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In our study, new natural-synthetic, cross-linked copolymers were obtained by radical copolymerization
of chitosan in the presence of 4-vinylpyridine and N-vinylpyrrolidone. In order to cross-link 4-
vinylpyridine and  N-vinylpyrrolidone to chitosan, the radical co-polymerization with
azobisanobutyronitrile initiator were performed in the homogeneous phase in the presence of monomers.
The combined effects of the major parameters to the cross-linked radical copolymerization were studied
systematically. The cross-linking degree of the monomers to chitosan (G) and dependence of cross-
linking effectiveness (E) upon temperature, amount of chitosan, concentration of inisiator, solvent ratio,
reaction time and concentration of monomers were studied. It revealed that G = 258% and E = 17-19%
were max. at 60-70°C, within 150 min., in the cross-linked copolymerization of 0.35 g chitosan with 2.4
mol/l of N-vinylpyrrolidone and 0.2 mol/l of 4-vinylpyridine in the presence of 75 ml 2% CH3COOH as a
solvent, and the estimated degree of homopolymerization at minimum 18-20%. Through the use of 'H
NMR, FTIR, SEM, X-Ray and thermogravimetric analysis methods, the mechanism of radical cross-
linked copolymerization was proposed on the basis of the cyclic breakdown of chitosan.
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INTRODUCTION

The modification of cross-linked  macromolecule. Such positive charges allow

copolymerization of natural polymers is a
perfect way of obtaining materials with new
properties. This method involves the
acquisition of a new generation of biopolymers
by adding different functional groups to
macromolecules. Thus, such natural -
synthetic cross-Inked materials are considered
to be irreplaceable smart nanogels in medicine
for drug delivery, genetic engineering,
membrane conductivity, and tissues [1-4].
Chitosan from from deacetylation of Chitin is
polyaminosaccharide which is residues of B-
(1,4) -2-amino-2-deoxy- D-glucosamine and
B- (1,4) -N-acetyl D-glucosamine [5-8]. The
free amine groups in chitosan provide its
solubility in acidic solutions which forms
positive charges on the polysaccharide

chitosan and its modifications attract negative-
charged drugs, proteins, bacteria and fungi [9-
11]. It is possible to obtain different chitosan
cross-linked polymers by radical
polymerization of vinyl monomers in the
homogeneous and heterogeneous phase in the
presence of the chitosan as initiator. The
radical polymerization reactions were analysed
on various vinyl monomers such as,
acrylnitrile, vinylacetate, methyl acrylate,
methyl methacrylate, acrylic acid, acrylamide,
vinylpyridines, vinylpyrrolidone, isopropyl
acrylamide, etc. in the presence of different
initiators [12-14]. Stimulating sysmens such as
(NH4)CE(NO3)6, K,S,0s, (NH4)28208, tributyl
borane, Fenton's reagent (Fe*'+H,0,), 2,2-
azobis (2-methylpropionnitrile), UV radiation,
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microwave radiation, etc. were used as
initiator [15-16]. Also, the homogeneous cross-
linking process of vinylpyrrolidone to chitosan
along with the presence of potassium
persulfate as redox initiator have been
examined to reach 290% cross-linking. It
found that the water solubility of the product
from the cross-linking of vinylpyrrolidone to
chitosan decreases. The same is observed in
organic and inorganic solvents, as well as in
diluted acitic solutions. The HCI solubility
increased after formation of a complex of
chitosan with copper ion. This is related to the
formation of coordination bond with the amine

group. In the present paper, the radical cross-
linking copolymerization was performed
concurrently  with  4-vinylpyridine,  N-
vinylpyrrolidone and 2-azobisisobutyronitrile
(AIBN) initiator to 150-300 kDa molecular
weight chitosan. The effect of temperature, the
amount of chitosan, the concentration of
initiator, the volume of the solvent, the
reaction time and the effectiveness of the
monomers’ concentration were studied and the
optimum value of the cross-linking were
determined. The mechanism of cross-linking
reaction was examined through the use of
FTIR and *H, NMR spectroscopy methods.

