3000 cm-1 which 
is due to lattice water overlapped with pyridine C-
H stretching as well as H-bonded –NH2 
stretching. The bands at 3201 and 3142 cm

-1
 

could be assigned to asymmetric and symmetric 
stretching vibrations of –NH2 (Table 4). The 
absorption at 3010 cm

-1 
can be assigned to 

pyridine C-H stretching. C=O and C=N vibrations 
are observed at 1697 and 1653 cm

-1
 

respectively. The absorption band at 1583 cm
-1

 
can be assigned to bending vibration of lattice 
water. Absorption bands at 565 and 465 cm

-1
 are 

assigned to M-N and M-O vibrations respectively. 
The observed lower –NH2 absorption frequency 
of 3 compared to those of PMSC ligands (3210 
and 3160 cm-1 [28]) could be related to the 
possibly stronger H-bonding in complexes. The 
observed lower frequencies of ligated C=O and 
ligated C=N absorption compared to free PMSC 
ligand (γ(C=O) at 1705 cm-1 and γ(C=N) at 1665 
cm-1 [28]) are due to elongation and weakening 
of C=O and C=N bonds on ligation. 

Table 1. Crystal data and details of structure 
refinement for 3 

 

Identification code TS-UW9 
Empirical formula C14H26Cl2N8NiO7 
Formula weight 548.04 
Temperature/K 295(2) 
Crystal system monoclinic 
Space group P21/a 
a/Å 9.9970(5) 
b/Å 19.4892(10) 
c/Å 13.0244(7) 
α/° 90.00 
β/° 107.509(6) 
γ/° 90.00 
Volume/Å3 2420.0(2) 
Z 4 
ρcalcg/cm3 1.504 
μ/mm-1 1.072 
F(000) 1136.0 
Crystal size/mm3 0.7 × 0.4 × 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data 
collection/° 

7.74 to 50 

Index ranges -11 ≤ h ≤ 11, -23 ≤ k ≤ 
23, -15 ≤ l ≤ 15 

Reflections collected 17030 
Independent 
reflections 

4233 [Rint = 0.0344] 

Data/restraints/param
eters 

4233/0/304 

Goodness-of-fit on F2 1.031 
Final R indexes 
[I>=2σ (I)] 

R1 = 0.0350, wR2 = 
0.0828 

Final R indexes [all 
data] 

R1 = 0.0477, wR2 = 
0.0879 

Largest diff. peak/hole 
/ e Å-3 

0.41/-0.35 

 
3.2.2 UV-Vis spectral studies of 3  
 
The UV-Vis spectrum of 3 obtained in aqueous 
solution shows three transitions at 890 nm 
(11235 cm

-1
, ε = 0.08 M

-1
 cm

-1
), 691 nm 

(14471cm-1, ε = 0.07 M-1cm-1), 387 nm and 
(25839 cm

-1
, ε = 2.50 M

-1
 cm

-1
) which can be 

assigned to spin allowed transitions 
3
T2g  

3
A2g, 

3T1g  3A2g, and 3T1g (P)  3A2g respectively of d8 
pseudo-octahedral Ni(II) complexes (S-2 (e-f)) 
[41-42]. 
 
3.2.3 Thermal studies of 3 
 

TGA curve of 3 (S-3) shows a gradual 60% 
weight loss in the temperature range 110 to 
310°C which could be related to simultaneous 
loss of five lattice H2O molecules, 2 Cl- ions, and 
one PMSC ligand (calc. wt.% = 59.3). This is 
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followed by gradual weight loss of  25% weight 
loss at 320 to 640°C which could be related to 
the loss of second PMSC ligand (cal. wt. % = 
29.9). The DTA curve of 3 shows a sharp 
endothermic peak at 120°C and a broad 
endothermic peak at 230°C possibly due to 
dehydration and loss of chloride counter ions and 
one PMSC ligand. The curve also shows a broad 
exothermic peak which centers at 590°C; this 
could be related to the loss of second PMSC 
ligand. 
 

