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Abstract

Synthesis and characterization of nine complexes formed from the reaction of metal ion salts (chloride or acetate) of
Mn?*, Co?*, Ni%*, Cu?*, Zn?* and Cd?* (I — IX) and 4-aminopyridine (4Am) with variable stoichiometric ratios were studied and
their chemical structures were discussed. The prepared complexes were characterized by different chemical and physical
techniques. The antimicrobial activity of the studied complexes was tested against representative bacteria and fungi. The
results suggested the high - to - moderate activities against the tested organisms compared to ampicillin taken as a standard
drug. The cytotoxic activities of some selected complexes were tested against Lung carcinoma cells A-549 cell line. The
results obtained showed that the complexes are considered to have high to moderate activity. The catalytic activity of Ni(4AM)
(1:4) complex was tested for the removal of orange G (OG*) dye from waste water sample where almost complete removal of
the dye was performed after 90 min. Molecular modeling and quantum chemical parameters of the Mn?*, Co?*, Ni%* and Zn?*
complexes were studied and calculated. Also, the total density function, deformation density function and frontier orbital
energy were determined using DFT method.
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1. Introduction

During the last few decades, metals-based
aminopyridinato complexes have attracted a tremendous
research interest because of immense industrial needs for
the catalyst which would be of higher activity and
selectivity with lower toxicity and lower cost [1-4].
These types of complexes also found many biological
and antitumor activities [5-8]. Although, some theoretical
calculations were performed on the aminopyridine
complexes [9,10] but no calculations were found using
DFT theory. In the present work nine Mn?*, Co?*, Ni%*,
Cu?*, Zn?* and Cd?* - 4-aminopyridine (4Am) complexes
with variable stoichiometric ratios were prepared and their
chemical structure were studied. The antibacterial and
antitumor activities toward some bacteria, fungi and Lung
carcinoma A-549 cell line were also studied. The catalytic
activity of one complex for the removal of organic
pollutant from waste water sample was tested. Molecular
modeling and quantum chemical parameters of the
complexes were studied and calculated. Also, the total
density function, deformation density function and frontier
orbital energy were determined using DFT method.

2. Experimental

All reagents used in the present study were of the
highest quality (Merck, Aldrich, Fluka or Sigma Research
Laboratories) and were used without further purification.
Aqueous solution of 1.00 mmol of metal salts was added
with stirring to an ethanolic solution of 4-aminopyridine
ligand with the desired molar ratio. The mixture was
refluxed for = 6 hours then cooled to room temperature,
and the solid complexes so formed were filtered off and
washed with distilled water followed by ethanol and dried
under vacuum.

2.1. Physical measurements

Elemental analysis; (C, H and N) of the mixed
ligands complexes were carried out in the Regional Center
for Mycology & Biotechnology, Al — Azhar University,
Cairo, Egypt. Metal ion content (Mn, Ni, Co, Cu and Zn)
was determined by EDTA titration under the appropriate
conditions [11]. Infrared spectra of the complexes were
recorded as KBr disc technique using FT - IR
spectrometer Model Nicolet is 10-thermo-scientific within
the wavenumber range 4000 — 400 cm™; Faculty of
Science, Benha University. Thermogravimetric analysis
were carried out using Shimadzu TGA - 50H thermal
analyzer within the range 25 — 800 °C under nitrogen
atmosphere at heating rate of 10 °C per minute at Central
Lab, Faculty of Science, Menofia University, Shebin El-
Kom, Egypt. The electronic absorption spectra in solid
state (Nujol mull technique) were recorded on Jasco V —
530 (UV-Vis) double beam spectrophotometer (Japan)
with scanning speed 400 nm/min and band width 2.0 nm.
Magnetic moment values were measured at room
temperature using a Sherwood scientific magnetic
susceptibility balance. Molar conductivities of the
complexes (10° M) in DMF were obtained using a
conductivity bridge YSI model 32

