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Abstract: Mixed ligands reaction of [2-[(3-hydroxyphenyl)diazinyl]-1,2-benzothiazol-
3(2H)-one-1,1-dioxide] (H.L, primary ligand) and bipyridyl (secondary ligand) with salts
of Cr(Ill), Mn(II), Fe(IlI), Co(II) and Ni(Il) was performed. A series of air-stable
complexes with distinctive octahedral moieties was created by equal molar ratio (1:1:1).
The formation of these compounds was verified using detecting analysis techniques
incorporating mass spectra, which validated the achieved geometries. Fourier transform
infrared (FTIR) analysis demonstrated how the ligands (H.L and bipyridyl) are chelated
as tridentate (ONO) and bidentate (NN) groups, respectively and the coordination with
the metal ions. Thermal decomposition studies using pyrolysis (TGA and DSC) verified
that water residues could be coordinated with metal complexes. Additionally, elemental
micro-analysis, chlorine amount test, molar conductivity and melting points
examination were carried out. Magnetic sensitivity of the susceptibility and ultraviolet-
visible (UV-vis) spectrophotometry can also reveal the coordination existence with the
metals and complexes formation. The compounds' antioxidant records were finally
evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical as a free radical
method. It was compared to that of gallic acid as an accordingly standard antioxidant
substance with its ICs, value. These complexes could restrict free radicals; [Fe(L)(bipy)Cl]
has the best antioxidant activity, whereas [Ni(L)(bipy)H,O] has the lowest.

Keywords: antioxidant values; mass spectra; mixed-ligand complexes; bipyridyl;
thermal analysis

m INTRODUCTION

One of chemistry's main subjects is the synthesis of

received comprehensive attention lately is titled azo
compounds [6-7]. Their function represented by N=N
group used as tissue colorants and indicators in

new compounds. Mixed ligand complexes occupied a large
space in the field of coordination chemistry and other
areas, specifically in medicine, industry and agriculture.
Multi-topic bridging ligands with two or more functional
groups involving nitrogen and/or oxygen are currently
well-known to exhibit varying binding capacities to a range
of transition metal cations [1-2]. The perspective of these
self-assembled coordination models has been emphasized
by their use in drug administration, molecular recognition,
and catalysis [3]. Studies have also shown the importance
of bipyridyl, mostly in the medicine section [4-5]. A
significant family of chemical compounds that has

analytical chemistry owned to its strong color within the
visible region and sensitivity to changes in acidity (pH)
[8]. Complexes of binary ions of cobalt, nickel, copper
and zinc were prepared with Schiff base 3,2-dimethyl-1-
phenyl-4-silidine-3-pyrozoline-5-one (H,L) as it forms
octahedral ionic complexes, in which the ligand behaves
as a tridentate chelate [9]. Assemblies as well prepared
from mixed ligands of 8-hydroxydimethyl-1-phenyl-4-
sylcylidene-3-pyrrozoline-5-one (LH) with manganese,
iron, cobalt, nickel and copper ions were formed neutral
tetrahedral complexes in it links such as a bidentate
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chelate [10-11]. Antioxidants may be found in both
natural and synthetic sources, and they are essential for
boosting immunity throughout the body. The DPPH
radical has been used to assess a compound's antioxidant
activity by testing its capacity to donate hydrogen or
scavenge free radicals by contrasting with those of gallic
acid (Ga), the positive control [12].

This research included the synthesis of new
complexes from the reaction of Cr(III), Mn(II), Fe(III),
Co(II) and Ni(II) salts with bipyridyl (bipy) and azo dye
ligand (H,L), which were characterized. Complexes were
identified and studied using the ultraviolet-visible
spectrum and infrared, and the metal ratio in complexes
by chlorine content determination and measurement of
molar conductivity, in addition to measurements of
magnetism and melting points. These substances'
antioxidant activity was evaluated against the DPPH
radical and contrasted with Ga, a naturally occurring
antioxidant reference.

m EXPERIMENTAL SECTION
Materials

All components, chemicals and reagents, were
provided from the trading suppliers: Sigma, Merck and
used upon receipt, these include inorganic salts:
CrCl;-6H,0, MnCl,-4H,0, FeCls, CoCl,-6H,O, NiCl-6H,0
(99%), bipy and H,L [13]. Solvents such as pure ethanol
(EtOH) and dimethyl sulfoxide (DMSO) were used as
supplied from Aldrich.

