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ABSTRACT

In this work, the nature of complexation between copper and N',2-bis((E)-2- hydroxybenzylidene)
hydrazine-1-carbothiohydrazide (a promising metal sensing Schiff base with a marked biological
activity) (H,L) has been investigated and experimentally characterized. The investigation includes
spectroscopic tools as infrared spectra (FT-IR), XRD, thermal analysis (TG) Raman spectra, UV-Vis,
in addition to cyclic voltammetric study. Quantum chemical calculations using density functional theory
(DFT) used to predict the structural properties of the complex under investigation and to aid in the
explanation of the electronic spectra of the complex. In addition to that, the Molecular docking for
the complex under investigation with the 2ylh target protein have been conducted in order to check

the biological activity of the complex.
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INTRODUCTION

Organic dyes are an important class of
compounds that attracts much interest because of its
wide applications particularly in biotechnology and
medical diagnostics'2. The structures, spectroscopic
properties and chemical reactivates of these dyes
are different in many aspects. Schiff base ligands
in metal complexes show wide applications in
chemistry. Carbothiohydrazide is a member of
a well-known class of compounds that possess
high biological and coordination ability due to the
presence of several heteroatoms as N, O and S
atoms®®. Cations play an important role in many

biological processes. In some cases, the absence
of these cations in the human body or its overdoses
is known to have some effects for specific diseases.
Copper is the third most abundant heavy metal
coming after iron and zinc. Excess copper is toxic
and can cause neurodegenerative diseases, like
Alzheimer’s and Wilson’s disease®1™°.

Because of the above mentioned, search
for different methods for the quantitative analytical
procedure for the determination of copper have
been motivated'''®. The analytical determination
of Cu® metal ion in biological and environmental
systems'®-20, has attracted considerable attention
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for many scientists. Among them, colorimetric
and electroanalytical methods have become of
a great importance due to their high selectivity,
sensitivity, and adaptability?"?8. The binding mode
between ligand and metal ion will be evaluated
by DFT calculations. The time-dependent density
functional theory (TD-DFT) approach along with
the polarizable continuum model (PCM) has been
extensively used to assess UV-Visible spectra for
metal complexes. In this work, we report the redox
properties as well as cation sensing behavior of
absence and the presence of Cu?* consequently to
check the feasibility of carbothiohydrazide-based
Schiff base as an electrochemical sensor for metal
ions. Docking study of ligand Schiff base and the
Cu-complex under investigation in this study toward
the 2ylh target protein will be investigated.

EXPERIMENTAL

Materials and instrumentation

All chemicals used in this study were
of analytical grade quality, and used as received
without further purification. UV—Vis absorption
spectra were recorded with a Shimadzu UV-240
spectrophotometer using quartz cells with 1 cm
optical path length in DMSO as a solvent. The Schiff
base ligand, N’,2-bis((E)-2-hydroxybenzylidene)
hydrazine-1-carbothiohydrazide (H,L), (Fig.1) usedin
this study was prepared as reported previously®.
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N'.2-bis((E)-2-hydroxbenzylidene) hydrazine-1-carbothiohydrazide
Fig.1. Structure of N’,2-bis((E)-2-hydroxybenzylidene)
hydrazine-1-carbothiohydrazide (H,L)

Copper salt used as commercially available
from Sigma-Aldrich. The copper complex is
synthesized where the Schiff base ligand is added to
the metal salt (copper chloride (CuCl,.2H,0)) in 1:1
ratio, where 1mmol (0.3144 g) of ethanolic solution
of the ligand drop wisely added to 1 mmol (0.1705
gm) of Copper salt and refluxed for 3-4 hours. The
precipitate was then filtered and dried.

The X-ray diffraction patterns (XRD) were
obtained on Pikagu diffractometer using CuKa

radiation. The infrared spectra, as KBr discs, were
recorded on JASCO FT-IR-4100 Spectrophotometer
(400-4000 cm"). Raman spectra were recorded on
Brucker Raman microscope (sientera) in the range
from 100-4000 cm. Shimadzu thermogravimetric
analyzer equipment used in thermal analysis of
the complex at a heating rate of 10°C min' under
nitrogen in a temperature range of 20-900°C.

