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Abstract:

Some new complexes of 4-(5-(1,5-dimethyl-3-0xo0-2-phenyl pyrazolidin-4-
ylimino)-3,3-dimethyl cyclohexylideneamino) -1,5- dimethyl-2- phenyl -1H- pyrazol
-3(2H) —one (L) with Mn(ll), Fe(111), Co(l1), Ni(Il), Cu(ll), Pd(1l), Re(V) and Pt(I1V)
were prepared. The ligand and its metal complexes were characterized by phisco-
chemical spectroscopic techniques. The spectral data were suggested that the (L) as a
neutral tetradentate ligand is coordinated with the metal ions through two nitrogen and
two oxygen atoms. These studies revealed Octahedral geometries for all metal
complexes, except square planar for Pd(I) complex. Moreover, the thermodynamic
activation parameters, such as AE*, AH, AS, AG and K are calculated from the TGA
curves using Coats —Redfern method. Hyper Chem -8 program has been used to
predict structural geometries for compounds in gas phase. The heat of formation (AHy)
and bin ding energy (AEy) at 298 °K for the free ligand and its metal complexes were
calculated by PM3 method. The synthesized ligands and their metal complexes were
screened for their biological activity against bacterial species, two Gram positive
bacteria (Bacillus subtilis and Staphylococcus aureus) and two Gram negative
bacteria (Escherichia coli and Pseudomonas aeruginosa).

Key words: Tetradentate ligand Schiff base; thermal analysis and Kinetics
thermodynamic parameters.

Introduction:

The coordination chemistry of the synthesis, spectroscopic
transition metals with ligands from the characterization and reaction of
5, 5- dimethyl cyclohexane-1,3- dione transition metal with hydrazine ligands
has been of interest due to different have shown wide spectro of biological
bonding modes show by these ligands and pharmaceutical activates such as
with both electron rich and electron possess antimicrobial, antibacterial,
poor metals. Schiff bases play an antifungal, anti- inflammatory,
important role in inorganic chemistry anticonvulsant, antitubercular,
as they easily form stable complexes antiviral, antioxidative effects and
with most transition metal ions. The inhibition of tumor growth[2-4]. The
presence of donor atoms in the ligand aim of this paper is to synthesized,
will play in important role in the characterization, study thermal analysis
formation of a stable chelatering and and study the biological activates of
this situation facilitates the the new complexes with tetradentate
complexation process[1]. Moreover, Schiff base ligand.
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Materials and Methods:

All reagents were commercially
available and used without further
purification. Solvent were distilled
from appropriate  drying agents
immediately prior to use.

Infrared spectra were obtained
using Csl discs (4000-200 cm™) on
Perkin —Elmer FT-IR spectrometer.
The electronic spectra were carried out
using a Cary 50 Conc. UV-Visible
spectra  were  recorded  using
spectrophotometer in DMSO solution
10 M. Thermal analysis studies of the
complexes were performed on Perkin —
Elmer pyris Diamond DTA / TG
Thermal system under nitrogen
atmosphere at a heating rate at 10°C /
min from 30-900 °C. Elemental
analysis (C, H, N) were performed by
using a flash E A 1112 Series

elemental analyzer. Chloride was
determined using potentiometer
titration method on a 686-Titro

processor — 665 Dosimat Metrohm
Swiss.  Conductivity measurements
were made with DMSO solution using
a Jenway 4071 digital conductivity
meter and room temperature. Magnetic
moments were measured with a
magnetic susceptibility balance
(Jonson Mattey Catalytic system
Division). Mass spectra were obtained
by LC-Mass 100P Shimadzu. NMR
spectra (*H-, 3C- NMR) were acquired
in DMSO -dg solution using Brucker
AMX 400 MHz spectrometer with
tetramethyl silane (TMS) as an internal
standard for *H NMR analysis. Metals
were determined using a Shimadzu (A.
A) 680 G atomic absorption
spectrophotometer.  Melting  points
were obtained on a Buchi SMP -
20capillary melting point apparatus
and are uncorrected.

