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Gum arabic is one of the most important representatives of the natural class of polysacchari-
des. Widely used in medicine, cosmetics, food and pharmaceutical industries. In this work, copper
nanoparticles were immobilized on the surface of a natural polymer, gum arabic. The resulting
compound was synthesized using the crosslinking agent glutaraldehyde. Gum arabic matrices were
prepared using two types of cross-linking agents. The first option is the immobilization of copper
nanoparticles on cross-linked gum arabic, the second is the immobilization of copper nanoparticles
on gum arabic matrices. The composite material was studied by physical methods: IR-Fourier and
X-ray diffraction analysis.

Keywords: polymer-gum arabic, immobilization, metal nanoparticles, physical methods.

INTRODUCTION

Gummiarabic is one of the most important members of the natural class of polysaccharides [1, 2].

It is widely used in medicine, cosmetics, food and pharmaceutical industries due to its proper-
ties such as biological activity, biological degradation, biocompatibility, complexing and sorption
capacity. As a result, it is shown that on this basis it is possible to obtain highly mechanically resis-
tant and elastic films [3, 4].

The chemical composition of gummirabic is heterogeneous. Its high functional properties are
due to the complexity of its structure. In terms of chemical structure, it refers to biopolymers that
contain both polysaccharides and protein fragments in the molecule. Due to the nature of the ion
(hydrogen ion or cations of calcium, magnesium, sodium or potassium) against the carboxyl group,
Gum Arabic (GA) creates a weakly acidic or neutral environment in the solution [4, 5].

Gummiarabic consists of elemental units of pentoses, methylpentoses, hexoses and polyuronic
acids, which have a certain relationship with each other.The main skeleton of the gummiarabic mac-
romolecule was formed from galactose and mannose, the side arms contain the units of pentose and
xylose. Mannose residues are also part of the main chain or branching parts. Uronic acids include
glucuronic acid units, mainly connected to galactose or mannose units [6].

Studies have shown that gum arabic consists of 45-46% galactose, 23-24% arabinose, 13-14%
rhamnose and 14-16% glucuronic acid residues. Polysaccharide acids allow the replacement of cal-
cium, magnesium and sodium salts (Fig.1).
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Fig. 1. Composition of gum arabic

Gum Arabic is a natural multifunctional hydrocolloid of arabino-galactan-protein of neutral or
weak acid complex with a branched chain, containing calcium, magnesium and potassium. GA is a
dried exudate obtained from the branches and core of an acacia tree [7].

Chemical study of GA has shown that it was determined as a result of its complete hydrolysis,
aldobinic acid is formed, which consists of glucuronic acid and galactose residues.During gentle
hydrolysis, arabinose, rhamnose and 3-galacto-1-arabinose disaccharide are removed from the GA.
Partially depolymerized GA consists of elemental units of galactose and glucuronic acid [6, 8].

MATERIAL AND METHODS

Gum arabic is a branched-chain multifunctional hydrocolloid with a highly neutral or
slightly acidic, arabino-galactan-protein complex containing calcium, magnesium, and potassium.
Gum arabic is soluble in water (Fig.2).
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Fig. 2. 3D and 2D structure of gum arabic

14 JOURNAL OF YOUNG RESEARCHER, 2024, Ne 3, ISSN 2409-4838



H.F.Aslanova et al.

G

Copper (Il) sulfate, also known as copper sulphate, are the inorganic compounds with
the chemical formula CuSO,*5H,0. Copper sulphate is a bright blue salt, exothermically soluble in
water. Anhydrous copper sulfate is a light gray powder (Fig.3).
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Fig. 3. 3D and 2D structure of copper(ll) sulfate

Sodium borohydride (sodium tetrahydride borate) - colorless crystals, readily soluble in
polar organic solvents and water.

N,N’-Methylenebisacrylamide (MBAmM or MBAA) is a cross-linking agent used during the
formation of polymers such as polyacrylamide. Its molecular formula is C;H3;gN;O2. N, N'-
methylenebisacrylamide is a white and crystalline solid that does not dissolve very much in cold
water (Fig.4).