3.3 FTIR, UV-Vis, EPR, ESI-MS and 
1HNMR spectroscopic and Thermal 
studies of 1, 2 and 4  

 

3.3.1 FTIR spectral studies  
 

The FTIR spectra of 1, 2 and 4 (supplemental 
information S-1) show broad band at 3600-3000 
cm

-1
 which is due to lattice/coordinated water 

overlapped with pyridine C-H stretching as well 
as H-bonded –NH2 stretching similar to that of 3.  
The asymmetric and symmetric stretching 
vibrations of -NH2 are observed at 3187, 3122 
(1), 3167, 3098 (2), and 3281, 3157 (4) cm-1 
(Table 4). The band at 3007 (1), 3003 (2), and 
3005 (4) cm

-1
 can be assigned to pyridine C-H 

stretching. The C=O stretching band is observed 
at 1685 (1), 1702 (2), and 1674 (4) cm

-1
. The 

C=N stretching band is observed at 1653 (1), 
1618 (2) and 1631 (4) cm

-1
. The absorption band 

at 1598 (4) can be assigned to bending vibration 
of coordinated H2O molecule. Bands at 565 (1), 
512 (2), 565 (3), 558 (4) cm

-1
 and 453 (1), 459 

(2), 455 (3), and 515 (4) are tentatively assigned 
to M-N and M-O absorptions respectively. Similar 
to IR spectrum of 3 the –NH2, C=O, and C=N 
frequencies of 1, 2 and 4 are observed at lower 
frequencies compared to those of free PMSC 
ligand. 

Table 2. Selected Bond-lengths (Å) of 3 
 

Bond Length/Å 

Ni1-O2 2.13(17) 

Ni1-O1 2.08(18) 

Ni1-N5 2.08(2) 

Ni1-N1 2.09(2) 

Ni1-N2 1.98(19) 

Ni1-N6 1.99(19) 

O2-C14 1.25(3) 

O1-C7 1.24(3) 

N5-C12 1.35(3) 

N5-C8 1.32(3) 

N1-C5 1.35(3) 

N1-C1 1.33(3) 

C5-C4 1.379(3) 
 

Table 3. Selected bond angles (o) of 3 
 

Bond Angle/˚ 

O1-Ni1-O2 90.47(7) 

O1-Ni1-N5 93.61(8) 

O1-Ni1-N1 155.93(7) 

N5-Ni1-O2 155.23(7) 

N5-Ni1-N1 93.84(8) 

N1-Ni1-O2 92.27(7) 

N2-Ni1-O2 101.77(7) 

N2-Ni1-O1 77.66(7) 

N2-Ni1-N5 102.97(8) 

N2-Ni1-N1 78.38(8) 

N2-Ni1-N6 177.64(8) 

N6-Ni1-O2 76.73(7) 

N6-Ni1-O1 104.10(7) 

N6-Ni1-N5 78.59(8) 

N6-Ni1-N1 99.80(8) 

  
(a) (b) 

 

Fig. 1. (a) Crystal structure of 3 with atom numbering scheme having 50% ellipsoids  
(b) Packing diagram of complex 3 along c-axis 
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 3.3.2 UV-Vis spectral studies 
 

The UV-vis spectrum of pale pink colored 1 
obtained in aqueous solution shows absorption 
bands at 525 nm (19047 cm-1, ε = 0.05 M-1cm-1) 
which may be assigned to spin forbidden sextet-
quartet transition (

4
T1g(G)  

6
A1g(S)) of high spin 

Mn(II) octahedral complexes (S-2 (a-b)) [41]. 
Complex 2 shows an absorption at 525 nm 
(19047 cm-1, ε = 0.20 M-1 cm-1) which may be 
assigned to 

4
T1g (P) 

 4
T1g(F) of high spin 

octahedral Co(II) complex (S-2 (c-d)) [41-42].  
Complex 4 shows unresolved broad absorption 
band which centers around 840 nm (11904 cm

-1
, 

ε = 2.10 M-1 cm-1) which is characteristic of 
square planar Cu(II) complexes (S-2 (g-h)) [43].  
 