Preparation of the ligand:

To a solution of 5,5-
dimethylcyclohexane- 1,3- dione (A) (
1g9,7.142 mmole) in ethanol (10ml), (5)
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drops of glacial acetic acid were added
slowly, then the mixture was added to
4 —amino antipyrine (B) (2.905 g,
14.280 mmole) in ethanol (10 ml). The
mixture was refluxed for (4hrs), with
stirring at temperature (40 - 50 °c) in
water path. The deep yellow solution
was left to dry for (24hrs) at room
temperature.  The  obtained the
precipitate was washed with an excess
of mixture of ethanol and water (1:1),
dried then drops of diethylether were
added to precipitate which was dated in
a crucible for (Imin) with continuous
stirring.  After that the product
precipitated yield (87%), m. p. (219-
220°c). The LC-Mass for ligand
(510m/ Z) with (C30H34N602), (327 m/
Z) with (C13H23N402) and (326 m/ Z)
with (C1gH2N40,). *H-NMR (DMSO-
ds, ppm): 6 1.09 (s,6H, CCH3s), 1.69
(s,2H, CH), 1.73 (s,H,CH), 2.74
(s,6H,CCH3), 3.43 (s,6H, NCHj3),7.13-
8.03 (m,10H arom). “C-NMR
(100.622 MHz, DMSO-dg): & 16.39
(C1g), 21.87 (Cs), 29.79 (C,), 46.79
(Cy), 51.09 (Cy), 62.12 (C3), 100.12
(Ce), 111.99 (Ci2, 14 16), 118.89 (Cyg,
15), 143.77 (Cyq1), 157.31 (Cy), 179.39
(C10), 190.95 (C,). Figure (1).
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Fig (1) Structure of ligand

IN

8
CH3
9
12
1

3

N
I(
10 N
N/ \
11
16
15
14

Preparation of Complexes:

The preparation of all complexes is
essentially the same and so a generic
description will be presented. To a
solution of (L) (lmmole) in ethanol
was added slowly to a solution of
metal salt [MnCl,.4H,O =0.197g;
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FeCl;.6H,O0 =0.27g; CoCl,.6H,0
=0.237g; NiCl,.6H,0 =0.237g;
CuCl,.2H,0 =0.17g; ReCls =0.363g;
H,PtCl4.6H,O =0.446g] (1mmol) in
(ethanol and water) ratio (1:1) with
stirring the mixture was refluxed for
(3hrs). The solid was collected by
filtration recrystallized from methanol
dried at room temperature. Elemental
analysis data color and yield for the
complexes are given in Table (1).
Programs used in theoretical
calculation:

Hyper Chem-8 program is a
sophisticated molecular modeler, editor
and powerful computational package,
that is known for its quality, flexibility
and ease of use. It is also uniting 3D
visualization and animation with
quantum chemical calculations,
molecular mechanics and dynamics. In
the present work, parameterization
method (PM3) was use for the
calculation of heat of formation and
binding energy for all metal
complexes. PM3 is more popular than
other semi-empirical method due to the
availability of algorithms and it is more
accurate than other method[5]. PM3 /
TM is an extension of the PM3 method
to include orbital’s with transition
metals. It is parameterized primarily
for organic molecules and selected
transition metals.

Microbiological investigations

For these investigations the
filter paper disc method was applied
according to[6]. The investigated
isolates of bacteria were seeded in
tubes with nutrient broth (NB). The
seeded NB (1 cm® was homogenized
in tubes with 9 cm® of melted (45 °C)
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nutrient agar (NA). The homogeneous
suspensions were poured into Petri
dishes. The discs of filter paper
(diameter 4 mm) were ranged on the
cool medium. After cooling on the
formed solid medium, 2x10™ dm® of
the investigated compounds were
applied using a micropipette. After
incubation for 24 h in a thermostat at
25-27 °C, the inhibition (sterile) zone
diameters  (including disc) were
measured and expressed in mm. An
inhibition zone diameter over 7 mm
indicates that the tested compound is
active against the bacteria under
investigation. The antibacterial
activities of the

