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AHHOTaUMA:

B npucymcmeuu 4-numpodghenuiykcycnoii

Kuciompsl, napanumpoanununa (IIHA),
Memanona, oumenuipopmamuoda (/[M®) u
avemama meou Ovl/1 CUHIME3UPOBAH HOGBLIL
KOOpOUHAUWUOHHBLIL nOUMED HA OCHOGe
Cu(1l). Kpucmaniuueckasa cmpykmypa
CUHME3UPOBCAHHBIX 4-HUMPOPEHUIYKCYCHOU
kuciomut u ITHA 6vi1a onpedenena c
HOMOWBIO PEHMZEHOCMPYKNYPHO20 AHANU3A
MOHOKpucmaiios. B oannoit pabome
npeocmasiiensl pesyiomamst HK-, TTA u
JITA, a maksice pamanogckoii cCneKmpoCcKonuu.
Ilonyuennuie pezynivmanut noomeepircoaiom,
Ymo 4-HUmpoPenuIyKcycHaA Kucioma

u IHA asnawomca nepcnekmueHsiMu
MHOZOPYHKUUOHAILHBIMU MAMEPUATIAMUL.

Kniouesbie cnosa:
4-numpogenunykcycnan Kucioma,

napanumpoanunun (IIHA), auemam meou,
oumenuiighopmamud (IM®).

Annotatsiya:

Cu(1l) asosidagi yangi koordinatsion po-
limer 4-nitrofenilsirka kislotasi, paranitroanilin
(PNA), metanol, dimetilformamid (DMF) va Mis
atsetat ishtirokida sintez qilindi. Sintezlangan
4-nitrofenilsirka kislotasi va PNAning kristall
tuzilmasi monokristalli rentgen difraksiyasi yor-
damida aniglandi. Ushbu ishda TGA va DTA
hamda Raman tahlillar keltirilgan. Olingan
natijalar 4-nitrofenilsirka kislotasi hamda PNA-
ning istiqbolli ko ‘p funksiyali material ekanligini
tasdiqlaydi.

Kalit so’zlar:
4- nitrofenilsirka kislotasi, paranitroanilin
(PNA), Mis atsetat, dimetilformamid (DMF).

2026-yil 1=son | @



Annotation:

A new coordination polymer based on Cu
(I1) was synthesized in the presence of 4-ni-
trophenyl acetic acid, paranitroaniline (PNA),
methanol, dimethylformamide (DMF), and cop-
per acetate. The crystalline structure of the syn-
thesized 4-nitrophenyl acetic acid and PNA was
determined using single-crystal X-ray diffraction.
TGA and DTA, as well as Raman analyses, are
presented in this work. The obtained results con-
firm that 4-nitrophenyl acetic acid and PNA are
promising multifunctional materials.

Key words:

4-nitrophenyl acetic acid, paranitroani-
line (PNA), copper acetate, dimethylformamide
(DMEF).

Introduction:

The results of the study of 4-nitrophenylacetic acid
showed that the solubility of 4-nitrophenylacetic acid by
mole fraction increases with increasing temperature and
is arranged by solvents in the following sequence: DMF >
methanol > ethanol'. 4-Nitrophenylacetic acid (4-NPAH)
and its complex compounds with alkaline earth metal ions
are currently of great scientific interest in terms of struc-
ture, spectroscopic and thermal properties.

It serves as an important theoretical basis for in-
depth study of the crystal chemistry of metal complexes
based on 4-nitrophenylacetic acid and the mechanisms
of their molecular interactions®. Four new single-dimen-
sional (1D) coordination polymers with the formula [M
(4-npa) 2 (u2-H20) (H20) 2]-2H20 were synthesized,
and their spectral, thermal, magnetic, and structural prop-
erties were studied (where M = Mn (II), Co (II), Ni (1),
and Cu (II); 4-npa-4-nitrophenyl acetate). The results of