3.3.3 Mass spectral studies of complexes 1, 2 

and 4 

 
The ESI-MS spectral studies have been 
performed to determine the composition of the 
complexes 1, 2 and 4 in MeOH (Fig.2). The 
spectral analysis of 1 shows a base peak at m/z 
value 219.12 which matches well with the 
calculated m/z value of [Mn(PMSC)]

+ 
(calc. 

219.10) [44]. The peak at 383.21 may be 
assigned to [Mn(PMSC)2]

+
 (calc. 383.27) [44]. 

Similar peaks are observed for 2, base peak at 
m/z 223.10 corresponding to [Co(PMSC)]+ 
(223.10) and another peak at 387.25 
corresponding to [Co(PMSC)2]

+ (calc. 387.26) 
[44]. The mass spectral analysis of complex 4 
shows base peak at m/z 81.94 which matches 
well with [Cu(H2O)]+ (calculated 81.56) [44]. The 
spectra also shows a peak at m/z 245.71 which 
corresponds to m/z of [Cu(PMSC)(H2O)]+ (calc. 
245.71) [44].  Free metal ion peaks are visible in 
all the spectra [44]. 
 
3.3.4 

1
HNMR spectral studies of 1, 2 and 4 

 
The 

1
HNMR spectra of 1 recorded in DMSO-d6 

solution at room temperature using 
tetramethylsilane as internal standard shows two 
broad signals at δ = 12.83, 12.34 (2H) due to 
presence of –NH2 (Fig. 3). The signals at δ = 
9.32 (1H, s) and δ = 8.15 (1H, s) can be 
assigned to –NH- and =CH- respectively. The 
multiplet at δ = 8.06 to 7.46 (m, 4H) is due to 
absorptions of aromatic ring hydrogen atoms       
(-ArH) [45]. Similar spectra of 2 shows –NH2 at δ 
= 12.34 and 11.44 (2H), -NH- at δ = 10.12 (1H), 
=CH- at δ = 9.05 (1H) and absorption of aromatic 
H atoms (ArH) at δ = 8.64 to 7.77 (m, 4H)       
(Fig. 3). The spectra of 4 shows –NH2 at δ = 
13.18, 12.55 (2H), –NH at δ = 10.49 (1H, s), –

CH= at δ = 8.51 (s, 1H) and aromatic ring 
hydrogen at δ = 8.14-7.31 (m, 4H) (-ArH) (Fig. 3). 
The spectrum of 4 shows a broad absorption at δ 
= 6.60 (s, 2H) which could be assigned to 
coordinated water; this signal is absent in the 
spectra of 1 and 2. 
 
3.3.5 EPR spectral studies 
 
The EPR spectra of complex 1 recorded at room 
temperature in solid powder shows a band with 
isotropic g = 2.00 (Fig. 4 (a-b)) whereas frozen 
DMF solutions at 77 K, shows a hyperfine sextet 
with g value of 2.12, 2.06, 2.00, 1.94 and 1.82. 
This is due to the interaction of the electron spin 
with the nuclear spin (I = 5/2 for 

55
Mn, 100% 

abundance), a hyperfine sextet (2nI+1 lines) is 
observed corresponding to ΔMs = ±1 and ΔMI = 
0. The observed g value is very close to the free 
electron spin value of 2.0023, which is consistent 
with the typical manganese(II) system and also 
suggestive of the absence of spin orbit coupling 
in the ground state 

6
A1g [46]. 

 
The polycrystalline solid EPR spectra of complex 
2 at LNT (Fig.4 (c-d)) appear broad in the g value 
range 2.0 to 2.5(I=7/2 for 59Co – 100% 
abundance). The spectral feature shows 2 is a 
high spin (S=3/2) complex with considerable spin 
orbit coupling [46].  
 
