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INTRODUCTION

Nowadays interests in Schiff bases of diamine having an
alcoholic group in the backbone have been brought due to the
maximal possibility in design and synthesis of novel and unusual
homo as well hetero-polynuclear coordination compounds [1-3].
Schiff bases of salen type have been encountered to possess a
number of biological applications namely antibacterial, antifungal,
antioxidant and oxygen carrier activities. These properties are
more in metal complexes as compared to non-complexing ligand
[4-6]. It has also been reported that Schiff base of type N,N′-
bis(5-bromo-salicylidene)-2-hydroxy-1,3-propane diamine
(BSHP) used as an alternative analytical method for the iron
determination in oils [7].

One more exciting example was in Mn(III) Schiff base
complex of 2-hydroxybenzaldehyde and 1,3-diamino-2-
hydroxypropane, which have more efficacy as compared to its
analogues 1,3-diaminopropane towards oxidation of a different
kind of olefins. It has attributed to accompany of an electron-
withdrawing group -OH in the amine [8]. Besides, this type of
amine also offers the formation of macrocycles with suitable
carbonyl compounds mainly phenol-based to insulate f- or s-
block metal ions over transition metal ions to model heteronuclear
compounds [9]. Having properties like magnetic materials,
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catalysts and models for metalloenzymes [10-13] also brought
the room in the selective designation of complexes of such
kind of macrocyclic Schiff bases. Some of these herein mention
because of such ligands can act as flexible chelators towards
metal ions that is, it can be tribasic pentadenate, dibasic tetra-
dentate or tridentate ligands. Such flexibility is possible with
the involvement or abstention of the secondary hydroxyl group
and one of two parts of the Schiff base [14,15]. Therefore, it is
notable the pentadentate chelating octahedral polymeric zig-
zag chain copper(II) complex having [CuL] as monomeric unit
[16], where, L = [N,N′-bis(4-methoxysalicylidene)-2-hydroxy-
1,3-diaminopropane]. Also, monomeric tetrachelated octahedral
vanadium(IV) complex [VIVO(Hsal-dahp)(DMSO)] and
pentacoordinated polymer-supported vanadium(IV) complex
PS-[VIVO(sal-dahp)], which shows peroxidase-like activity in
oxidation of pyrogallol to purpurogallin (PS = chloromethylated
polystyrene cross-linked with 5% divinylbenzene and H3sal-
dahp = tribasic pentacoordinate ligand obtained from 2-hydroxy-
benzaldehyde and 2-hydroxy-1,3-propanediamine) [17].
Again, vanadium(V) complexes [VVO(hap-dahp)] and [VVO-
(hap-dahp)]-Y with H3hap-dahp (where, H3hap-dahp = Schiff
base synthesized from 2-hydroxy acetophenone and 1,3-
diamino-2-hydroxypropane) and its catalytic activity in oxida-
tion of vinylbenzene, thioanisole and phenyl sulfide with H2O2
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as an oxidant of these pentadentate octahedral could be high-
light [18]. Along with dibasic tridentate octahedral complexes
[MoVIO2(Hsal-dahp)-(H2O)], [MoVIO2(Hclsal-dahp)-(H2O)]
and [MoVIO2(Hbrsal-dahp)-(H2O)], which shows catalytic
activity towards oxidative bromination of vinyl benzene to
give (1,2-dibromoethyl)benzene, styrene glycol and styrene
bromohydrin could be given [14]. It has also proclaimed that
the d-block metal complexes were biological effectiveness
towards DNA binding and cleavage [19].

From the literature study, synthesis of Schiff base ligand,
{N,N′-bis(2-hydroxy-5-methyl-benzylidene)-2-hydroxy-
propane-1,3-diamine} and its metal complexes have been found
[20]. To continue the work of our group [21-25] on the syn-
thesis, characterization and DNA binding studies of transition
metal complexes, we herein report a new copper (II) and Ni(II)
complexes synthesized by a template method and their
characterization by different spectroscopic techniques along
with CT-DNA binding studies of the complexes.

