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Abstract
Synthesis, characterization and structural relevance of four new copper carboxylate complexes (1–4) has been presented 
here. The complexes have been synthesized by direct treatment of the substituted phenyl acetate and pyridine ligands in 
aqueous medium. The complexes were stable indefinitely with excellent yields and were characterized using spectroscopic 
and single crystal XRD techniques. FTIR spectroscopy revealed the bridging bidentate coordination mode for the car-
boxylate moiety in accordance to the actual structure revealed by XRD. Moreover, UV-Visible spectroscopic and cyclic 
voltammetric studies helped in their characterization and yielded signals which were typical of the copper(II) complexes. 
Successfully solved single crystal XRD data showed binuclear paddlewheel structures for all the complexes with both 
copper ions linked through four OCO bridges of ortho-methoxy phenyl acetate (1–3) and ortho-methyl-meta-nitrophenyl 
acetate (4). The geometry around each copper was distorted square pyramidal where the apical positions are occupied 
by meta-bromopyridine (1), meta-methylpyridine (2) and DMSO (3 and 4) molecules. The complexes exhibited excel-
lent DNA-binding activity majorly via intercalation as revealed by four experimental techniques. This preliminary study 
showed that the synthesized complexes add to the existing treasury on the paddlewheel complexes.
The Index Abstract  Air stable newly synthesized and purified crystalline complexes with their preliminary structural 
relevance.
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Introduction

Exploration of new copper complexes with new structural 
features and improved properties is underway [1–3]. Pad-
dlewheel copper complexes constitute an important class 
of copper carboxylate complexes. In such complexes two 
copper ions are bonded by four carboxylate bridges thus a 
stable unit containing two doubly charged copper(II) ions 
is resulted. These four carboxylate bridges constitute the 
square base of the square pyramid which is resulted when 
another mono-dentate ligand is attached to each copper 
ion [4, 5]. Thus each copper ion is penta-coordinated in a 
paddlewheel structure with square pyramidal geometry. 
However, owing to the geometric restrain offered by four 
carboxylate bridges between the two copper ions in a pad-
dlewheel structure, both ions are forced to lie closer to one 
another. That is why the inter-atomic distance between cop-
per ions within the paddlewheel is mimicked as a bond by 
a crystallography program and thus a bond is drawn by the 
software between the two ions. However, this is not a genu-
ine bond because no orbital on penta-coordinated copper(II) 
ion is oriented towards the other copper(II) ion to result in 
a substantial overlap. Rather, the dx

2-y
2 orbital containing 

the unpaired electron is oriented towards the carboxylate 
bridges in the square base rather than the other copper ion 
in the paddlewheel unit. Thus the orbitals are oriented away 
from one another where no overlap is possible [6, 7].

Paddlewheel complexes are found in several structural 
types. If the apical ligand is trans-bidentate, it is able to bind 
two paddlewheel subunits at its both ends. Thus the apical 
ligand acts as a linker between the adjacent paddlewheel 
subunits and the resulting structure is a one dimensional infi-
nite array of the paddle wheel units [8–10]. In another type, 
the subunits are interlinked through the linker units present 
on the carboxylate ligands as well. Such complexes result in 
a two dimensional sheet structures [11], three dimentional 
structures and padllewheel based MOFs [12]. There is 
another type where the subunits are interlinked by their own 
Cu- and O-atoms without the intervention of a linker api-
cal ligand. In these polymeric complexes, the paddlewheel 
subunits are directly interconnected resulting in a stepped 
polymeric structure [13]. Despite the aforementioned types, 
the most common type is the one which has discrete paddle-
wheel units in its structure [14]. These have relatively small 
sized ligands, often a single atom such as Cl-, Br- at the 
apical position. Complexes of the last type has better solu-
tion properties, solubility and stability and thus widespread 
applications. We have synthesized new complexes of the 
same type derived from substituted phenyl acetate ligands 
and N-donor apical ligands. Their structures have been cor-
related mutually as well as with literature along with explo-
ration of some other structure related properties.

Experimental

Materials and Methods

All the solvents and reagents were of analytical grade. Dis-
tilled water was used throughout the study for synthesis 
and spectroscopic studies. Substituted derivatives of phenyl 
acetic acid were purchased from Fluka. FTIR spectra were 
recorded on a Nicolet-6700 FTIR spectrometer equipped 
with attenuated total reflectance technique in the range 
4000 –400 cm− 1. DNA interaction studies were performed 
on a Beckman U-2020 UV–Visible spectrophotometer and 
Ubbelohde viscometer. For spectrofluorimetry, a Perki-
nElmer LS 45 fluorescence spectrometer with slit width of 
10 nm was employed. Cyclic voltammetry was performed 
using SP-300 potentiostat with a typical three electrode cell.

