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Abstract

During a diazotization coupling reaction, an azo dye-ligand (HsL) was formed by combining 3-
aminophenol and 2,4,6-trihydroxyacetophenone. This ligand was then allowed to react with several
different metal ions (Mo (VI), Fe (lI1), Co (II), Cr (1I1), Ru (l1I) and Rh (I1I)), forming stable metal
complexes with various geometries. The binding of the azo-dye group to the metal ions was detected
through the M-N and M-O absorption bands in Fourier-transform-infrared, which indicated the
involvement of nitrogen and oxygen. LC-MS spectra confirmed the molecular weights of the ligand and
its complexes, and elemental analysis was also conducted. Electronic spectra were used to determine
the geometries of the complexes. Furthermore, the thermal stability of some compounds and the
existence of water molecules were detected using Differential Scanning Calorimetry (DSC) and
Thermogravimetric analysis (TGA). The antioxidant effectiveness of these complexes was tested
towards 2,2-Diphenyl-1-picrylhydrazyl (DPPH), a stable free radical that can be used to test the radical
scavenging activity of reactive oxygen species. The order of inhibitory action of the ligand HsL and its
minerals towards reactive oxygen species was determined to be (HsL > Ascorbic acid > Mo-Complex >
Fe-Complex > Cr-Complex > Rh-Complex > Ru-Complex) at 30 minutes. The DPPH test involves
reducing the odd electron of a nitrogen atom by receiving a hydrogen atom from antioxidants to form
the corresponding hydrazine. The results of the test varied between effective and ineffective inhibition
values, as described in the manuscript.

Key words: Azo dye, Antioxidant effectiveness, 3-aminophenol, 2,4,6-trihydroxyacetophenone,
Thermogravimetric analysis.

Introduction

The first theory of coordination compounds
was developed by Swiss chemist Alfred Werner
(1866-1919)*. Coordination compounds are one of
the most important and challenging areas in modern
inorganic chemistry? A better understanding of
chemical bonding and molecular structure has
provided insight into how these compounds function

as integral components of a biological system.
Derivatives of azo dyes showed diversity of activity
in bio-efficacy, including the anti-inflammatory?,
antiviral®, antimicrobial, and anticancer activities®.
Furthermore, multidentate sulfa azo dye ligands
displayed an important role in forming sensibly
stable complexes with most of the transition metals®.
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Oxygen, nitrogen, and sulfur donor ligands have
been attracted featured attentiveness because of their
mixed soft-hard donor properties beside multilateral
coordination characters, and their excellent
biological activity, i.e. toxicity towards the growth of
bacteria, anticancer activity and other biochemical
characteristics’. Furthermore, di- and poly-nuclear
transition metal chelates have been received great
interest due to their marvelous spectroscopic and
magnetic characteristics 8, their attractive uses in the
field of material sciences®, and remarkable
applications in important biological systems -2,
The chromophoric azo group —N=N- gives amazing
properties for azo dyes such as the absorption in
visible region, chromic and photochromic properties
bond to ion metals, binding to DNA. Azo dyes and
their complexes play important role in the dye-
sensitized solar cells (DSSCs) as sensitizers®®, Azo-
dyes are considered as a class of organic compounds
which have at least one conjugated chromophoric
azo linkage (-N=N-) associated with one or more

Materials and Methods

All the starting materials, chemicals and
solvents for the prepared compounds were of
analytical grade. Abs. EtOH, MeOH, DMSO and
other solvents were of high purity and supplied by
Merck Co., Fluka Co. and Sigma-Aldrich Co., and
metal salts [FeCl;, CrCl;.6H,0, RhCl;.3H,0,
RuCl3.3H,0, (NH4)2M004and CoCl,.6H,0,] were of
high purity and supplied by Sigma-Aldrich Co. and
BDH Co., The melting point of the prepared ligand
and complexes were measured by a Stuart
electrothermal melting point apparatus. The
elemental micro-analysis (C H N), to search using
the EA 3000 single. LC-MSQP50A(E30ev)
Shimadzu device. Infrared spectra were measured
with a device (Shimadzu-8000S). The UV-1800
Shimadzu Spectrophotometer was used to record the
UV-visible absorption. Molar electrical conductivity
measurements were carried out using BC3020
Professional Bench Top Conductivity device. All
earlier types of thermal analysis employed Perkin-
Elmer Pyris Diamond DSC/TGA.

Synthesis of Ligand 1-(2,4,6-trihydroxy-3-((3-
hydroxyphenyl) diazenyl) phenyl) ethan-1-one.