Instrumentation

The single-V.3.0-single Euro vector model EA/3000
has been utilized to achieve C.H.N. analysis. Metal ions
were calculated as chloride using a gravimetric approach.
The molar conductivity of the complexes was measured
with a conductometer W.T.W at room temperature in
1x10°M (DMSO). Mass spectra (MS) QP50A: DI
Analysis Shimadzu QP-2010-Plus (E170Ev), electron
impact (30 eV) spectrometer was logged for the complexes.
The UV-vis absorption spectra to the 200-1100 nm range
obtained UV-1800  Shimadzu

were using  the
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spectrophotometer, 10~ M solutions in DMSO at room
temperature. For thermogravimetric analysis, studies were
carried out using the Perkin-Elmer Pyris Diamond TGA-
DSC and the Fourier transform was examined using the
IR Prestige-21 to study FTIR spectra. Metals were
identified using a Shimadzu (F.A.A) 680 G atomic clock.

Procedure

Preparation of metal complexes

The metal ions complexes for Cr(III), Mn(II),
Fe(III), Co(II) and Ni(II) were prepared using metal
chlorides (M:L:L=1:1:1). As a stoichiometric amount of
CrCl3-6H,O (1.004 g, 1 mmol), MnCl,-4H,O (0.612 g,
1 mmol), FeCl; (0.897 g, 1 mmol), CoCl,-6H,O (0.896 g,
1 mmol), and NiCL-6H,O (0.746g, 1 mmol) salts
dissolved in 20 mL distilled water was gradually added
dropwise additions in round bottom flask. An amount
of azo ligand (1 g, 0.00377 mol), dissolved in 10 mL pure
ethanol, was continually stirred. Then, a bipy substance
(0.588 g, 0.00377 mol) was dissolved in 10 mL pure
ethanol with stirring. The combination was brought to
between 60 and 70 °C for 2 h reverse escalation, cooled
in an ice bath until precipitation started to form with
color changing, and then permitted to stand for over 6 h.
To get rid of any unreacted components, the solid
complexes were separated and washed with a small
amount of hot-diluted ethanol. A vacuum desiccator was
then used to dry the compounds (when varied
precipitate colors were gained) with a production rate of
68%. The complexes fragment at the range between 210-
240 °C. Scheme 1 shows how the metal ions complexes
are created. The ligand and its metal complexes' analytic
and physical characteristics are included in Table 1.

m RESULTS AND DISCUSSION

The elemental analysis of generated metal
complexes yielded firm results that were reasonably
consistent with theoretical predictions. Elemental
that

metal:ligand:ligand ratios were 1:1:1. The physical and

investigations revealed complexes'
analytical details of the azo ligand and their metal

complexes are listed in Table 1.
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CTC|3‘6H20
MnCly+4H,0
+ FeCly -
CoCly*6H,0
NIC|2'6H20
M = Mn, Cu, Ni M = Fe, Cr
Scheme 1. Synthesized and suggested structures for complexes according to diagnostic results
Table 1. Physical properties and analytical data for the synthesized complexes
Elemental microanalysis (%)
hemical f 1 . Yiel
Compound ~ © em(ﬁwi’)rmu ¥ Color zn Cp) (lo/e )d C(E) H(E) N(E) M(E) CI(E.)
' ” C(C) H(C) N(C) M(C) CIC)
CsHi;Ns0,CrCl 55 58.69 3.01 14.83 11.05 7.05
[Cr(L)(bipy)Cl] e Brown  210-212d
(506.88) 59.24 338 13.82 1026  6.99
C,sH17NsO,FeCl 48 5791 4.11 14.69 11.48 7.21
[Fe(L)(bipy)Cl] BEWR25EL Redbrown  238-240d
(510.73) 58.79 335 13.71 10.93 6.94
Cy:H19N503Mn 60 60.08 4.01 1494 11.09 -
Mn(L)(bipy)H,O Light b 226-228d
(Mn(L)(bipy)H:O] (492.39) gh prown 6098 389 1422 1116 -
CysH1oN505C 61 6122 3.02 1518 11.16 -
[Co(L)(bipy)H;O] 25T 0 Brown  218-220d
(496.38) 60.49 386 14.11 11.87 -
CysH1oN5O3Ni 40 60.87 294 1517 12.34 -
[Ni(L)(bipy)H,O] nPONSSNL Redbrown  234-236d
(496.14) 60.52 386 14.12 11.83 -

