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Abstract

4-((2-hydroxy-3,5-dinitrophenyl)diazenyl)-1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one was produced
through the reaction of diazonium salt from 4-amino antipyrine with 2,4-dinitrophenol. This ligand is
examined by (UV-Vis, FTIR,*H,* CNMR, and LC-Mass) spectral techniques and micro elemental analysis
(C.H.N.O). Co(l1), Ni(I1), Cu(ll), and Zn(Il) complexes were also performed and depicted. Metal chelates
were distinguished by utilizing flame atomic absorption, infrared analysis, and elemental, visible, as well
as ultraviolet spectroscopy, in addition to conductivity and magnetic quantification. Methods of mole ratio
and continuous contrast have been studied to determine the nature of the compounds. Beer's law was
followed throughout a condensation reach of about 1x10* - 3x10* M/L. A higher molar absorbance was
observed for compound solutions. Analytical data displayed all metal chelates in a 1:2 metal-ligand ratio.
In general, the physicochemical data, and the octahedral geometry of the compounds are described.

Compounds are tested in biological and dye studies

Keywords: azo dyes, biological activity, 4-aminoantipyrine, metal complexes, textile industry.

Introduction

Diverse types of dyes, often containing highly toxic
metal complexes, have been used in the textile
industry, and in other industries like the food
industry, leather processing, papermaking, printing,
paints, as well as cosmetics. These dyes constitute a
source of grave concern to the environment through
their discharge into fresh waters!=. Because the azo
group has several advantages, it is photochromic,
oxidation- responsive, pH sensitive, and it can
stabilize the oxidation state of low-valent metals due

to the existence of a low-lying azo fastened m*
molecular orbital, it has been utilized as a metal ion
indicator for complex measurement of titration, and
as dyes and pigments in textile industries *°. These
azo dye molecules make up over 70% of the entire
amount of the dye used and have been reported to be
mutagenic, 42 carcinogenic, and genotoxic to
humans and other aquatic life forms 6. Numerous
uses of the dye's related electrolytes, from biology to
the textile industry, have been discovered. If the dye
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is cytotoxic, it can be administered to the living cells
after being wrapped in many electrolytes to boost its
biocompatibility. Additionally, pH detection is done
using the dyes entrapped within the polyelectrolyte
complexes’. The textile business has been
revolutionized by polymer coloring reactions. In the

Materials and Methods

Materials and reagent

The chemicals were applied as received from the
provider: CoCl».6H.0O, NiCl,.6H,O, CuCl,.2H,0
also ZnCl, (Fluka), 2,4-dinitrophenol, 4-amino
antipyrine (B.D.H).

Instrumentation

In the Agilent Technologies lab at the University of
Tehran in Iran, **C and 'H-NMR spectra were
highlighted on a Brucker DRX type system
(500MHz) in tetramethyl saline as a standard in
dimethyl sulfoxide d6 solution. Using a Philips PW-
Digital Conductance meter, the conductivity of the
compounds dissolved in ethyl alcohol (10-3 M/L)
was measured at 25 °C. Euro vector EA 3000, single
V.3.0. was used to do micro elemental analysis
(C.H.N.O.) Sherwood Applying the Auto Magnetic
Susceptibility at 25 °C allowed scientists to refine the
magnetic characteristics. A Shimadzu A.A-160A
Atomic Absorption/Flame Emission
Spectrophotometer was used to measure atomic
absorbance. A UV-Vis-160A spectrophotometer was
used to record the UV-visible spectrum. The spectral
regions of the models were created as KBr disks and
used to create the infrared spectrum of the Shimadzu,
FTIR-8400S Fourier Transform Infrared
Spectrophotometer at 4000-400 cm. Shimadzu
(E170 EV) Spectrometer measurements of mass
spectrometry have been made. Otherwise, melting
points were determined using the Stuart Melting
Point Apparatus.