The synthesis process of the ligand is carried
out in two steps, Scheme.l, first step is the
preparation of diazonium salt at which (1g, 0.01mol)
from 2,4,6-trihydroxyactophenone dissolved in

aromatic or heterocyclic moieties in their structures.
They can be classified either according to colour
aspects (application in dye works) or by chemical
guidelines (characteristic chemical groups). Azo-
dyes derived from aromatic amines and their metal
complexes have widespread applications in various
fields. They are the subject of many research works
because of their applications as textile dyes,
pharmaceutical materials and indicators.
Furthermore, they have important roles in food and
Analytical Chemistry!*. This research aims to
prepare novel complexes of the metal ions (Cr*3,
Co*2, Rh*3 Fe™ Mo*, and Ru*®) using the azo
ligand HsL. Thereafter, characterization by
spectroscopic analysis, thermal stability, and thermal
decomposition will be studied using DSC and TGA
curves, and the antioxidant activity of these
compounds will be assessed against the DPPH
radical and compared with D-ascorbic acidas a
reference.

round-bottomed flask 250 cm?® in size with the
mixture of (3 cm® Hydrochloric acid HCI 37% with
35 cm?® distilled water DW) then the prepared
mixture was cooled between 0-5 °C. After that, the
solution of (1g, 0.01mol) sodium nitrate NaNO; that
dissolved in 30 cm? of distilled water was added to
the last mixture dropwise with continuous stirring,
monitoring of temperature as it must not rise more
than 5 °C, for 30 minutes, in the next step, the
solution was left for 30 minutes resulting in
diazonium salt as a product of the first step. This was
followed by diazotization coupling reaction between
diazonium salt of 3-aminophenol and the solution of
(1.5g, 0.004 mol.) (2,4,6-trihydroxyactophenone)
dissolved in 50 cm? absolute ethanol and 15 ¢cm? of
10% sodium hydroxide NaOH with cooling and
continuous stirring during this process observed the
precipitates were obtained in different colors. Fig. 1
shows both 'H-&BC-NMR data for the ligand.
Proton NMR demonstrates the next chemical shifts
in ppm: 2.66ppm (3H, Singlet), 7.5-8.06ppm (5H,
multiplate) and 9.75-9.986ppm (4H, doublet).
Corresponding to protons of methyl group of ketone,
Ar-H protons and protons of phenolic groups
respectively. On the other hand, carbon NMR
spectrum which tested using chloroform as solvent
demonstrates the next peaks: 178.8 (C1), 137.4 (C2),
165 (C3), 156.2 (C4), 174.0 (C5), 155 (C6), 127.0
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(C7), 182.0 (C8), 106.5 (C9), 190.0 (C10), 119.0
(C11), 170.0 (C12), 195.0 (C13), 49.9 (C14)™5 1.

Preparation of Metallic Metal ions Complexes
Following the same approach used in
rhodium complex synthesis, the complexes of the
next metal salts. (0.4 mmol) [CrCl3.6H:0) (0.1g, 0.6
mmol), (CoCl.6H,0) (0.1g, 0.8 mmol), (FeCls)
(0.1g, 0.6 mmol), (RhCl3.3H;0), (0.19,0.4 mmol),
(RuCls.3H20), (0.19,0.4 mmol) and (NH4)2M00,),
(0.1g, 0.5 mmol) were prepared. To dissolve the
salts, 10 cm® of water is used. Next, drop by drop, 15
cm® of azo ligand (H4L) weighing 0.1g and 0.4mmol
is added to the solution. The mixture is then heated
and refluxed for 2 hours at a temperature of up to
40°C. After that, any un reacted components are
removed by briefly immersing them in hot ethanol.

wGenen—

wwwww

]

i

The solid complexes formed are then separated,
collected, dried and weighed. The formation of the
metal complexes is shown in Scheme.1. Fig. 2 shows
both 'H-&BC-NMR data for the Rh-complex.tH-
NMR demonstrates the next chemical shifts in ppm:
2.32 dppm (3H, Singlet), 7.01- 7.58 oppm (5H,
multiplate) and 9.91-10.11 Sppm (2H, doublet).
Corresponding to protons of methyl group of ketone,
Ar-H protons and protons of phenolic groups
respectively and 3.32 dppm( Singlet) for attributed to
the DHO. On the other hand, **C-NMR spectrum
which tested using chloroform as solvent
demonstrates the next peaks: 189.88 (C1), 140.74
(C2), 165.44 (C3), 169.11 (C4), 151.41 (C5), 127.41
(C6), 127.51 (C7), 181.27 (C8), 105.84 (C9), 172.05
(C10), 119.01 (C11), 178.62 (C12), 200.41 (C13),
30.51 (C14)11,
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Figure 1. 'H-&®C-NMR spectra of ligand (HsL)
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Figure 2. 'H-&BC-NMR spectra of Rh-complex
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Scheme 1. Synthesis of ligand (H4L) and its complexes.