EXPERIMENTAL

1,3-Diamino-2-hydroxy-propane, 5-methyl-salicylaldehyde,
metal chlorides or nitrates and solvents were obtained from Sigma-
Aldrich, Merck, Himedia. CT-DNA and Tris-HCl (biological
grade) were obtained from Himedia and used as received. Carbon,
hydrogen and nitrogen analyses were recorded on a Perkin-Elmer
2400-II elemental analyzer. IR spectra were recorded on a Perkin-
Elmer FTIR 400 spectrophotometer within the scale of 4000-
400 cm-1 by employing KBr pellets. Electronic spectra were
recorded on a Shimadzu UV-Visible 2450 Spectrophotometer.
On Sherwood magnetic susceptibility balance (MSB), magnetic
susceptibility measurement was performed using CuSO4·5H2O
as the standard substance at room temperature. Pascal′s constants
were applied to made diamagnetic corrections. Simultaneous
TGA and DTA were recorded by using Perkin-Elmer STA 6000
Simultaneous thermal analyzer at a heating rate of 10 ºC per
minute under nitrogen atmosphere. Molar conductivity was
measured at 25 ºC in DMSO (10-3 mol L-1) by using Eutech
Con 510 conductometer. Powder XRD of complex 2 was mea-
sured by using a PAN-analytical Philips diffractometer. Cyclic
Voltammetry measurements were performed using a CH602C
Electrochemical Analyzer against the AgNO3/Ag reference
electrode. The mass spectrum of complex 2 has measured using
Waters (ZQ-4000) (ESI-MS) spectrometer. The fluorescence
measurements were conducted on F-7000 FL Spectrophoto-
meter along with excitation as well as emission slit widths (5
nm). The viscosity of complexes was measured by using Ostwald′s
viscometer.

Synthesis of metal(II) complexes: Ethanolic solutions
of 1,3-diamino-2-hydroxypropane (1 mmol, 0.0901 g) (10 mL)
and 5-methyl-salicylaldehyde (2 mmol, 0.2723 g) (10 mL)
were refluxed for about 2 h to give yellow-orange colouration.
To this solution mixture, copper(II) nitrate trihydrate (1 mmol,
0.2416 g) in 10 mL ethanol was added and continued to reflux
for another 4 h in the presence of triethylamine (3 mmol, 0.417
mL). Then, filtered and the filtrate was kept for slow evapo-
ration at room temperature. After two weeks, dark green needle
shaped single-crystals of complex 1 suitable for X-ray crystal-

lography were collected from the filtrate. Similarly, complex
2 was also synthesized using nickel(II) chloride hexahydrate
(1 mmol, 0.237 g) (Scheme-I).
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Scheme-I: Reaction pathways for complexes (1) and (2)

[Cu(HL)]2·C2H5OH (1): Yield: 75.81%, dark green, m.p.:
292 ºC, m.w.: 821.89; Anal. calcd. (found) (%): Cu, 15.33 (15.43);
C, 58.40 (58.45); H, 5.59 (5.50); N, 6.81 (6.78); UV-Vis (λmax)
(DMSO): 612 nm; IR (KBr, νmax, cm-1): 3217 (O-H), 3014 (Ar-
CH), 2920 (methyl-CH), 2862 (aldehydic-CH), 1631 (C=N)
and 1219 (C-O), 418 (Cu-N), 501 (Cu-O); molar conductance
(DMSO): 6.3 Ω-1cm2 mol-1; µeff (B.M):1.26.

[Ni(HL)] (2): Yield: 76.45%, yellow, m.p.: 275 ºC, m.w.:
382; Anal. calcd. (found) (%): Ni, 15.18 (15.05); C, 59.68
(59.98); H, 5.23 (5.04); N, 7.32 (7.12); UV-Vis (λmax)
(acetonitrile): 590 nm; IR (KBr, νmax, cm-1): 3367 (O-H), 3012
(Ar-CH), 2920 (methyl-CH), 2864 (aldehydic-CH), 1624 (C=N)
and 1224 (C-O), 422 (Cu-N), 526 (Cu-O); molar conductance
(DMSO): 2.61 Ω-1cm2 mol-1; µeff (B.M): diamagnetic.

