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ABSTRACT 
Synthesis of square planar copper (II) complex with formula [Cu (DMAP)2(NCS)2] (1)  (DMAP =N,N-dimethyl-4 
aminopyridine) was done and characterized by various spectroscopic and single-crystal X-ray diffraction study. Complex 
1 crystallizes in the monoclinic space group, P 21/c, with cell dimensions a = 6.066(2), b = 10.702(4), c = 14.561(5) 
Å, a = 90 b = 93.11(2) and c = 90. The electron transfer mechanism of copper (II) complex was measured by cyclic 
voltammetry and indicate copper (II) complex is the Cu(II)/Cu(I) couple. The electronic structure and spectral 
properties of the complex-1 has been explained by density functional theory (DFT) and time dependent density 
functional theory (TDDFT) calculations. In-vitro, human serum albumin (HSA) binding was also carried out using 
absorption and fluorescence technique, which showed considerable binding affinities of the complex with HSA. Again we 
report the synthesis of copper complex-HSA microcrystals. The complex has been screened for antimicrobial activity by 
agar disk diffusion and minimum inhibitory concentration (MIC) strain against some pathogenic bacteria.  
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1. INTRODUCTION  
Copper is now recognized as an essential trace element 
and third most abundant in humans, which is present in 
the liver [1], and brain [2] with the highest 
concentrations in low levels in comparison to other 
organs. The general bioavailability and metabolic fate of 
dietary Cu in humans are well understood. However, it 
is toxic at higher concentration, for example, the 
accumulation of Cu2+ in the liver and kidney may cause 
Wilson’s disease [3], dyslexia, hypoglycemia and infant 
liver damage [4-6], gastrointestinal disease. Cu(II) 
complexes displays a variety of coordination numbers 
and geometries forms with different kinds of 
applications. Geometries of such types of Cu(II) 
complexes are octahedral, square pyramidal or trigonal 
bipyramidal and tetrahedral or square planar [7]. 
Human serum albumin (HSA) is the main components 
in plasma protein for humans. It is constructed by three 
structurally homologous domains (I, II and III), each 
subdomains containing A and B. Ligands containing 
heterocyclic and aromatic compounds are bind hydro-
phobic pockets in subdomains IIA and IIIA, described as 
site I and site II [8]. The most significant functions of 

serum albumins are to control the osmotic pressure [9] 
and pH of blood and to transport an extensive variety of 
endogenous and exogenous com-pounds, as well as 
drugs and nutrients, mostly through the formation of 
noncovalent complexes at specific binding sites [10]. 
HSA frequently increases the noticeable solubility of 
hydrophobic drugs in plasma and modulates their 
delivery to cell in vivo and in vitro. Thus, it is essential to 
study the interactions of drugs with serum albumin, 
which determines the pharmacology and pharma-
codynamics of drugs.  
In the present work, we report the interaction between 
copper complex and HSA under physiological 
conditions by spectroscopic methods. Meanwhile the 
optical waveguide properties of copper complex-HSA 
microstructures measured by optical and fluorescence 
microscopy study. Since the compound is strongly 
bound with protein, we investigated the antibacterial 
activity by agar disk diffusion method and minimum 
inhibitory concentration (MIC) strain against two 

Gram‐positive bacteria (Bacillus cereus and Staphylococcus 

aureus) and two Gram‐negative bacteria (Vibrio cholera, 
E. coli). 
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2. MATERIAL AND METHODS 
2.1. Reagents and Instruments 
Chemicals and reagents are used in this report were 
obtained from commercial sources and used as received. 
Doubly distilled solvents are used for chemical 
reactions. Perkin Elmer model 2400 elemental analyzer 
was used for the elemental (C, H, N) analyses. Varian 
atomic absorption spectrophotometer (AAS) model-
AA55B, GTA using graphite furnace applied for copper 
analysis. Shimadzu UV-1800 spectrophotometer and 
Fluorimeter (Hitachi-7000) are used for electronic 
absorption spectra and fluorescence spectra 
respectively. Perkin-Elmer FT-IR model RX1 spectro-
meter was used for IR measurement. The magnetic 
susceptibility was measured by using a vibrating sample 
magnetometer PAR 155 model at room temperature. 
Systronics conductivity meter 304 model used for molar 
conductances (M) mesurement. Electrochemical 
measure-ments were performed using computer-
controlled CH-Instruments (Model No- CHI620D). 
Optical micros-copy images were taken using an Nikon 
Eclipse LV100POL upright microscope equipped with a 
12V-50W halogen lamp. 
 