Results and Discussion:

The physical analytical data of
(L) and its metal complexes are given
in Table (1), which in a satisfactory
agreement with the calculated values.
The suggested molecular formulae also
supported by subsequent spectral and
molar ratio, magnetic moment and
conductivity measurements. For the
wide studied rang of molar
concentration  (10°-10°M) of the
mixed solutions, only concentration of
(10*M) obey Lambert-Beer’s Law and
showed intense color. A calibration
curve was plotted on absorbance
against molar concentration in the
range (1x10™-3x10* M). Best fit
straight lines were obtained Figure (2)
with correlation factor R. > 0.998. The
composition of the complexes formed
in solution has been established by
mole ration and job method. In both
cases the results reveals (1:1) metal to
ligand ratio.
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Table (1) Analytical and physical data of the ligand and its complexes
Formula M. P. Yield Elemental analysis, found (Calc.)%
Compounds M. wt Color oC o
: 6 c H N M cl
CooHaaNeO; Deep ] 7056 | 671 | 16.46
L 510 vellow | 219220 | 87 | 7166) | (717) | (15.40)

CaoHaN0:CI,Co ) 5626 | 535 | 1312 | 920 11.07
Col. 640.47 Violate | 265 " (5546) | (653) | (14.14) | 10.11) | (10.09)
i CooHaNCINi Vellow | . o | 628 | 53 | 1313 | 917 11.08
640.23 greenish 5582) | (453) | (14.14) | (11.00) | (9.98)
oL CaHauNOCLCU | Deep 265 o | 558 | 531 | 1303 | 985 10.99
645 Brown 5711) | (446) | (14.14) | 1110 | (1016)
CooHaNePdCl, 5238 | 498 | 1222 | 1547 | 1031
PdL 687.96 Brown | 217d | 59 | gahgy | (3i80) | (14.14) | (16.86) | (11.41)
CaoHaNeOMnCl, 5661 | 538 | 1320 | 863 11.41
MnL 636.47 Brown | 228d | 68 | 555 | (665) | (1462) | (077) | (12.16)
—y CooHuNeO,FeCly Red | ooy | 74 | 5355 | 509 | 1249 | 830 15.81
672.83 Brown 5454) | (490) | (1388) | (0.88) | (16.77)
oL CaoHuNeO,PICls Red | oo00 | 77 | 4251 | 404 | 992 | 2302 | 1673
847,52 Brown 43.02) | (414) | (10.11) | (2287) | (15.99)
, CaoHaN:OReCl5 4122 | 392 | 96l 20.28
Re'L 874.10 Brown | 310d | 71 | 500 | aony | oty | C (21.08)

d=decompose

Infrared spectral studies of the
ligand and its complexes

The IR spectrum of the ligand
shows characterization bonds at
(1728-1692) and (1640-1600) cm™
due to the v(C=0) and v(C=N)
functional groups, respectively[6,7].
The IR spectra of the complexes
exhibited ligand bands with the
appropriate shift due to complex
formation Table (2). The v(C=0) and
v(C=N) at (1728-1692) and (1640-
1600) cm™ in the free ligand shift to
(1669-1714) and (1576-1610) cm™,

respectively for the complexes. The
reduction in bond order, upon
complexation can be attributed to
delocalization of metal electron
density (t.g) to the T;- system of the
ligand. These shifts confirm the
coordination of the ligand via the
oxygen and nitrogen of carbonyl and
the azomethine groups to metal ions.
At lower frequency the complexes
exhibited bands around (590-508),
(485-412) and (365-312) cm*
assigned to the v(M-N), v(M-O) and
v(M-CI), respectively[8,9].