EXPERIMENTAL

Samples

Chitosan M,=35 kDa (deacetylating degree
85-87%), acetate acid (Glacial), ethanol
(95%), acetone (residue analysis, >99.9%),
diethyl ether (contains 1 ppm BHT as
inhibitor, anhydrous, >99.7%) from Sigma-
Aldrich. 4-vinylpyridine assay 95-96%,(bp
62-65 °C/15 mmHg, ri 20/D 1.549) and N-
vinypyrrolidone assay >99% (bp
94 °C/11 mmHg, n20/D 1.512) from Acros
Organics had been distilled just before the
use. Initiators of AIBN came to be analytical
grade reagents from Fluka chemicals. All
solvents came from Aldrich and were
purified by distillation, according to the
conventional methods.

Grafting reactions, Swelling measurements
and Quaternization.

1.5 g chitosan which is dried at 40-50 °C for
24 hours suspended in 150 ml of 2%
CH3;COOH. After 1-2 hours complete mixing,
2 mL of newly distilled monomers are added
to the solution in 1:1 mol ratio and
continuously stirred for 30 minutes. The
reaction medium is coupled to a 65°C water
thermostat and the reaction performed in terms

of inert gas-N; environment in the 0.15 mol/Il
AIBN concentration for 2 hours. Following an
appropriate period, the solution is brought to
pH = 10-11 by adding 1M KOH after which
the  product precipitates.  Cross-linked
copolymer is filtered, washed 2-3 times with
water, alcohol and acetone (to clean from
poly-4-vinylpyridine, poly-N-vinylpyrrolidone
and monomers it is washed with diethyl ether
for 2 days in Soxhlet). Cross-linked copolymer
sample is dried to a constant weight at 40-
50°C. The yield is 78-86%.

Swelling measurements were carried out in the
distilled water, pH 6.5, acidic buffer pH 3.4,
and in the basic buffer at pH=10 and at a room
temperature. A well-known weight of the dry
sample was placed into a tea-bag and
immersed in the aqueous medium. In a while,
the bag was taken out and hung for 5-10 min
to eliminate excess unabsorbed water, and then
weighed. The degree of swelling was
calculated using the relation (W-Wg)/Wy*100
where W and W, are the weight of the swollen
and dry samples, respectively. Quaternization
of chitosan and its grafted copolymers was
achieved by heating the samples with dimethyl
sulfate in the presence of NaOH.
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RESULTS AND DISCUSSION

By varying the nature of the monomers and
various parameters of cross-linking it is
possible to change the hydrophobicity of the
chitosan, which makes it possible to diversify
with antibacterial properties.

Systematically, in terms of the cross-linking
rate.  G%  4-vinylpyridine  and N-
vinylpyrrolidone to chitosan, the percentage of

W, — W,
— 1 x 100,
W,

G =

where W;, W,, W3 and W, are the total
amount of initial chitosan, the mass of cross-
linked copolymer product after extraction, the
total amount of N-vinylpyrrolidone and 4-
vinylpyridine monomers, as well as the pre-
extraction mass of cross-linked copolymer
with grams, respectively.

W, — W,
Hop=———2
W

its use depending on a specific purpose.
Another
quaternization  of
copolymer, which can be used as a material
hopolymer (%
efficiency E% are investigated and determined
according to the following expression:

was the
chitosan

interesting  change

cross-linked

H) and the cross-linking
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E% = ———= X 100
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The changes in the hydrophobicity of cross-

linked copolymerization reaction are made

depending on the molar ratio of monomer
determined by
hydrophobic monomers. Initially, cross-linked
copolymerization
depending on the amount of chitosan. Results
are shown in Fig.1.
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Fig. 1. The effect of chitosan on cross-linking. VP =2 ml, 4VP =2 ml, Solvent = 10 ml, AIBN =

0.01 mol/I, T = 70°C, t = 120 min.

As is seen from Fig.1, the degree of radical
cross-linked copolymerization of chitosan was
max. in the amount of 0.3-0.35 g. High
amounts of chitosan reduce the degree of
cross-linking which is undesirable. We assign
the objective to obtain a new characteristic
copolymer together with monomer residues
added to chitosan. Then, the copolymerization
was carried out depending on the volume of

another parameter solvent. Results are shown
in Fig.2.