2.2. Antimicrobial Screening

The antibacterial activity of some complexes
toward some bacterial strains was evaluated by agar well
diffusion method [12]. The tested complexes were
dissolved in DMF to get concentration of 100 mg/ml. A
hot nutrient agar solution (20 ml) was poured into the
sterilized petri dishes and allowed to attain room
temperature. The seed layer medium was melted and
cooled to = 45 °C with gentle shaking. The previously
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grown subculture was added to the seed layer medium
aseptically and mixed well. It was immediately raked into
the petri dishes and allowed to attain room temperature.
Then wells were made with the sterile cork porer and to
these wells, different concentrations (mgl/ml) of the tested
complexes were added and the plates were allowed to cool
for one hour to facilitate the diffusion. The plates were
incubated at 37 °C for 24 hours. Antibacterial activity of
the complexes was evaluated by measuring the diameter of
zone of inhibition in mm. The medium with DMF as
solvent was used as a negative control whereas media with
Ampicillin were screened separately for its standard
antibacterial activity.

2.3. Antitumor activity assay

The cytotoxic effect of some complexes was
tested against Lung carcinoma A-549 cell line. The work
was performed as described in our previous work [13]. The
relation  between surviving cells and complex
concentration was plotted to get the survival curve of each
tumor cell line after treatment with the specified
compound. The 50% inhibitory concentration (ICso) was
estimated from graphic plots of the dose response curve
for each concentration [14,15]. All measurements were
carried out at the Regional Center for Mycology and
Biotecnology, Al-Azhar University, Cairo, Egypt.

3. Results and Discussion
1- Characterization of the metal complexes

2.4. The photocatalytic degradation

The photocatalytic activity was evaluated by the
decomposition of malachite green (MG*) in aqueous
solutions under UV irradiation. A 20 W UV lamp (A =
253.7 nm) was used as light source with light intensity of
0.75 mW/cm?. The complex used as catalyst powder (20
mg) was added to 250 mL of MG* (30 mg/L). The distance
between the liquid surface and the light source is kept at
10 cm and the solution was stirred for 5 min before
irradiation. During the experiment the concentration of the
dye and percent degradation were determined using a UV-
visible spectrophotometer at its maximum wavelength
(618 nm).

2.5. Molecular modeling

The cluster calculations using DMOL? program [16] in
materials studio package [17] which is designed for the
realization of large scale density functional theory
calculation (DFT) were performed. DFT semi-core
pseudopods calculations (dspp) were performed with the
double numerica basis sets plus polarization functional
(DNP). The DNP basis sets are of comparable quality to 6-
31 G Gaussian basis sets [18].

The prepared complexes were suggested to have the following structural formulae:

NH, NH, NH;
= | = = |
~y ~y S Cl1
c1 OH2
c1\ i/m/ c1\ %0/ Cl\ Ll<
H,O0 / III \OHz H,O / III \Cl H,0 / III OH,
[ [ [
= = =
NH; NH, NH,

MnClz:4Am (1:2)(1)

CoClz:4Am (1:2) (I1)

NiCl:4Am (L:2) (111)
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i- Elemental analysis and molar conductivity

All the complexes are colored, stable in air and
have high melting points (> 300 °C). They are freely
soluble in DMSO and DMF but sparingly soluble in other
common organic solvents. Results of elemental analysis
(Table 1) are in good agreement with the calculated values
of the proposed formulae in accordance with the

CuCl2:4Am (1:2) (V)

ZnClz:4Am (1:2) (VIII)

Cd(OAC)2:4Am (1:2) (IX)

stoichiometric ratio. The molar conductance values of the
complexes lie within the range 9.12 - 11.47 ohm™ cm? mol-
! indicating their nonionic nature. The presence of the
counter anion (CI) inside the coordination sphere is
confirmed by the not precipitation of Cl- as AgCl by the
addition of AgNOs solution to the solubilized chelates in
DMF.

Table (1): Elemental analysis and molar conductivity data of the complexes.