Results and discussion

Table.1 shows the comparison between the estimated
and theoretical results of the percentage of each
element involved in synthesized complexes, as well
as the chloride involvement and metal ratio. The

estimated results were obtained both technically and
theoretically, and were found to be in good
agreement with each other.

Table 1. Colours, yields, elemental analyses, and molar conductance values

Compound Elemental microanalysis % found (calc.) Yield m.p°C Colour
(M. wt) C H N M Cl % :
C1eH12N:0s 57.89 467 1011
288.26 (58.33)  (420) (9.72) - 50 146-148  Brown
CiH1N206CICr 4178 402 807 1234  10.00
391.70 (42.93) (309 (7.15) (1327) (9.05) 8 >300 Brown
CraH1N206CIFe 41.14 297 811 1331 954 . ... Dark
305,55 (4251)  (306) (7.08) (1412)  (8.96) brown
C1H1N205Co 47.88 333 791 1801 nil 6 oa0p  Reddish
345.17 4871) (292 (812 (17.07) - brown
CuaH1N207Mo 40.6 243 676 2316 ] 1 1g3qg5  Reddish
414.18 (4112)  (301) (7.75) (24.01) brown
C14H1N206CIRh 38.01 255 721 - 749 249D Dark
442.04 (37.99)  (273)  (6.33) (8.01) brown
C1aH1N206CIRU 38.11 308 7.33 900 8 ... Dark
440.78 (38.15)  (2.74)  (6.36) (8.04) brown

D=decompose
FT-IR Spectroscopy

FT-IR spectroscopy can determine the
formation of new complexes by comparing the
spectra of the complexes with the spectrum of the
ligand. The modifications observed in the spectra of
the complexes may include changes in the shape or

intensities of the main bands, or a shift in their
wavelengths towards lower or higher readings. In
Fig. 3, the (HsL) ligand exhibited the following
stretching absorption bands: A weak to strong band
at 3120 cm'* for the vibration of C-H aromatic group,
aweak band at 2912 cm™ belonging to C-H aliphatic
group, a moderate, sharp band at 1631 cm* for the
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vibrational mode of carbonyl group (C=0) and
bending absorption band for CH; group at 1400 cmr
! Moreover, a unique band at 1463 cm? was
observed, which was not present in the starting
materials. This band may be attributed to the
vibrational mode of azo-group (N=N) and is
considered strong evidence of azo formation'’. The
cobalt complex shows the following absorption
peaks: a weak stretching absorption band of the C-H
aromatic group at 3000 cm, overlapped with the
broad band of the phenolic group (O-H) appearing at
3400 cm?. Additionally, we can clearly see the
stretching weak band of the C-H aliphatic group at
2950 cm™. The change in the intensity of the azo-
band that appeared at 1462 cm™ may have happened
due to the coordinative behavior with the metal ion
through this group. The strong evidence that supports
this fact is the appearance of a new band called M-N
band at 497 cm™. The shifting in the location of the
carbonyl absorption band compared to its location in
the free ligand to be appeared at 1612 cm™ is also a
good indication that proves the coordinative
behavior through this group. Finally, the appearance
of the Co-O band at 430 cm? also proves the
coordination through carbonyl and carbinol groups?®.
The iron complex exhibits various stretching
absorption bands, including a broad band of phenolic
group O-H, C-H aromatic group that overlaps with
O-H and aqua group, C-H aliphatic group, azo-group
(N=N), carbonyl group C=0, and carbinol group C-
O. These bands were detected at 3473 cm™, 3178 cm
12926 cm™, 1452 cm™, 1598 cm?, and 1307 cm™,
respectively. The same bands were observed in the
ligand with some modifications, such as shifting and

changing in their intensities due to the interaction
with the metal ion. Additionally, there are new
bands, including the aqua band H,0O (3415, 1620 and
682 cmt), Fe-N (500 cm™), and Fe-O (466 cm™)?°,
as displayed in Table 2 .The molybdenum complex
exhibits several stretching absorption bands,
including a broad band of phenolic group O-H, C-H
aromatic group that overlaps with O-H, C-H aliphatic
group, azo-group (N=N), carbonyl group C=0, and
carbinol group C-O. These bands were detected at
3413 cm?, 3178 cm?, 2921 cm?, 1452 cm?, 1598
cm?, and 1307 cm, respectively. These same bands
are observed in the ligand, but with some
modifications such as shifting and changing in their
intensities due to the interaction with metal ion.
There are also new bands to consider, which are Mo-
N and Mo-O?, as displayed in Table 2. Fig. 4 of the
rhodium complex, displays the next stretching
absorption bands: (weak band of phenolic group O-
H, C-H aromatic group that overlapped with O-H and
aqua groups, C-H aliphatic group, azo-group (N=N),
carbonyl group C=0 and carbinol group C-O). Those
bands were detected at 3749 cm®, 3010 cm™, 2922
cm?, 1462 cm?, 1620 cm?® and 1257 cm’
respectively. Those bands are the same bands that
observed in ligand with some modifications such as
shifting and changing in their intensities due to the
interaction with metal ion. Other bands are
considered new bands, those are: aqua band H-O,
Rh-N and Rh-O?! as displayed in Table 2, for
ruthenium complex, displays the same bands that
detected in previous complex (Rh-complex) with
some variations such as shifting and intensity
changing as displayed in Table 2.