Crystallographic data collection and refinement: Intensity
data of complex 1 was collected on a Bruker AXS Kappa Apex
3 CMOS single-crystal X-ray diffractometer by using the graphite
monochromated Mo-Kα radiation (λ = 0.71073 Å at 296 K).
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SHELXT-2014/5 was applied to solve the structure and SHELXL-
2014/7 to refine the structure [26]. A full-matrix least-squares
procedure was applied to refine the structure which carried
out on F2. Non-hydrogen atoms were assigned anisotropic dis-
placement parameters. Hydrogen atoms were at their absolute
locations using isotropic displacement parameters. The
crystallographic data for complex 1 is shown in Table-1, while
the molecular structure as well as packing structure diagram
is shown in Figs. 1 and 2, respectively by OLEX-2 [27]. Some
selected bond lengths, as well as angles for complex 1 are
shown in Table-2.

TABLE-1 
FOR COMPLEX (1) CRYSTAL STRUCTURAL  

DATA AND ITS REFINEMENT 

Empirical formula 
Formula weight (g mol-1) 
Temperature (K) 
Crystal system 
Space group 
Unit cell dimensions 
 
 
 
Volume (Å3) 
Z 
Density (calculated) (Mg/m-3) 
Absorption coefficient (mm-1) 
θ range for data collection (°) 
Index ranges 
Reflections collected 
Independent reflections 
Data/restraints/parameters 
Goodness-of-fit on F2 
R indices (all data) 
Largest difference in peak and 
hole 

C40H46N4O7Cu2 
821.89 
296(2) 
Monoclinic 
P21/c 
a = 12.0389(6) Å; α = 90° 
b = 10.4997(5) Å; β = 110.396(2)° 
c = 16.0395(8) Å; γ = 90° 
1900.36 (16) 
2 
1.436 
1.174 
3.250-24.993 
-14 ≤ h ≤ 14, -12 ≤ k ≤ 12, -19 ≤ l ≤ 
19 
29507 
3345 [R(int) = 0.0878] 
3345/16/265 
1.049 
R1 = 0.1214, wR2 = 0.2152 
0.848 and -0.782 (e. Å-3) 

 
DNA binding studies: To know the interaction mode of

the newly synthesized complexes to CT-DNA, electronic absor-
ption titration, fluorescence experiment, cyclic voltammetry,
and viscosity measurements have been performed.

RESULTS AND DISCUSSION

The complexes 1 and 2 were synthesized according to
(Scheme-I) via the template methodology. Characterizations
of these complexes have been performed by different spectro-
scopic techniques. Complex 1 is soluble in DMSO, DMF while
partially soluble in methanol, ethanol and acetonitrile. Whereas,
complex 2 is soluble in almost all organic solvents. From the

C
H
Cu
N
O

Fig. 1. Molecular structure of complex (1) with atoms numbering scheme

Fig. 2. Packing structure for complex (1) showing the possibility of
hydrogen-bonding along the c-axis

molar conductance data, reckons a non-electrolyte type in the
DMSO [28]. All the complexes are non-hygroscopic.

IR analysis: IR spectrum of complex 1 shows the presence
of main functional groups. Bands observed at 3217, 3014,
2920, 2862, 1631, and 1219 cm-1 may be assigned to ν(O-H),
ν(C-H), ν(C=N) and ν(C-O) stretching vibrations of alcoholic,
aryl, methyl, aldehydic, azomethine and phenyl ring, respec-
tively [29-33]. Further, bands observed at 418 and 501 cm-1

may be assigned to ν(M-N) and ν(M-O) stretching vibrations,
respectively [34,35].

TABLE-2 
SOME SELECTED BOND LENGTHS (Å) AND ANGLES (°) FOR (1) 

Bond length Å Bond angle ° Bond angle ° 
Cu1–O1 
Cu1–O2 
Cu1–N1 
Cu1–N2 
C11-N1 
C7-N2 

1.903(5) 
1.901(5) 
1.936(6) 
1.942(6) 
1.281(9) 
1.272(9) 

O1–Cu1–N1 
O2–Cu1–O1 
O1–Cu1–N2 
O2–Cu1–N1 
N1–Cu1–N2 
C13–O1–Cu1 

94.7(2) 
91.9(2) 