Single Crystal X-ray Analyses

Crystallographic data of the complexes were acquired using 
KAPPA APEX-II CCD diffractometer. The diffractometer 
was equipped with graphite monochromatic radiations 
Mo-Kα (λ = 0.71073 Å). SAINT and multi-scan [15] were 
employed for data reduction and absorption corrections. 
Structures were solved by SHELXT-2014 [16] and refined 
within the WinGX package with SHELXL-2019/2 [17].

Moreover, dimethylsulfoxide (DMSO) was disordered 
over three positions with occupancy ratio 0.786(4): 0.132(4): 
0.082(4) in solvates of complexes 1 and 2 (not the DMSO 
ligands) while the nitro-groups were disordered over two 
positions in complex 1. The disorder was solved by using 
various restraints. The thermal parameters of the atoms in 
both parts of the disordered nitro-groups were made equal 
to each other by using “EADP” restraint. The nitro-groups 
were made flat by using “FLAT” restraint. For stabiliza-
tion of the disordered parts of DMSO, thermal parameters 
of part 1 are made equal to each other. Similar procedure 
was done for other disordered parts of DMSO. DFIX and 
DANG restraints were used for making bond lengths and 
bond angles of the disordered parts in a usually acceptable 
range.

Experimental Protocols of DNA Interaction Studies

For absorption spectroscopy, concentrations of the com-
plexes were optimized at 10 mM and absorbance of the pure 
complex solutions were taken in DMSO: water system (4:1) 
and then in the presence of 10, 20, 30, 40, 50, 60, 70 and 80 
µM DNA.

For cyclic voltammetry, the compounds were dissolved 
in DMSO at 4.5 mM and KCl was added as electrolyte. 
Voltammograms of these sample solutions were recorded in 
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pure form and then in the presence of 15, 25, 35, 45, 55, 65, 
75 and 85 µM DNA.

For DNA-binding study through spectrofluorimetry, 
complex and ethidium bromide mixture (1:1) at 10− 6 M 
each was prepared in phosphate buffer (pH = 7.2). Emission 
spectra of the mixture were taken in pure form and in the 
presence of 10, 20, 30, 40, 50, 60, 70 and 80 µM DNA.

DNA-binding study through viscometry was performed 
by running the aqueous DNA solution (5 × 10− 5 M) in the 
Ubbelohde visometer and the time was noted by stopwatch. 
Then 10, 20, 30, 40, 50 and 60 µL solutions (5 × 10− 3 M) 
of each of the complexes was added to the same volume 
of DNA solution and its time of running in viscometer was 
noted each time. The relative viscosity was calculated from 
the difference in time of running.

Syntheses of the Complexes

Complexes 3 and 4 were prepared by treating the aqueous 
sodium salts of ortho-methoxyphenyl acetate (0.84  g, 5 
mmol) with copper sulphate (0.622 g, 2.5 mmol) and stirred 
for 3 h at 60 oC. Then 3-bromopyridine (1) (0.24 mL, 2.5 
mmol) or 3-methylpyridine (2) (0.24 mL, 2.5 mmol) was 
added and stirred for 3 h again. The final products w ere the 
solid precipitates which were washed with distilled water 
and air dried as shown in scheme 1. Purification and final 
crystallization from methanol yielded 3 and 4. Recrystal-
lization of the dried sample of 3 from DMSO yielded 2 as 
shown in scheme 2. Recrystallization of the dried sample of 
an already published compound [18] by our research group 
yielded fine crystals of 1 as shown in scheme 3. These crys-
tals were analyzed by single crystal XRD technique.

Complex 1: Green crystals; m.p. 173–175  °C; yield 
(60%). FT-IR (cm− 1): 1621 ν(OCO)asym, 1421 ν(OCO)sym, 
∆ν = 200, 3058 ν(Ar-H), 2972 ν(CH2), 1610, 1459 Ar(C = C), 
1242 ν(O-CH3), 482 ν(Cu-O).