It was determined that the cross-linking is
sufficient by 85-90% in 75 ml of the solvent.
Note that the rinse of the reaction medium
reduces the interaction of active centers which
indicates a decrease in the cross-linking
effectivity.
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Fig. 2. Effect of the solution volume to the cross-linking. Mchitosan=0.35 g, VP=2 ml, 4VP=2 ml,

t=120 min, T=70°C, AIBN=0.01 mol/I.

Next, the impact of the initiator concentration process was examined, and the results
which gives rise to active centers in the obtained are cited in Fig.3.
250
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Fig. 3. Influence of incinerator concentration on cross-linking where Mchitosan=0.35 g, VP=2 ml,

4VP=2 ml, t=120 min, T=70°C, Solvent=75 ml.

As is apparent from the diagram above, the
radical cross-linking copolymerization
reaction in 0.1-0.2 mol/l concentrated solution
of initiator is effective and characterized by
more than 200% cross-linking degree. This
proves that the process is more active with the
radical mechanism together with the majority
of active centers which is due to the process
acceleration. However, increased
concentration of the initiator which leads the
reaction towards the homopolymerization of
more monomers is undesirable. From this
point of view, using 0.15 mol/l of the initiator
can be optimally acceptable for
copolymerization. The effect of the below
parameter is the concentration of monomers
(Fig.4) which led to more interesting results. It

revealed that the hydrophobicity of cross-
linked copolymer increases with the amount of
N-vinylpyrrolidone residues as compared to
chitosan for a certain amount.

This can be explained by the increase of
hydrogen, hydrophobic, electrostatic and
intermolecular type interactions due to the
increase of polyar groups in the cross-linked
copolymer. The increased amount of
hydrophobic monomer, 4-vinylpyridine leads
to a certain degree of hydrophilicity and then
declines sharply.

This is primarily caused by the easy ionization,
as well as the polarization of functional groups
due to the decrease between macromolecular
interactions [17].
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Fig. 4. Influence of monomers molar ratio to cross-linking Mchitosan=0.35 ¢, t=120 minutes,

T=70°C, AIBN=0.15 mol/l, Solvent=75 ml.

The predominance of the subsequent 4-
vinylpyridine  barks leads to greater
hydrophobicity of cross-linked copolymer.
This feature may limit its application as the
most advantageous system based on the

mixture of 0.2 mol/l N-vinylpyrrolidone and
2.4 mol/l 4-vinylpyridine. Subsequently, the
time dependence of the process (Fig. 5) was
studied by keeping monomers molar ratio
constant.
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Fig.5. Influence of reaction time on cross-linking. Mcpitsan=0.35 g, VP = 2.4 mol/l, 4VP=0.2
mol/l, T=70°C, AIBN=0.15 mol/I, Solvent=75 ml.

As is seen from Fig.5, the duration of the
cross-linked copolymerization reaction is 150
minute. The additional reaction time leads to
outer processes, including the recombination
of obtained macroradicals and the fall in the
cross-linking degree and effectiveness. Despite
the stabilization of these parameters after 200
min., it may take 100-150 min. with max.
cross-linking  degree  without  applying
additional energy. Finally, the temperature
dependence of the radical cross-linking

copolymerization reaction was investigated
with the results shown in Fig.6.

As is evident from Fig.6, performing the
radical cross-linking copolymerization
reaction at the initiators’ decomposition
temperature improves the process effectivity
and the high degree of cross-linking.
Temperatures at 80-90°C and above are
causing destructions and additional oxidation
reactions which is naturally undesirable.
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Fig. 6. Influence of temperature on cross-linking. Mepitosan=0.35 g, VP=2.4 mol/l, 4VP=0.2 mol/l, t=150

min., AIBN=0.15 mol/I, Solvent=75 ml.

Thus, a new method was developed for the
cross-linking degree and efficacy, as well as
the optimal homopolymerization conditions
for the chitosan-block-co-poly-4-
vinylpyridine-co-poly-N-vinylpyridine-

copoly-N-vinylpyrrolidone cross-linked
copolymer. It revealed that at 60-70°C within

the effectivity (17-19%) were max., while
homopolymerization rate (18-20%) was min.
in the cross-linking copolymerization reaction
in the presence of 75 ml of 2% CH3;COOH
solvent, 0.35 g of chitosan and 2.4 mol/l of N-
vinylpyrrolidone and 0.2 mol/l of 4-
vinylpyridine.