Table (2) FTIR spectral data (wave number v) cm™ for the ligand and

its complexes

Compound C-H arom C-Halip C=0 C=N M-N M-O M-CI
. 3125 2058 1728 1640
3080 2026 1692 1600
3112 2098 1700 570
MnlL 3045 2019 1688 1578 508 440 356
oL 3012 2937 1697 1610 580 250 -
3006 2033 1678 1590 530 21
i 3110 2940 1708 1621 590 260 75
3009 2012 1682 1590 557 444
3117 2037 1705 239
Fel 3006 2021 1680 1576 S77 420 320
3120 1711 1612 580 470
cuL 3060 2935 1680 1581 545 417 317
2959 1620 590
PdL 3118 o 1700 o o 412
3120 1714 1617 590
PIL 3035 2944 1669 1571 572 485 318
3111 1712 1612 250 340
Rel. 3035 2939 1681 1582 568 433 312
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Mass spectrum

The electron impact spectrum
of ligand (L) confirms the probable
formula by showing a peak at (510m/
z) cores bonding to Schiff base moiety
[(C30H34N60,) calculated atomic mass
510]. The series of peak at 327 m/z is
attributed to (CigH23N4O2) and 326
m/z is attributed to (C,8H22N40O5). The
fragmentation pattern is shown in
Table (3).

Table (3) the fragmentation pattern
for complexes of LC-Mass in units

(m/z)

Complexes Peak Assignment
687m/z [CsoH3sNsCLO,Pd]

Pd Complex 428m/z [C1oH22N,OPd]
259m/z [C11H12N,CL,0]
645m/z [C3oH3:NCL,0,Cu]

Cu Complex 380m/z [C19H23ClLN30]
265m/z [CH.,CuN,0]

- 640m/z [CaoHauNsONi]

Ni Complex 560m/z [CaoHaaNeCLONI]
636m/z [C20H3sNeO,MnCl;]
342miz [C1:H1,N:0,MnCl,]

Mn Complex 184miz [CuHwoN3]
110m/z [CgHid]
874miz [CaoH3:NO,ReCl]

Re Complex 472mlz [C1:H9N3O,ReCly]
402miz [C1oH25CloN]

Electronic spectral, magnetic
moments, and conductivity
measurements

The electronic spectrum at the
ligand exhibits intense absorption at
(282,330) and 348 nm attributed to n—
7* and n — 7*, respectively.

The magnetic moment value
3.872B.M. at Co(ll) complex is typical

for distorted octahedral geometry[10].
The electronic spectrum for this
complex showed three broad peaks at
15432, 20000 and 25000cm™ assigned
to 4T1g—> 4TlgF, 4T1g — 4TlgP and
“Tig — *As0e transition,
respectively[11]. The Ni(ll) complex
exhibits peaks at 20408 and 15384cm™
which assign to *Ag — °Tigp) and
3A,g — 3Tig(m transition, respectively
suggesting an octahedral geometry
around the Ni(ll) ion [12]. The
magnetic moment value at this
complex consistent with octahedral
geometry structure. The spectra of the
Cu(ll), Mn(I1), Fe(H1), Pt(IV) and
Re(V) complexes of together with the
Mett value Table(4) suggest octahedral
geometry around for complexes. The
spectrum of Pd(Il) complex gave two
bands peak at 20325 and 12658cm™
assigned to 'A;g — 'Big and 'Ajg —
A,q transition, respectively suggesting
an square planar geometry[13-15]. The
molar conductivity value of the
complexes were consistent with non-
electrolytes 2:1 electrolytes for Pd(ll)
and Pt(IV) complexes, 1:1 electrolytes
for  Fe(lll) complex and 3:1
electrolytes Re(V) complex. See for
the scheme of the preparation ligand
and complexes Figure (3).