IR, thermogravimetric, and elemental analysis confirm
the close proximity of the structure of the polycrystalline
complex (4) to other 4-npa analogues. These results have
important scientific significance in the study of the coor-
dination geometry and supramolecular stability of metal
complexes based on 4-nitrophenylacetic acid *. A new
monoclinic polymorphic form of 4-nitrophenylacetic acid
(C8H7NO4) has been identified, which differs from the
previously known orthorhombic form by molecular con-
formation and types of intermolecular interactions. These
structural differences provide an important scientific basis
for a more in-depth study of the polymorphic properties
of the 4-nitrophenylacetic acid crystal, their stability, and
the nature of intermolecular bonds *. Creates an important
scientific basis for in-depth study of the structural features
of organometallic complexes based on 4-nitrophenylacetic
acid and determination of the directions of their potential
functional applications °. As a result of the interaction of
2,6-diaminopyridine as a donor and 4-nitrophenylacetic
acid as an acceptor in a methanol medium at room tem-
perature, a new hydrogen-bonded charge-conducting com-
plex (CCD) was synthesized. The complex was described
using clementary analysis, IR spectroscopy methods, and
thermal analysis ©.

P-nitrophenylacetic acid, obtained by electrosynthe-
sis, is an important intermediate product widely used in
pharmaceuticals and organic synthesis and serves as the
main raw material in the synthesis of biologically active
compounds such as biphenyl acetic acid, aminosentrin,
and nilapanib. In addition, p-nitrophenylacetic acid can be
converted into p-aminophenylacetic and p-hydroxyphe-
nylacetic acids through side reactions, which are of great
importance in the production of pharmaceuticals and pes-
ticides’. The new monoclinic form of 4-nitrophenylacetic
acid (C8H7NO4) differs from the known orthorhombic
polymorph in molecular conformation and intermolecular
interactions. In the new form, the carboxylic acid group is
located almost perpendicular to the plane of the aromat-
ic ring®. Monocrystals of 4-nitrophenylhydrazone were
grown by slow evaporation using an acetone solvent. The
obtained crystals were comprehensively studied using
X-ray diffraction, UV-visible spectral analysis, thermo-
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Spectrum : CuAs+S3+PNA_1
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Figure 1. Raman spectrum of the Cu (II) coordination polymer based on 4-nitrophenyl acetic acid

gravimetric (TGA), differential thermal (DTA) analyses’.
Cocrystals formed on the basis of 4-nitrophenylacetic acid
in a 2:1 ratio are distinguished by their common supramo-
lecular structural features. In these cocrystals, the forma-
tion of three-molecular aggregates is observed as a result
of hydrogen bonds of the O-H---N (pyridyl) type, which
indicates the stability of supramolecular synthesis'.

Synthesis of a Coordination

Polymer:

Copper (II) acetate dihydrate (Cu (CH3COO) 2-H20),
4-nitrophenyl acetic acid, and paranitroaniline (PNA) were
used as starting materials in the synthesis of the complex
compound. Initially, 0.199 g (I mmol) of Cu (CH3COO)
2-H20 was dissolved in 10 ml of water. In another vessel,
0.362 g (2 mmol) of 4-nitrophenyl acetic acid was dissolved
in 20 ml of water. In another vessel, 0.276 g (2 mmol) of
paranitroaniline (PNA) was dissolved in 20 ml of water.

When all three solutions were ready, a solution of
4-nitrophenyl acetic acid was added sequentially to a solu-
tion of Cu (II) acetate, and then to a solution of paranitroan-
iline (PNA). Then the solution was kept in a thermostat at
60°C for 15 days. During this process, crystals separated
from the solution. After crystallization, the resulting sub-

stance was filtered and washed several times with cold dis-
tilled water and ethanol. The purified crystals were dried in
a drying oven at 50°C for 8 hours. As a result, the yield of
the coordination compound formed on the basis of Cu (II)
was approximately 75%.

Results and Discussion:

The composition and properties of the synthesized
coordination polymer were studied using modern
physicochemical analysis methods. Raman spectroscopy is
based on the study of scattered light, while IR spectroscopy
is based on the absorption of light. Raman spectroscopy,
like IR spectroscopy, analyzed the IR spectra of samples
located in the region from 4000 cm-1 to 400 cm-1 to
determine what type of bond exists and what class the
samples belong to. The absorption spectral lines of the
obtained new coordination polymer were determined.

The Raman spectrum obtained as a result of the
coordination polymer of 4-nitrophenyl acetic acid with
copper (II) acetate crystal hydrate and paranitroaniline is
shown in Figure 1, according to which the valence vibration
frequency of the -C=C bond is in the region of 1603.27 cm-
1, the valence vibration frequency of the -OH bond is in
the region of 3092.44 cm-1, and the deformation vibration
frequency of the -OH bond is in the region of 1301.50 cm-1.