2.2. Synthesis of [Cu(DMAP)2(NCS)2] (1) 
To prepare the copper (II) complex, a general process 
was followed as described below, using copper (II) 
acetate and the DMAP in (1:2) molar ratio. A 
methanolic solution of DMAP (2.0 mmol) was mixed 
with 1.0 mmol of copper (II) acetate with stirring 
condition and the mixture was stirred for 2 h. After that 
an aqueous solution of ammonium thiocyanate (0.154g, 
2 mmol) was added to this clear solution with nonstop 
stirring for 30 min. The solid product was collected and 
dried. A deep green single crystal, suitable for X-ray 
diffraction, was obtained after few weeks by slow 
evaporation of a DMF solution of this green compound 
in open atmosphere. 
Complex 1: C16H20CuN6S2: Yield 80-85%;  Anal.Found; 
C,45.28; H, 4.62; N, 19.81; Cu, 14.97; Calc: C, 
45.12; H, 4.56; N, 19.62; Cu, 14.51. IR data (KBr, 

cm-1): SCN, 2096; C=N, 1618; N-CH3, 1227. m.p. 

210±1ºC. Magnetic moment (, B.M.): 1.82. 

Conductivity (Λo, ohm-1 cm2 mol-1) in acetonitrile: 134. 
 
2.3. Synthesis of copper complex-HSA 

microrods 
The synthesis of copper complex-HSA microrods as 

described below, 6μM HSA and 20μM compound are 

dissolved in 80 µL of phosphate buffer solution of pH 
7.4. At room temperature, the mixture was incubating 
for 1h with shaking. Incubation was followed with 
centrifuged at1000 rpm for about 40 min, which allows 
the exclusion of any unbound protein molecule. In 
buffer (pH 7.4), negative ions of HSA molecules 
attached with copper(II) complex by columbic 
interaction and weak non-covalent interaction produces 
microrods. 
 

2.4. Theoretical methodology 
All molecular calculations were performed in the gas 
phase using Density Functional Theory (DFT) using the 
hybrid functional B3LYP (Becke three-parameter Lee-
Yang-Parr) exchange correlation functional with 6-31G 
basis set. The lanL2TZ(f) basis set with useful core 
potential was applied for the Cu atom [11]. The 
vibrational frequency calculations were observed to 
make sure that the optimized geometries represent the 
local minima and that there is only positive eigen values. 
Vertical electronic excitations based on B3LYP 
optimized geometries were computed using the time 
dependent density functional theory (TDDFT) 
formalism in acetonitrile using a conductor-like 
polarizable continuum model (CPCM) [12, 13]. All 
calculations were carried out using the GAUSSIAN 09 
program package with the aid of the Gauss View 
visualization program [14]. 
 

2.5. Crystallographic analysis 
The Single X-ray crystal structure study of copper 
complex was carried out by collecting the diffraction 

data using MoKα radiation (λ= 0.71073 Å) at 296 K. 
The data were corrected for Lorentz and polarization 
effects and empirical absorption corrections were 
applied using SADABS from Bruker. The structure was 
solved by direct methods using SIR-9211 and refined by 
full matrix least squares refinement process based on 
F2, using SHELXL-2013 [15]. All non-hydrogen atoms 
were developed anisotropically. All calculations were 
performed using the Wingx package [16]. 
 