Electrodes

Alumina powder (down to 0.06 ym) was
used to polish the polycrystalline gold (poly-Au)
electrode (1.6 mm in diameter) which is then rinsed
with water followed by 10 min sonication in bidistilled
water. In addition to that, the electrode is pretreated
electrochemically in 0.05 M H,SO, solution saturated
with N,,. The potential was then scanned in the ranges
of —0.2t0 1.5V vs. Ag/AgCI (KCl sat.) at 100 mV s
for 10 min to check the CV for the Au electrode as
obtained in Figure 2.
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Fig. 2. Cyclic voltammtery of a clean Au electrode

Computational details

To further evaluate the selectivity of the
different sites of the ligand (H,L) and investigate
the complex formation of Cu?* complex under
investigation, DFT method of calculations with
(B3LYP) exchange-correlation functional level
of theory was carried out using the Gaussian09
package. The ligand as well as the 1:1 species
were optimized applying the B3LYP/6-31G(d)
level of theory for C, H, O, N, S atoms, while the
LANL2DZ basis set has been applied for the
copper atom without any symmetry constrains and
with default convergence criteria. The structure
of the complex under investigation has been
checked to be a minimum with the absence of
imaginary frequencies. All the calculations have
been performed using GAUSSIAN 09 software.
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Time dependent density functional level (TDDFT)
calculation was conducted, based on the optimized
geometries, applying the B3LYP/GEN level of
theory in DMSO as a solvent with the polarizable
continuum model (PCM) in order to calculate the
vertical electron transition energies.

Molecula docking

Molegro Virtual Docker (MVD) program?®-3!
was used for Molecular docking procedure for the
ligand and the cu-complex with the protein (2ylh,
DOI: 10.2210/pdb2YLH/pdb). The cavity with the
binding site for docked ligand and complex crystal
structure of the protein was performed by applying
the grid-based cavity prediction algorithm in which
minimization of the protein residues active sites were
achieved. Torsion angles in the side chains were
modified during the minimization proecess while all
other properties were held fixed. For each docking
procedure, 10 independent runs were conducted.
The the lowest (negative) energy poses was taken
as the best-scoring one based on the MolDock Score
and Rerank Score.

RESULTS AND DISCUSSION

Characterization of Copper complex in solid
feature

The Cu(ll) complex was synthesized
using Schiff base (C,,H,,O,N,S) in its solid feature
to give an insight about the interaction behavior
which may serve to visualize the solution condition.
The following discussion will be focused on the
results of characterization of the solid complex

using different tools.

IR and Raman spectra

The assignment has been made by an
analysis of the normal modes. Since the complex
posses 114 vibrational degrees of freedom, only the
predominant bands, for which experimental data are
available, would be discussed. The O-H bond in the
spectra of the complex is masked by the presence
of the coordinated water showing absorbance at the
3443 cm'. The absence of the deprotonation of the
N-H and consequently its absence in the complex
formation is observed based on the appearance of a
peak at 3201 cm in the spectra of the complex. The
C—H stretching modes in the phenyl ring vibrations
appear in the region 3100-3000 cm™'32. The absence
of any band in 2500-2800 cm" in the region of the
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IR and Raman spectrum (Fig. 3) of the ligand infers
that the thiol tautomer is absent in the solid phase®.
This is also confirmed by the presence of a strong
peak in both the ligand and complex spectra around
1185 cm™ assigned to the C=S stretching mode.
Moreover, an unshifted peak at 821 cm™, could be
assigned in both the ligand and the complex spectra
as C=S bending mode that give another confirmation
for the absence of the C=S in the complex formation.
A splitted peak appears on the 1620 cm-' region in
the ligand spectra could be assigned to a C=C bond
stretch with a contribution from the bending mode of
the H,O coordinated to the metal ion. Coordination
of the C=N group assigned at 1539 cm' causes the
strong peak to be shift and decrease in intensity
confirming the participation of the Nitrogen atom
in the complex formation with the copper ion. The
coordination through oxygen atom was confirmed by
the appearance of a new peak due to Cu-O in the
range 530-510 cm™. The band assigned for v (Cu-N)
appears in 450- 440 cm™ range in the Raman spectra
of the complex3+3,

s

»

Fig. 3. Mid IR spectra (2000-200 cm™")

(A), Raman spectra (2000-200 cm™') (B)
Thermal Analysis (TGA and DTG) investigations