Table (4) Electronic data and molar conductivity for the metal complexes

Complexes Molar Conductive cm? s mole!in DMSO Lest M. B Amax "M “vem™ Assignment
280 35714 Ligand Field
346 29801 C.T
CoL 27 3.872 400 25000 T, g(F)— *Agg F
. 1 2!
Octahedral 500 20000 “Tya(F)— “Tig P
648 15432 ‘Tig(F) ~ “TigF
289 34602 Ligand Field
NiL 346 28901 C.T
23 2828 394 25380 3Aog k—°T1g (p)
Octahedral 490 20408 gy =Ty (F)
650 15384 $Pog i—°T29 (F)
cuL 436 28901 Ligand Field
19 1.732 385 25974 C.T
Octahedral 590 16949 2Eg— T,q (D)
380 26315 Ligand Field
PdL 147 Diamagnetic 410 24390 C.T
Square planer 9 492 20325 *A;g — 'Byg
790 12658 Ag— Ay
L 344 29669 ngagd_li_:leld
Octahedral 19 1.05 ggg 21791870124 5Asg — *Tig (G)
Aig — “Tig (D)
el 344 29069 Ligand Field
83 577 371 26954 C.T
Octahedral 640 21739 5T,g — °Eg (D)
PiL 389 640 T
155 Diamagnetic 587 100 A 'Tog vy
Octahedral 892 68 A Tyg vy
344 29669 Ligand Field
ReL 368 271714 C.T
Octahedral a 1.05 492 203 5Asg — “T,g (G)
790 126 AL — “T10 (D)
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Fig (3) scheme of the preparation ligand and complexes

Thermal analyses TGA

The  results of  thermo
gravimetric analyses of L and
complexes are given in Table (5). The
thermograms have been carried out in
the range of 25-700 °C at a heating
rate. of 10 °C/min in nitrogen
atmosphere, they showed an agreement
in weight loss between their results
obtained from the thermal
decomposition and the calculated
values, which supports the results of
elemental analysis and confirms the
suggested formulae. Thus, the ligand L
showed a common general behavior as
the first step (CisH 11N 20,) was loss
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of Ci2H23N4 moiety followed by the
other parts of the ligand L.
Furthermore, the final step of the
thermolysis reactions of the complexes
was found to give the metal oxide (L)
= C30H34N602 [101892% Found
(99.999% Cal) (130-390 °C) —
C1sH11N20; [56.28% Found (56.274%
Cal)] (390-697 OC) —  CpoHy3Ny
[45.614% Found (43.725%Cal).
1-(330H34N602(3I3Fe (67283) (35*190
OC) — C11H12N20C|3 [4289% Found
(43.80% Cal)].

2-C19H2oN4OFe (378.3) (190-690 °C)
— CioH2N, [44.78% Found (45.54%
Cal)].
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3-FeO" [12.33% Found (10.67% Cal)].
Total wt. loss = 87.67% Found
(89.34% Cal) and final residue:
12.33% Found (10.66% Cal).
l-C30H34N502C|2C0 (64047) (25-200
°C) — Cly [12.21% Found (11.08%
Cal)].

2-C30H34NgO2Co  (569.56) (200-700
OC) - C30H34NGO [76.43% Found
(77.13% Cal)].

3-Co0 [11.36% Found (11.79% Cal)].
Total wt. loss = 88.64% Found
(88.21% Cal) and final residue:
11.36% Found (11.79% Cal).
1-C3oH34NsO,CIoNi (640.23) (25-200
°C) — Cl, [12.11% Found (11.08%
Cal)].

2-C3oH34NgO2Ni  (569.56) (200-700
OC) —  CzoHaaNgO [76.53% Found
(77.10% Cal)].

3-NiO [11.36% Found (11.82% Cal)].
Total wt. loss = 88.64% Found
(88.18% Cal) and final residue:
11.36% Found (11.82% Cal).
1-C3oH34NsO,Cl,Pd (687.96) (30-390
OC) - C11H8N3C|2 [3597% Found
(36.77% Cal)].

2-C19H26N30,Pd  (617.05) (390-690
°C) — C3oH3NgO [45.52% Found
(44.91% Cal)].

3-PdO [18.51% Found (18.82% Cal)].
Total wt. loss = 81.49% Found
(81.68% Cal) and final residue:
18.51% Found (18.32% Cal).
1-C3pH34NsO,CI,Cu (645.08) (30-195
°C) — C¢HeCl, [22.87% Found
(23.09% Cal)].

2-Cp4HgNgO,Cu  (496.08) (195-695
°C) — CyHxsNgO [65.75% Found
(64.48% Cal)].
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3-CuO [11.38% Found (12.43% Cal)].
Total wt. loss = 88.62% Found
(87.57% Cal) and final residue:
11.38% Found (12.43% Cal).
1-C30H34N602C|2Mn (63647) (35-400
°C) — CgHeCl, [22.07% Found
(23.41% Cal)].