E: Experimental, C: Calculated, d means it has reached the point of disintegration

Mass Spectrum

Fig. S1 displays the mass spectra of [Fe(L)(bipy)Cl]
and Scheme 2 summarizes the fragmentation pattern at
m/z = 510.73. The molecular ion peak reached its highest
point, corresponding to the ligand's molecular weight.
Further peaks at m/z = 474.27, 448.27, 163.94, 155.18, and
128.15 may be associated with CyH;sFeNsO,",
CpsHisFeN;O,', C¢HiFeO,', CioH;N,', and CoHgN',
correspondingly. Fig. S2 displays the mass spectra of

[Mn(L)(bipy)H.O] and Scheme 3 summarizes the

fragmentation pattern. The peak of the molecular ion,
corresponding to the weight of the ligand, peaked at m/z
= 492.39 and exhibits several peaks at m/z = 473.37,
381.27,354.26,225.11, and 128.15. These peaks' patterns
can be linked to different fragments with the following
codes: C;sHi1sMnNsO,*, C190H1:MnN;sO*, C10H;:MnN;O*,
C10HsMnN,O", and CsHgN*, respectively [14-15].

Infrared Spectra

The complexes were identified using infrared
spectra, and the spectra were then compared to those of
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Chemical formula: Co5H47FeN5sOCI
Exact Mass: 510.73

Chemical formula: CgH4FeO,*
Exact Mass: 163.94

Chemical formula: CosH1gFeN30,*
Exact Mass: 448.27
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Chemical formula: C5H1gFeNsO,*
Exact Mass: 474.27

Chemical formula: C1gH7Ny*
Exact Mass: 155.18

Chemical formula: CgHgN*
Exact Mass: 128.15

Scheme 2. Fragmentation pattern of Fe-complex

the ligands in their free state. Table 2 displays the results
of a thorough analysis of the infrared spectra of the
produced complexes. The spectra data demonstrate the
movement of some bands towards longer or shorter
wavelengths, changes in their forms and intensities, the
elimination of bands and the creation of new bands for
both ligands. A clear shift to a higher wavenumber was
observed for the v(N=N) band, and this is evidence of a
coordination process between the metals and the N-N
group. This is confirmed by the appearance of a new band
belonging to M—-N, as shown in Table 2, in addition to the
disappearance of bands belonging to the O-H phenol
present in the ligand in the free state. This is evidence of
coordination between the phenol group's metals and
nitrogen atom, as shown in Table 2. In addition to the
appearance of three distinct bands for each manganese,

cobalt and nickel complexes, as shown in Figs. $3 and S4,
this is due to the presence of a water molecule. It was also
observed that the C=N ring band of the bipy compound
in the complexes was shifted from what it was in the free
state, as shown in Table 2, there is an absorption band at
1581 cm™. This is evidence of consistency. The new M-
N bands that appeared support these proposed shapes of
the complexes. The FTIR spectrum of H,L shows band
at 3465 cm ™' returns to v(O-H), and bands appeared at
1656 and 1600 cm™" belong to the stretching frequencies
v(C=0) and v(C=N) for azomethane, respectively [16-17].