. Elemental analysis* wx
| T f I M.Wt. A
Complex entative formula t e %H %N %M m

MnCl2:4Am (1:2)(1) C10H16N4O2 Cl2Mn 349.00 34.32 4.57 16 15.7 | 10.21
(34.38) | (4.62) (16.05) | (15.74)

CoCl2:4Am (1:2) (11) C10H16N402Cl2Co 353.00 33.93 4.52 15.83 16.65 | 9.12
(33.99) | (4.57) (15.87) | (16.70)

NiCl2:4Am (1:2) (1) C10H16N4O2 Cl2 Ni 353.86 43.14 4.52 15.84 16.59 | 11.05
(33.94) | (4.56) (15.83) | (16.59)

NiCl2:4Am (1:4) (IV) C20H26NsOCI2Ni 524.08 45.85 4.69 21.38 112 | 11.47
(45.84) | (5.00) (21.38) | (11.20)

CuCl2:4Am (1:2) (V) C10H16N40O2 Cl2Cu 358.5 335 4.46 15.62 17.72 | 10.54
(33.61) | (4.52) (15.69) | (17.63)
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CuCl2:4Am (1:2)(VI), C20H238Ns02Cl4Cus, 681.15 35.26 4.11 16.45 18.65 | 9.88
dimer
(35.25) (4.14) (16.44) | (18.65)
Cu(Ac)2:4Am(1:2)(VII) C14H22N40O6Cu 405.90 41.44 5.42 13.8 15.66 | 10.68
(41.43) (5.46) (13.80) | (15.66)
ZnCl2:4Am (1:2) (VIII) C10H16N4O2 Cl2Zn 360.7 33.29 4.43 15.53 18.25 | 9.08
(33.52) (4.50) (15.65) | (17.86)
Cd(Ac)2:4Am(1:2) (IX) C14H20N40sCd, 436.75 38.51 4.58 12.83 25.74 | 9.45
(38.50) (4.62) (12.83) | (25.74)

*values between parentheses are found values ** ohm* cm? mol.

ii- Thermal analysis

The prepared metal ion complexes degrade
thermally within the temperature range 33.4 °C — 800.0 °C
through, more or less, three main steps as summarized
numerically in Table (2). The first step within the
temperature range 64 — 179 °C corresponds to the removal
of physically adsorbed and coordinated water molecules
from the coordination sphere, respectively. This step
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Fig (1): TGA and Dr TGA curves of MnCl2:4Am (1:2)
complex (I).

appears, sometimes as a composite one. The unhydrated
solid complex begins to decompose thermally through the
second step started at 336.6 °C and ended at 498.5 °C, in
which CO2, Nz gases are evolved. Full thermal
decomposition takes place through the third step at
temperature higher than 332 °C leading to metal oxides as
final products. The overall weight losses of the
degradation steps were calculated (c.f. Table 2) and the
metallic residues were determined.
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Fig (2): TGA and Dr TGA curves of CoCl2:4Am (1:2)
(11) complex.
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Fig (3): TGA and Dr TGA curves of NiCl2:4Am (1:4)
(1V) complex.
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Cd(Ac)2:4Am(1:2) (1X) complex.
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Table (2): Thermogravimetric data of the metal complexes with 4-aminopyidine.

Complex Decomposition % W.t Assignment
Temp(°C) Loss

MnClz2:4Am 19.80-64.90 3.59 Removal of physically adsorbed water

(2:2)(1 64.37-234.15 6.27 Removal of coordinated water, HCI gas
233.66-403.18 4.66 Decomposition of the organic moiety

Overall 19.80-799.45 17.23

CoCl2:4Am 18.94-94.39 4.27 Removal of physically adsorbed water

(2:2) (1) 94.39-264.93 4.62 Removal of coordinated water
264.93-373.48 9.98 Starting decomposition of complex
273.03-530.35 12.15 Evolving of gaseous fragments
530.35-668.75 22.75 Final decomposition of complex to CoO

overall 18.94-799.06 54.20

NiCl2:4Am 77.58-105.68 4.32 Removal of physically adsorbed water

(2:4) (IV) 105.68-140.04 2.33 Removal of coordinated water
139.46-179.62 1.24 Starting decomposition of complex
180.20-291.44 48.91 Evolving of gaseous fragments
290.94-439.79 16.81 Final decomposition of complex to NiO

overall 18.98-439.79 65.85

CuCl2:4Am 21.79-417.43 50.57 Removal of coordinated water

(1:2) (V) 582.41-655.97 8.31 Starting decomposition of complex, HCI gas
655.42-734.03 10.61 Final decomposition of complex to CuO