2-Co4H2sNgO,Mn  (487.47) (400-700
OC) —  CosH2sNgO [65.75% Found
(65.36% Cal)].

3-MnO [12.18% Found (11.23% Cal)].
Total wt. loss = 87.82% Found
(88.77% Cal) and final residue:
12.18% Found (11.23% Cal).
1-C3oH34NsO,CI4Pt  (847.52) (35-400
°C) — C¢HeCly [26.87% Found
(25.95% Cal)].

2-Co4H2gNsO,Pt (627.52) (400-700 °C)
— Co4H2sNgO [4687% Found
(47.19% Cal)].

3-CuO [26.26% Found (26.86% Cal)].
Total wt. loss = 73.74% Found
(73.14% Cal) and final residue:
26.26% Found (26.86% Cal).
1-C30H34N502C|5 Re (8741) (35-150
°C) — Cg¢HeCls [28.87% Found
(29.23% Cal)].

2-Cy4H2sNsO2Re (618.6) (150-430 °C)
— CgHsN [9.87% Found (10.41%
Cal)].

3-C1gH23N505Re (527.6) (430-700 OC)
— CigH23N5 [36.87% Found (35.35%
Cal)].

4-Re0; [24.39% Found (25.01% Cal)].
Total wt. loss = 75.61% Found
(74.99% Cal) and final residue:
24.39% Found (25.01% Cal).
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Table 5 Thermodynamic data of the thermal decomposition of ligand and their

complexes.
Sam T range 2 Tmax Ea AH* A,l ASi . AG* 7
step | c) | " | R ) | kmolt) | (mol?) fff&) © ”‘?)' Kl moryy | K*10
L=t | % | 1 | 0995 | 57064 | 10160737 | 570751 | 3661 | 10499 | 61946 | 9.095102
=2 | 33 | 1| 0998 | 87736 | 13851965 | 131808 | 7791 | -102075 | 95.086 | 6.45457
PIL=1 | 35-400 | 0.0 | 0989 | 547.79 | 571848 | 116415 | 584729 | -101.293 | 56.6514 | 0.39608
pi=2 | 00 |09 | 0907 | 84851 | 1325678 | 620427 | 976425 | -100.668 | 916221 | 0.228822
MnL1 | 35-400 | 09 | 0.989 | 54579 | 557028 | 103258 | 616336 | -100824 | 56.0618 | 0.430953
M=z | 00 | 09 | 0097 | 4951 | 1243878 | 537506 | 075906 | -121.9189 | 108947 | 19989
FeL=1 | 35-190 | 0.9 | 0096 | 409.65 | 6.187388 | 2.78155 | 16.6018 | -00.196 | 39.7168 | 0.858326
Fel=2 | 0 | 09| 0983 | 84674 | 11866 | 482622 | 124250 | -98.646 | 88.353 | 035427
CuL=1 | 30-195 | 0.9 | 0996 | 409.77 | 627826 | 287143 | 20064 | -107.601 a7 0.10174
cu=2 | 1 109|098 | 84774 | 11866 | 481792 | 125302 | -9858648 | 88393 | 035752
NiL=1 | 30-375 | 09 | 099 | 54579 | 557031 | 10326 | 6.17163 | -100.8137 | 56.055 | 043153
NiL=2 | 3% | 09| 0996 | 85051 | 11602 | 453087 | 137918 | 975011 | 87.533 | 0420629
Col=1 | 25-200 | 0.9 | 0.997 | 409.77 | 6289644 | 288339 | 2.02715 | -107.688 | 47.0031 | 0.101652
o=z | 2% |09 | 0989 | 84674 | 1169165 | 465185 | 130333 | -98.24933 | 878435 | 03800
PdL=1 | 30-390 | 09 | 099 | 54619 | 5989 1448 | 507571 | -102445 | 574027 | 0.32368
PdL=2 | 9 |09 | 0997 | 85251 | 126143 | 55265 | 28008 | -1110017 | 100233 | 7.21642
ReL=1 | 35150 | 0.9 | 0.997 | 34518 | 596778 | 309795 | 153783 | -108.5589 | 405703 | 7.25169
ReL=2 | o | 09| 0993 | 63254 | 91435 | 38845 | 542426 | -103.1137 | 691081 | 0.19629
ReL=3 | 430 | 09| 0997 | 75006 | 1446375 | 822775 | 65654 | -102943 | 854412 | 0112099