2.6. Protein binding experiments 
Copper complex binding with human serum albumin 
was performed by fluorimetric titration. The aqueous 
solution of protein was titrated by addition of the 
proper concentration of copper (II) complex solution 
(to give a final concentration of 4.8 × 10−6 mol L−1). 
For every addition, the solution mixture was shaken and 
allowed to stand for 30 minute and then the 
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fluorescence intensities were measured with an 
excitation wavelength of 278 nm. 
 
2.7. Antimicrobial Screening 
The DMAP and synthesized compound were used for 
their antibacterial activities in vitro against two gram 
negative (Vibrio cholera, E. coli) and two gram positive 
(Bacillus cereus, Staphyloccus aureus) pathogenic bacteria. 
The test compound and standard antibiotics are 
dissolved in DMF solvent. The compound and standards 
were added to the agar plates and incubation of the 
plates was done at 37ºC for 24 hours [17]. The 
inhibition zone was measured, and then compared to 
the standard antibiotics. Finally minimal inhibitory 
concentrations (MIC) of the compounds were 
determined by the agar diffusion assay. 
 
3. RESULTS AND DISCUSSION 
3.1. Synthesis and X-ray crystal structure of 

complex-1 
The compound was prepared by using a methanolic 
solution of DMAP with copper acetate in 2:1 mole ratio 
then ammonium thiocyanide was added at stirring 
condition. The copper compound was characterized by 
physicochemical and spectroscopic tools and finally the 
structure was established by single crystal X-ray 
crystallography. The complex conductivity measure-
ment in acetonitrile shows conductance values of 134 

(Λo, ohm-1 cm2 mol-1) suggest that complex exists in 
solution as non-electrolytes [18]. The molecular view of 
compound with atom labelling scheme is shown in Fig. 
1. The crystallographic data is presented in Table 1, 
bond length and bond angle are tabulated in Table 2. 
The copper complex, Cu is bound to two N-atom of 
DMAP and two N-atom of thiocyanate ion. The Cu-
Nthiocyanate {1.953(4) Å} is slightly shorter than the Cu-
NDMAP {2.022(4)Å} distance. The sum of the bond 
angles around copper (II) is 360°, representing square-
planar geometry around the copper (II) centre. 
 
3.2. Spectral characterization 
The IR spectrum of the complex 1 shows intense band 
at 1618 cm-1 and 1227 cm-1 assigned to C=N and N-
CH3 stretching frequency, respectively and the 
characteristic strong band at 2096 cm-1 indicate the 
presence of the N-bonded SCN group [19].  
The electronic spectrum of the complex in acetonitrile 
was recorded in the range 200-800 nm. The presence of 
intense absorption bands at short wavelengths, around 
362 nm, may be due to ligand to metal ion charge 
transfer bands (LMCT). The bands at 283, 256 nm may 
be assigned to intra ligand charge transfer transitions. 
The observed square planar geometries around the 
copper (II) centres confirms by using the presence of 
these UV-Vis spectral bands [20]. 

 

 
 

Fig. 1: ORTEP plot of [Cu(DMAP)2(SCN)2] with 50% ellipsoidal probability 
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Table 1: Crystallographic data for [Cu(DMAP)2 

(SCN)2] (1) 

Structure BEP 
Empirical formula C16 H20 Cu N6 S2 
Formula weight 424.07 

Temperature (K) 296(2) 
Wavelength (°A) 0.71073 

Crystal system Monoclinic 
Space group P 21/c 

Volume (°A3) 943.9(6) 

a, b, c (°A) 
6.066(2), 10.702(4), 

14.561(5) 

, ,  (o) 90, 93.11(2), 90 

F(000) 438 
Absorption coefficient (mm-1) 1.390 

Z 2 

calc (g/cm3) 1.492 

 range(deg) 2.363-22.431 
Max. and min. transmission 0.991and 0.711 

R1 [I > 2.0 σ(I)] 0.0335, 0.1276 
wR2 0.0947, 1.000 

Collected refinement 1219 
Goodness-of-fit 1.000 

 

Table 2: X-ray and calculated (DFT/B3LYP) 
bond distances (Å) and angles (0) of [Cu(DM 
AP)2(SCN)2] (1) 