Preparation for the ligand

A Mixture of 10 mL ethanol and 2 mL HCI
concentration was used to create a solution of 4-
aminoantipyrine * (0.50 g, 1 mmole), which was
then diazotized at 5 °C with a 10% NaNO; solution.
A cool solution of ethyl alcohol containing 0.46 g
and 1 mmole of 2,4-dinitrophenol was added to the
denitrified solution for stirring. The precipitation of
the azo ligand was then seen when 25 ml was
observed in a dark-colored mixture containing 1 M

production of food, essential electrolytes, and edible
dyes are frequently used. Biological research has also
discovered extensive usage for the combination of
colors and proteins 8. Recently, dyes are contained in
nanosized polymers ® 10,

NaOH solution. The precipitate was then filtered,
recrystallized from hot ethanol and then allowed to
dry. In Scheme 1, the interaction is depicted.

CH;, CH,

H,C. H,C.
N7 Ny 10% NaNO N7
| NHZ HTT Conc. n | NZCI
N““C NH___C
W

HO®EN
w [ounpdonmp-¢'g

th
\\O
HO NO,

Scheme 1. Synthesis for azo-ligand (L).
Buffer solution

In one liter of doubly deionized water, ammonium
acetate (0.01M, 0.771 gram) was dissolved. The pH
range was maintained at (4-9) requiring the use of
CH3COOH or NHz solutions.

Standard solution

Mineral salt buffer solutions in a range between
focus 10°-10° M/L were generated at pH 4-9. A
significant volume of ethanolic ligand solutions with
concentrations between 10°-10° M/L were created
at the same time.

Metal chelate preparation

Ethyl alcohol solution from ligand (0.398gm,
2mmole) was added for stirring, using (0.118, 0.118,
0.085 and 0.064 gm, Immole) of metal chloride from
(Co", Ni", Cu" also zZn') and dissolved in the
solution at the required pH. After filtering and
washing with a 1:1 H,O:C,HsOH solution, the liquid
was chilled until the dark-colored precipitate was
seen. Table 1 lists the physical parameters and
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analysis (CHNO), whereas Scheme 2 illustrates the
preparation method.

C-H3 No?
H3C,
NN
| N=—N + Metal ion (Optimum pH)
N__

o H -
=212
= =

DEN NG)
CH3 \\‘.\ ......... O=c—N
HJC-«. T '\\\ o
\—-" 'aﬁ»’;-

MY = Co,Ni,Cu and Zn

iiﬁ

o,N 0,

Scheme 2. Expected geometry for complexes with azo ligand.

Table 1. Physical characteristics for azo ligand as well their metal chelates.

Compounds Color M.P°C Yield  Analysis Calc (Found)
% M% C% H% N% 0%

Ligand(L) Orange 130-132 88 - 51.25 3.51 21.10 24.12
(50.93) (3.03) (20.96)  (23.84)

[Co(L)2] Brown 120-122 83 6.91 47.83 3.04 19.69 22.50
(5.94) (46.92) (2.75) (18.84)  (22.75)

[Ni(L)2] Reddish 156-158 85 6.80 47.88 3.05 19.71 22.53
orange (6.62) (47.22) (2.94) (18.93)  (21.91)

[Cu(L)2] Deep 162-164 85 7.45 47.55 3.03 19.58 22.37
brown (6.97) (46.91) (2.96) (18.87)  (21.81)

[Zn(L)2] Brown 146-148 82 7.56 47.49 3.02 19.55 22.35
(6.86) (46.84) (2.83) (18.96)  (21.84)

Antimicrobial activity

The disc diffusion method was used to assess the
ligand and all synthesized compounds for their in
vitro antibacterial activities against (Staphylococcus
aureus, Staphylococcus  epidermidis, and
Psedomonas aeruginosa) like Gram-positive
bacteria as well as anti-fungal activities against
Candida albicans (yeast) 2. A model of 1-200 g/ml
was employed along with the DMSO concentration
and solvent used in the test samples. With any
chemical, the fine diffusion technique is used to
determine its antibacterial and antifungal activities.
Sterilized Petri plates were filled with 1 cm® of a
Gram-negative bacteria broth culture containing 106

CFU/cm3 of (Streptococcus sp., Escherichia coli,
and Klebsiella sp.). Molten nutritious agar 15cm? has
been preserved at temperature 45 °C as well as
crowding at Petri-dishes as well as elastic to the
stiffen. The other 6 mm holes were expertly filled
with test solutions after being precisely bored with a
sterile cork drill. For 24 hours, dishes were incubated
around 37 °C.