Kinetic studies

Coats—Redfern is the method
mentioned in the literature related to
decomposition Kinetics studies; this
method is applied in this study[16].
From the TG curves, the activation
energy, E, pre-exponential factor, A,
entropy, AS, enthalpy, AH, and Gibbs
free energy, AG were calculated by the
Coats—Redfern method where: AH= E
- RT and AG= AH - TAS. Kinetic
parameters  are  calculated by
employing the Coats— Redfern
equations, are summarized in Table
(5). The Coats— Redfern equation may
be written as the following:

P —x) 1o ZR [ 2RT
g | ———"| =log— |1 —
S| Tl - n) S gE E

n#1 for complex (1)

E
 2303RT
—log(1 - AR, 2RT
log {y} = log [ﬁ—E(l 7z
n#1 for ligands

E
2.303RT

(2)

Where a is the mass loss at the
completion of the reaction, R is the gas
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constant, Ea is the activation energy in
J mol™ and q is the heating rate. Since
1-2 RT/Ea = = 1, a plot of the left-
hand side of the above equation against
and AE* was calculated from the slope
and A (Arrhenius constant) was found
from the intercept. The activation
entropy AS*, the activation enthalpy
AH* and the free energy of activation
AG* were calculated using the
following equations:

§°=2:303(logAh/KT)R; H = E* — RT;, G

=H — TS5 -3

Where K and h are the
Boltzmann’s and Planck’s constants,
respectively. The calculated values of
AE*, AS*, AH* and AG* for the
dehydration and the decomposition
steps are given in Table (5). The
activation energies of the
decomposition were found to be in the
range of 134-208 J mol™.According to
the kinetic data obtained from TGA

~
~
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curves, the negative values of
activation entropies AS* indicate more
ordered activated complexes than the
reactants and the reaction is slow[17].

Theoretical study

The vibration spectra Schiff
base L were calculated by using a
semi-empirical  PM3 method. The
results obtained for wave numbers are
presented in Table (6), and the
comparison with the experimental
values indicates some deviations.
These deviations may be due to the
harmonic oscillator approximation and
lack of electron correlation. It was
reported [18] that frequencies coupled
with Hartree- Fock Theory (HFT)
approximation and quantum harmonic
oscillator approximations tend to be
10% too high.

Optimized geometries’ energy of
metal complexes for ligand
Theoretical probable structures
of metal complexes with ligand were
calculated to search for the most
probable  model building stable
structure, these shapes, show the
calculated optima geometries for
ligand and their metal complexes as
shown in Figure (4). The results of
PM3 method of calculation in the gas

phase for binding energies and heat of
formation of complexes are described
in Table (6). The comparison of
experimental and theoretical vibration
frequencies is tabulated in Table (7).

Electrostatic potential (E.P)

Electron distribution governs
the electrostatic potential of molecules
and describes the interaction of energy
of the molecular system with a positive
point charge, so it is useful to find sites
of reaction in a molecular positive
charged species that tend to attack a
molecule where the E.P. is strongly
negative electrophilic attach[19]. The
E.P of free ligand was calculated and
plotted as 3D contour to investigate the
reactive sites of the molecules, and one
can interpret the stereochemistry and
rates of many reactive involving soft
electrophiles and nucleophiles in terms
of the properties of frontier orbital’s
(HOMO and LUMO). Overlap
between the HOMO and LUMO values
was plotted as 3D contour to get more
information about these molecules.
The results of calculation showed that
the LUMO of transition metal ion
prefers to react with the HOMO of
nitrogen atoms of ligand as shown in
Figure (5).