Bond Length(A0) 
Single crystal 

XRD data 
[B3LYP/ 

631G] 
Cu(1)- N(3) 1.953(4) 1.956 
Cu(1)- N(2) 2.022(4) 2.046 
N(3)- C(3) 1.350(5) 1.362 
N(3)- C(1) 1.442(6) 1.449 
N(3)- C(2) 1.450(5) 1.462 
N(2) –C(6) 1.334(5) 1. 347 
N(2)- C(5) 1.342(6) 1.352 
S(2) –C(8) 1.641(5) 1.651 

Bond Angle(0) 
N(3)- Cu(1)- N(3) 180.0 180.0 
N(3)- Cu(1)- N(2) 89.67(15) 90.326 
N(2)- Cu(1)- N(2) 180.0 180.0 
C(3)- N(2)- C(2) 121.8(4) 121.86 

C(6)- N(2)- Cu(1) 122.6(3) 122.63 
C(5)- N(2)- Cu(1) 121.9(3) 122.63 
C(3)- N(3)- C(1) 121.6(4) 121.77 

 

3.3. TDDFT calculation and electronic spectra 
The frontier orbitals of HOMO and LUMO of the 
ligand are given in Fig. 2. The HOMO orbital of 
compound is distributed on aromatic and thiocyanate 
group, whereas the LUMO orbital charge distributed on 
pyridine group through copper [21]. The HOMO-

LUMO gap is found to be 0.15968 eV, indicates 
requires small excitation energy. The optimized 
geometric parameters such as bond lengths and bond 
angles are listed in Table 2 along with single crystal X-
ray data. As seen there was minor variations from 
experimental data are observed in optimized bond 
lengths and bond angles. These differences are due to 
the theoretical calculations belong to isolated molecule 
in gaseous phase while the experimental results belongs 
to molecule in solid state. 
 

 
 

Fig. 2: HOMO and LUMO orbitals of copper 
complex 1 obtained from DFT 
 

To simulate the experimental electronic spectra of the 
complex TDDFT calculations have been performed in 
acetonitrile given in Table 3. To get deep nearby into 
the electronic transitions, TDDFT calculation on the 
optimized geometry of the complex has been 
performed. The strong peak at 362 nm has LMCT 
transition and in addition, the other transition at 283 
and 256 nm have mixed LMCT and ILCT character. 
 

3.4. Electrochemistry 
The electrochemical studies of the copper (II) complex 
was illustrated by cyclic voltammetry using a Pt-disk 
working electrode and a Pt-wire supporting electrode in 
dimethyl formamide using [n-Bu4N]ClO4 (0.1 M) as the 
supporting electrolyte. The cyclic voltammograms 
exhibit quasi-reversible transfer process with a 
reduction peak at Epc = 0.1271V with a corresponding 
oxidation peak at Epa = 0.4773V for copper complex at 
a scan rate interval 50-400 mV s-1 [22]. This electrode 
potential data indicates copper (II) complex is the 
Cu(II)/Cu(I) couple given in Fig. 3. The ratio of 
cathodic to anodic peak height was less than one. On the 
other hand, the peak current increases with the increase 
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of the square root of scan rates. From these data 
indicates the redox couple is interconnected to a quasi-

reversible one-electron transfer route controlled by 
diffusion. 

 

Table 3: Vertical excitation energies (Eex), oscillator strengths (f), and Key transitions obtained from 
TDDFT calculations of Cu-complex 1 

Eexcitation(eV) excitation(nm) Osc. Strength(f) Key transition CI exp(nm) 

2.1580 574.52 0.000 HOMO-2LUMO 0.68906 

362 

2.4361 508.94 0.000 HOMOLUMO 0.31135 

2.4570 504.61 0.000 HOMO-9LUMO 0.53918 

2.8599 433.52 0.0019 HOMO-1LUMO 0.99262 

2.9544 419.67 0.000 HOMO LUMO 0.74539 

3.0165 411.02 0.0226 HOMO-4LUMO 0.99454 

3.1408 394.75 0.0001 HOMO-5LUMO 0.99473 

3.4590 358.44 0.000 HOMO-2LUMO 0.72335 

3.5612 348.15 0.000 HOMO-3LUMO 0.70396 

3.8653 296 0.000 HOMO-3LUMO 0.70143 
283 

4.1845 288 0.001 HOMO-3LUMO+1 0.6874 

4.5846 258 0.000 HOMO-2LUMO 0.6438 256 

 