153.2(2) 
153.4(2) 
91.1(2) 

125.8(4) 

O2–Cu1–N2 
C11–N1–Cu1 
C10– N1–Cu1 
C7–N2–Cu1 
C8–N2–Cu1 
C1–O2–Cu1 

94.5(2) 
125.3(5) 
115.2(5) 
125.1(5) 
114.9(5) 
126.1(4) 

Symmetry codes: (i) x, y, z; (ii) -x, y+1/2, -z+1/2; (iii) -x, -y, -z; (iv) x, -y-1/2, z-1/2. 
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The vibrational absorption spectrum of complex 2 shows
the presence of stretching vibration of alcoholic ν(O-H) at
3367 cm-1. Additional ν(C-H) stretching vibrations of aryl,
methyl and aldehydic appears at 3014, 2920 and 2864 cm-1,
respectively. Bands at 1624 and 1224 cm-1 have been assigned
to ν(C=N) and ν(C-O) stretching vibrations of azomethine and
phenyl ring, respectively. The ν(M-N) and ν(M-O) stretching
bands were observed at 422 and 526 cm-1.

Electronic absorption analysis: UV-vis spectrum of
complex 1 was recorded in DMSO (10-3 mol L-1). A broad d-d
band observed at 612 nm could be assigned at the transition
of 2B1g → 2A1g of a distorted square planar structure [36,37].
Whereas, complex 2 recorded in acetonitrile (10-3 mol L-1)
exhibit a d-d band at 590 nm, which may be assigned to dxy →
dx2-y2 of distorted square planar geometry [38].

Mass analysis: ESI-MS technique has been employed to
see the molecular mass of the complex. Molecular ion peak of
complex 2 appeared at m/z value = 382 is in good agreement
with theoretically calculated mass. Additional information
comes from the main fragmentations with m/z values equal to
276(274) and 242, 243. The mass spectrum of complex 2 (Fig. 3)
along with its plausible fragmentation pattern is shown in Fig. 4.
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Fig. 3. Mass spectrum of [Ni(HL)] (2) complex

Powder-XRD analysis: In complex [Cu(HL)]2·C2H5OH
(1), the empirical formula is fulfilled by two [Cu(HL)] neutral
monomeric units and one lattice ethanol molecule. In the mon-
omer unit, Cu(II) ion is coordinated by two azomethine N atoms
and two phenolate O atoms of the Schiff base ligand leaving
aside O donor atom of the alcoholic group in a six-membered
chelating fashion. The equatorial plane of coordination sphere
are filled by the ONNO chromophore having average bond
distances of Cu(1)-O(1) = 1.903 Å, Cu(1)-N(1) = 1.936 Å, Cu(1)-
N(2) =1.942 Å and Cu(1)-O(2) = 1.901 Å. There are hardly
differences in between Cu-Nimine atoms (0.006 Å) or Cu-Ophenoxo

atoms (0.002 Å) but a slightly longer of Cu-Nimine bonds than
Cu-O phenoxo bonds have been observed. It is found that angles
around the metal centre have deviated from the ideal value 90º
of a regular square planar geometry for all [N(1)-Cu(1)-N(2):
91.1(2)º, N(1)-Cu(1)-O(1): 94.7(2)º, O(1)-Cu(1)-O(2): 91.9(2)º,
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Fig. 4. Mass fragmentation pattern of complex (2)