Overall 21.79-734.02 69.49

Cu(Ac)2:4Am | 19.00-248.78 54.05 Removal of coordinated water

(L:2)(VI) 248.78-407.57 2.26 Starting decomposition of complex, HCI gas
407.57-799.00 0.10 Final decomposition of complex to CuO

Overall 18.57-799.69 51.91

ZnClz:4Am 20.48-241.92 4.37 Removal of adsorbed and coordinated water

(2:2) (V) 241.40-359.63 27.26 Starting decomposition of complex
358.22-462.83 25.49 Evolving of gaseous fragments
462.35-603.03 23.41 Final decomposition of complex to ZnO

overall 20.48-799.73 85.45

Cd(Ac)2:4Am | 82.23-217.38 13.95 Removal of adsorbed and coordinated water

(2:2) (IX) 216.54-257.13 14.35 Starting decomposition of complex
255.55-280.35 12.76 Evolving of gaseous fragments
278.84-331.51 29.40 Final decomposition of complex to CdO

Overall 24.71-799.33 70.26

iii- Infrared spectra

The IR spectra of the complexes M <« 4-aminopyridine
were studied and correlated to their molecular structure.
The absorption band frequencies are listed in Table (3)
which shows that the spectra exhibit broad band within
the range 3405 — 3519 cm™ and weak band within the
range 2965 — 3033 cm due to the stretching vibrations of
OH and NH2 (Von and V nH2) groups, respectively. These
bands suffer notable broadness and shifting to lower
frequencies indicating their contribution in coordination
process. This is accompanied by the presence of new broad
bands within the range 3400 — 3350 cm™ and 584 — 545
cm due to the stretching vibrations of coordinated water
molecules and the stretching vibration of M — O bond,

respectively. The stretching vibration of the C=N group
(Ve=n) in the 4-aminopyridine moiety appears at 1550 -
1690 cm™ range while that of the stretching vibration of
the C-N group (Vc-n) appears at 1416 - 1535 cm™ range.
The OH in — plane deformation of the coordinated water
molecules gives rise to band within the range 1003 — 1130
cmL. The out — of — plane deformation of the OH group of
the complexes is represented by the strong band within the
range 852 — 740 cm, while the far infrared region of the
spectra of the metal chelates shows new sets of bands
within the region 570 — 658 and 403 - 603 cm™ which are
due to M—Cland M — N bonds, respectively.
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Table (3): IR vibrational frequencies (cm™) of some function groups of Mn?*, Zn?*, Co?*, Ni%*, Cu?* and Cd?* complexes

with 4-aminopyridine.
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Complex Vor VNH2 Ve=n | Ve | doH Vmcl | VN
MnCl2:4Am (1:2)(1) 3405 | 2967 | 1653 | 1531 | 1101 | 575 508
CoCl2:4Am (1:2) (11 3553 | 2965 | 1634 | 1522 | 1098 | 725 521
NiCl2:4Am (1:2) (111) 3405 | 2968 | 1653 | 1531 | 1102 | 629 508
NiCl2:4Am (1:4) (IV) 3440 | 2912 | 1633 | 1521 | 1110 | 573 523
CuCl2:4Am (1:2) (V) 3429 | 3215 | 1616 | 1584 | 1130 | 653 537
CuClz:4Am (1:2)(VI), 3398 | 3024 | 1551 | 1416 | 1021 | 658 487
dimer

Cu(Ac)2:4Am(1:2)(VI1I) 3519 | 3024 | 1550 | 1416 | 1021 | 658 403
ZnCl2:4Am (1:2) (VIII) 3440 | 3224 | 1633 | 1521 | 1024 | 573 523
Cd(Ac)2:4Am(1:2) (IX) 3443 | 3033 | 1690 | 1535 | 1003 | 670 603

iii- Electronic absorption spectra and magnetic
properties
The electronic absorption spectra of the complexes are
studied in solid state (using Nujol mull technique) and the
electronic absorption bands are expressed in terms of
wavenumber (cm™). The spectral data are given in Table
(4). Inspection of the data obtained shows that:

- The high spin Mn (Il) complexes with d® configuration
have the ground state 5A1g and all d-d transitions are spin
and laporte forbidden (as represented by Tanabe — Sugano
diagram). All. Complexes of Mn?* are colorless or faint
pink. The electronic spectra display different weak bands
as listed numerically in Table (4), the most important of
them are assignable to 8A1(S) — *Ti(G), A1(S) —
4T2(G) and ®A14(S) — “Eg, *A1g(G) transitions indicating
that the complex possesses a high spin octahedral
configuration [19].