 
 

Fig. 3: Cyclic voltammogram of complex 1 in 
DMF 
 

3.5. Proteins-HSA binding experiments 
3.5.1. Absorption characteristics of HSA-Cu (II) 

complex 1 
From absorption spectral study we saw that absorption 
of HSA increases while increasing the concentration of 
complex. The observation shows ground state complex 
formation [23]. For dynamic quenching there is no 
significant change in spectrum but in our experiment 
change in spectrum in presence of different 
concentration due to static quenching given in Fig. 4. 
Thus calculated apparent association constant (Kapp) 
from the Benesi-Hildebrand equation [24]. 
1/(Aobs – A0) = 1/(Ac – A0) + 1/ Kapp(Ac – A0)[comp] 
Where, Aobs is the observed absorbance of the solution 
containing different concentrations of the complex at 

278 nm, A0 and Ac are the absorbances of HSA and the 
complex at 278 nm, respectively, and Kapp represents 
the apparent association constant. The increase of 
absorbance at 278 nm was due to adsorption of the 
surface complex, based on the linear relationship 
between 1/(Aobs - A0) vs reciprocal concentration of the 
complex with a slope equal to 1/Kapp(Ac - A0) and an 
intercept equal to 1/(Ac - A0). The value of the apparent 
association constant (Kapp) of HSA determined from this 
plot and the values were 4.26× 104 M-1 (R = 0.9648). 
All the plots represent a good linear relationship. 
 

 
The concentration of complex varied from (A) 0.0 to (I) 3.28 × 10-6 

ML-1. Arrow indicates an increase in the concentration of complex. 
 
Fig. 4: Electronic spectral titration of complex 1 
with HSA in the presence of phosphate buffer, 
pH 7.4 



 

                                                                             Patra et al., J Adv Sci Res, 2021; 12 (1): 200-207                                                                    205                                                         

Journal of Advanced Scientific Research, 2021; 12 (1): Feb.-2021 

3.5.2. Fluorescence quenching of HSA by the Cu 
(II) complex 1 

The fluorescence property of protein mainly originates 
from the presence of tryptophan, tyrosine and 
phenylalanine residues. When it interacts with other 
compounds, its intrinsic fluorescence often changes with 
the ligand’s concentration. Therefore, fluorescence can 
be regarded as a technique for study the mechanism of 
interactions among the ligands and proteins [25]. The 
fluorescence of HSA is quenched by complex-1 as seen 
in Fig. 5. 

 

 
The concentration of complex varied from (A) 0.0 to (L) 3.28 × 10-6 

ML-1. Arrow indicates an increase in the concentration of complex. 

 
Fig. 5: Change in fluorescence spectra of 
complex 1 with HSA, excited at 278 nm in the 
presence of phosphate buffer, pH 7.4. 

 
Additionally, a little blue shift of fluorescence peak was 
observed with increasing complex concentration, which 
suggests that the fluorescence chromospheres of HSA 
was placed in a more hydrophobic environment after 
the addition of copper complex-1. The fluorescence 
quenching is described by the Stern–Volmer relation 
[26] 

F0/F = 1 + Ksv[Q] 
Where, F0 and F represent the fluorescence intensities 
in absence and presence of quencher respectively. Ksv is 
a linear Stern-Volmer quenching constant, Q is the 
concentration of quencher [27]. The Ksv value evaluated 

from the plot of F0/F versus [Q] and the Ksv is 3.60  
105 M-1 (R=0.9789). The Stern-Volmer plot represents 
(Fig. 6) a good linear relationship and demonstrating a 
strong affinity of the copper (II) complex to HSA. 