Dyeing process

The chemicals are produced and applied via cotton
fibers as (1% shade) offered dyeing qualities. The
tissue dyeing continues for one hour at 15-20 °C and
a pH of 10.
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Results and Discussion

A combination of 4-aminoantipyrine and appropriate
diazotized solutions from the base were effective for
azo ligands (L). Microelemental analysis and
spectrum analyses (**C, 'HNMR, FT-IR, UV-Vis,
and LC-Mass) were used to identify the generated
azo ligand (C.H.N.O). To investigate the relationship
between metal salts and the created ligand, aqueous-
ethanol solutions were continuously obtained.

NMR spectra

Different signals may be seen in the ligand's 'THNMR
spectrum between 6=7.29 and 8.40 ppm, which are
defined as aromatic protons'®. At (5=8.72) ppm,
where the signals were detected, the value was

determined to be (OH). Finding signals on (6 =3.16)
ppm and (6 =2.10) ppm that, respectively, are
characterized as (N-CHs) and (CH3) from pyrazole®.
Water (D.0) and DMSO-ds *° signals at (5 =3.43
ppm) and (6 =2.50 ppm), respectively, are shown in
Fig. 1 The pyrazole group's carbon in the *CNMR
spectra from the ligand, exhibits resonance at (o
=19.01) as well as (6 =56.49) ppm. Carbon atoms
from aromatic rings are responsible for the multiple
signals at (=136.83, 129.76, 122.27, and 119.98)
ppm. Signals owing to (C=0) and (C-OH) groups of
carbon at (6 =157.89) ppm and (& =138.71) ppm,
respectively, as well as the indicative signal at (&
=39.40 ppm due to DMSO-ds*® ¥, are shown in Fig.
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Figure 1. THNMR spectrum for azo-ligand (L).
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Figure 2. BCNMR spectrum for azo-ligand (L).

Mass spectrum

Due to the formula C17H14NeOs, the azo ligand mass
spectrometry (L) revealed a peak centered at m/z =
398. Scheme 3 provides a summary of the
segmentation's overall pattern. In Fig. 3 Because of
the formulae CazsH2sN12012Ni and CasH2sN12012Cu,
the complexes' mass spectra show peaks centered at
m/z = 852 and 858, respectively. Schemes 4 and 5
provide an overview of the segmentation pattern in
general. Figs. 4 and 5 are shown.
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Figure 3. Mass spectrum for azo-ligand (L).
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Scheme 3. Retail style for azo-ligand (L).

Page | 3112


https://doi.org/10.21123/bsj.2024.8319

2024, 21(10): 3108-3121
https://doi.org/10.21123/bsj.2024.8319
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

O

NS

Baghdad Science Journal

TS0 5443 P 2r-Abas

IR

= =

.
= |

]

=
e

Foimtion Abundnnos
2.8

n Ly55
12
b W
. 1313
o U9 o o0y 0 DOy iTosns ORgs0R0nm R 1B 1S
e P LS e A NP Nl ey
By T SR s ot i e e ey i e e i
WM @2 13 @ 15 @ @ W woouw w5
Time{min)
| T s
T: 6581 QM [LOOE-300.000]
i
H
E
B
T oam
H
q
c e il
£ T
E s
I =17

Flgure 4 Mass spectrum as [N|(L)2] complex

B0 %1025 MM 3OrAbes

AL -
" 17}

ES

= =

=

”

A\t
gy =

| A7

=

Relation Abundance
=

-

o3 00 ngs 040y 0 DIT03gsT0stns DS0ssREOTIOTS p0R 0E8 0SS
e e e e e e e e e e et

181318y

Time{min}

W o @2 W M 85 5w 05 W 18 i1 12 1

0 A0 AV AL
T:52E51 QYIS S000-£300.09]
i

;