O(2)-Cu(1)-N(2): 94.5(2)º]. The amount of deviation from this
equatorial plane [O(1)-N(1)-N(2)-O(2)] could be determined
by using the structural parameter (τ) [39-41]. Values of τ4 (0.378)
and τ42 (0.377) indicates a distorted square planar structure and
crystallized in a monoclinic system of space group P21/c. The
N=CH bond distances [N(1)-C(11): 1.281(9) Å and N(2)-C(7):
1.272(9) Å] are constant with C=N double bonds character,
the C-O bonds [C(13)-O(1):1.314(9) Å, C(1)-O(2): 1.317(8)
Å and C(9)-O(3):1.451(9) Å] as well as C-N bonds [C(10)-N(1):
1.456(8) Å and C(8)-N(2):1.459(9) Å] also consistent in a single
bond behaviour. Two positive charges of Cu(II) ions have been
neutralized by two phenoxo groups. It was also in good agree-
ment with the conductance value. The torsion angles of the
planes containing C(17)-C(12)-C(11)-N(1), C(5)-C(6)-C(7)-
N(2), C(15)-C(14)-C(13)-O(1), C(3)-C(2)-C(1)-O(2), C(17)-
C(12)-C(13)-O(1) and C(5)-C(6)-C(1)-O(2) found to be 176.7
(7), 174.4(7), -174.4(7), -174.7(7), 174.4(7) and 173.4(6)º,
respectively . All values were found to be close at 180º. It was
viewed to develop one dimensional hydrogen bonding in the
crystal packing of complex 1 via the hydrogen atom H(3A)
attached to alcoholic oxygen (O3) of carbon (C9) of one monomer
unit and phenoxo oxygen (O2) attached to carbon (C1) of another
neighbouring monomer unit along with the O3-H3A and H3A-
O2 bond lengths equal to 0.82 and 1.9 Å, respectively. Further,
the lattice ethanol molecule is also participating in the hydrogen
bonding.

The diffraction pattern of complex 2 is given in Fig. 5.
Unit cell parameters were produced using the program P-index
and found to be triclinic. Unit cell parameters are a = 7.6095,
b = 7.7058, c = 13.2336 Å, α = 40.105º, β = 136.715º, γ =
144.989º and V = 275.77 Å3. Crystallite size of the complex,
dxrd was evaluated using the Debye-Scherrer′s formula [42].
dxrd = 0.9  λ/βcos θ. Where β meant full width at half maximum
of the prominent peak, θ is the Braggs reflection angle, and λ
is the wavelength of CuKα radiation (1.5406 Å). The calculated
average crystallite size is 35.9 nm and falls in the nano-range.
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Thermal analysis: Thermograms of complexes 1 and 2
are shown in Figs. 6 and 7, respectively. The first decomposition
step of complex 1 has shown in the temperature range of 135-
219 ºC showing the removal of one ethanol molecule followed
by decomposition of one ligand in the temperature range of
281-880 ºC. Whereas, complex 2 has shown stable up to 296
ºC and start decomposition in one step in the temperature range
of 297-843 ºC showing the expulsion of the ligand molecule.
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DNA binding studies of complexes 1 and 2

Absorption spectral method: DNA binding studies were
carried out in tris-HCl buffer which composed of 5 mM tris-
HCl and 50 mM NaCl (pH = 7.2) along with a CT-DNA solution
in a suitable volume of this buffer. The ratio of absorbance peaks
at 260 and 280 nm is about 1.8-1.9, indicates the DNA was
sufficiently free from protein. The DNA concentration also
calculated using the known value, 6600 M-1 for the molar absor-
ptivity coefficient at 260 nm. Absorption titration was carried
out at a definite complex concentration by changing the DNA
concentration in the buffer. Solution of metal complexes in
DMSO was employed, on account of poor solubility in other
solvents. The intrinsic binding constant, Kb was evaluated from
the following equation:

1
b b f

a f b f

[DNA] [DNA]
[K ( )]

( ) ( )
−= + ε − ε

ε − ε ε − ε (1)

In the equation, [DNA] is the DNA concentration in base
pairs, εa, εf and εb indicates apparent, free and bound metal comp-
lexes extinction coefficients respectively, Kb represents the ratio
of the slope to the intercept by plotting [DNA]/(εa − εf) versus
[DNA] [43]. To support, the interaction of metal complexes
with CT-DNA, an absorption titration technique was employed.
Transition metal complexes have been found to bind to DNA
via both covalent and/or non-covalent interaction [44]. An inter-
calation mode shows a trend of intensity decreasing (hypochro-
mism) with or without the red/blue shift (Figs. 8 and 9) [45].
Both the complexes have shown a similar behaviour that is,
with increasing CT-DNA concentration, the intra-ligand bands
at 364 and 348 nm for complexes 1 and 2, a decrease in absor-
ption intensity without any significant shift. It implies that there
is an association among the complexes and DNA. Kb values
are found to be 0.98 × 104 and 0.41 × 105 M-1, respectively for
complexes 1 and 2. Thus, the present Kb values fall nearly to
(1.116-7.227) of order (104) [46,47] as compared to the value
of classical intercalator, EB (1.4 × 106 M-1) [48].
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Luminescence measurements