 
 
Fig. 6: Plot of Fo/F against [Compound] in case 
of fluorescence quenching of HSA in phosphate 
buffer, pH 7.4. 
 

3.6. Analysis of binding constant and binding 
Site 

Number of binding sites can be considered from 
fluorescence titration data using the subsequent 
equation [28] 

log [(F0 - F)/F] = logKb + nlog[Q] 
Kb and n is the binding constant and binding site of Cu 
(II) complex. From the experimental results, the linear 
fitting plots of log [(F0 - F)/F] versus log[Q] can be 
observed. The corresponding Kb (= 3.28×105) and n (= 
0.9852) values, estimated from the slopes and 
intercepts of the linear plots, correspondingly. The 
number of binding sites n is roughly equals 1, signifying 
that there is one binding site (static or dynamic) in HSA 
for complex-1 for the period of their interaction. 
 
3.7. Fluorescence microscopy study of Copper 

complex with HSA molecules 
The fluorescence microscopy studies a valuable tool to 
investigate the optical waveguide properties of copper 
complex-HSA micro structures. The bluish green and 
yellowish-green micro-rods were clearly observed by 
using fluorescence microscopy shown in Fig. 7. Upon 
excitation with UV and blue light sample shows rod 
shaped particles with bluish green and yellowish-green 
luminescence respectively. In solution phase, the copper 
complex are entered into the HSA microparticle and 
possibly to be distributed randomly confirmed by 
luminescence property.  It is thought that for the period 
of the development of the doped microparticles, 
hydrophobic and π-π interactions induces the 
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aggregation process of HSA and copper complex 
molecules into microrods [29]. The Fluorescence 
intensity also increases upon high dilution on HSA 
molecules. The uniform microrods exhibited yellowish-
green emission with very bright luminescence spots at 
both tips and comparatively weaker emission from the 
bodies of the rods, which is an important feature of an 
optical waveguide property. This optical property also 
allied to the single-crystalline character and the strong 
fluorescence emission activities of the copper complex-
HSA microrods. 
 

3.8. Antibacterial activity 
The in vitro biological properties of the complex were 
tested against pathogenic bacteria by the agar disc 
diffusion method. In Fig. 8, the minimum inhibitory 
concentration (MIC) values of the compounds are 
briefly described.  A relative study of the DMAP and its 

complex (MIC values) indicates that complex 
demonstrate higher antimicrobial activity than the free 
DMAP [30]. The increased activity of the metal chelates 
can be explained by overtone concept and the Tweedy 
chelation theory. According to Overtone’s concept of 
cell permeability, the lipid membrane that surrounds 
the cell opens the route of only the lipid soluble 
materials. That lipophilicity is a vital aspect, which 
controls the antimicrobial activity. Due to the overlap of 
the DMAP orbital and partial sharing of the positive 
charge of the metal ion, the polarity of the metal ion 
will be reduced to a greater extent which increased 
lipophilicity [31]. Therefore the penetration of the 
bacterial cell membranes and blocks the metal binding 
sites in enzymes of microorganisms and restricts further 
growth of the microorganisms and as a result 
microorganisms die. 

 

 
Rod shaped particles shows with bluish green and yellowish-green luminescence excitation with UV and blue light respectively. 

 
Fig. 7: Fluorescence microscopy image of Copper complex with HSA microrods. 

 

 
 

Fig.  8: MIC (minimum inhibitory concentration in μg/mL) values of DMAP and synthesized 
compound. 
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4. CONCLUSIONS 
Synthesized square planar copper (II) complex was 
characterized by spectroscopic and single crystal X-ray 
crystallographic methods. The electronic spectrum of 
the compound has been interpreted by TDDFT 
calculations. The binding mechanisms suggested that the 
Cu (II) complex bind with HSA through a static 
quenching mechanism. Synthesis of Cu (II) complex 
with HSA microcrystals, which might be introduced as 
the building block for novel optoelectronic devices. The 
antibacterial screening confirmed that copper (II) 
complex is good biologically active. 
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