The thermogravimetric analysis (TGA)
curve of the complex displays three degradation
stages. The first one starts at 45°C till 400°C and
attributes to the loss of one water molecules by
4.71% (calcd. 4.58%) weights. The two follower
stages corresponding to successive endothermic
degradation till 789°C as inferred from the derivative
thermogravimetric analysis (DTG) (Fig. 4). As
inferred from these results, the thermal stability
of the complex formed could be attributed to the
coordination of the metal ion to the ligand®. The
foregoing results confirmed the square pyramidal
coordination around the copper atom.
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Fig. 4. (A) TGA, (B) DTG analysis for the complex

XRD studies

X-ray diffraction analysis patterns for the
solid complex were carried out in the diffraction
angle (0) range of 10°< 26 < 90° degrees (Fig. 5).
The most prominent intensity peak (20 (13.88°))
with relative intensity (1000%) was used with
a full width at half maximum (FWHM) (0.4148)
to evaluate the crystalline size by applying
Deby—-Scherrer equation®. The crystal size of the
complex particles was found to be 3.596 nm. Bragg
equation: nA = 2dsin(06) was used to calculate
to calculate, (at n = 1), the inner crystal plane
d-spacing value (d = 3.211).
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Fig. 5. XRD of Cu(ll) complex

Experimental patter: (r 32)

Cyclic voltammetery

The response of the blank is featureless; it
presents just the charging current. Upon adding, the
ligand to the blank, the response is negligible (Fig.
6 a) indicating that the ligand is electrochemically
inactive within the studied potential range. In the
presence of copper (Fig. 6 curve c) the anodic peak
is obtained at 0.34 V, coupled with a redox peak
coupled at 0.32V, probably corresponds to the Cu?*/
Cur couple (Figure 6).
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Fig. 6. Cyclic voltammetric behavior of (a) (100 pL ligand +
500 mL 0.5 M KCI), (b) (100 pL Cu?* + 500 mL 0.5 M KCI) and
(c) (100 pL ligand +100 pL Cu? + 500 ml 0.5 M KCI)

Interestingly in the presence of similar
copper concentrations along with ligand, coexisting
together, the copper response significantly
increased indicating some interaction between
the ligand (Fig. 6) which is likely to be a complex
formed. This gives an indication of the possible
use of this ligand as a reagent in electrochemical
determination of copper in solution.

The onset potentials of the cyclic
volatmmety could be used to determine the
HOMO energy level of the copper complex under
investigation applying the following relation:

Epomo = ~(E,+4.4) eV, where E,, . is the
HOMO energy level, and the electrode potential
value are vs. SCE as the reference electrode. The
E, oo €stimated from the cyclic volatmetery, using
E,, onset of 0.2254 v, would be -4.625 v. This value
is in good agreement with that obtained theoretically
(-5.5974 ev).

Geometry and structural parameters of the
complex

Considering the geometry of ligand
(Fig. 7), the two phenyl rings and the heteroatom
of the thiosemcarbazide moieties are not in
the same plane. Hence, with this geometry, it
facilitates the bonding to Cu?*, where by this
atomic orientation the ligand molecule shows a
considerable rotation and flexibility.
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Fig. 7. Optimized structure of the Ligand showing atomic
numbering as obtained from DFT/B3LYP/6-31G (d)
calculations

Figure 8 shows the optimized 1:1 copper
complex under investigation along with the atomic
numbering. The optimized geometries computed
for ligand and square pyramidal (1:1) copper
complex as calculated by B3LYP level of theory
are depicted in Table 1. In the copper complex,
it was found that the two diagonal angles of the
coordination sphere are in the range of 177-173°
and the four angular projections formed by the
four bonds around the copper atom are in the
range 80-90° (Table 1). The presence of a four
coordinated bonds between Cu?*and the ligand
gives a molecular system with a nearly planar
structure Hence, a well-established square
pyramidal geometry is observed for the complex
under investigation with the copper atom forming
three six—-memeberd rings that stabilize the
formed complex.

The angles around copper show slight
distortions from the normal values of square
pyramidal geometry with angles vary from lowest
87.5° to highest 91.5°. The average Cu-N bond
distance of 2.024 (Table 1) is in agreement with
the values reported for other Cu(ll)- complexes®43,
The Cu-O bond length of 1.941 A slightly shorter
than the normal range observed for the aqua
copper (1) complexes*. This semi rigid structure
indicated the suitability of the space available to
accommodate the copper metal ion. The rest of
the bonds and the angles show some variations
(Table1) according to the effect of the coordination
sphere on this parameter.
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Table 1: Selected experimental/calculated bond
length (A°) and angles for Cu-complex and ligand

