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ABSTRACT

In this study, some new chitin materials by the grafting of chitin with the monomers such as 1-vinylimidazole
(VIM), methacrylamide (MAm) and 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) were
synthesized. Firstly, chitin methacrylate was prepared by esterification of primary -OH group with
methacryloyl chloride with a 29.24% vyield by mole. Secondly, the monomer that VIM, MAm, and AMPS
were grafted into a chitin methacrylate via free radical polymerization using 2, 2’-Azobisisobutyronitrile as an
initiator in N, N-dimethylformamide. The graft copolymers were characterized by FT-IR spectra and
elemental and thermal analysis. The substitution degree is compatible with the literature. Thus, semi-synthetic
natural polymers were successfully synthesized.
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1. INTRODUCTION

The development and application of biopolymers has received increasing interest because of
their good biocompatibility, biodegradability, availability. Chitin is one particular biopolymer that
has a long-chain biopolymer of N-acetylglucosamine. It is available from a number of natural
sources [1]. It is found in the cuticles of insects and shells of crustaceans and is the most abundant
polysaccharide after cellulose [2]. It has a similar structure to cellulose except for acetyl group
instead of hydroxyl group is bounded. Substantially, chitin composed of 2-acetamido-2-deoxy-D-
glucopyranose (N-acetyl-D-glucosamine) units linked by B-(1,4) linkage [1]. It accommodates
strong inter- and intra-molecular hydrogen bonds between the polymer chains and its water-
insolubility gives it a rigid crystalline structure [3]. The pKa value of the chitin N-acetyl side
chain is 6.1 [4].

Medical industry widely utilizes chitin and chitosan thanks to their bio friendliness and
availability. However medicine is not the only science that chitin and chitosan could be used.
Materials science is also interested in them because of their above mentioned properties. Its strong
inter/intra-molecular hydrogen bonding and high degree of crystallization as well as low
solubility in common solvents limits the applications of chitin [5]. Chitin is soluble in strong acids
and polar solvents [6,7]. A method has been developed to dissolve of chitin by freezing/thawing
in NaCl/ urea aqueous solution [5,8].
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In this study, without allowing the chitin to dissolve, crude chitin was modified with
methacryloyl chloride. Changes in structure were observed by attaching different monomers onto
chitin methacrylate that modified semi-synthetic polymer.

2. EXPERIMENTAL
2.1. Materials and Instruments

Raw chitin, potassium tert-butoxide ((CHs)sCO'K*), methacryloyl chloride, 2, 2’-
azobisizobiitironitril (AIBN) as initiator, 1-vinylimidazole (VIM), methacrylamide (MAm) and 2-
acrylamido-2-methyl-1-propanesulfonic acid (AMPS) as commercial monomer were purchased
from Sigma-Aldrich. N, N-dimethylformamide, acetonitrile, ethanol, diethyl ether were used as
solvent. The IR spectra of all samples were performed with a PerkinElmer Spectrum Two
(UATR) IR spectrometer in the range of 4000-450 cm. Leco CHNS-932 was used for elemental
analysis. Thermal analysis was performed with a Hitachi 7000 thermo balance at a heating rate of
10 °C mint under nitrogen flow of 10 ml mint,

2.2. Synthesis of Chitin Graft Copolymers

To obtain chitin graft copolymers, chitin methacrylate was synthesized, primarily. Chitin
methacrylate and its graft copolymers were synthesized by a method adapted from the literature
[9-13]. Raw chitin was swollen in acetonitrile at the room temperature overnight, followed by
adding a potassium-tert-butoxide ((CHs)sCO"K*) solution in acetonitrile. The mixture was stirred
at the room temperature, and then methacryloyl chloride in solvent was added dropwise while
stirring continued at the same temperature. The reaction mixture was refluxed for 48 hours,
followed by a cooling and filtering procedure. Chitin methacrylate was washed away to remove
salt and impurities with acetonitrile, water, ethanol, and diethyl ether. The synthesis reaction of
the chitin methacrylate is shown in Figure 1.
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Figure 1. Synthesis of chitin methacrylate

1 g chitin methacrylate, 5 g monomer that VIM, MAm and AMPS in N,N-dimethylformamide
and 0.05 g AIBN as a free radical initiator were added into a polymerization tube, and argon was
passed through. The monomer was allowed to graft onto chitin at +72 °C for 36 h, stirring.
Grafted copolymers were filtered and thoroughly washed with N,N-dimethylformamide,
acetonitrile, ethanol, and diethyl ether to eliminate oligomer and homopolymer formed in the
reaction as products. Synthesized graft copolymers were dried, and analyzes were performed. The
synthesis reaction of the grafting of chitin methacrylate with VIM, MAm and AMPS monomers is
shown in Figure 2.
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Figure 2. The grafting of chitin with some monomers
3. RESULTS AND DISCUSSIONS
3.1. Grafting of Chitin and its Characterization