150 min., the cross-linking degree (258%) and
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Fig. 7. A schematic description of the cross-linking copolymerization reaction of the 4-vinylpyridine and
the N-vinylpyrrolidone to chitosan.
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The oxidizing agent apparently attacks the
chitosan backbone, and free radicals arise on
the glucoside ring directly followed by the
monomer attacking this center which leads to

The quaternization and swelling behaviour
of chitosan cross-linked poly-4-
vinylpyridine-co-poly-N-vinylpyrrolidone

The quaternization of cross-linked copolymer
with  dimethylsulfate in the alkaline
environment was compared with chitosan. It
was established that the increased degree of
macromolecule polarization, either in chitosan
and cross-linked copolymer, results in the
growth of quaternization. This results in a 47-
51% water diffusion. By adding max.
calculated dimethyl sulfate to the content, the
solubility of cross-linked copolymer rises as
well. This tendency can be adjusted depending
on the application area of the material. It found

Acknowledgements

the formation of the PVP-P4VP side chain
[18]. Two possible mechanisms in the grafting
reaction could be illustrated in the following
Fig.7.

that the swelling of cross-linked copolymer
increases spontaneously within 5-6 hours and
the saturation occurs in 9-10 hours. Also, it
was discovered that the swelling rate heavily
depends on the molar ratio of monomers in the
composition. The optimal hydrophilicity was
provided with 62% and 38% of the 4-
vinylpyridine and N-vinylpyrrolidone residues
in the composition, respectively. Swelling
degree was checked in acidic, neutral and
alkaline buffer environments which varied at
pH 2.5> pH 11> pH 7-8. The results obtained
indicate that the transportation of the drugs to
appropriate environments turns out to be
possible.
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N-VINILPIRROLIDON VO 4-VINILPIRIDININ XITOZANA CALAQ RADIKAL
SOPOLIMERLOSMOSININ OPTIMAL SORAITININ TODQIQI

S.Z. Tapdigov', N.A. Zeynalov', D.B. Tagiyev', S.F. Saforaliyeva’, E.M. Qasimov”,
A.F. Nuraliyev*, C.A. Sultanov

"Azorbaycan Milli Elmlor Akademiyasi, akad. M.Nagiyev ad. Kataliz va Qeyri-lizvi Kimya Institutu
AZ1143, Baki, H.Cavid pr.113, e-mail:shamo.chem.az@gmail.com
* Azarbaycan Tibb Universiteti, Corrahliq va Anesteziologiya Sobasi
AZ 1022 Baku, S.Burgun kii¢.,167, e-mail: elnurgasimov@rambler.ru
*AMEA Fizika Institutu
AZ 1143 Baki, H.Cavid kii¢., 117; e-mail: azhep@ physics.ab.az

Arasdirmada xitozani 4-vinilpiridin vo N-vinilpirrolidon istirakinda radikal sopolimerlasdirmakis
veni tabii-sintetik torkibli calaq sopolimerlor materiali alinmigdir. Xitozana 4-vinilpiridin va N-
vinilpirrolidonun  calaq edilmasi  iiciin ~ monomerlor  istirakinda  homogen  fazada
azobisizobutironitril inisiatoru ila radikal birgs calaq sopolimerlaosmo reaksiyalart aparimisdir.
Calaq radikal sopolimerlogsma prosesina asas parametrlovin birga tosiri sistematik olaraq
oyronilmisdir. Xitozana monomerlorin calaq olunma daracasi (G%) va calaq effektliyinin (E%)
temperaturdan, xitozamin miqdarindan, inisiatorun qatiligindan, halledicinin hacmindon, reaksiya
miiddatindan va monomerlarin qatiligindan asui olaraq dayismasi tadqiq edilmisdir. Miiayyan
olunmugdur ki, 60-70°C-d>, 150 daq. miiddatinda, 75 ml 2%-1i CH;COOH halledici, 0.35 gr xitozan
ilo 2.4 mol/l N-vinilpirrolidon va 0.2 mol/l 4-vinilpiridin istirakinda calaq sopolimerlogmo
reaksiyasinda G=258% va E=17-19% max. olub, homg¢inin homopolimerlosma doracasi 18-20%
iso min. qiymoat ila xarakteriza olunur. 'H NMR, FTIR, SEM, X-Ray va termogravimetrik analiz
metodlarimin tatbiqi ilo radikal calaq sopolimerlogmasi reaksiyasinin asason xitozandaki tsiklin
qurilmast ila ehtimal olunan mexanizmi toklif olunmugdur.
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HCCIEAOBAHHUE OIITHMAJIBHBIX YCIOBHH ITPUBHTOH PAJUKA/TBHOH
COITOJIUMEPH3AIIHH N-BHHHUJ/IITHPPOJIH/JOHA H 4-BHHH/IITHPH/IHHA HA XHTO3AH