The hyperfine epr spectrum of 4 obtained in DMF 
at LNT, (Fig.4 (e-f)) is of characteristic 
mononuclear copper (II) complex. The trend g|| > 
g⏊ > 2.003 indicates axial symmetry having dx

2
-y

2
 

ground state [47]. The g|| value was found to be 
less than 2.29 indicating significant covalent 
character in metal ligand bonding [48]. Bonding 
parameters (α

2
, β

2
, γ

2
) and orbital reduction 

factors (kǀǀ and k⏊) were calculated from epr 
parameters (Table 5). The α

2
 value was found to 

be 0.68 suggesting that there is about 32 % 
overlapping between ligand orbital and metal d-
orbital [48].  The k║ > k⊥ showing the possibility 
of out-of-plane π bonding [47-48]. 
 
3.3.6 Thermal analysis 
 
Thermal analyses of complexes are informative 
particularly to investigate the presence of 
coordinated/lattice water along with the 
composition of the complex.  TGA curve of 1 (S-
3) shows thermal stability of the complex up to 
310°C followed by a 35% weight loss which 
could be related to the loss of counter ions and 
one PMSC ligand. It is followed by gradual loss 
of weight up to 700°C which can be related to 
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loss of another PMSC ligand. It shows 
exothermic peaks at 330 and 550°C related to 
successive loss of PMSC ligands. TGA curve of 
2 shows 45% weight loss in the temperature 
range of 130 to 260°C which could be related to 
the loss of first PMSC ligand and                            
counter ions which is followed by a gradual 
decrease in weight which continues up to 700°C 
due to loss of second PMSC ligand.                                             
In the DTA curve of 2 there is a                                 

sharp exothermic peak at 230°C corresponding 
to the loss first PMSC ligand. There is broad 
exothermic peaks at 380°C in the DTA curve of 
2; these can be assigned to the decomposition of 
second PMSC ligand. TGA curve of 4 (S-3) 
shows stepwise weight losses within 180°C to 
300°C which could be related to loss of 
coordinated water, loss of counter ions and 
PMSC ligand. It is followed by gradual                          
loss in weight. 

 

 
(1) 

 
(2) 

 
(4) 

 
Fig. 2 Mass spectra of 1, 2 and to 4 
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(1) 

 

 
(2) 

 

 
(4) 

 
Fig. 3. 1HNMR spectra of 1, 2 and 4 (from top to bottom) 

 
Table 4. FTIR absorption frequencies (cm-1) of complexes 1-4 

 
ν (cm

-1
)  PMSC 1 2 3 4 

-NH2 (as, s) 3210, 3160 3187, 3122 3167, 3098 3201, 3142 3281, 3157 
C-H (py) 3010 3007 3003 3010 3005 
>C=O 1705 1685 1702 1697 1674 
>C=N- 1665 1653 1618 1653 1631 
H2O (bend)    1583 1598 
M-N  565 512 565 558 
M-O  453 458 455 515 
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Table 5. EPR bonding parameters of 4 in DMF at 77 K 
 

Ed-d 

(nm) 

gǀǀ g� gav Aǀǀ (G) A�(G) α2 kǀǀ k� β2 γ2 G 

840 2.29 2.05 2.14 120 12 0.68 0.72 0.58 1.05 0.85 5.8 
α

2
 = -(Aǀǀ /0.036) + (gǀǀ - 2.0023) + 3(g� - 2.0023)/7 + 0.04;

 
kǀǀ

2
 = (gǀǀ - 2.0023) Ed-d / 8λo; k�

2
 = (g� -2.0023) Ed-d / 

2λo; k║= α
2
β

2
 and k⊥= α

2
γ

2
; G = (g||-2)/(g┴-2). Here λo is one electron spin orbit coupling constant and is equal to 

828 cm
-1 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
Fig. 4. EPR spectrum of 1 (a-b), 2 (c-d) and 4 (e-f) obtained from polycrystalline solid powder 
at room temperature (a, c, e) and from DMF solution at liquid nitrogen temperature (b, d, f) 