Emission titration: The emission spectral study was
performed by titration at a fixed concentration of  complex 1
(1.07 × 10-4 M) with increasing concentration of CT-DNA (3.94
× 10-6 M − 4.737 × 10-5 M) at room temperature in a buffer.
Experimental data are analyzed by plotting r/Cf versus r using
the Scatchard eqns 2 and 3 [49]. Here, r stands for the ratio of
concentration of the bound compound, Cb to total available
binding sites of CT-DNA, [DNA]t over the course of titration
and Cb is evaluated using eqn 2:

o

b t max o

(F F )
C C

(F F )

 −= × − 
(2)

b b
f

r
n.K r.K

C
= − (3)

where Ct, F, Fo, Fmax, Cf, n and Kb represent total compound
concentration, observed fluorescence emission intensity at
specified DNA concentration, intensity in the failing of DNA,
fluorescence of the totally bound compound, free compound
concentration, binding site number, and binding constant in
M-1 acquired as a negative slope, respectively. It was found to
be 4.21 × 10-5 M -1 and the spectrum is presented in Fig. 10.

Complex 1 shows an emission in DMSO at a maximum
wavelength of about 617 nm (λex = 275 nm) and enhancement
in emission spectra was make out. The result could be set down
to changing in the environment from polar to non-polar inside
the DNA helix and amount to penetrate in this hydrophobic
medium by the complex. In such medium, restricts the mobility
of complex, leading to a dwindle of vibrational modes of relax-
ation and keep away from the lessen effects by solvent mole-
cules [50].

Ethidium bromide (EB) competition study: Ethidium
bromide displacement experiment was performed to an EB-
DNA adduct by appending an increasing amount of the comp-
lexes and a classical Stern-Volmer equation [51]  has been applied
to calculate the Ksv, Stern-Volmer constant used as a binding quan-
tifier of CT-DNA-complex obtained when plotting Io/I against r.
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Fig. 10. Represents enhancement emission spectra of complex 1 (1.07 ×
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Scatchard plot of complex 1. Black one represents in absence and
others in the participation of CT-DNA in buffer at pH = 7.2
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1 K .r

I
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where, Io and I denote fluorescence intensities in the non-involve-
ment and involvement of the complexes, respectively and r,
the ratio of complex concentration to DNA concentration. EB
itself has an emission at 616 nm in the buffer. An enhancement
in emission intensity has observed when it is intercalated with
the adjacent base pairs of DNAs. In most, an introduction of a
second molecule to the EB-DNA adduct, a quenching pheno-
menon was observed which could be related in consequence
of either replacing the bound EB from by decreasing the binding
sites number of and/or by gaining the excited state electron of
the EB via a photoelectron transfer mechanism [52]. The same
phenomenon was observed in the complex 2 but an opposite
trend in the complex 1. In complex 1, there is an increase in
emission intensity in the presence of EB-DNA. Hence, a class-
ical Stern-Volmer equation applied only in the complex 2 to
assess the quenching effect. Fig. 11 represents the fluorescence
emission spectra of EB bound to DNA both in the non-company
and company of the complexes in different concentrations.
The value of Stern-Volmer constant, Ksv for complex 2 is 4.26.

Cyclic voltammetry analysis: In a single compartmental
cell containing a three-electrode system which composed of a
glassy carbon working electrode, Pt-wire auxiliary electrode
and an Ag/AgNO3 as reference electrode, the electrochemical
evaluations were achieved within +0.6 V to -1.4 V at a 0.01 V/s
scan rate in tris-buffer (pH = 7.2) at room temperature. A supp-
orting electrolyte, TBAB (0.1M) in double-distilled water was
employed. The change in the electrochemical response of the
complexes, at fixed concentrations, has checked in absence as
well as the presence of varying CT-DNA concentration. Cyclic
voltammograms of the complexes (1-2) in the absence as well
as the presence of CT-DNA are shown in Fig. 12. The complex
1 shows one cathodic (Epc = -0.738 V) and one anodic peak
(Epa = -0.371 V) along with peak separation (∆Ep = 0.367 V)
and peak current ratio (Ipa/Ipc = 0.472). These value implies an
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irreversible redox couple Cu(II)/Cu(I) since ∆Ep > 59 mV for
one electron diffusion and Ipa/Ipc < 1. The cathodic peak shifts
to a more negative value (Epc = -0.755 V), whereas an anodic
peak to a more positive value (Epa = -0.340 V) in presence of
CT-DNA.