Electronic Spectral and Magnetic Moments

The molar conductance of ligand complexes,
soluble in DMSO solvent in 10> M solution at 25 °C,
characterizes the complexes as non-electrolytic.
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Table 2. The locations of the distinct bands of ligands and their metal complexes in the FTIR spectrum (cm™)

Comp. v(C-H) aromatic v(C=N) aromatic v(N=N) v(M-N) v(M-0) v(H;O)aqua
Ligand H,L 3167 1325 - - -
Bipy - 1581 - - - -
[Cr(L)(bipy)Cl] 3180 1600 1412 573 530 -
[Fe(L)(bipy)Cl] 3149 1594 1413 569 487 -
[Mn(L)(bipy)H,O] 3157 1591 1421 573 509 3392

1640
824
[Co(L) (bipy)Hzo] 3182 1604 1415 503 461 3421
1645
835
[Ni(L)(bipy)H,O] 3165 1597 1409 589 541 3388
1642
828
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UV-vis Spectra and Magnetic Susceptibility

The bipy spectrum has absorption bands at 285 and
240 nm. The first band of transmission represents the
n->1* electronic transfer, and the second band represents
the n>7* electronic transfer. H,L electronic spectra show
a significant absorption peak at 278 nm, assigned to the
n->m* transition and a high-intensity band generated with
absorption maxima at 355 nm, due to the n->m* transition.
Transmission-dependent bands (n->m*) are displaced in
the ligand towards different wavelengths in its contact
with the metal ion, and this displacement is due to the
donation of an electron pair from the nitrogen atom of the
ligand to the metal ion (M-N). The Cr’* complex's
electronic transition shows a peak at 326, 537, 719, and
798 nm that is attributed to m->m¥, n>m*, *A2g>*T1gp),
‘A2g>'T1gr), and *A2g>*T2gw, correspondingly. The
first peak belongs to the ligand transitions themselves and
has been displaced from what they were in the free state,
while the remaining peaks belong to the transitions of the
metal itself, and their frequency is shown in Fig. S5. It also
gave magnetic sensitivity (tes = 3.771 B.M), indicating the
presence of 3 individual electrons in a paramagnetic
capacity, with d’sp’ hybridization and an electronic
distribution T,g’eg’, indicating an octahedral geometry.
The Ni** complex exhibits an electronic transition with a
peak at 291, 368, 719, 763, and 821 nm corresponding to
m>1%, n>mt+ CT, *Alg>’T2gr, *Alg>’Tlgm, and
*A2g->’T1g), respectively. The first peak belongs to the
ligand transitions themselves and has been displaced from
what they were in the Free State, while the remaining
peaks belong to the transitions of the metal itself, and their
frequency is shown in Fig. S6. The p.¢ value of 2.21 B.M
indicates the presence of 3 individual electrons in a
paramagnetic capacity (d’sp’ hybridization), with an
electronic distribution T,g’eg® and an octahedral shape.
The Fe** complex's electronic transition shows a peak at
394, 321, 617, and 634 nm that is attributed to n>n*,
>t + C.T, °A1g>*Egs), and °Alg>*Tag(), respectively.
The first peak belongs to the ligand transitions themselves,
which have been displaced from what they were in the free
state. In contrast, the remaining peaks belong to the
transitions of the metal itself. Their frequency is shown in
Fig. §7, with pes = 5.69 B.M, suggesting the presence of 3

individual electrons in a paramagnetic capacity (d*sp’
hybridization), with an electronic distribution T,g’eg
and an octahedral shape. The Mn** complex has an
octahedral geometry, as indicated by the peak of 268,
433, 462, and 491 nm that is attributed to m>m*,
°Alg>*Ego) SA1g>*T2g), and  °Alg>*Tlgq),
respectively. The first peak belongs to the ligand
transitions themselves, which have been displaced from
what they were in the free state. In contrast, the
remaining peaks belong to the transitions of the metal
itself. Their frequency is shown in Fig. S8, with per =
5.17 B.M indicates the presence of 3 individual electrons
in a paramagnetic capacity, with d*sp® hybridization, and
with an electronic distribution T,g’eg® during its
electronic transition. Octahedral geometry is indicated
by the electronic spectra of the Co** molecule, which was
investigated. It showed a peak at 287, 338, 617, and
679 nm that was assigned to n->7¥, n>7*, *T1gF>*T1gw),
and ‘T1gF>*Algy correspondingly, the first peak
belongs to the ligand transitions themselves and has
been displaced from what they were in the free state,
while the remaining peaks belong to the transitions of
the metal itself, and their frequency is shown in Fig. S9,
with s = 3.88 B.M suggesting the presence of 3
individual electrons, in a paramagnetic capacity, with
d’sp’ hybridization [18-19], and with an electronic
distribution T,geg'. Table 3 explains the locations of
absorption bands for ligands and their complexes.