 

3.4 DNA Binding Studies of 1 to 4 
 
3.4.1 Electronic absorption titration 
 
Electronic absorption titrations were carried out 
in tris buffer solution (pH = 7.2). The absorbance 
ratio of CT-DNA solution at 260 nm and 280 nm 
was found to be 1.9 suggesting that the CT-DNA 

was satisfactorily free from protein [49]. The 
titrations were carried out by maintaining a 
constant concentration of the complex (5 × 10

-4
 

M) and varying the concentration of CT-DNA 
solution added. The absorbance for each 
addition of CT-DNA was recorded subsequently. 
The intrinsic binding constant, Kb, for complexes 
1 - 4 were determined by using equation (1),   

RT epr spectrum of 1

g=2.00
epr spectrum of 1 at LNT

g=2.12, 2.06, 2.00, 1.94, 1.88, 1.82

RT epr spectrum of 2

g=2.00

g=2.5

Epr spectrum of 2
recorded in solid powder at LNT

g=2.00

RT epr spectrum of 4

g=2.11

 epr spectrum of 4 at LNT

g=2.51, 2.41, 2.29, 2.21

g = 2.05
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[DNA]/(εa – εf) = [DNA]/(εb – εf) + 1/[Kb(εb – 
εf)]                 (1) 

 
Where, [DNA] is the concentration of DNA base 
pair which was calculated using molar absorption 
coefficient value 6600 M

-1
 cm

-1
 for DNA at 260 

nm [50], the apparent absorption coefficients εa, 
εf, and εb corresponds to Aobs/[complex], 
exctinction coefficients of complex in free and 
bound state respectively. A plot of [DNA]/(εa – εf) 
vs. [DNA] was used to calculate Kb from the ratio 
of slope and intercept [51]. 
 
The charge transfer (CT) bands of complex 1 
(500 μM) in Tris-buffer solution at 250 and 277 
nm displayed hypochromism in the presence of 
CT-DNA (0-100 μM) (Fig.5 (a)). The intrinsic 
binding constant was calculated using 
absorbance values at 277 nm.  
 
The CT bands of complex 2 (500 μM) in Tris-
buffer solution at 230 nm displayed 
hyperchromism in the presence of CT-DNA (0-
100 μM) (Fig. 5 (c)). The absorbance values at 
230 nm were used for calculating intrinsic binding 
constant. 
 
The CT bands of complex 3 (500 μM) in Tris-
buffer solution at 257 nm (Fig. 5 (e)) displayed 
hyperchromism in the presence of increasing 
concentration of CT-DNA (0-120 μM). The 
absorbance at 257 nm was used to calculate 
intrinsic binding constant. 
 
The charge transfer bands of complex 4 (500 
μM) in Tris-buffer solution at 273 nm                        
(Fig. 5 (f)) displayed hypochromism in the 
presence of increasing concentration of CT-DNA 
(0-130 μM). The intrinsic binding constant                        
of 4 was calculated using absorbance values at 
273 nm. 

 
The spectral patterns of complexes 1 to 4 were 
analogous to previously reported complexes 
whose interaction mode with DNA is non-
intercalative and groove binding [30-33].  The 
intrinsic binding constant, Kb for each complex 
was determined from the plot of [DNA] / (εa – εf) 
versus [DNA], (Fig. 5 (b. d, f, h)) using equation 
(1) in section 3.3.1. The slope to intercept ratio of 
the curves gave intrinsic binding constant Kb of 
1.16, 2.38, 1.53 and 3.56 × 10

4
 M

-1
 for 

complexes 1 to 4 respectively. The Kb values are 
lower than those observed for classical 
intercalators (ethidium-DNA, 1.4 × 106 M-1 in 40 
mM Na+ ion concentration in 25 mM Tris-HCl    

(pH = 7.9) at 37°C [49-52]). The Kb values 
suggest weaker DNA binding affinity of the                  
complexes than the classical intercalators               
[49-53]. From the observed results and finding 
the binding modes of the complexes were               
non-intercalative and groove or surface binding 
[30-33].  