- The electronic absorption spectrum of Co(ll) complex in
shows bands at 33333.33, 30303.03 and 27027.03 cm'
due to (d - d) transitions of the types *Tigr—*T1gr) (V3),
Tigrp—*AgeE (Vi) and “Tyr—*Tap (V2), respectively
[20]. The use of Tanabo - Sugan diagram for the spin
allowed electronic transition in d” configuration was used
to calculate the crystal field splitting energy (10Dq), Racah
parameters B, B and crystal field stabilization energy.

30
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Tanabe — Sugano diagram for Mn?* (d®) configuration

- From Tanabe — Sugano diagram of d® configuration, the
ground state term is Az with only three spin allowed
excited states, namely; 3Tigp), 3Tigr and 3Togr). Other
transitions are both spin forbidden and/or Laporte
forbidden. So, the electronic absorption spectrum of Ni (I1)
(d® complex shows the three spin allowed bands at
33444.82, 28985.51 and 23809.52cm™ which are assigned
to electronic transition type 2Azyr—3Tigp), 2A2E—>TiE)
and 3Axgr—3Tagr) respectively.

* Copper (1) d® complexes have ?D spectral term. The
transition is from the (t2g)%(eg)® configuration (°Eg state) to
the (t2g)°(eq)* configuration (?Tzg state). This could also be
described as a positive "hole" that moves from the eq to the
tog orbital set. The sign of Dq is opposite that for d*, with
a 2Eg ground state and a 2T2g excited state. Like the d* case,
d® octahedral complexes do not require the Tanabe—
Sugano diagram to predict their absorption spectra [21].

- Zn (1) and Cd(I1) complexes (d*° configuration) have no
d — d electron transitions because the d orbitals are
completely filled. Thus, UV-VIS absorption bands are not
observed the absorption bands in their spectra are due to
n—n* or CT interaction. The spectral data are fully
assigned in Table (4).

0.05

_________________________________

0.04

_______________________________________

0.03

002 H---

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

a
|
|
|
T
|

a
|
|
1
'

l—----F-----F--r--p--q-=p-="--

001 - eeeeeeee
i

o

302 400 BO0 800 1100

Wavelength [hm]

Electronic absorption spectra of Mn?*-4-aminopyridine
complex in  Nujol mull.

Benha Journal Of Applied Sciences, Vol.(5) Issue(7) Part (2) (2020)



Aminopyridine Transition Metals Complexes; Characterization, Application 238

and Molecular Orbital Calculation

Table (4): Spectral data of the complexes in Nojol mull.

Complex Nojol mull

Amax | Wavenumber
(nm) (cm)

Assignment

Mn?2* 725 13793.10
1080 | 9259.30

650 | 15384.62 5A14(S) — “T1g(G),

— 4T2g(G)
e 4Eg, 4Alg(G)

Co** 330 30303.03
370sh | 27027.03

300 33333.33 Tigm— *Azgr(V2)

—*T1gp)(V3)
— “Tagm (V1)

Ni?* 345sh | 28985.51
420sh | 23809.52

299 | 33444.82 8A2(m— STig(p)(V3)

—3T1gm)(v2)
— 3Tagr)(V1)

305 32786.89

Cu® 345sh | 28985.51 2a1g(0) — 2b1g(D)
’€g(D)

— 2big)

Calculation of the spectral data

From the electronic absorption spectra and by the
use of Tanabe-Sugano diagrams, the values of crystal field
splitting energy (Ao), Racah parameter (B), nephelauxetic
ratio (B) and the crystal field stabilization energy can be
determined. For Co (11) complexes (d”) the diagram shows
three spin-allowed transitions (V1, V2 and Vs). In order to
determine the Racah parameter (B) and A, the following
steps are followed:

- The position on the horizontal axis (A/B) where the ratio
between the lines representing V2/V1 is determined, then a
vertical line is drawn at this position.

- The value on the vertical axis (E/B) that corresponding to

the spin-allowed transitions is found so as to determine

V1/B, V2/B and V3/B.