Complex 2: Light blue; m.p. 179–180 °C; yield (68%). 
FT-IR (cm− 1): 1604 ν(OCO)asym, 1415 ν(OCO)sym, ∆ν = 189, 
3078 ν(Ar-H), 2956 ν(CH2), 1604, 1465 νAr(C = C), 1246 
ν(O-CH3), 493 ν(Cu-O).

Complex 3: Light blue; m.p. 162–163 °C; yield (70%). 
FT-IR (cm− 1): 1663 ν(OCO)asym, 1463 ν(OCO)sym, ∆ν = 200, 

3074 ν(Ar-H), 2939 ν(CH2), 1585, 1463 νAr(C = C), 1247 
ν(O-CH3), 428 ν(Cu-N), 503 ν(Cu-O).

Complex 4: Green; m.p. 152–153 °C; yield (75%). FT-IR 
(cm− 1): 1644 ν(OCO)asym, 1428 ν(OCO)sym, ∆ν = 216, 3040 
ν(Ar-H), 2925 ν(CH2), 1589, 1420 ν(C = C), 1455, 1349 
ν(NO2), 420 ν(Cu-N), 508 ν(Cu-O).

Results and Discussion

Four new copper complexes have been synthesized and 
isolated quantitatively following schemes 1, 2 and 3. These 
have been obtained in crystallized form. These have been 
structurally characterized and the spectroscopic results are 
in harmony with structural elucidation results. Moreover, 
the complexes have been subjected to their DNA-binding 
assay.

FTIR Study

FTIR spectroscopy of the pure samples of the complexes 
revealed all the peaks which were expected in the struc-
tures of the synthesized complexes. The most prominent 
peaks were those of the stretching vibrations of the car-
boxylate moiety. The asymmetric stretch of the carboxylate 
moieties of all the complexes were observed in the range 
1621 –1544 cm− 1 while the symmetric stretching vibrations 
were in the range 1465 –1428 cm− 1. The difference between 
the two peaks ∆ν for complexes 1–4 was 200, 189, 200 and 
216 cm− 1, respectively. These ∆ν values were in the range 
(150–250 cm− 1) typical of bridging bidentate coordination 
mode of the carboxylate moiety [19]. When the ∆ν values 
are below 150 cm− 1, it shows a chelate bidenatate coordina-
tion mode while ∆ν values above 250 cm− 1 has been found 
to indicate monodentate or uncoordinated carboxylate moi-
ety [19]. Thus for metal carboxylate complexes, ∆ν value 
can give valuable clue regarding the nature of carboxylate 
moiety.

Aromatic C-H was observed on 3058, 3078, 3074 and 
3040 cm− 1, respectively for complexes 1–4. A closely lying 
peak was that of methylene CH2 which was observed just 
below 3000 cm− 1 for all the complexes. Similarly, ligand 
to copper bond was indicated by Cu-O bond stretching 

Scheme 1  synthesis of complexes 1 and 2
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formed between the two copper ions along that axis because 
there is no suitably oriented orbital on each copper to overlap 
and form a bond along that axis. The central Cu-Cu bond in 
these molecules is not a genuine bond, rather a bond drawn 
by the software owing to the shorter distance between two 
copper ions. A crystallography software/program usually 
draws a bond between such ions owing to the short distance 
but that bond is not meaningful and metal ions are actually 
5-coordinated square pyramidal in these complexes.

The metal ion is bulging out of the square base towards 
the apical position in such complexes. It means that the 
Cu···Cu ̶ O angle is less than 90o and the O ̶ Cu ̶ O/Napical 
is greater than 90o. The distance between two Cu ions 
within a paddlewheel is short owing to the four carbox-
ylate bridges between the two ions. However, no orbital 
on these Cu ions is oriented suitably to allow an overlap 
between the two ions so no genuine bonding interaction 
can occur between these Cu ions. However, this Cu···Cu 
distance in paddlewheel complexes is sensitive to the basic 
strength of the carboxylate ligand. Thus varying the basic 
strength of the donor atoms, this distance can be increased 
or decreased and the properties dependent on this parameter 
can be tuned. Changing the carboxylate ligand from triflo-
roacetato (2.766(1) Å) to trimethylacetato (2.630(18) Å) the 
Cu···Cu distance is shortened as the basicity of the ligand is 
increased [22]. The corresponding Cu···Cu distances in the 

observed at 482, 493, 503 and 508 cm− 1, respectively for 
complexes 1–4 as observed for the same functionality in 
other structurally characterized copper(II) complexes [20, 
21]. The aromatic C = C bond was also indicated by its 
respective peaks. The FTIR spectra were in agreement to 
the structural data of the complexes.