The reaction of chitin with (CH3z)sCO"K* produces the alkoxide of chitin only on primary OH
group even if an excess amount of (CH3)sCOK* was used. The treatment of the potassium chitin
alkoxide with methacryloyl chloride results in the formation of chitin methacrylate (Chitin.met).
As mentioned in the experimental section, a series of grafting studies on Chitin.met were carried
out by using AIBN as a free radical initiator with VIM, MAm and AMPS (Fig 1 and 2). The FT-
IR technique is the first spectroscopic method used to identify functional groups within a
molecule. The spectrum of chitin shows the characteristic bands at 3440 cm™ (O-H strech), 3260
cm* (N-H strech), 2880 cm™ (N-H symmetric stretch), 1654 cm* (C=0 amide stretch), 1615 cm"
1 (N-H bending), 1552 cm™ ( N-C stretch), 1375 cm* (C-H bending vibration), 1015 and 1050
cm? (C-O symmetric and asymmetric vibration at C-O-C bonds) were observed [7,14]. The
presence of a new band 1620 (-C=0 stretching), in which there is no band for chitin, indicates that
the methacrylate group has attached to the chitin. Also, the most important evidence to
demonstrate the grafting of methacrylate groups onto chitin is the increase in ester peak (-C = O)
observed at 1720 cm! peaks (Figure 3).

The elemental analysis of the polymers is shown in Table 1. The substitution degree in the
glucose units of chitin was calculated as 29.24% by mole (y) from and 35.61% by weight (YY) the
percentage of carbon [9-13]. The substitution percentage of the glucose units in chitin was
calculated from the expression

113



N. Cankaya /SigmaJEng & Nat Sci 37 (1), 111-117, 2019

= -B
Y AC D X 100
where

A = % carbon found for modified chitin

B = % carbon found for starting chitin

C = % carbon calculated for 100% modification
D = % carbon calculated for starting chitin.

Table 1. Elemental analyses results of grafting on chitin with some monomers

Elemental Analysis
Polymer C% H % N % S %
Chitin 43.93 6.31 6.66 -
Chitin methacrylate 46.01 5.23 6.45 -
Chitin.met-g-VIM 45.69 6.70 8.86 -
Chitin.met -g-MAm 45.80 6.47 7.28 -
Chitin.met -g-AMPS 47.15 6.65 7.32 5.60

When the FT-IR spectra of the grafting studies on chitin methacrylate are examined, the
following results are observed. FT-IR results of all chitin containing polymers show OH peaks at
3440 cmt, NH peaks at 3260 cm™ and amide peaks at 1654 cm region clearly. For Chitin.met-g-
MAm and Chitin.met-g-AMPS, an increase in amide peaks due to polymerization of the monomer
is observed. Furthermore, the weight increase in the synthesis of the graft copolymers as a result
of the values calculated by gravimetric analysis is also evidence that graft copolymers are formed.
FT-IR spectra of chitin, chitin methacrylate, the graft copolymers of chitin with poly(1-
vinylimidazole) (Chitin.met-g-VIM), poly(methacrylamide) (Chitin.met-g-MAm), and poly(2-
acrylamido-2-methyl-1-propanesulfonic acid) (Chitin.met-g-AMPS) are shown in Figure 3.
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Figure 3. FT-IR spectra of the a) Chitin b) Chitin.met c) Chitin.met-g-VIM d) Chitin.met-g-MAm
e) Chitin.met-g-AMPS

Thermal analysis measurements were made at a heating rate of 10 °C/min at a N2 gas flow of
10 ml/min. Referring to Figure 4, the thermal stability of the chitin is higher than that of graft
copolymers. Initial decomposition temperature and temperature of a weight loss of 50%,
decreased by grafting. All the polymers show that thermal degradation was completed in one
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steps. It is observed that the synthetic polymers attached to chitin methacrylate decreased the
thermal stability. Thermograms obtained for chitin, chitin methacrylate, and its graft copolymers
are presented in Figure 4, while some thermal data are given in Table 2.
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Figure 4. TGA curves of chitin, chitin methacrylate and its graft copolymers
Table 2. Thermal analyses results of grafting on chitin with some monomers
Polymer Max. Temperature | %Weight | %Weight | %Residu
Decomposition of 50% loss loss e
Temperature (°C) weight loss (300 °C) (400 °C) (550°C)
(WY)]
Chitin 390 380 11 76 14
Chitin methacrylate 386 372 15 73 19
Chitin.met-g-VIM 385 372 14 74 18
Chitin.met -g-MAm 387 371 16 75 17
Chitin.met -g- 377 358 24 72 21
AMPS

4. CONCLUSION

In this study, chitin methacrylate was prepared by esterification of primary —OH group with
methacryloyl chloride with a 29.24% yield by mole. The monomers such as 1-vinylimidazole
(VIM), methacrylamide (MAm) and 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS)
were grafted into the chitin methacrylate via free radical polymerization using 2, 2’-
Azobisisobutyronitrile (AIBN) as an initiator in N,N-dimethylformamide. The graft copolymers
were characterized by FT-IR spectra and elemental analysis. Thermal stability of the chitin graft
copolymers was determined by the thermal methods and compared to each other. Since chitin is
low cost, biodegradable, and easily obtainable, the synthesized chitin-containing polymers will
also have the same properties. The newly synthesized biopolymer-containing graft polymers is
supposed to increase the application area.
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