Table (5): Spectral parameters of Co(ll) and Ni(ll) complexes.

- Knowing the values of V1, V2 and Vs the values of B and
A can be calculated.
- The crystal field stabilization energy is calculated from
the equation:
CFSE = (- 0.6 X ntzg + 0.4 X Neg) x A

- The nephelauxetic ratio (B) is given by  =B'/B..
From the B values, the covalence factor (b*?), Sinha
parameter (8 %) (metal — ligand covalency percent) and
the covalency angular overlap parameter () have been
calculated using the relations [22, 23]:

bY2 = 1/2[(1 - B)*?], & % =[[(1 — B)/B]x100 andn =
(1 — B)¥2 / B2 The spectral parameters of Co(Il) and Ni(ll)
complexes are given in Table (5)

and diamagnetism

Cd(Il) complexes

Spectral parameters Cu(ll) complexes
Complex A B' CFST
© 0 for zZn(ll and
(cm™) (cmt) B ed H (cm™) an
Co(ll)complexes 17448 759 0.69 44.93 0.670 -13958 as expected. The
Ni(ll) complexes 18787 606

0.58 71.53 0.846 -22544 | ere values, term

Magnetic Susceptibility

Magnetic susceptibility measurements at room
temperature exhibit paramagnetism for Mn(ll), Ni(ll) and
Table (6.): Magnetic properties of the prepared complexes.

symbols and ground state symbols are listed in Table (6).

N Electronic Term | Ground Mefr (BM)

Complex d configuration | symbol | State Found Theor.
MnCl2:4Am (1:2)(1) d° togeg 6Ss2 | BA1g(S) 5.41 5.477
CoCl2:4Am (1:2) (1) d’ tog%eg! *For2 “F 4.01 3.464
NiCl:4Am (1:2) (111) d8 tageg’ 3F, 3Aag 2.78 2.450
NiCl2:4Am (1:4) (1V) d8 tageg’ 3F, 3Aag 2.91 2.450
CuCl2:4Am (1:2) (V) d° tog’eg® 2Dg)p = 1.79 1.732
CuCl2:4Am (L:2)(V1), dimer | d° tagoeg® 2Dspp 2Eq 1.73 1.732
Cu(Ac)2:4Am(L:2)(VII) d° togeg® Dgpp 2E, 1.80 1.732
ZnCl2:4Am (1:2) (VIII) do tagteg” 1So Dia 0.00
Cd(Ac)2:4Am(1:2) (1X) d tag5eq* 1So Dia 0.00
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iv- Electron Spin resonance (ESR) spectra

The X-Band ESR spectra of the powder Cu(OAC)2 « 4-
amnopyridine and CuCl2— 4-aminopyridine (1:2)
complexes (c.f. Fig. 1) were recorded at room temperature
using DPPH as reference standard. The ESR spectra of the
complexes show anisotropic spectra with gn > gL >ge (c.f.

Table (7): ESR spectral parameters for Cu(ll) complexes.

M. E. Moustafal, N. M. Meshall, M. I. Ayad2and O. A. Godal

Table 7) characteristic for compressed axial symmetry of
the coordination sphere (one coordination axis (z) is
significantly shorter than the other two (x, y) with dxa.y2
ground state. One unpaired electron in Cu (I1) complex
with ?Big as ground state lies in dz2 orbital and follows the
trend g1 >gu>ge (g e = 2.0036 free ion value). Analysis of
spectra gave the gn and g+ values as cited in Table (7.).

Complex gn gL Qav
Cu(OACQC)2 « 4-amnopyridine | 2.09069 | 2.15974 | 2.13672
CuCla«— 4-aminopyridine 2.1006 | 2.13619 | 2.12433
3.00E+03 2.00E+04
2.00E+03 i 1.00E+04 1
1.00E+03 J
0.00E+00 . . .
0.00E+00 I\ [ 0 2000 v;ooo 6000
0 2 -
-1.00E+03 0%0 ] 00 6000 |-1.00€+04 l
-2.00E+03 -2.00E+04

Fig (1): ESR spectra of the complex Cu(OAC). « 4-amnopyridine (A) and the complex Cu(Cl)2 < 4-amnopyridine (B).