Structural Description

Molecular structures of complexes 1–4, drawn in mercury 
have been shown in Fig.  1 (A-D) while their crystallo-
graphic parameters have been listed in Tables 1 and 2. The 
complexes crystallized in triclinic crystal system with space 
group P-1. Each complex is dinuclear with two copper ions 
bonded by four carboxylate ligands in syn-syn fashion. 
These four Cu-O bonds around each copper ion constitute 
the square base of the square pyramidal geometry around 
each copper. The apical position of the square pyramid is 
formed by the oxygen atom of the DMSO molecule in com-
plexes 1 and 2 and by the nitrogen atom of 3-methylpyridine 
and 3-bromopyridine in 3 and 4, respectively.

The paddlewheel complexes of copper(II) have both 
copper ions drawn closer enough by the four OCO bridges 
so that the inter-nuclear distance between the two ions is 
comparable to a covalent bond. However, a bond cannot be 

Scheme 3  Preparation of complex 2

 

Scheme 2  Preparation of complex 1
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interactions. The latter is owing to the phenyl rings present 
in structure of each molecule.

Stability Studies in Solution form

In order to ascertain whether the structure and geometry of 
the synthesized complexes remains intact in solution form, 
their solutions were subjected to absorption spectroscopic 
studies at various intervals. Since the absorption spectrum 
of a copper(II) complex is a function of geometry (octahe-
dral, square planar, square pyramidal, trigonal bipyramidal 
and tetrahedral) around copper ion, the spectra for solution 
studies were taken in visible region of spectrum as shown 
in Fig.  3. These spectra show that the complexes remain 
unchanged for at least 24 h in common solvents.

synthesized complexes lie in the range 2.619(5) − 2.671(13) 
Å. The basic strength of the carboxylate ligands is moderate 
so Cu···Cu separation is less than that of the trifloroacetate 
based complexes [22]. The intermolecular interactions have 
been presented in the packing diagrams of complexes 1–4, 
shown in Fig. 2A-D.

Supra-molecular Chemistry  Since there is no O/F/N─H∙∙∙O/
F/N interactions in the lattices, there are some C─H∙∙∙O 
interactions in complex 4. Other weak interactions in the 
lattices of all the four complexes give rise to interesting 
molecular arrays as shown in Fig.  2. Since H atoms are 
towards the periphery of the molecules, the greatest con-
tribution is that of H∙∙∙H interactions followed by C─H∙∙∙π 

Fig. 1  Molecular structures of 
complexes 1–4 (A-D) drawn at 50% 
probability ellipsoids in mercury. H 
atoms have been omitted for clarity

 

1 3

265



Journal of Chemical Crystallography (2024) 54:261–273

Law. It means that reduction in concentration of the com-
plexes will result in reduction in their absorbance value as 
per the Beer-Lambert’s Law. Adding incremental quantity of 
DNA will result the reduction in concentration of the com-
plex owing to the complex-DNA adduct formation. This has 
been shown for 1–4 in Fig. 4, where the absorbance value of 
the pure complex represented by the uppermost plot has suf-
fered proportionate diminution on DNA-addition. This indi-
cates that each complex effectively binds with DNA majorly 
through intercalative mode of binding [23, 24]. Since there 

DNA-Binding Studies of the Complexes

DNA-binding potential of the complexes was explored 
using four different techniques. These are discussed below 
in detail one by one.

UV-Visible Spectrophotometry

The complexes gave rise to ligand based well-defined absorp-
tion peaks in the UV-region following the Beer-Lambert’s 

Fig. 2  Packing diagrams of the 
synthesized complexes 1–4 (A-D) 
viewed along the axes
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the complexes have plenty planar aromatic moieties in the 
structure through which these molecules get inserted into 
the DNA double strand. The binding ability has been quan-
titatively ascertained by calculating the binding constant 
Kb using a simplified form of the Benesi-Hildebrand equa-
tion [25]. This was done by plotting the reciprocal molar 

is pronounced reduction in absorbance of each complex 
on addition of DNA and the wave length of complex suf-
fers no appreciable change along the successive addition, 
such binding mode is called intercalative binding where the 
complex molecules simply insert between the DNA base 
pairs [23, 24]. This binding mode is not unexpected because 

Table 1  Structural refinement parameters of complexes 1–4
Complex 1 2 3 4
Empirical formula C44H56Cu2N4O20S4 C44H60Cu2O16S4 C48H50Cu2 N2O12 C46H44Cu2O12N2Br2