Parameter Cu-complex Ligand
R(1-2) 1.380 1.389
R(1-6) 1.411 1.401
R(2-3) 1.420 1.409
R(3-4) 1.434 1.412
R(3-7) 1.428 1.480
R(4-5) 1.421 1.400
R(4-31) 1.307 1.368
R(5-6) 1.384 1.391
R(7-8) 1.308 1.292
R(8-9) 1.386 1.393
R(8-33) 2.027 -
R(9-19) 1.350 1.373
R(10-11) 1.421 1.400
R(10-15) 1.384 1.391
R(11-12) 1.434 1.413
R(11-32) 1.307 1.366
R(12-13) 1.420 1.409
R(12-16) 1.428 1.479
R(13-14) 1.380 1.389
R(14-15) 1.411 1.401
R(16-17) 1.308 1.292
R(17-18) 1.386 1.366
R(17-33) 2.022 -
R(18-19) 1.350 1.371
R(19-20) 1.707 1.677
R(31-33) 1.940 -
R(32-33) 1.942

R(36-38) 0.976 -
A(2-1-6) 118.9 119.4
A(1-2-3) 121.4 121.4
A(1-6-5) 121.2 120.4
A(2-3-4) 119.8 118.3
A(2-3-7) 117.3 118.5
A(4-3-7) 122.9 123.2
A(3-4-5) 117.4 120.3
A(3-4-31) 123.4 123.1
A(3-7-8) 127.0 129.9
A(5-4-31) 119.2 116.6
A(4-5-6) 121.3 120.1
A(4-31-33) 127.9 -
A(7-8-9) 114.3 118.1
A©-5.59 155 :
A(8-9-19) 129.1 121.7
A(8-33-17) 90.5 -
A(8-33-31) 90.7 -
A(8-33-32) 173.2 -
A(8-33-36) 109.6 -
A(9-19-18) 122.8 110.9
A(9-19-20) 118.6 124.8
A(11-10-15) 121.4 120.1
A(10-11-12) 117.4 120.2
A(10-11-32) 119.1 116.6
A(10-15-14) 121.2 120.5
A(12-11-32) 123.5 123.2
A(11-12-13) 119.8 118.4
A(11-12-16) 123.0 122.8
A(11-32-33) 128.1 -
A(13-12-16) 117.2 118.7
A(12-13-14) 121.4 121.4
A(12-16-17) 127.0 129.6
A(13-14-15) 118.9 119.4
A(16-17-18) 114.4 117.7
A(16-17-33) 124.0 -
A(18-17-33) 121.6 -
A(17-18-19) 129.0 121.7
A(17-33-31) 177.2 -
A(17-33-32) 91.1 -
A(18-19-20) 118.6 124.3
A(31-33-32) 87.5 -
A(31-33-36) 75.5

A(32-33-36) 76.3

A(33-36-37) 75.9

A(33-36-38) 75.6

A(37-36-38) 101.9
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I
Fig. 8. Optimized structure of the the Cu complex showing
atomic numbering as obtained from DFT/B3LYP calculations

The trigonality index (t) is used to predict
the geometry around Cu?* ion*. The trigonality index
could be expressed as : t = ($1-¢2)/60°, where ¢1
and ¢2 are the largest angles in the coordination
sphere. A perfect square pyramidal geometry could
be verified when © = 0, while a perfect trigonal
bipyramid geometry could be verified when 1 =
1. In our case t = (177.2°-173.2°)/60° = 0.066. A
square planar geometry could be verified in a Cu?*
complexes when the values of (1) lie in the range
0.05-0.174¢47. The obtained value for the t index for
the complex under investigation indicates a square-
based pyramidal geometry which is slightly distorted.
The basal plane contains the Nitrogen atoms and

hydroxyl oxygen atoms from the ligand where as the
coordinated oxygen from the water molecule being
on the apical position.

UV-Vis absorption spectra

Recently, TD-DFT calculations have
been approved as useful method for studying
excitation energies*®4. TDDFT calculations,
applying the B3LYP/GEN level of theory in
DMSO as a solvent, on the Cu?* complex under
investigation have been carried out in order to
aid in the assignment of the UV-Vis electronic
absorption bands obtained experimentally. The
assignment of the calculated electronic excitation
energies alongside with their oscillator compared
to the experimental transitions (xexp) are recorded
in Table 2. The electronic transitions anticipated
for the metal complexes could be one of the
following transitions based on the metal used.
d-d transition is one of these transitions and
could be observed in the range of (300-1500 nm).
In addition to that, two charge transfer bands
namely ligand to metal charge transfer transition
(MLCT) as well as Ligand to metal charge transfer
transition(LMCT) transitions could be observed in
the range (200-500 nm). Another transition known
as Intra ligand charge transfer transition (ILCT)
could be obtained in the UV region*°.