 
3.4.2 Fluorescence quenching experiment 

 
Stock solution of CT-DNA was freshly prepared 
in 5 mM tris buffer (pH = 7.2), the ratio of 
absorbance at 260 nm and 280 nm was found to 
be 1.9 showing satisfactory protein free condition 
[49]. The concentration of the CT-DNA stock 
solution in tris buffer was calculated as 5 × 10-4 
M using molar absorption coefficient value 6600 
M-1 cm-1 of DNA at 258 nm [50]. Stock solutions 
of 1 to 4 in water (5 × 10

-4
 M) and stock solution 

of ethidium bromide (EB) in water (1.6 μM) were 
prepared. Appropriate dilutions of the stock 
solution were made for each experiment. In a 
typical experiment 2 mL each of ethidium 
bromide solution was transferred into a series of 
vials. 25 μL each of CT-DNA (A260nm = 2) were 
added to the ethidium bromide solutions. To a 
DNA-EB solutions in different vials, different 
volumes of complex (0, 10, 20, 30, etc., μM) 
were added.  A total volume of 2.5 mL in each 
solution was maintained by adding additional 
volume of buffer. The solutions were equilibrated 
for 15 min. The variation in the fluorescence 
intensities with increasing concentration of 
complex were recorded at 605 nm over a 
spectral range of 500 to 750 nm using an 
excitation wavelength of 546 nm. The apparent 
binding constant Kapp was calculated from 
equation (2),  
 

KEB[EB] = Kapp[Complex]                          (2) 
 
Where, KEB = 1.0 × 10

7
 M

-1
, [EB] = 1.3 μM and 

[Complex] = the molar concentration of complex 
at 50% reduction of fluorescence [54]. The 
classical Stern-Volmer quenching constants 
(KSV) were calculated for each complex using the 
plot of linear Stern-Volmer equation. 
 

Io/I = 1 + Ksvr                                    (3) 
 
Where, Io and I are the fluorescence intensities of 
DNA-EB in the absence and presence of the 
complex respectively and r is the concentration 
ratio of complex to DNA [55-56]. Ksv value was 
obtained from the slope of a linear plot of Io/I vs. r 
[56]. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g)  

(h) 
 

Fig. 5. Electronic absorption titration of 1 (a), 2 (c), 3 (e), 4 (g) (5 × 10
-4

 M) with CT-DNA (0-100 
μM) in Tris-buffer (pH = 7.2). Plots of [DNA] / (εa – εf) versus [DNA] for complexes 1 (b), 2 (d), 3 

(f), and 4 (h) 
  

Ethidium bromide (EB) is a DNA intercalator [57] 
that gives significant fluorescence emission when 
intercalated between the adjacent DNA base 
pairs [53, 56]. The extent of fluorescence 
quenching for EB bound to DNA was used to 
study the extent of binding between the molecule 

and DNA [53, 56, 58]. Fig. 6 (a, c, e, g) shows 
the reductions in the fluorescence emission 
intensities of EB-DNA (10 μM) with increasing 
concentration of complexes (0-100 μM) recorded 
in tris buffer solution (pH = 7.2). Using equation 
(2) the apparent binding constant Kapp were 
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calculated as 3.2, 4.3, 6.5 and 3.2 × 105 M-1 for 
complex 1 to 4 respectively. The observed 
values of Kapp suggested the complexes were 
binding towards CT-DNA [54]. The quenching of 
EB-DNA fluorescence by the complexes was in 
good agreement with the linear Stern-Volmer 
equation (3), (Fig.6 b, d, f, h)) [53]. The slope of 
the linear plot Io /I vs. r (r = [Complex]/[DNA]) 

gave quenching constant KSV values                     
of 0.27, 0.20, 0.36 and 0.14 for complexes              
1 to 4 respectively. The values suggested 
competitive inhibition caused by                                 
minor groove binding of complex, releasing                   
some free EB from DNA-EB complex                          
and blocking potential interaction sites of EB            
[53,56,59]. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 