Thermal Measure Readings

Table 4. and Fig. S10-S12 presents the results of the
thermal analysis for the synthesized complexes. The
possible breakdown reaction of metal complexes is shown
in Scheme 4. The weight loss complex percentages,
temperature ranges, breakdown products, and phases of
decomposition computations showed consistency based
on the thermograms. This confirms the elemental analysis
results and the suggested equations relating the computed
values to their thermal decomposition outcomes. This
work gave the results of the thermogravimetric
decomposition of complexes Mn**, Fe** and Ni** stages
of decomposition. It was observed that the decomposition
of the manganese complex included two stages; the first
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Table 3. Electronic spectral data (ultraviolet and visible) for ligands in their free state and complexes and molar
conductivity in DMSO (1 x 10~* M) and magnetic susceptibility values

Amax ~ Absorption €max Assignment and Amcm? Weff e .
Comp. vem™! o > ~ ~ Hybridization  Distribution
(nm) ABS (L.molt.cm™) its type (Q"1.mol!) B.M
H.L 278 36365.6 89.100 1890 >t
355 28575.4 130.200 2130 n->m*
Bipy 240 41666.6 2.432 2432 >t
285 35087.7 2.926 2926 n->m*
[Cr(L)(bipy)Cl] 326  30674.8 0.748 748 ST + no>mt 11 3771 d2sp? Tag’ g’
Octahedral 537  18621.9 0.259 259 1A2g>'T1gw)
719 13908.2 0.284 284 1A2g->'T1gwm
798 12531.3 0.293 293 1A2g>T2gw)
[Ni(L)(bipy)H:0] 291 343642 0.710 710 Tt 8 221 sp’d? Tagleg?
Octahedral 368 271739 0.947 947 n>m* + C.T
719 13908.2 0.198 198 ’Al1g>’T2gr)
763 13106.1 0.187 187 3A1g>’T1gw
821 121802 0.169 169 3A2g5>'T1g)
[Fe(L)(bipy)Cl] 394  25380.7 0.662 662 ST 13 5.69 sp’d? Taogleg?
Octahedral 321  31152.6 0.865 865 n>m* + C.T
617 16207.4 0.239 239 *A1g>*Eg(o)
634 15772.8 0.243 243 fAlg>*Tag)
[Mn(L)(bipy)H.0] 268  37313.4 2.594 2594 >T* 20 5.17 sp*d? Tog’eg?
Octahedral 433 23094.6 0.141 141 *Alg>*Eg)
462 21645.0 0.134 134 A1g>*T2g)
491 20366.5 0.126 126 cAl1g>'Tlge)
[Co(L)(bipy)H:0] 287  34843.2 1.257 1257 STt 18 3.88 sp’d? Tagoeg!
Octahedral 338  29585.7 1.057 1057 n->m*
617 16207.4 0.647 647 T1gF->'T1gw)
679 147275 0.527 527 TT1gF>*Algw
Table 4. TGA data of the complexes
d Weight mass loss (%) )
Compoun Step Tire Tirc Estimated Calculated Reaction
1 52.37°C 301.44°C 22'?83% 22'746,% -H,O-C¢HsN
Mn-complex experimental theoretical
P 2 307.09 °C 555.66 °C 62.757% 62.755% -CysHgN,O
MnO
Calculated: 85.501%, Final = 14.499%; Estimated: 85.040%, Final = 14.960%
(<] (<] 0, 0, _Cl
1 163.44 °C 239.24 °C 23.587% 23.593% _C,H.NOH
Fe-complex 2 242.21 °C 382.71°C 12.533% 12.726% -CH;N
3 382.71°C 571.41°C 49.413% 49.536% -Ci7H7N3
FeO*
Calculated: 77.252%, Final = 22.748%; Estimated: 71.8796%, Final = 28.1204%
1 69.46 °C 228.62 °C 16.743% 16.930% -H,0, -C;H,N,
. 2 236.84 °C 348.83 °C 16.326% 16.060% -CsH,OH
Ni-complex
3 391.64 °C 559.75 °C 51.598% 51.806% -Cy7H10N;
NiO