Table 2. FT-IR spectral data for ligand and complexes

(H20) (OH) (C-H) (C-H) _ C-0 _ M-N
Compounds aqua phenolic aromatic aliphatic (N=N) (C=0) (M-0O)
Ci4H12N205 (H4L) - 3580 3120 2912 1463 1282 1631 --
C14H10N205Co - 3400 3000 2950 1462 1305 1612 (32(7))
3415
C14H12N2O6Cl1Fe 1620 3473 3178 2926 1400 1307 1598 500
632 1452 (466)
1400 523
Ci4H10N20O7Mo - 3413 3178 2921 1452 1307 1598 (410)
3280
1699 1404 493
C14H12N206CIRh 771 3749 3010 2922 1462 1257 1620 (450)
630
3425
C14H12N206CIRu 1617 3100 1404 493
760 3757 overlapped 2926 1463 1120 1612 (478)
682
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Figure 4. FT-IR spectrum for Rh-complex

The ligand and its complexes are studied by UV-
Vis, molar conductivity and magnetic
susceptibility

The UV-vis spectrum of (HsL) ligand Fig. 5
shows a moderately broad absorption band at 300
nm, 33333 cm™) corresponding to (n—mn*) electronic
transition, and another broad band at 391 nm, 25575
cmt) corresponding to n—7* electronic transition 22,
Fig. 6 demonstrates the spectrum of chromium
complex and the next transitions: (=—n*, n—n* and
C.TL—M)at (210 nm, 47619cm™), (290 nm, 34482
cm?) and (387 nm, 25839 cm™) respectively, the
transitions of ligand with some shifting in their
wavelengths because of coordination with metal. In
addition to d-d transitions at visible region (600 nm,
16666 cm™) and (790 nm, 12658 cm™) belonging to

4PA2e—*T2g (m and *Ag—*T1g (7 respectively. pes -
3.89 which is an indicative of an Octahedral
geometry?. Ultra-violet-visible spectrum of iron
complex in Fig. 7, shows two transitions in UV-
region at 290 nm, 34482 cm™* and 310 nm, 32258 cm-
! belonging to m—n* and n—m* transitions
respectively?®. In addition to d-d transitions in visible
region at 413 nm, 24213 cm, 645 nm, 15503 cm'*
and (800 nm, 12500 cm™) corresponding to
n—-n*+C. T (M—>L), 6A1g—>4Alg.Eg and 6A19—>4ng
respectively " - 5.69 which is an indicative of an
Octahedral geometry. Ultra-violet-visible spectrum
of cobalt complex in Fig.8, demonstrates the next
peaks at ultra-violet region: (250 nm, 40000 cm™)
and (300 nm, 33333 cm™) belonging to m—n* and
n—n* transitions respectively. And next peaks at
visible region: (410 nm, 24390 cm’) and (630 nm,
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15873 cm?) corresponding to C. T (M—L) and
*A,—*T1 () transitions respectively pefr = 3.88 which
is an indicative of a Tetrahedral geometry?.
Ultraviolet-visible spectrum of Rhodium complex
shows the following transitions: (n—n*, n—mw, C.T
M—L,'Aig—!T,g and 'A;g—!Tig) at (280 nm,
35714 cm™),(300 nm, 33333 cm™), (410 nm, 24390
cm?) (630,15873),(780,12820) respectively. Which
is an indicative of an Octahedral geometry. The UV-
Vis spectrum of molybdenum complex displays the
next transitions: at ultra-violet region (m—n* and
n—7*) transitions corresponding to (280 nm, 35714
cm?® and 315 nm,31746 cm™) respectively. In
addition to single transition at visible region at (425
nm, 23529 cm™) attributed to C.TL—M transition.
Which is an indicative of an Octahedral geometry.
Ultraviolet-visible spectrum of ruthenium complex
shows the following transitions: (m—7n*, n—o,
'A;g—1T1g and *A1g—'T,g) at (290 nm, 34482 cm
1, (300 nm, 33333 cm™), (420 nm, 23809 cm™) and
(500 nm, 20000 cm?) respectively. perr=1.71, which
an indicative of an Octahedral geometry®®. All
complexes exhibit the same absorption bands as
those found in the ligand, located in the ultraviolet
region. However, there are some modifications,
including a shift in their absorption bands due to
coordinative binding with metal ions. Furthermore,
the spectra show new absorption peaks in the visible
region, which belong to d-d transitions, as shown in
Table 3. The molar conductivity of the synthesized
complex solutions was measured by preparing 1x10
3 M from the complexes in DMSO solvent at room
temperature. It was found that all measurements
shown in Table 3 were consistent with the suggested
structural formula of all complexes, indicating that
all complexes are non-electrolytes and confirming
the geometries of the obtained complexes. Magnetic
susceptibility measurements have been widely used
in the diagnosis and study of complex transition
metals. The most important aspect in this field relates
to the effects resulting from the partially filled outer
casings with electrons. Magnetic measurements
provide information about the compound in terms of
the electronic arrangement and the oxidation state of
the transition metal atoms. The number of lone
electrons of a transition metal ion indicates the state
of the spin of the studied complex, whether it is
spinning low or high®.
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Figure 5. UV-vis spectrum of Ligand (HsL)
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Table 3. Electronic spectral data of the compounds and magnetic moment