Formula weight (g mol− 1) 1216.24 1100.26 973.98 1103.73
Temperature (K) 296(2) 296(2) 296 (2) 296 (2)
Space group P -1 P -1 P -1 P -1
a (Ǻ) 8.3318(3) 10.2769(3) 10.2587(5) 10.1938(18)
b (Ǻ) 9.4496(5) 10.5506(3) 11.0604(7) 11.1038(19)
c (Ǻ) 16.8061(7) 13.1292(4) 11.2080(6) 11.3014(17)
α (°) 95.045(4) 77.156(2) 87.823(3) 86.680(6)
β(°) 100.412(3) 70.7940(10) 66.689(2) 66.562(6)
γ (°) 92.032(4) 69.967(2) 78.992(3) 79.318(6)
Volume (A3) 1294.57(10) 1253.32(7) 1145.42(11) 1153.1(3)
Z 1 1 1 1
ρ(calc.) (g cm− 3) 1.560 1.458 1.412 1.589
Absorption coeff. (mm− 1) 1.063 1.081 0.993 2.718
F(000) 630 574 506 558
Reflections collected 8825 20,741 5179 18,385
Goodness-of-fit on F2 1.042 1.049 1.109 1.047
Final R index [I > 2σ(I)] 0.0498 0.0427 0.1050 0.0502
wR2 [I > 2σ(I)] 0.1306 0.1149 0.2389 0.1299

Table 2  Selected interatomic distances and angles of complexes 1–4
interatomic distances Å

1 2 3 4
Cu(1)-O(1) 1.959(2) 1.9711(18) Cu(1)-O(1) 1.979(4) 1.957(3)
Cu(1)-O(2) 1.959(2) 1.9802(18) Cu(1)-O(2) 1.973(4) 1.967(3)
Cu(1)-O(6) 1.963(2) --- Cu(1)-O(4) 1.959(4) 1.966(3)
Cu(1)-O(5) 1.967(2) 1.9584(18) Cu(1)-O(5) 1.974(4) 1.973(3)
Cu(1)-O(9) 2.138(2) --- Cu(1)-N(1) 2.172(5) 2.187(3)
Cu(1)-O(7) --- 2.1623(17) Cu(1)-Cu(1) 2.619(5) 2.639(10)
Cu(1)-O(4) --- 1.9767(18)
Cu(1)-Cu(1) 2.639(9) 2.671(13)
Interatomic Angles (o)
O(1)-Cu(1)-O(4) --- 89.31(8) O(1)-Cu(1)-O(2) 166.84(16) 168.02(11)
O(1)-Cu(1)-O(2) 167.72(10) 168.79(7) O(4)-Cu(1)-O(2) 89.15(19) 88.82(12)
O(4)-Cu(1)-O(5) --- 168.66(7) O(1)-Cu(1)-O(4) 89.7(2) 89.29(12)
O(9)-Cu(1)-O(5) 96.33(9) --- O(2)-Cu(1)-O(5) 88.33(19) 89.41(12)
O(1)-Cu(1)-O(6) 89.55(12) --- O(1)-Cu(1)-O(5) 89.8(2) 90.01(12)
O(1)-Cu(1)-O(5) 89.76(12) 89.62(9) O(4)-Cu(1)-O(5) 166.80(16) 168.12(11)
O(2)-Cu(1)-O(5) 88.41(12) 89.37(9) O(4)-Cu(1)-N(1) 93.89(18) 95.48(12)
O(6)-Cu(1)-O(5) 167.73(10) --- O(2)-Cu(1)-N(1) 95.92(17) 98.46(12)
O(1)-Cu(1)-O(9) 96.95(9) --- O(5)-Cu(1)-N(1) 99.27(18) 96.40(12)
O(2)-Cu(1)-O(9) 95.32(9) --- O(1)-Cu(1)-N(1) 97.24(18) 93.50(12)
O(6)-Cu(1)-O(9) 95.91(9) ---
O(5)-Cu(1)-O(7) --- 97.57(7)
O(1)-Cu(1)-O(7) --- 94.86(8)
O(4)-Cu(1)-O(7) --- 93.76(7)
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Fig. 4  Absorbance spectra of com-
plexes 1–4 in the absence of DNA 
(upper most peak designated as a) 
and presence of 10, 20, 30, 40, 50, 
60, 70 and 80 µM DNA (designated 
as b-i) showing decrease in absor-
bance with the addition of DNA