)

mw

%042 kol

s E.=

5

Relntion Abundance

2.8

UM

Flgure 5. Mass spectrum as [Cu(L)z] complex

Hchcac. ’Pq:

. N-CH
g u% :
Ha\
N Qm'
@" @ )
CleIsNGON'("'l) ." C|5H||Na°s(3ﬂ) 2

0,

H;N-..c H2N=N
CpH 101\1@ Ni (260) 9%
C;H;N;O @n CuHsN.los (213)

Ml\{{;z

O;N i NO,

Cy HNO,Ni (167

Scheme 4. Retail style for [Ni(L)2] complex.

@Q

C,H,N,0 (19)

C34HygNy; 01, Cn (858)

. l\e@:ﬂs\

O N 0

H‘ﬂ NOy

b&oz @;&:Z“"WQ
ACH P CEHUNHO-C:.(S‘D@ T
‘ NO;
HNcr

! CiEn N0 3T Y
CeH; Naé? Cu (260) ! ® )
. H;N=N
e < Ne @% 1% H 0;

ot " H ,
bo~ \)\%ﬂ, GH:I0 07 ié CoELN,O: (213)

CoH, N0 (159)
C1Hy,N0,Cu (471)

Scheme 5. Retail style for [Cu(L).] complex.

Calibration curve

Only (1-3 x 10* MJ/L) of the various molar
concentrations ~ 10°-10° M/L with combined
aqueous ethyl alcohol ligand as well as metal ions
matched Beer's law and displayed a distinct bright
hue. For the correlation factor R > 0.998 as seen in
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Fig. 6, choosing the best and most suitable straight
lines.
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Figure 6. Linear relationship between molar
concentration and absorbance obtained for the
[ML:].

Model conditions

The first test to look for interactions between
generated ligand and the under-taught metal ions
when manufacturing compounds is the spectrum of
mixing solutions of ligand and metal ions to get a
better pH as well as focus, and a consistent
wavelength (max). The ratio of metal to ligand (M:L)
was also defined in the generated molecules. The
solution that gave the maximum absorption at a
constant (max) with varying pH was chosen as the
optimal concentration, and the findings are shown in
Table 3. The experiment's findings demonstrate all
synthesized compounds' absorbance in a buffer
solution of NH,OOCCH; at pH 4-9. As realized in
Fig.7, every chemical that has been created has the
correct PH.

017 021
] 015
g 013 g
Jal 0.1
5 s 0
8 Gl z SR
3 0] =l * 015 malil
o — "34‘;5'?';9'1'0
3405 6 7 8 810
n
2! F

Figure 7. Effect of pH variation on the absorbance
(Amax) Of the [ML] complexes.

Metal into ligand ratio

By using mole ratio and function, the assignment to
complexes in solutions was validated. The outcomes
are dispersed in a 1:2 ratios in both situations (metal
to ligand). The chosen piece of land is presented in
Fig. 8.

0 010203040506070809 1

0 1 2 3 4 §

Mole (L) Per Mole 047 Vigy [ Vart Vi

Figure 8. Mole ratio and Job’s method evaluation
of the [ML;] complexes.
The Effect of time

This reaction was completed within 5 minutes. The
temperature was fixed at 25 °C, then was maintained
stable for about 90 minutes, and this is due to the
strong coordination of bonds with metal-salts. The
results are displayed in Fig. 9.
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Figure 9. Effect of time for the stability of the [ML;] complexes.

Stability Constant as well as Gibbs free energy

The stability constant (K) into (1:2) metal to ligand
compound can be subtracted depending on Egs. 1and

Where C denotes the concentration point for
complex solutions at mol/L, As denotes the
absorbance of a solution containing the same amount
of ligand as well as metal ions, o denotes the degree
of dissociation, and Am denotes the adsorption of a

solution containing the same amount of metal as well
as excess ligand. High values of (K) denote highly
stable manufactured chemicals®®. Investigations
were made on the Gibbs free energy's (G)
thermodynamic properties. G values ° were
determined using Eq. 3.