Fig. 6. Fluorescence emission spectra of Ethidium bromide-CTDNA in Tris-HCl buffer             
(pH = 7.2) with increasing concentration of 1 (a), 2 (c), 3 (e) 4 (g); λex = 546 nm. Fluorescence 

quenching curve of EB-DNA by 1 (b), 2 (d), 3 (f) and 4 (h) 
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3.4.3 Cyclic voltammetry 
 
The room temperature cyclic voltammogram of 
complex 1 to 4 (50 μM) vs. AgCl/Ag (saturated 
KCl) within +1.0 V to -1.0 V at a scan rate of 0.01 
V/s in Tris-buffer (pH =7 .2) in the absence and 
presence of CT-DNA (5 × 10

-4
 M) are given in 

Fig. 7. The cyclic voltammetric parameters of the 
complexes are given in Table 6.   
 
Cyclic voltammogram of 1 in the absence of DNA 
gave two reduction peaks at 0.27 and -0.54 V 
(Fig. 7) which may be assigned to reduction of 
Mn(IV) to Mn(III) and Mn(III) to Mn(II) 
respectively [60]. The oxidation peaks observed 
at 0.38 and 0.68 V can be assigned to oxidation 
of Mn(II) to Mn(III) and Mn(III) to Mn(IV) 
respectively [60]. In the presence of CT-DNA two 
reduction peaks 0.28 V [Mn(IV/Mn(III)], -0.60 V 
[Mn(III)/Mn(II)] and two oxidation peaks 0.60 V 
[Mn(II)/Mn(III)] and 0.75 V [Mn(III)/Mn(IV)] were 
observed. The formal potential E1/2 values [-0.08 
and 0.47 V] of 1 were shifted to more positive 
values [0.0 and 0.51 V] in the presence of 
CTDNA (Table 6).  
 
The CV of 2 (Fig. 7) gave a reduction peak at -
0.62 V and an oxidation peak at 0.37 V. The 
reduction peak could be assigned to reduction of 
Co(II) to Co(I) and oxidation peak could be 
assigned to oxidation of Co(I) to Co(II) [61]. In 
the presence of CTDNA the reduction and 
oxidation peaks were observed at -0.71 and 0.39 
V respectively. The formal potential E1/2 value -
0.12 V of 2 was shifted to more negative value -
0.16 V in the presence of CTDNA. 
 
The CV of 3 (Fig. 7) gave a reduction peak at -
0.37 V which could be assigned to reduction of 
Ni(II) to Ni(I) [62]. The oxidation peak of 3 

observed at 0.50 V could be assigned to 
oxidation of Ni(I) to Ni(II) [62]. In the presence of 
CTDNA the reduction and oxidation peaks were 
observed at -0.42 and 0.50 V respectively.  The 
formal potential E1/2 value 0.06 V of 3 was shifted 
to more negative value 0.04 V in the presence of 
DNA. 
 
The cyclic voltammogram of 4 (Fig. 7) gave a 
reduction peak at -0.99 V which could be 
assigned to reduction of Cu(II) to Cu(I) [61]. The 
oxidation peak of 4 observed at 0.29 V could be 
assigned to oxidation of Cu(I) to Cu(II) [61]. In 
the presence of CTDNA the reduction and 
oxidation peaks were observed at -0.85 and 0.19 
V respectively.  The formal potential E1/2 value -
0.35 V of 4 was shifted to more positive value -
0.33 V in the presence of CTDNA. 
 
For all the complexes the peak separation values 
and peak current ratios shows that the redox 
processes are not reversible. As the DNA and 
the respective ligands did not show any redox 
processes it can be concluded that the redox 
processes are due to metal centers. The overall 
experimental suggests that the presence of DNA 
strongly affects the redox processes of metal 
centers in all the complexes. 
 