9 Hemaraju B. C. et al. Synthesis, growth and characterization of a new promising organic nonlinear optical crystal: 4-Nitrophenyl
hydrazone //Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. —2015. — T. 151. — C. 854-860.
10 Arman H. D. et al. Crystal and Molecular Structures of the 2: 1 Cocrystal of 4-Nitrophenylacetic acid and N, N'-bis (pyridin-3-ylmethyl)

oxalamide, and with the Thioxalamide Analogue //Journal of Chemical Crystallography. —2012. — T. 42. — Ne. 7. — C. 673-679.
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4-nitrophenyl acetic acid, copper (II) acetate

Vibration classifications crystal hydrate and paranitroaniline

v(C=C) 1616.35

sm!

v(OH) 3381.21

5( OH) 1313.52

Table-1

Absorption frequencies (cm-1) in the Raman spectra of the coordination polymer formed by 4-nitrophenyl

acetic acid with copper (II) acetate crystalline hydrate and paranitroaniline
ad
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|
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The thermal stability of the coordination compound synthesized with 4-nitrophenyl acetic acid and p-nitroaniline
ligands based on Cu (IT) ions was studied using the TGA and DTA methods. The thermogram results show that the decom-
position of the complex compound occurs in several stages.According to the TGA curve, the first phase of mass loss is
observed in the temperature range of 18.48-235.68 °C, with a mass loss of 0.657 mg (34.76%). This process is explained
by the separation of adsorbed or coordinated water molecules present in the crystal lattice and the release of some low
molecular weight fragments. On the DTA curve, a distinct thermal effect corresponding to this process is observed, the
maximum point of which is recorded at 235.62°C. The initial temperature of the thermal effect is 224.41 °C, the final
temperature is 240.39 °C, and a thermal effect of 148.08 J/g was determined for the process. These values indicate that
the complex compound undergoes structural changes in this temperature range. The second stage occurs in the tempera-
ture range of 237.82-742.95 °C, where a mass loss of 0.399 mg (21.11%) is observed. At this stage, the decomposition of
organic ligands in the complex - molecules of 4-nitrophenyl acetic acid and p-nitroaniline occurs. At high temperatures,
oxidation of the metal center can result in the formation of CuO or other thermally stable residue.

TGA DTA
m uv
200
r'“l Start 20.25min
il 208.80C 411000
/ \ End 23.72min
243.44C
Peak 22.87min
235.62C
Onset 224.41C
- 0.00
Endset 240.39C
1.50 Heat 279.88m)
148.08)/g
66.86mcal
35.38cal/g
Height 4.00uV - -10.00

2.17uV/mg

1.00 - -20.00
23.10min |
Start 0.24min ¢
18.48C
. End 74.84min
End 22.87min 742.95¢ i
235.68C
Weight Loss -0399mg - -30.00
Weight Loss -0.657mg 2%
-34.762%
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Temp [C]

Figure 2. Derivatogram of the Cu (II) coordination polymer based on 4-nitrophenyl acetic acid
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Table-2

Thermal decomposition stages of the Cu (II) -4-nitrophenylacetic acid-p-nitroaniline complex

Phase Temperature range (°C) | Mass loss (mg) Mass loss (%)
I Phase 18.48 — 235.68 0.657 34.76
II Phase 237.82 —-742.95 0.399 21.11
Balance >742 - -
Table-3
Mass change of the complex according to TGA results
Starting weight Remaining mass .
Phase Lost mass (m ‘Weight loss (%
(mg) (mg) (mg) g (%)
Beginner 1.89 - 1.89 -
I Phase 1.89 0.657 1.233 34.76
II Phase 1.233 0.399 0.834 21.11
Final balance - - 0.834 44.13
Conclusion.

The properties of the complex compound synthesized on the basis of 4-nitrophenyl acetic acid as a result of the
coordination polymer reaction were studied. The properties of the synthesized coordination polymer and its complexes
with copper (II) acetate were studied by TGA and DTA, Raman spectroscopic methods using modern physicochemical
analysis methods. The results of TGA and DTA, Raman spectroscopy were analyzed and presented in accordance with
the table. The tables show the absorption frequencies corresponding to the groups in 4-nitrophenyl acetic acid and its
complexes with copper (II) acetate.
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