W eff
2 .
*Compound Amax (NM)  vem?  ABS. msor;fié:;_l g’;f‘fr;?l_l Assignment (thp(;z;;gta;ca
)]
300 33333 2090 2090 P §
C14H12N20s (Hal) 391 25575 1850 1850 - o
210 47619 2000 2000 -
200 34482 1900 1900 nom* 3.89
Cl‘g“tz'\'ﬁ%ﬁclcr 387 25839 0900  900.0 13 CT(@LoM)  (3.872)
ctahedra 600 16666  0.600 600.0 Pog—*To9 6
790 12658 0.650  650.0 Pog—*T1g )
200 34482 0570 570 o
310 32258 0.400 400 n—m 5.69
C14H12N206CIFe 413 24213 0.800 800 17 n—n*+C.T (5.916)
Octahedral ' (M—L)
645 15503  0.050 50 e
800 12500  0.050 50 A
250 40000 1200 1200 T
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ig':g;’#;g;{mo 315 31746 1800 1800 18 N ic
425 23529  0.600 600 C.TL—M )
200 34482 1980 1980 T 171
CuH1N206CIRU 300 33333 2000 2000 . o (1.732)
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500 20000  0.600 600 1A1g—Tog
LC-Mass Spectra for Ligand (HsL) and Some pattern:C14H10M0ON20Os4, C12HsMOoN, O3,

Complexes:

LC-Mass spectrum testing is one of the most
crucial methods for characterizing the ligand (HaL)
and some products. It supplements other methods
that estimate the molecular weight of the chemical.
The fragmentation pattern and the extract mass for
each pattern are shown in Scheme 2 to provide mass
information for the ligand. The fragment's molecular
ion peak [M]* is easily visible, such as C14H11N2Os*
with a relative abundance of about 9% in Fig. 9.
Other abundances are also present for the rest of the
peaks: CiaH10N204", Ci4H10N203", Ci1aH10N20,
CsHsO* and CsHiNy'corresponded the next
abundances :270.24 m/z, 254.24 m/z, 222.24 m/z,
118.13 m/z and 104.11 m/z respectively?’. For
molybdenum complex,Fig.10 and Scheme 2 ,we can
also detect the molecular ion peak (M*) at 414 m/z
with  relative abundance 10% and next

ClesMONzoz, MONZ, C5H402, and CsHa which
corresponded to: 366.18m/z, 324.14m/z ,308.14m/z,
223.15m/z  ,123.95m/z, 76.10m/z respectively,
corresponded the next abundances:28%, 50%, 65%,
19%, 55%, 82%, 85% respectively .For cobalt
complex in Fig. 11 and Scheme. 4, we can also detect
the molecular ion peak (M¥) at 345.21 m/z with
relative abundance 10% and next
pattern:Cl4HgCoN204+, Cl4HQCON203+', C6H4COO+',
CeHaN20,",CsH4sCoO  which  corresponded to
328.17m/z, 286.13m/z, 312.17m/z, 136.11m/z,
151.03 m/z respectively, corresponded the next
abundances :28%, 47%, 68%, 46%, 80%
respectively .For Rhodium complex, Scheme 5, we
can also detect the molecular ion peak (M*) at
442m/z with relative abundance 25% and next
pattern:C14H10CIRhN205+, C14H10RhN204'+,
C12HsRhN2O3*, C12HsRhN,O,, CsH202RN,
CeHaN2™ which corresponded to: 424.60m/z,
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373.15m/z, 331.11m/z, 315.11m/z, 208.98m/z,
104.11m/z respectively, corresponded the next
abundances :45%, 62%, 36%, 75%, 79%, 50%
respectively?®.For Chromium complex we can also
detect the molecular ion peak (M*) at 391.84 m/z
with relative abundance 24% and next pattern:
C14H1()C|CI'N205+, C14H10CFN204+, C12H8CrN203+,
C12HsCrN,O,*, CeH4O2 ™, CrNy*™ Which