Table 2: The orbital transition contributions for some electronic transition for the L-Cu?* complex as
obtained from the TDDFT calculation.(A: Alpha, B: beta)

Excitation energy(nm) Electronic Oscillator A(nm) exp. Assignment Percent Coefficient of

Transition* strength contribution% transition

y100B - y101B 62 0.78616

791 y90B - y101B 0.0001 LMCT 27 0.51675
y87B - y101B 10 -0.31417

693 y92B - y101B 0.0005 d-d/LMCT 19 0.43447
y95B - y101B 45 0.66981

y85B - y101B 11 0.33533

v89B -101B 40 0.63336

616 y92B - y101B 0.0004 d-d/LMCT 9 -0.30071
v98B - y101B 10 -0.31158

w99B - y101B 19 0.43123

y85B - y101B 15 -0.38798

v88B - y101B 13 0.36675

577 y89B - y101B 0.0007 520 d-d/LMCT 26 0.51228
v92B - y101B 22 0.47024

y85B - y101B 11 -0.33403

482 w99B - y101B 0.0091 470 d-d/LMCT 65 0.80667
y101A - y102A 0.65757

443 y100B - y102B 0.1047 440 ILCT 43 0.69893

49
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w100A - y102A
y101A - y103A
402 w99B - y102B
y100B - 103B
y99B - y102B
390 w100A - y102A
y96B - y101B
364 y101A - y103A
y100B - y103B
w99A - y102A
337 y98B - y102B
y96A - y102A
319 y97A - y102A
y96B - y102B
303 y94B - y101B
y85B- y101B
y92B - y101B
296 y94B - y101B
y95B - y101B
y94A - y102A
w96A - y103A
277 w97A - y103A
y96B - y103B
y95A - y102A
262 y94A - y102B

0.0047

0.1882

0.1751

0.1934

0.3081

0.2127

0.1138

0.1402

0.1908

15 -0.38036

24 -0.48993

ILCT 28 0.52556

16 0.39826

30 0.54679

390 ILCT 45 0.67372
11 0.33002

360 LMCT 32 0.56369
39 0.62631

38 0.61659

ILCT 47 0.68849

16 0.39564

330 ILCT/MLCT 21 0.46116
52 0.7175

LMCT 69 0.83045

11 0.33177

13 0.36415

ILCT/MLCT 12 0.34085

39 0.62202

10 0.32107

10 0.30443

ILCT/MLCT 26 0.50621

37 0.60943

26 0.50825

ILCT 33 0.57463

*HOMO=y101, LUMO=y102 for both A(alpha) and B(beta)

Two bands were observed for the Cu-
complex at 520nm and 470 nm (Fig. 9). These
two bands resulted from [d(cu) +r(H,L)]—>[d(cu)
+n*(H,L)] electronic transition with a mixed character
of d-d/LMCT transitions.

From the TD-DFT calculations performed
at the optimized geometries of the Cu-complex,
we observed that the molecular orbitals were
found to include both Alpha and Beta orbitals
(Table 2). The electron arrangement in the
MO with the presence of single electron in the
HOMO and LUMO for the complex suggests
its paramagnetic character. In addition to that,
the two peaks obtained experimentally for the
complex were predicted at 577 nm and 482 nm
are in an excellent agreement with those observed
experimentally (Fig. 9). The oscillator strength for
these two theoretically predicted bands was 0.007
and 0.0091 respectively. The molecular orbital
that mainly contribute to the electronic transition
are depicted in Table 2. Fig.10 shows the frontier
molecular orbitals contributing to these electronic
transitions.

cu-complex predicted
cu-complex Experimental

ligand

Absorbance

T T T T
300 400 500 600 700
‘Wave length(nm)

Fig. 9. Experimental and theoretical electronic spectra
for the Cu-complex

The optical band gap (E ) calculated
from the experimental spectra for the complex
was found to be equal to 2.225 ev. This value is
in good agreement with that obtained theoretically
as the difference between the HOMO and LUMO
energies 2.399 ev. This gives an indication about
the quality of the theoretical calculation at this
level of theory and confirms the adequacy of
using the different parameters obtained from these
calculations to be compared to the corresponding
experimental ones.
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HOMO5 B

HOMO-12 B

HOMO-15 B LUMO+3 B

Fig. 10. Frontier molecular orbitals predicted for the Cu?
complex as obtained from the TDDFT/ B3LYP level of
calculation

Molecular docking

The previous results of molecular docking
study inferred that the Schiff base ligand used in
this study may bind to the active site 2ylh protein
and show a high tendency compared to some
other proteins?®. Thus, to obtain more information
on how the complex formation of this ligand with
copper could alter or affect the binding ability with
this protein (2ylh).