Biological activity

The antimicrobial and antifungal activities of
selected representative complexes is tested against two
bacterial;  Staph.aureus, E.coli and two fungi;
Asper.ocheratious, Asper.niger species. Standard drug;
Ampicillin and DMF solvent control were screened

separately for their antibacterial activity. The results (c.f.
Table 8) suggest that the complexes show a moderate
activity against the tested organisms compared to
Ampicillin taken as a standard drug. Also, percent Activity
Index data show that Zn (1) complexes have the highest
activity followed by Cu (I1), Mn (I1) and finally Co (IV)
complexes.

Table (8): Antibacterial and antifungal activities of some complexes in terms of inhibition zone diameter (mm) and %

activity index.

Organism Bacteria Fungi
Staph.aureus E.coli Asper.ocheratious Asper.niger
Complex
Inh.zone, % Inh.zon, % Inh.zone % Inh.zone %
mm Ac.Ind mm" Ac.Ind "mm" Ac.Ind "mm" Ac.Ind
Ampicillin 15 100 20 100 20 100 20 100
DMF 10.33 68.87 18.33 91.65 19.68 98.40 19.69 98.40
CuCL2 + 4-aminopyridine " 10.00 66.67 14.67 73.00 18.35 91.75 8.67 43.35
CuCL. + 4-aminopyridi?1.e4" 10.67 70.67 13.67 68.00 20.37 101.85 10.53 52.65
ZnCL2 + 4-aminopyridii1.e2: 19.67 130.67 15.00 75.00 19.00 95.00 0.00 0.00
MnCL. + 4-aminopyridii1.ez:: 12.00 80.00 16.33 81.65 13.38 66.90 0.00 0.00
NiCL2 + 4-aminopyridi%1.ez" 10.00 66.67 11.67 58.35 13.75 67.50 0.00 0.00
CoCL> + 4-amin0pyriéi.r?e 0.00 0.00 14.67 73.35 20.33 101.65 0.00 0.00
"1:2"
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Antitumor activity

The cytotoxic activities of some selected
complexes were tested against Lung carcinoma cells A-
549 cell line and compared to that of Vinblastine as a
standard drug. The relation between surviving cells and

complex concentration is plotted to get the survival curve
of each tumor cell line after treatment with the tested
complexes. The 50% inhibitory concentration was
estimated from graphic plots of the dose response curve
for each concentration. The lethal concentrations (ICso)
values with a brief comment on the data are listed in Table

(9).

Table (9): Lethal concentration (ICso) of the complexes against Lung carcinoma.

Complex

I1Cso (pg/ml), comment

Vinblastine

4.6

{MnCl2&4-amino "'1:2"}

Weak inhibitory activity against Lung carcinoma cells was
detected under the experimental conditions with 1Cso = >500
pg/ml.

{NiCl2&4-amino "'1:4"}

Moderate activity against Lung carcinoma cells was detected
under the experimental conditions with 1Cso= 28.5 + 0.6 pg/ml.

{CoCl2&4-amino }

Very high activity against Lung carcinoma cells was detected
under the experimental conditions with 1Cs0=6.94 + 0.2 pg/ml.

{CuCl2&4-amino ""1:2"'}

Moderate activity against Lung carcinoma cells was detected
under the experimental conditions with 1Cso=59.4% 0.9 pg/ml.

ZnClz — 4-amino (1:2)

Weak inhibitory activity against Lung carcinoma cells was
detected under the experimental conditions with 1Cso = >500

pg/mil.

{Cd(OAC)2&4-amino "1:2""}

Weak inhibitory activity against Lung carcinoma cells was
detected under the experimental conditions with 1Cso = >500
pg/ml.

From the data cited in the Table, it is clear that
CoCl2 complexes showed very high activity toward lung
carcinoma cell with a very low ICso value (6.94 pg/ml)
while Cu(ll) and Ni(ll) complexes showed moderate
activities. On the other hand, other tested complexes
showed weak activities against the tested cell line.