Calculated: 84.854%, Final = 15.146%; Estimated: 84.609%, Final = 15.391%
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492.39

CQ5H19N5O3MH

52.37-301.44 °C |-H,0

22.283% experimental [-CgHgN
22.746% theoretical

C19H9N402Mn

307.09-555.66 °C | ¢, HoN,O

62.757% experimental
62.755% theoretical

510.73
025H17N502FSC|
163.44-239.2 °C | -Cl
23.587% experimental | -C4HgNOH
23.593% theoretical
Cz1H10N4OFe
242.21-382.71 °C
-C4H3N
12.533% experimental
12.726% theoretical Y
C17H7N3OF6
382.71-571.41 °C
. -C47H7N3
49.413% experimental
49.536% theoretical
FeO*

MnO
496.14
Cy5H19N5O3Ni
69.46-228.62 °C |-H,O
16.743% experimental |-C3H,N,
16.930% theoretical
Y
Co5H15N30,Ni
236.84-348.83 °C -C5H4OH
16.326% experimental
16.060% theoretical Y
C47H1oN3ONi
391.64-559.75 °C | -C47H¢oN3
51.598% experimental
51.806% theoretical Y
NiO

Scheme 4. Suggested decomposition reaction of complexes

stage lost its equivalent weight of C¢HsN and H;O in a
practical percentage of 22.283%, which is close to
theoretical calculation. The second stage had lost
equivalent weight of C,sHoN,4O in a practical percentage
of 62.757%,
theoretically. The remaining was manganese oxide, as in

which was close to that calculated
the curve shown in Fig. S10, where the percentage of total
weight lost was 85.04%, and the remaining was 14.96%,
which goes back to the remaining metal oxide [20].

The decomposition of the iron complex included
three stages. The first stage had lost its equivalent weight
of C4H¢{NOH and Cl in a practical percentage of 23.587%,
close to that calculated theoretically. The second stage had
lost equivalent weight of C;H;N in a practical percentage

of 12.533%, which was close to that calculated
theoretically. The third stage had lost equivalent weight
of Ci;H;N3 in a practical percentage of 49.413%, which
was close to that calculated theoretically. The remaining
was FeO", as in the curve shown in Fig. S11 where the
percentage of total weight lost was 71.8796%, and the
remaining was 28.1204%, which goes back to the
remaining metal oxide [16]. The decomposition of the
nickel complex included three stages; the first stage had
lost its equivalent weight of C;H,N, and H;O in a
practical percentage (16.743%), close to theoretical
calculation. The second stage had lost equivalent weight
of CsH4OH in a practical percentage of 16.326%, which
was close to that calculated theoretically. The third stage
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Table 5. Thermal decomposition (DSC) of complexes