Fig. 4. 3D and 2D structure of MBAA

Obtaining matrices based on gum arabic

Gum arabic-based matrices were obtained using two types of cross-linking agents. 0.5 g of
gum arabic dissolved in distilled water at a temperature of 20-30°C. In the first method, after
mixing the solution at room temperature for two hours, 0.15 g (in 30% of the polymer) of the cross-
linking agent N, N'-methylene bisacrylamide is added. Stir for 4-5 hours and keep at room
temperature until the additives evaporate. After drying, the substance was cross-linked in the UV-
lamp at a temperature of 40°C for 4 hours. In the second case, 0.03 ml (6% of the polymer) of the
cross-linking -glutar aldehyde is added to the medium after mixing the solution with gum arabic.
The process continues as in the first method.

1. Immobilization of copper nanoparticles in the cross-linked Gum Arabic matrices.

Immobilization of copper nanoparticles in the cross-linking GA matrices is carried out as
follows: first, the GA is dissolved in water at room temperature. Cross-linking agent of N, N'-
methylene bisacrylamide add to the solution and mix for 3 hours at a temperature of 20-30 degrees.
The resulting product was cross-linked in the UV-lamp at a temperature of 40°C for 4 hours. Then
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the degree of swelling is determined. The amount of swelling polymer should be at least 1.5-2 times
more than the amount taken. 0.58 g of CuSO,4-5H,0 (in 30% of the polymer) solution is added to
the obtained product. In this case, the color of the solution turns blue. We add 0.62 g of reducing
agent NaBH, in 30% of the metal to the obtained blue solution and bring Cu? * ions to Cu®. The
color changes from blue to dark brown. At the end of the reduction process, the solution is washed
several times with distilled water and dried after removal of additives. The obtained product was
studied by physical research methods.

2. Immobilization of copper nanoparticles on gum arabic matrices

Immobilization of copper nanoparticles on gum arabic matrices is carried out as follows.
Thus, the gum arabic is first dissolved in water and stored overnight. We add CuSO,-5H,0 -30%
of the polymer to the solution and keep it overnight after mixing. We add 30% reduction metal
NaBH, to the obtained blue solution and bring Cu?® * ions to Cu°. In this case, the color changes
from blue to black. At the end of the reduction process, cross-linking agent N, N’-methylene
bisacrylamide is added to the solution. The resulting product is dried, washed several times with
distilled water, cleaned of additives and it was cross-linked in the UV-lamp at a temperature of
40°C for 4 hours (Fig. 5) [9].

RESULTS AND DISCUSSION

The results obtained were studied by IR spectroscopy method and determined that the instead
of the 968 cm™ absorption band in the original gum arabic (Fig. 4), a 996 cm™ absorption band is
formed in the spectrum of the gum arabic-based composite containing Cu nanoparticles gum arabic
(Fig. 6).

At the same time, the study of the immobilization of Cu nanoparticles in the crosslinked gum
arabic was carried out by X-ray analysis. In this case, copper ions were observed both in the form of
free and compound (Fig. 7).

The substance obtained as a result of the cross-link process after immobilization of copper
ions in a natural polymer - gum arabic was also studied by FTIR and X-ray methods. At the same
time, the 968 cm™ absorption band observed in pure gum arabic shifted to the 985.2 cm™ absorption
band. (Fig. 8) Cu ions in the form of free and compounds were also observed during X-ray analysis.
(Fig. 9) In this case, immobilization of copper ions gave better results.
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Fig. 5. FTIR spectra of the gum arabic
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Fig. 7. Difractogramm of the cross-linked gum complex
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Fig. 6. FTIR spectrum of the cross-linked gum arabic - Cu complex
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Fig. 8. FTIR spectrum of gum arabic-based composite containing Cu nanoparticles
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Fig. 9. Difractogramm of gum arabic-based composite containing