Among the three kinds of binding modes                        
of small molecules to DNA, if the formal                            
potential E1/2 is shifted to more positive                         
value the interaction mode is intercalative 
binding, while E1/2 shifted to more negative value 
the binding mode is electrostatic [56]. It                         
has been observed that the shift in E1/2 values in 
presence of DNA from that in the absence of 
DNA are insignificant, suggesting the complexes 
bind to CT-DNA by surface or groove binding 
mode.  

 
Table 6. Cyclic voltammetry data for 1 - 4 in the absence and presence of CT-DNAa 

 
complex Epa (V) ipa × 10

5
 A Epc (V) ipc × 10

5
 A ΔE (V) ipa/ipc E1/2 (V) 

1 0.38 
0.68 

-8.93 
-9.91 

-0.54 
0.27 

5.83 
7.10 

0.92 
0.21 

1.53 
1.39 

-0.08 
0.47 

1 + DNA 0.60 
0.75 

-8.93 
-9.97 

-0.60 
0.28 

4.55 
6.58 

1.20 
0.47  

1.96 
1.51 

0.0 
0.51 

2 0.37 -4.75 -0.62 4.19 0.99 1.13 -0.12 
2 + DNA 0.39 -2.97 -0.71 2.42 1.10 1.22 -0.16 
3 0.50 -8.17 -0.37 7.63 0.87 1.07 0.06 
3 + DNA 0.50 -7.65 -0.42 7.45 0.92 1.02 0.04 
4 0.29 -3.06 -0.99 2.33 1.28 1.31 -0.35 
4 + DNA 0.19 -1.90 -0.85 1.46 1.04 1.30 -0.33 

a Epa, ipa and Epc, ipc are anodic and cathodic peak potentials and peak currents; ΔE = Epa – Epc and E1/2 = (Epa + 
Epc)/2 
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(1) 

 
(2) 

 
(3) 

 
(4) 

 

Fig. 7. Cyclic voltammogram of 1-4 (50 µM) against AgCl/Ag (saturated KCl) electrode within  
+1 V to -1 V at a scan rate of 0.01V/s in the absence (black) and presence (red) of CT-DNA        

(5 × 10-4 M) 
 
3.4.5 Viscosity measurements 
 
Viscosity measurement of DNA solution with 
increasing concentrations of complex is useful for 
determining the binding mode of interaction of 
complex with DNA. The effects of small 
molecules- bound to DNA with different modes of 
binding- on viscosity of DNA solution are as 
follows: Intercalative binding causes an increase 
in viscosity, non-classical intercalative binding 
causes a lowering in viscosity and surface or 
groove binding causes no change in viscosity of 
CT-DNA solution [31]. When viscosities of DNA 
solutions with increasing concentrations of the 
complexes 1 to 4 were measured the relative 
viscosities (η/ηo) were found to be unchanged 
suggesting that the complexes bind with DNA via 
non-intercalative surface or groove binding. 
 
4. CONCLUSION 
 
The present work reports on the                       
synthesis, spectroscopic characterization                 
and DNA binding studies of (E)-1-((pyridin-2-
yl)methylidene)semicarbazide complexes of 

Mn(II), Co(II), Ni(II) and Cu(II). X-ray diffraction 
study shows that 3 has octahedral geometry in 
which two tridentate ketonic form of PMSC 
ligands, which possess E configuration with 
respect to imine double bond, meridionally 
coordinate to the Ni+2 center through N(pyridine), 
N(imine) and O(amide). Different spectroscopic 
techniques, magnetic susceptibility 
measurements and thermal analysis shows that 
complexes 1 and 2, have octahedral coordination 
environments while complex 4 has square planar 
coordination environment. Electronic absorption 
titration experiment, EB-DNA fluorescence 
quenching experiments, cyclic voltammetric 
experiments and viscosity measurements 
suggests that the complexes might be non-
intercalative surface or groove binder to CT-
DNA. 
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