Compound Tirc Tgc  Maximum temperature point (°C) AH (J/g)  AS()) AG(]) Type
Mn-complex 87.65 195.13 132.40 -63.03  -0.586 14.5564 endothermic
387.65 395.13 392.40 -3.03 -0.405 155.8920 endothermic
Fe-complex 153.16 157.31 159.33 -0.59 -0.142  22.0348 endothermic
314.19 319.29 313.67 -3.44 —0.674 207.9730 endothermic
Ni-complex  41.08 106.52 66.81 -5045 -77.093 5.1001 endothermic
127.85 172.88 150.79 -27.08 -0.601 63.5440  endothermic
182.36 196.21 189.75 -1.19 -0.085 14.9380 endothermic
218.84 305.41 254.77 238.78 —-2.758  463.8700  exothermic
Table 6. Radical scavenging activities, percentage back to the remaining metal oxide [20-21]. The
inhibition and ICs, values thermodynamic parameters AH, AS, and AG were
Comp. Concentration PI (%) RSA (%) ICso calculated using the DCS curve [22].
(mg/mL) (mg/mL) .. .. .
— Examining Antioxidant Activity
Gallic acid 0.008 18.730 81.270 0.014
0.004 45.690 54.310 The purpose of the assessment is to find out how
0.002 60.350 39.650 efficiently antioxidants can scavenge it. Antioxidants
0.001 68.160 31.840 contribute to hydrazine, a hydrogen atom, which lowers
0.0005  72.360 27.640 the nitrogen atoms' single electrons in DPPH. Ga was
[Cr(L)(bipy)Cl] 0.008 17.630 82.370  0.026 utilized to assess and compare with the antioxidant
0.004 34.340° 65.660 activity of mineral complexes, and the DPPH test was
0.002 4042059580 employed to scavenge free radicals. The equivalent
0.001 33.060 66.940 .
[Mn(L)(bipy)H:0] 0.008 20430 79570  0.023 volume of concentrated 0.135mM DPPH radical
0.004 46.430 53.570 solution was added to each antioxidant sample after it
0.002 49330 50.670 had been diluted with the same volume of methyl
0.001 40.190 59.810 alcohol. The matching hydrazine's color changes from
[Fe(L)(bipy)Cl] 0.008 29.090 70.910  0.020 violet to yellow. The samples were allowed to stand at
0.004 35.750 64.250 room temperature in the dark for 90 min following the
0.002  40.160 59.840 addition of the DPPH solution. Next, each sample's
0.001 50.620 49.380 absorbance was calculated at around 517 nm. The
[Co(L)(bipy)H.O] 0.008 14.090 87.910  0.020 complexes' capacity to destroy free radicals improved
gggj izzzg Zgig with a lower ICs, value when compared to Ga [23-30]
0001 32.620 67.380 (Ga > [Fe(L)(bipy)Cl] > [Co(L)(bipy)HO] >
[Ni(L)(bipy)H.O] 0.008 24430 75570  0.039 [Mn(L)(bipy)H:O] ” [Cr(L)(bipy)CI] ~
0.004 36.820 63.180 [Ni(L)(bipy)H,O]). Table 6 illustrates the interaction of
0.002 38.960 61.040 the complexes with DPPH radicals and the subsequent
0.001 47.620 52.380 hydrogen donation to scavenge the radicals.

ICso: the half maximal inhibitory concentration

had lost equivalent weight of C;;HyNs in a practical
percentage of 51.598%, which was close to that calculated
theoretically. The remaining was NiO, as in the curve
shown in Fig. S12 where the percentage of total weight lost
was 84.609%, and the remaining was 15.391%, which goes

m CONCLUSION

To conclude, mixed ligands reaction of H,L and
bipy was successfully performed in conjunction with
salts of Cr(III), Mn(II), Fe(III), Co(II) and Ni(II). Then,
metal complexes were discovered utilizing a range of
analytical techniques. The formed complexes have a
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general formula [M(L)(bipy)X]; X = Cl or H,O whereas
the ligands behaved in a tridentate chelate form. The
complexes gave different octahedral shapes and were
non-electrolytes. Using DPPH as a free radical and Ga as
a standard material, it was discovered that the complexes'
ability to inhibit free radicals varied depending on the ICso
value; Ga > [Fe(L)(bipy)Cl] > [Co(L)(bipy)H,O] >
[Mn(L)(bipy)H,O] > [Cr(L)(bipy)Cl] >
[Ni(L)(bipy)HO]. these complexes are
potentially free radical restrictors.

Therefore,
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