 

Fig. 3  Absorption spectra of 
complexes 1–4 at various time 
intervals
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the added molecule successfully replaces the EtBr and gets 
inserted into the DNA strand, the emission intensity of the 
EtBr will be reduced since the quantity of the DNA-bound 
and emissive EtBr has been reduced. On successive addition 
of the synthesized complexes 1–4 to the solution contain-
ing DNA-EtBr adduct, its emission intensity was reduced 
on each addition. This showed that the complexes are able 
to compete successfully with EtBr for intercalation into the 
DNA base pairs as shown in Fig. 7 for complexes 1–4. This 
technique indicated that the complexes are more potent 
intercalators than EtBr and that the mode of binding of the 
complexes with DNA is intercalation as deduced from the 
previous techniques.

DNA-Binding Study Using Cyclic Voltammetry

Change in the concentration of an electro-active compound 
can be followed by cyclic voltammetry where the resulting 
current is changed with change in concentration. In this con-
text, cyclic voltammograms of the complexes were recorded 
before and after adding variuos quantities of DNA. The 
voltammograms did suffer deminution in current on addi-
tion of DNA which indicated binding with the complexes 
as shown in Fig. 8. The diminution in current of the com-
plexes on addition of DNA was used to calculate the binding 
constant of the complexes with DNA using plots shown in 
Fig. 9. The results of the four techniques on DNA-binding 
study are in harmony with each other.

concentration of DNA vs. the relative absorbance value as 
shown in Fig. 5 and the Kb value was calculated from the 
slope to intercept ratio of the plot. The Kb values calculated 
were 1.85, 2.05 and 1.88 and 1.92 × 104 M− 1, respectively 
for complexes 1–4. Similar DNA binding potency was 
observed for other copper complexes as well [26].

DNA-Binding Study Using Viscometry

The viscosity of DNA is sensitive to its strand length; lon-
ger strains have higher viscosity than shorter strands. Planar 
molecules are able to intercalate between base pairs of DNA 
double strands which will lengthen the DNA strand result-
ing in higher viscosity [23, 24]. When the complexes 1–4 
were added gradually to the DNA solution, the viscosity of 
DNA solution increased steadily as seen in the Fig. 6. This 
also indicated the intercalative mode of complexes with 
DNA. The same mode was indicated by UV-Visible spec-
troscopy as well.

DNA-Binding Study Using Spectrofluorimetry

Ethidium bromide (EtBr) is a potent intercalator into the 
DNA-base pairs. It has high emission intensity in DNA-
bound form while in free state its emission intensity is 
quenched by the buffered solvent medium. If another mol-
ecule competing for intercalation into the DNA-base pairs 
is added to the solution containing DNA-EtBr adduct, it will 
compete with EtBr and will tend to replace the later [27]. If 

Fig. 5  Plots of 1/[DNA] vs. Ao/
(A-Ao) for the calculation of the 
binding constants of complexes 
1–4
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Fig. 7  Decrease in fluorescence 
intensity (indicated by the down-
ward headed arrow) of ethidium 
bromide in the presence of 10, 
20, 30, 40, 50, 60, 70 and 80 µM 
complex added to the solution 
containing DNA-EtBr adduct. A-D 
correspond to spectra of complexes 
1–4

 

Fig. 6  Plots of the ratio of molar 
concentrations of complex/
DNA vs. relative viscosity for 
complexes 1–4
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Conclusion

Four new carboxylate complexes of copper(II) (1–4) have 
been synthesized with substituted phenyl acetic acids and 
pyridine. These were characterized using UV-Visible and 
FTIR spectroscopy and single crystal XRD. The FTIR 
study showed the bands which indicated their synthesis and 
attachment of ligands to copper ion. The complexes have 
been explored for the DNA-binding activity studied by UV-
Visible and fluorescence spectroscopy, cyclic voltammetry 
and viscometry. All the four techniques yielded coherent 
results of the activity. This indicated facile and potent DNA-
binding activity of the synthesized complexes. This prelimi-
nary study showed that the synthesized complexes can add 
to the existing treasury on the paddlewheel complexes.

Fig. 8  Cyclic voltammograms of 
complexes 1–4 (A-D) in the absence 
of DNA (upper most voltamogram 
designated as a) and presence of 15, 
25, 35 and 45 µM DNA (designated 
as b-e) showing decrease in absor-
bance with the addition of DNA
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