Photocatalytic degradation of Organic G dye

The photodegradation efficiency of the complex;
NiCl2:4Am (1:4) (IV) was tested using Orange G (OG) as

model. The percent degradation efficiency (%D) was
calculated from which it was found that the absorbance
decreases and the photodegradation efficiency increases
(reaching a plateau) as a function of time (Fig 2). The
results showed that the maximum percent of degradation
of OG dye was about 80% after 90 min in case of UV
illumination in the presence of hydrogen peroxide and
complex IV as catalyst indicating the very high catalytic
efficiency of this complex.

Relation between time and %
degradation of OG using complex IX as

catalyst

% ¢ ¢ ¢
Degradati N ¢ o *

on *® . . . ,
0 20 40 60 80 100
Time (min.)

Fig (2): Effect of time on the % degradation of OG using complex IV as catalyst
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Analysis of kinetic data

The kinetic of the removal process was treated in terms
of pseodo 1st and 2nd order models. Applying the
mathematical relations of both models showed that the
pseudo first order model is the better applicable
Molecular orbital calculations

. Moustafal, N. M. Meshall, M. I. Ayad2and O. A. Godal

A group of measurements involving DMOL3
program in materials studio package which is shaped for
the recognized of wide scale Density Function Theory
(DFT) were applied. The molecular modeling and total
density using DFT method for the complexes MnCl2:4Am
(1:2)(1), NiCl:4Am (1:2) (I11), NiClz:4Am (1:4) (1V),
ZnCl2:4Am (1:2) (V1) and Cd(Ac)2:4Am (1:2) (IX) were
determined and given, representatively, in Fig.'s ( 3 and 4).
All the bond lengths and bond angles and bond lengths
were also calculated.

Fig (4): Total density (A) and Deformation density (B) using DFT method for of MnCl2:4Am (1:2)(I)complex

Frontier molecular orbitals

The HOMO’s and LUMO’s are known as Frontier
molecular orbitals (FMOs), which played an important role
for evaluating molecular chemical stability, chemical
reactivity and hardness-softness of the molecule [24]. The
HOMO and LUMO energy, energy gap (AE), absolute
electronegativity () Chemical hardness (1), softness(c)
and electrophilicity index (o) [25,26] values are listed in
Table 10. Picture of Frontier Molecular Orbitals and
Deformation Density is shown, representatively, in
Fig.(5).The energy gap (AE) represents the chemical
reactivity of compounds. For a system lower value of AE
makes it more reactive or less stable. As depicted in Table

10, Cd« 4-aminopyridine complex has a largest energy
gap (2.383 ev) which decreases in the following order
Mn« 4-aminopyridine (0.1.318 eV) > Ni— 4-
aminopyridine (1:4) (0.902 eV) > Ni« 4-aminopyridine
(1:2) (0.665 V) > Zn— 4-aminopyridine (0.247eV). Thus
complex Cd<— 4-aminopyridine referred as hard molecule
when compared to other complexes [27]. Another global
reactivity descriptor electrophilicity index (®) describes
the electron accepting ability of the systems quite similar
to hardness and chemical potential. High values of
electrophilicity index increases electron accepting abilities
of the molecules.

= / Eruno — -1.97Sev
&& -

(excited state)

EFraono — —2. 87 7ewv

C=round state)

Fig (5): 3D plots frontier orbital energies using DFT method for NiCl2:4Am (1:2) (111) complex.
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The electrophilicity index (o) is positive, definite quantity
and the direction of the charge transfer is completely
determined by the electronic chemical potential (i) of the
molecule because an electrophile is a chemical species
capable of accepting electrons from the environment and
its energy must decrease upon accepting electroic charge.
Therefore, the electronic chemical potential must be
negative exactly as supported by the values in Table 11.
The values of (Exomo-ELomo) energies of frontier
molecular orbitals, energy band gap that explains the final
charge transfer interaction inside the molecule,
electronegativity (y), chemical potential (u), global
hardness (1), global softness (o), additional electronic

charge (ANmax) and global electrophilicity index () were
calculated and listed in Table (11):

x = -1/2 (ELumo+Eromo)

M = - x = 1/2 (ELumo+EHomo)
n=1/2 (ELumo-Eromo)
ANmax=-u/m o=p%2n

The inverse value of the global hardness is designed as the
softness (6); 6= 1/n.

Table (10): The calculated quantum chemical parameters of the complexes
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