Table (5) Conformation energies in (kJ mol™) for the ligand and complexes

Comp. PMB: Comp. PM?:

AH¢ AE, AH; AE,
L 1928.2795993 -3995.5384007 PdL 2136.4264527 -3877.3915473
MnL 88.4979704 -7397.4150296 FeL 210.8897177 -6927.125282
CoL 121.4043223 -7376.5386777 NiL 3450.3750690 -2634.2229310
CuL 265.543243 -4675.322179 ReL 132.76576297 -7652.546235
PtL 123.314242 -6543.646497
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Table (6) Comparison of experimental and theoretical vibration frequencies for
ligand and complexes

Compound c=0 C=N M-N M-O M-cl
*1728 *1692 *1640 *1600 ]
L ** 1726 **1700 **1650 **1603 - -
***0 ***0
*356
*1700 *1688 *1578 *570 *508 *440 *360
MnL **1702 **1691 **1571 **582 ** 500 ** 445 A
***0 ***0 ***0 ***0 O
*365
*1697 *1678 *1610 *1590 *580 *530 *450 *421 ~*367
CoL **1700 **1670 ** 1600 **1601 **578 **533 **444 %420 A
***0 ***0 ***0 ***0 O
*375
*1708 *1682 *1621 *1590 *590 *557 *460 *444 x377
NiL **1703 **1681 **1624 **1591 **591 **555 **466 **442 wxxg
***0 ***0 ***0 ***0
*320
*1705 *1680 *1576 *577 *439 *420 301
Fel **1702 **1681 **1573 **578 **433 wxg
***0 ***0 ***0 ***0
*317
*1711 *1680 *1612 *1581 *580 *545 *470 *417 x312
CuL **1710 **1677 **1610 **1580 **581 **544 **476 **420 wxxg
***0 ***0 ***0 ***0
*1700 *1620 *1578 *590 *530 *412
PdL **1703 **1611 **1580 **591 **533 **410 )
***0 ***O *'k*o *'k*)
. *318
1714 *1669 *1617 *1571 *590 *572 *485 x301
PtL **1715 **1672 **1616 **1574 **600 **571 **488 o
***0 ***O *'k*o *'k*o 0
* *
*1712 *1681 *1612 *1582 *588 *450 *433 **gjg*féil
Rel **1710 **1682 **1611 **1581 **589 **451 **431 o
***O ***O ***O ***O 0

*Experimental frequency. ** Theoretical frequency. *** Error% due to main
difference in the experimental measurements and theoretical treatments of vibration

spectrum.
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Fig (4) Conformational structure of ligand and their complexes.
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Fig (5) the calculated vibrational frequencies ligand and its complexes.

Microbiological investigation

The biological activity of ligand and
their metal complexes was tested
against bacteria; we used more than
one test organism to increase the

chance of detecting antibiotic
principles in tested materials. The
organisms used in the present

investigation included two Gram
positive bacteria (B. subtilis and S.
aureus) and two Gram negative
bacteria (E. coli and P. aeruginosa).
The results of the bactericidal
screening of  the  synthesized
compounds are recorded in Table (7).
An influence of the central ion of the
complexes in the antibacterial activity
against the tested Gram positive and

391

Gram negative organisms shows that
the complexes have an enhanced
activity compared to the ligand itself.

Table (7) Antibacterial activity data
of ligands and their complexes as
inhibition zone (mm).

Bacill Staphylococe Pseudomon
Compou us usa)tljreus I_Esche_rich as

nd subtili G+ iacoliG aeruginosa
s G+ G
L 18 16 19 18
MnL 22 21 23 16
CoL 20 21 24 21
NiL 15 23 21 22
FeL 18 23 22 20
CuL 20 22 19 26
PdL 21 16 18 19
PtL 22 22 19 24
ReL 21 22 23 24

Key to interpretation: Less than 10 mm=inactive, 10— 15
mm=weakly active, 15-20 mm=moderately active, more
than 20 mm= highly active.
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