AG=-RTLnk............. 3

Where R is a gas constant which is equal to 8.314
J.molt.K, T is absolute temperature in Kelvin. The
negative value of (AG) which could be seen in Table
2 is due to the spontaneous reaction between the azo
dye ligand (L) and metal ions %°.

Table 2. Stability constant and Gibbs free energy of the produced compounds.

Complexes As Am a k Link AG
kJ.mol*!
[Co(L)2] 0.126 0.201 0.373 78.375x105  18.177 -45.034
[Ni(L)2] 0.156 0.244 0.360 .181x1058  17.880 - 44.298
[Cu(L)2] 0.093 0.176 0.471 21.160x10°  16.867 -41.789
[Zn(L):] 0.052 0.124 0.580 13.548x10°  16.421 - 40.684
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Physical characteristics

Ratio of chelation was (1:2) (Metal:Ligand) was
produtced through interaction from ligand-melted at
ethyl alcohol for metal ions melted at perfect pH.
Outcome from element analysis as well as the import
for the metals from the compounds had accurate,
actual same values. The conductivities of metal
chelates which were melted at ethanol (10 M/L)
non-electrolytic®! exposure are shown in Table 3.

Electronic spectral

The UV spectrum of produced compounds melted
with ethyl alcohol (10 M/L) was measured and the
data are included in Table 3. The UV spectrum of
the azo ligand exhibits peaks on 223, 288 and 394 nm
specified for the moderate energy (n-n*) transition %,
Co" spectrum appeared to have three peaks on 225,
311, and 448 nm due to intra ligand and charge
transfer. Peaks on 566, 680, and 724 nm are assigned
to the electronic transition type “Tigp— “Tigp),
Tigm— *Azg and “Tige— “Togr successively, the
magnetic moment for the complex was recorded at

4.82 B.M that was very close to the octahedral
environment 2, The spectrum of the Ni complex
exhibits peaks at 228, 310, and 438 nm that were
components of the ligand field and charge transfer.
Another peak at 546, 663, and 710 nm points out the
electronic transition type Ax— 3Tigp), Az —
3T 14m), and 2Azq — 3Toqm. The value for the magnetic
moment on 2.93 B.M was included as an extra
affirmation for the octahedral geometry 24 The
electronic spectrum for the Cu showed peaks at
233, 344, and 485 nm because of the intra ligand and
charge transfer, also peaks at 680 nm qualified for
the electronic transition type 2Eq—?T2g. In addition,
the magnetic moment for the complex has been
recorded at 1.74 B.M which is so close to the
octahedral environment 2. Zn™ complex gave an
indication for the charge transfer, also magnetic
susceptibility showed that complexes had
diamagnetic moments. It could be indicated that the
outcome for the (d-d) transition is not expected hence
electronic spectrum did not confer with the
productive data, from this point of view, it seems that
the outcome is a good idea of the previous work from
octahedral .

Table 3. Conditions for the compounds produced as well as UV- Visible, magnetic susceptibility also
conductivity mensurations data.

Compounds Optimum  Optimum M:L (Mmax) ABS €Emax Am(S.cm2.mol- peff
pH Molar Conc. Ratio nm (L.mol-1.cm- 1) In ethanol (B.M
x 10-4 1) )