For complex 2, the cathodic peak (Epc = -0.816 V) shifts
to a more positive value (Epc = -0.765 V), while anodic peak
(Epa = -0.322 V) appeared at the same value in presence of CT-
DNA. Experimental values are presented in Table-3. A positive
shift in formal potential Eo (or voltammetric E1/2) and a decrease
in current intensity in both complexes in presence of CT-DNA
have confirmed the complexes that interact with CT-DNA and
binds in an intercalative mode [53].
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TABLE-3 
ELECTROCHEMICAL RESULTS OF THE COMPLEXES IN THE ABSENCE AS WELL AS PRESENCE OF CT-DNA 

Epc (V) Epa (V) ∆Ep (V) E1/2 (V) 
Complex Redox 

couple Free Bound Free Bound Free Bound Free Bound 

1 
2 

Cu(II)/Cu(I) 
Ni(II)/Ni(I) 

-0.738 
-0.816 

-0.755 
-0.765 

-0.371 
-0.322 

-0.340 
-0.322 

0.367 
0.494 

0.415 
0.443 

-0.554 
-0.569 

-0.547 
-0.543 

E1/2= ½(Epc + Epa ), ∆Ep = Epa- Epc. 

 
Viscosity measurements: Viscosity measurements of the

complexes were carried out on an Oswald viscometer keeping
in a thermostat water-bath at 25 ºC by adding an increasing
amount of the complexes to a fixed concentration of DNA.
Experimental data are presented by plotting (η/ηo)1/3 versus
[Q]/[DNA] = R, where η, ηo and [Q] represents viscosities of
the DNA in the available, non-available of complexes, and
complex concentration, respectively. The values of η and ηo

were obtained using the following equation:
o

o

(t t )

t

−η = (5)

where to and t are flow times of buffer alone and DNA contain-
ing complexes respectively. Also, the ratio of η and ηo gives
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the relative viscosities of DNA [54]. It is known that when a
complex interacts with DNA in intercalating mode causes an
increase in viscosity, an electrostatic binding mode results in
a decrease and a groove binding results a little or no effect on
DNA viscosity [55]. A graph of relative viscosity (η/ηo)1/3 versus
[compound]/[DNA] is shown in Fig. 13. The effects on the
relative viscosity of CT-DNA could be observed from this graph
when the concentration of the complexes has increased. Thus,
both the compounds bind to CT-DNA in an intercalative mode.
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Fig. 13. Change in relative specific viscosity of CT-DNA (0.80 × 10-4 M for
1; 3.08 × 10-5 M for 2) in presence of the complexes 1 (9.09 × 10-6

– 1.49 × 10-4 M) and 2 (8.33 × 10-6 – 8.33 × 10-5 M) in Tris-buffer
(pH = 7.2) at 25 °C

Conclusion

Complexes 1 and 2 crystallize at monoclinic and triclinic
unit cells, respectively. Schiff base ligand participates in the
formation distorted square planar complexes by contributing
ONNO donor atoms. Magnetic, electronic and conductance
values were in good agreement with the proposed structures.
From the thermal analysis, it has inferenced about the lacking
of lattice as well as coordinated water molecules in complexes
1 and 2. Complex 1 is photo-active while complex 2 inactive.
Both complexes bind to CT-DNA primarily by an intercalative
binding mode. Complex 2 has a more pronounced effect in binding
than complex 1.

Supplementary materials

CCDC 1821322 available the accessory crystallographic
data information of complex (1). These data can be viewed
and downloaded in free of cost at www.ccdc.cam.ac.uk/
data_request/cif
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