corresponded to: 373.54 m/z, 322.17m/z, 280.14m/z,
264.31m/z, 108.41m/z, 79.68m/z, 76.22m/z
respectively, corresponded the next abundances
:55%, 42%, 32%, 75%, 50%, 62%, 88%
respectively?®. All the partitioning analogues and
relative abundance for each analogue are illustrated
in Table 4.

~ C
3@( o iii( N
14II|1N205

m/z = 287.25

HO
S
=N S
7 N \CHz
C4H oNLO \
m/z= 222.24

CeH, NS
/z= 104.11

CgHS mE

m/z= 1?8,13

CiaH 10N204
m/z= 270.24

jij(
S
CH> _N
N/

CLaH, oNL
m/z—= 254.24

Scheme 2. The proposed mass fragmentation pathways of ligand (HsL)

CH3

N/ \’j/
Chemical formula: C;4,H;0MON;O; o
Exact Mass: 414.18

Chemical formula: CgH, ™
Exact Mass: 76.10

O S .—CHa

@ MO

;’ h
Chemical formula: Cl4H10M0N204 on
Exact Mass: 366.18

OH

|
C\\N\ TS

emical formula: C;,HgMON,O3" oH

. .
- N
-+ Mo 'ﬁk\
N /
Chemical formula: MoN," HO oH

Exact Mass: 123.95

Chemical formula: C4H,O,™"
Exact Mass: 108.09

Scheme 3. The proposed mass fragmentation pathways of Mo-complex

—— \
o, C——CH;

@N/Mﬁ

CiaH, nC0N2C)+5
m/z= 345.17 HO

OH

RS

O\CO/O\\

//\o S

~N=—N

" OH
C,4HoCoN,O, \:
m/z= 328.17 HZC\
° Ncu

_—© OH \Co O
ESATE O

C,,H,CoN, og
m/z= 286.13

HO on

+

C¢H,NLO

N 6t14N2%I>
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N
o=

C,,HoCoN,O4
m/z= 312.17

Cgk I4CoO
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Scheme 4. The proposed mass fragmentation pathways of Co-complex
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Scheme 5. The proposed mass fragmentation pathways of Rh-complex
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Scheme 6. The proposed mass fragmentation pathways of Cr-complex
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Thermal Analysis Diagnosis:

DSC (differential scanning calorimetric) is a
pyrolysis technique that helps to determine the
amount of temperature absorbed and released during
thermal changes in a substance. It is widely used in
various fields such as minerals, organic compounds,
pharmaceuticals, polymers, inorganic substances and
food to determine their purity and stability. Ti/°C,
Tf/°C and heat amount AH J/g enthalpy in units are
measured for exothermic or endothermic reactions,
AS entropya measure of the unavailable energy in a
closed thermodynamic system that is also usually
considered to be a measure of the system's disorder,
that is a property of the system's state, and that varies
directly with any reversible change in heat in the
system and inversely with the temperature of the
system. All compounds undergo regular thermal

spectru

of

cobalt complex

decomposition in their final stages, and AG energy
Gibbs the standard Gibbs free energy change,
AG®, indicates the thermodynamic favorability of a
physical or chemical process. When AG® < 0, the
process is thermodynamically favored. For a given
process, the value of AG® can be calculated directly
from the values of AH® and AS® using the following
equation: AG® = AH° - TAS°, processing is
thermodynamically favored, as shown in Table.4
Figs. 12-15. Thermal study of ligand and some
complexes are done using TGA (thermogravimetric
analysis) and DSC curves. TGA measures the mass
change of a substance with temperature when
subjected to a controlled thermal program in a
specific time. The obtained curve is referred to as a
thermogravimetric curve and gives information
about thermal stability, reaction rates, chemical
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structure, and the thermal stability of the products.
The thermal behavior of ligand (H4L) and some of its
complexes were characterized using
thermogravimetric analysis curve (TGA). Schemes

7-10, Table.5 and Fig. 16,17 give identical results
with suggested chemical formula of ligand (H4L) and
tested complexes, and also demonstrate information
for each pyrolysis step that occurred® 3,

Table 4. Differential scanning calorimetric data for ligand and some complexes

Max. T.