218 2.198 2198
Ligand(L) - - - 290 0.785 0.785 - -

410 2.340 2.340

225 2.154 2154 11.67 4.82

311 0.975 975
[Co(L)2] 7 2.0 1:2 448 0431 431

566 0.044 44

680 0.032 32

724 0.025 25

228 2.187 2187 15.45 2.93
[Ni(L)2] 7 25 1:2 310 0.974 974

438 0.455 455

546 0.083 83

663 0.073 73

710 0.036 36

233 2.017 2017 12.63 1.74
[Cu(L)2] 7 25 1:2 344 0.765 765

485 0.448 448

680 0.088 88

232 2.264 2264 10.52 Dia
[Zn(L)2] 7 2.0 1:2 352 0.843 843

482 0.296 296
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FTIR spectra

Azo ligand and metal chelate data were combined,
and they are shown in Table 4. Ligand spectral
analysis for the (OH) phenol showed bands at the
3267 cm* stretching vibration. The disappearance of
the band on the spectra of the compounds created
indicates that the phenol group had been de-
protonated into a coordination for the metal ion #'.
The band at 1624 cm™ was deleted for the lower

frequency inclusion of the coordination for the metal
ion because of the (C=0) group 2. The vibration
from (C=C) was qualified for the band at 1535 cm™.
Band at 1477 cm® was deleted for the higher
frequency inclusion of the coordination for the metal
ion because of the (N=N) group %, extending the
frequency bands for metal-nitrogen at a different rate
than metal-oxygen %31,

Table 4. The main frequencies for azo ligand and metal chelates (cm™).

Compounds v (OH) v (C=0) v (C=C) v(M-N)
+ +
v (N=N) v (M-0)
Ligand(L) 3267 br. 1624 sh. 1535s. -
1477 sh.
[Co(L)2] - 1535s. 578 w.
1600 sh.. 1481 sho. 520 w.
[Ni(L)2] - 1600 sh. 1531 s. 520 w.
1481 sh. 428 w.
[Cu(L)2] - 1600 sh. 1531 s. 574 w.
1481 sh. 520 w.
[Zn(L)2] - 1604 sh. 1531 sh. 578 w.
1481 sh. 447 w.

Where Shrefers to sharp, Srefers to strong, Shorefers to shoulder andWrefers to weak.

Antimicrobial testing outcome

Using the disc diffusion technique, azo ligand (L)
complexes were also assessed for their anti-bacterial
efficiency  against,  Gram-positive  bacteria
(Staphylococcus  epidermidis,  Staphylococcus
aureus, and Psedomonas aeruginosa), anti-fungal
activities against Candida albicans, and Gram-

negative bacteria (Escherichia coli, Streptococcus
sp., and Klebsiella sp.). The inhibition area of the
ligand and their complexes was evaluated in
millimeters for the antibacterial and antifungal
activities, the data is presented in Table 5. These
complexes all exhibited antibacterial and antifungal
properties.

Table 5. Biological efficiency outcomes for azo ligand (L) as well as complexes exhibited the
suppression diameter in (ml) of the bacteria within 24 hour.

Compounds Staphyl-  Staphyloco-  Psedomonas  Steptococcus Escherichia Klebsiella ~ Candida
0coCccus  ccus Aeruginaso sp. coli sp. albicans
aureus epidermidis  (G+ev) (G-ev) (G-ev) (G-ev) (Yeast)
(G+ev) (G+ev)

Control - - - - - - -

(DMSO)

Ligand(L) 8 15 14 12 11 10 10

[Co(L)2] 10 12 13 14 10 13 12

[Ni(L)2] 13 10 8 10 12 11 9

[Cu(L)2] 9 11 10 9 13 12 12

[Zn(L)2] 16 14 15 14 14 15 16

Page | 3117


https://doi.org/10.21123/bsj.2024.8319

2024, 21(10): 3108-3121
https://doi.org/10.21123/bsj.2024.8319
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

O

3
=
Baghdad Science Journal

Performance of dyeing
It has already been determined how well the
completed chemicals dye cotton fabrics. The colors

Ligand

[Ni(L)2]

[Zn(L).]

functioned as a component of the detergent's
brightness and stability. Therefore, complete dyes
exhibit superb dyeing stability and textural depth.
Coloring is seen in Fig. 10.

[Co(L)]

[Cu(L2).]

Figure 10. Textiles dyeing for azo ligand and metal chelates.

Conclusion

In this study, an azo ligand has been used to produce
metal ion complexes. The melting point,
spectroscopic analyses, conductivity, and magnetic
guantifications were used to describe the substances.
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