The Schiff base ligand used in the
preparation of the complex under investigation
contains electron donor nitrogen atoms that can
form hydrogen bonds. In addition to that, a sulfur
atom, which is doubly bonded to a carbon atom, is
an electronegative atom that is a weak hydrogen
bond acceptor®®5'. These atoms show the ability
of the Schiff base ligand to interact with the target
protein (Fig.11). Through the interaction between the
Schiff base ligand and the target protein, the binding
region in target protein (2ylh) is formed as a pocket
formed by hydrophobic amino acids chains val67,
val111 and pro114 (Table 3).In addition to that, polar
amino acids chains residues of ser66, ser68, Thr62
and GIn64 along with a charged Lys112 residue
constitutes the binding sites pocket of the protein.
A hydrogen bond of 2.848 A is formed between the
ligand and the target protein through the interaction
between the azo-Nitrogen atom with the polar GIn64
amino acid residue (Table 3).

Concerning the interaction between the
Cu-complex with the target protein (Fig.12), the
cavity amino acid residues are almost the same
as in case of that of the Schiff base ligand docking
with only one exception which is the polar ser68
amino acid replaced by the charged Asp68 amino
acid residue (Table 3). A hydrogen bond of 3.810
A is formed between the Cu-complex and the
target protein through the interaction with the polar
Thr62 amino acid residue (Table 3). The longer
hydrogen bond formed in case of the Cu-complex
and the target protein compared to that of the ligand
could be explained on basis of the bad clashes
(steric interactions) exist. These results indicate a
comparable inhibition effect of the ligand and the
Cu-complex toward the target protein.
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Table 3: Interaction energies (Rerank Score and Moldock Score) between different ligands and 2ylh target
protein

Binding sites interacting residues

Ligand Rerank score (kcal/mol)  Moldock score (kcal/mol)
Schiff base -115.125 -134.246
Cu-Complex -87.875 -116.908

val67, vali11,pro114, ser66, ser68, Thr62, GIn64, Lys112
val67, val111 ,pro114, ser66, Asp68, Thr62,GIn64, Lys112

Fig. 11. Image (A) presents the enlarged area corresponding
to the ligand Schiff base binding sites in subdomain of
2yLH target protein. (B) Ribbon model of 2ylh target protein
with detected binding site for ligand Schiff base

.'Gmﬁd
&y
. .

Fig. 12. Image (A) presents the enlarged area corresponding
to the ligand Cu complex binding sites in subdomain of 2ylh
target protein. (B) Ribbon model of 2ylh target protein with
detected binding site for ligand Cu complex

CONCLUSION

The results of the experimental investigation
of the prepared Cu?* complex in this study proposed
the square pyramidal geometry for the complex under
investigation. The ground state structural parameters
of the Cu-complex investigated by DFT method of
calculation in solution phase at the B3LYP/6-31g
(d) level of theory for all atoms except the Cu atom
LANL2DZ basis set, are in good agreement with
corresponding cited parameters in similar systems.
The trigonality index (t) was calculated to be 0.066
around the Cu?* for the complex under investigation.
This value supports the square pyramidal geometry.
The Cu-N bond length found to be within an average
2.024 A where as the Cu-O bond length found to
be within an average 1.940 A. The investigated
cyclic voltammetry of the complex gives a HOMO
value of -4.625 v, which is in good agreement with
the theoretically obtained value. Moreover, XRD
study of the copper complex gives a particle size of
3.596nm. The electronic spectrum of copper complex
showed two main bands at 520 and 470 nm mainly
attributable to mixed d-d/LMCT. Good agreement
between the experimental and calculated absorption
spectra of the Cu?* complexes under investigation.
Docking study of Schiff base ligand and the Cu-
complex under investigation in this study show a
good biological activity of the Cu-complex compared
toward the 2ylh target protein.
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