AH

Compound Tirc Tiec point °C Jle ASJ AGJ Type
C“‘(HH‘:E;OS 387.65 39513 748 343 -04588  -183.463 endothermic
CuHuN:0sCo 0 h 15867 6146 8978  -14607  -231.86 endothermic
49.17 65.49 16.32 2125 -0.0764 33 exothermic
C14H10N20:Mo 60.63 98.89 38.26 2563  -0.6698 25.904 exothermic
17241  257.74 85.33 5425  0.6357 -89.12 endothermic
46.17 63.49 56.51 -1.33  -0.0235 -0.002 endothermic
CisHiN206CIRh ~ 60.34 98.63 76.54 2333 -0.3048 152.618 exothermic
17241 25774 22354 5484  0.2453 0.01 exothermic
32445 33499  332.57 313 -0.0094 -0.004 endothermic
41.08 106.52 65.44 4145  -0.6334 0.867 exothermic
CuHiN206CICr 12785 172.88 45.03 -18.41  -0.4088 43.19 exothermic
18236 196.21 13.57 -1.33  -0.0980 17.265 exothermic
218.64  305.41 86.77  238.78  2.7516 -462.245 endothermic
1.00 ' ‘
Stat  387.65C 200 |
End 395.13C Start 172.41C
000 Heat  -5.39mJ End 257.74C
-3.43)ig f 14 Heat 155.84mJ
54.250lg |
Stat  49.17C PEUE . 5 /
1 | End  6549C A
Ba240C 00g Heat  -3.93mJ ]
A4 \ | -1.250ig o
sk TN / 's;;n 60.63C
[ \\ / End  98.89C
L —ta————m s am P e " e ,

Figurel2. DSC. Curve for ligand (HsL)

psC
mw_

1.00

| stat
100 \ | End
\ Heat

T00.00

9727C

N
67.21C
12867C
-150.97mJ
-89.78J/g

2000
Temp [C]

30000

Figure 13. DSC. Curve for cobalt complex
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Figure 14. DSC. Curve for Mo-complex
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Figure 15. DSC. Curve for Rh-complex
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Table 5. Thermo gravimetric analysis data for ligand and some complexes

Compound % Estimated (calculated) Assienment
(M. wt.) Mass loss Total mass loss &
Ci14H12N,0s (HsL) 94.4433 -C13H12N20:5
94.4433 (95.837) (95.837) C
Calculated:95.837% final =4.16291%; Estimated 94.4433 % final =5.5567%
(4.5953) 3.7139 -H>0,
Ci4H12N206CICr (9.0630) 9.3363 -Cl
(43.911) 43.607 821232 (82.588) _CsHN,O
(25.0191) 25.4660 -C4H203
Calculated: 82.5885% final =17.4115%; Estimated 82.1232% final =17.8768%
(12.7473) 12.4125 -CO»
C14H10N>05Co (15.3547) 15.3091 7(57388‘2‘35)9 _C3H:N
(50.1202) 51.1212 : -C1H/NO,
Calculated: 78.222% final = 21.7778%; Estimated 78.84289% final =21.15711%
C14sH10N,O7Mo (28.0071) 27.76457 73.10577 -2COs, -N2
(45.4312) 44.90801 (72.520) -C12H1902
Calculated: 72.91511% final =27.4796%; Estimated 73.10577 % final=26.89423%
(12.1375) 12.8495 -H,0, -Cl
CiaH2N206CIRu (27.2244) 26.6927 (7733'032902645) -C6H4N>O
(34.0305) 33.47845 ) -CgHsO3

Calculated: 73.3924% final = 26.6076%; Estimated 73.02065% final =26.97935%

calc. = 95.83709
rest=4.16291
C14H 12N, 05 > C
found = 94.44330
calc. = 95.83709

-C13H 15N, 05

found = 94.44330
rest =5.5567

Scheme 7. Pyrolysis pathway for ligand (H4L)

H,0
€l N, 0,CrCl——Z > € Hy N, 0CiC
found =3.7139

cale. = 4.5953 found = 9.3363

calc. =9.0030
cale. = 82,5885 -C4Hy0;

CHNO
test= 174115
CI’O+¢ C6H3O4CI’4L C14H10N205Cf

found = 82.1232 found = 25.4660 found = 43.607
rest=17.8768 cale. =25.0191 cale. =43.911

Scheme 8. Pyrolysis pathway for chromium
complex
-CO,

C14H10N205C0 —L> C13H10N203C0

found = 12.41257

calc. = 12.7473
found = 15.30912

calc. = 15.3547

-C3H3N

calc. = 78.2222 -CyoH,NO,
rest=21.7778
CoO C10H7NO3C0
found = 78.84289 found = 51.1212
rest=21.15711 cale. = 50.1202