II1.3. Tanowizo6 , H.A. 3eiinanos’, JLB. Ti azues’, .M. F'acvoimos’, A.H. Mammedosa
A.®. Hypanues®, 4.A. Cynmanos

*HHcmumym Kamanuza u Heopeanuueckou xumuu umenu axademurxa M. Haeuesa
Hayuonanvnoii AH Azepbaiioscana ,
AZ 1143 Baxy, np. I /picasuoa, 113, e-mail:shamo.chem.az@gmail.com
* Asepbaiioocancruii Meduyunckuii Ynusepcumem, Omoenenue Xupypeuu u Anecmesuonozuu
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* Uncmumym Dusuxu Hayuonanvroii AH Azepbaiioscana
AZ 1143 Baxy, np. I' JTocasuda, 117; e-mail: azhep@ physics.ab.az

Paouxanvuoti cononumepuzayueii xumosana ¢ yuacmuem 4-eunurnupuouna u N-gununnupponudoua
NOTYYEeHbl NPUBUMbLE CONONUMEDPD, COOEPACALyUEe HOBbIE HAMYPATLHO-CUHMemuYecKue mamepuansl. s
npusueky 4-gunurnupuouna u N-6UHUINUPPOIUOOHA HA XUMO3AH NPOBEOEHA PeaKyust COBMECHmHON
PAOUKATIbHOU U NPUBUMON  CONOIUMEPUZAYUYU 6 NPUCYIMCMBUU MOHOMEPAd 8 20MO2eHHol ¢hasze,
UHUYUUPOBAHHOU  a300ucu3obymuponumpuiom. beinio usyueno coemecmmuoe Oeticmeue OCHOBHBIX
napamempos Ha npoyecc HPUSUMOl PAaouKaibHOU conoaumepuzayuu. Hccredogana 3agucumocms
cmenenu npueusku (G%)  monomepose na xumosan u 3pgexmusnocme npususku (E%) om
memnepamypul, KOIUYECMEA XUMO3AHA, KOHYEHMPAYUU UHUYUAMOPA, 00beMa pacmeopumelsl, 6pemeHu
peakyuu U  KOHYeHMpayuu MOHOMepos. Ycmanoeieno, umo npu  memnepamype  60-70°C,
npoodonxcumenvrocmu 150 mun., 6 npucymemeuu pacmeopumensi - 75 mn 2%-nott CH3COOH, peaxyus
conomumepuzayuu 0.35 2 xumosana ¢ 2.4 moav/n  N-sununnupponruoonom u 0.2 moavln 4-
BUHUTNUPUOUHOM XAPAKMEPUIVEMCST MAKCUMATbHLIMU  3Hauenuamu cmenenu npususku G = 258% u
agpghexmuernocmu npususku E = 17-19 % u munumanvHeiv 3HaueHUeM cmeneHu 2oMONOIUMEPUIAYUU
18-20%. Hcnonwsys memoow: 'H NMR, FTIR, SEM, X-Ray u mepmoepaguueckuii ananus, npednoscen
npeonoaazaemviil MexanusmM paouKaibHol RPUSUMOL peakyuy CONOAUMEPUIAYULU, XAPAKMEPUIYIOWUUCS,
8 OCHOBHOM 0OPBIBOM YUKIA XUTHO3AHA.

Kniwouesvie cnosa: xumozan, npusumas cononumepuzayus, N-6uHUINMUPPOIUOOH, 4-GUHUTNUPUOUH,
PAOUKATbHAS NOJIUMEPUZAYUSL
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