CONCLUSION

Copper nanoparticles were synthesized in gum arabic medium and their structures were
studied by IR spectroscopy and RF analysis methods. In the second case, immobilization of copper
ions was more successful. Because initially, when the cross-linking is carried out, most of the
functional groups of the polymer are combined with the cross-linking agent groups. In this case,
when immobilization of copper ions is carried out, the process proceeds poorly, since many of the
groups are combined with the cross-linking agent. This reaction is mainly carried out in order to
obtain smart polymers.The analysis of the compounds obtained in the presented work, conducted
studies and literature materials makes it possible to use these substances as catalysts and adsorbents
in various fields in the future.
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QUMMIARABIK MUHITINDO MiS NANOHISSOCIKLORININ ALINMASI VO
QURULUSUNUN TODQIQI

H.F. Aslanova, N.T. Rahimli, A.R. Cavadzada, U.9. Mammadova, N.A. Zeynalov

Qummiarabik tabii polisaxaridlor sinfinin an vacib niimayandslarindan biridir. Tibb, kosmeti-
ka, gida va aczagiliq sanayesinds genis istifado olunur. Bu isdo mis nanohissaciklari tobii polimer
olan qummiarabik sathina immobiliza olunmusdur. Alinan birlosms tikici agent olan glutaraldehi-
dindan istifads edilorak sintez edilmisdir. Qummiarabik asasli matrislor iki metodla tikilmisdir. Bi-
rinci variant mis nanohissaciklorin tikilmis qummiarabik tizorinds immaobilizasiyasi, ikincisi iso mis
nanohissaciklorin qummiarabik matrisleri iizorinds immobilizasiyasidir. Kompozit material IQ vo
RFA fiziki tisullarla todqiq edilmisdir.

Acar sozlar: qummiarabik polimeri, immobilizasiya, metal nanohissaciklor, fiziki disullar.

HNOJYYEHUE U U3YYEHUE CTPYKTYPbl HAHOYACTHULI MEJIU B
I'YMMUAPABUUCKOU CPEJE

X.®D. AcnanoBa, H.T. Parumin, A.P. /I:xxaBan3zane, Y.A. MamenaoBa, H.A. 3eiinanoB

['ymMMuapabuk siBIsieTcs OMHUM W3 HamOoliee BAaXKHBIX MPEACTaBUTENEH MPUPOTHOTO Kiacca
noymucaxapuioB. [1Iupoko ucmonb3yercs B MEIUIIMHE, KOCMETHIECKOM, TTUIIIEBON 1 (hapMaIieBTHYECKOM
MPOMBIIIIEHHOCTH. B HacTosmiel paboTe HaHOUACTUIBI MEAU ObLTM MMMOOWIIM30BAHbBI HAa TIOBEPXHOCTh
OPUPOJHOTO TonuMepa TymmuapaOmka. [lomydeHHOoe coenmuHEHHE ObLUIO CHHTE3UPOBAaHO C
WCIIOJIL30BAHMEM CIIMBAIOIIETO areHTa TIIyTapoOBOTO ajibJeruaa. MaTpHilbl Ha OCHOBE T'yMMHapaOuKa
ObUTM TIOMYy4YeHbl C UCIOJBb30BAHUEM JIByX THIIOB CIIMBAIONIUX areHToB. [lepBblii BapuaHT —
MMMOOMJIM3AlIMs. HAHOYACTHUI] ME/TM Ha CIIMTOM TyMMHApaOHKe, BTOPOH — HMMMOOMIIM3AIINST HAHOYACTHUIT
Meau Ha Marpuiax rymvuapaduka. KommosuTtHblii Marepuan uccieaoBaad (GU3HYECKUMHU METOHaMHU:
NK-®Dypre 1 peHTreHOCTPYKTYPHBIM aHAIA30M.

KnioueBble ciioBa: noaumep-2yMmMuapadux, umMmoOuUnU3ayus, HAHOYACUYLL Memailos,
Qusuueckue memooswi.
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