Scheme 9. Pyrolysis pathway for cobalt complex

-2C0,,-N,

—L> C12H1003M0

found = 27.76457
calc. =28.0071

C 14H10N207M0

found = 45.3412
calc. = 44.90801

MoO™

calc. =72.91511

rest =27.4796
-C12H 90,

found = 73.10577
rest = 26.89423
Scheme 10. Pyrolysis pathway for molybdenum
complex
-H,0, -Cl
C14H12N2O6R11C1 —LF C14H10N205R11
found = 12.8495

cale. = 12.1375 o 26,600
ound = 26.6927
calc. = 27,0044 CelN0
cale. =73.3924
rest = 26,6076 -CsH0;
RuO" CsHgO4Ru
found = 73.02065 found = 33.47845
rest=26.97935 cale. = 34.0305

Scheme 11. Pyrolysis pathway for ruthenium
complex
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HDSC (uVv)
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Mass change 595.914 °C, -94.4433 %

"""" 0
Temperature (°C)

Figure 16. thermogram of ligand (H4L)
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e
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&
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h "y Mass change 599.106 °C, -24.4660 % |

~y
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Figure 17. thermogram of Cr- complex

Determination of DPPH Radical Scavenging
Efficiency

The inhibitory effect of ligand HiL and its
minerals, including Cr (111), Mo (VI), Fe (ll), Ru
(11), and Rh (I11), on reactive oxygen species was
evaluated using DPPH. The combination of the
ligand and its minerals causes a change in color of
DPPH from purple to yellow due to the transfer of
hydrogen from the ligand to the DPPH molecule. The
color conversion was detected using a UV-Vis
spectrophotometer at 517 nm. The inhibitory activity
of the ligand H4L and its minerals on reactive oxygen
species was ranked in the following order: (
HsL>Ascorbic acid > Mo-H,L> Fe-H,L> Cr-H,L >
Rh-H;L> Ru-H.L) based on the higher ICso value
indicating lower antioxidant effectiveness, as shown
in Fig. 18 after 30 minutes. The ligand and
molybdenum  complex  demonstrated  higher
antioxidant activity. The free radical scavenging
effects of all the compounds with the DPPH radical
were evaluated using the following equation and
presented in Table.6 under the same conditions® %,

PI1 %
_ Absorbance of control — Absorbance of sample

x 100%

Absorbance of control

P1 = Percentage Inhibition

Table 6. Radical scavenging activities, Percentage Inhibition and 1Cso values

Conc.

Compound PI% RSA%
pg/ml

0.375 9.95 90.05

C14H12N20s 0.186  42.17 57.83
(H4L) 0.093  58.99 41.01
0.046  66.08 33.92

0374 3394 66.06

Cr-Complex 0.186  55.88 44.12
0.093  69.03 30.97

0.046  73.94 26.06

0374  26.62 73.38

Fe- Complex 0.186  42.28 57.72
0.093  48.95 51.05

0.046  51.99 48.01

Compound

Ascorbic acid

I1Cso

0.127

0.125

RSA =100 —PI; : RSA = Radical Scavenging
Activity
Compound  C°"®  PI9 RSA%  ICs
pg/ml
0374 1594  84.06
0.186 4889  51.11
0.019 Mo-Complex 0.093 6711 3289 0.026
0.046 7495  25.05
0374 3070  69.30
0.186 4586  54.14
Rh-Complex )93 5449 455 0132
0.046  59.98  40.02
0.113 6948  30.52
0.057 8438  15.62
Ru-Complex  o'ne g949 1051 0189
0013 9438  5.62
Conc.  proy RSA%  ICs
pg/ml
0374 1229  87.80
0.186 36.75 6325  0.023
0.03 5874  41.26
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Variations of 1C;, for the ligand and its complexes

0.2
0.18
0.16
0.14

ascorbic acid H4L Mo-H2L

0.12
0.1
0.08
0.06
0.04
0.02
| O L]

Fe-H2L

Cr-H2L Rh-H2L Ru-H2L

= IC50

Figure 18. Variations of 1Cs, values for HasL ligand and its complexes

Conclusion

A novel azo ligand was prepared via the
reaction of the diazonium salt of 3-aminophenol with
2, 4, 6-trihydroxy acetophenone. This ligand was
then employed to access new complexes with
different metals. These complexes were identified
using a number of analytical techniques, such as
elemental microanalysis, metal chloride-containing,
electrical conductivity measurement, magnetic
susceptibility, *H- and ®C-NMR, FT-IR, and UV-
Vis  spectroscopy. Calculations  of  the
thermodynamic parameters AH, AS, and AG were
made using the DCS curve, and the atomic N, O, and
O tetradentate coordination sites in the ligand were
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