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PREFACE

Chemistry is often regarded as the central of science, while material science is
considered as the mother of technology. The pair holds an important role in advancing the
quality of life, environment, and welfare. The International Conference on Chemistry and
Material Science (IC2MS) is organized to provide an international platform for promoting
mutual exchange between scientists, discussing innovative ideas in scientific research, and
as a building block for academicians to expand their global perspective and to initiate
collaboration, and for government and industrial sectors to update their information with
the newest research findings for their future research-based plans and policies.

This year, the conference is organized by the Department of Chemistry, Faculty of
Science, Brawijaya University, in collaboration with Chemistry Departments of State
University of Malang, Jember University, and Ma Chung University. The 2" IC2MS was held
on 2-3 November 2019 with a theme of “Advancing to the Frontier of Innovation in
Chemistry and Material Science”. The conference covers not only in chemistry area
(Organic, Inorganic, Physical, Analytical, Biochemistry), but also promote papers in material
science such as molecular science, functional material, material synthesis and
characterisation, nanomaterials and nanodevices, as well as renewable energy and fuel
cell.

This conference presents 4 plenary lectures by the keynote speakers, 16 parallel
sessions (including invited speakers), and two poster sessions. In total, 220 titles were
presented during this conference. The organising committee was also had to rejected
some submitted abstracts due to the limited time and venue capacity. Participants were
coming from seven different countries and more than 40 national and international
universities/institutions (Figure 1). There are also 10 best and favourite (student) posters
awarded in this event.

The organising committee of the 2™ IC2MS are greatly appreciating and thanking to
all people involve in this event for their active participation and supports. To all keynote
and invited speakers, thank you for sharing your research achievements. To the PPIKID of
UB for the great financial commitment, and to the Department of Chemistry, Faculty of
Mathematics and Natural Sciences (FMIPA), Brawijaya University, for every support given
during this event. We also would like to acknowledge all co-host universities and the
Savana Hotel of Malang, thank you for the cooperation and assistance. Thank you and may
this event give benefits to all. See you in the 3™ IC2MS 2020.

Best Regards,

Dr. Yuniar Ponco Prananto, MSc
Chairman of the 2" IC2MS 2019
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Moderator: Dr. Yuniar Ponco Prananto, MSc
Keynote speaker 3 : Assoc. Prof. Kenji Mochizuki (Scopus docs = 21; h-index = 9)
Shinshu University, Japan
Moderator: Assoc. Prof. akhmad Sabarudin, Dr.Sc
Keynote speaker 4 : Akhmad Sabarudin, Dr.Sc (Scopus docs = 59; h-index = 17)
Brawijaya University, Indonesia
Moderator: Barlah Rumhayati, PhD

List of Invited Speakers

Invited speaker 1 : Dr. Hendra Gunosewoyo (Scopus docs = 26; h-index = 11)
Curtin Unversity, Australia

Invited speaker 2 : Dr. Mohamad Rafi (Scopus docs = 19; h-index = 4)
IPB University, Indonesia

Invited speaker 3  : Assoc. Prof. Lee Siew Ling (Scopus docs = 91; h-index = 13)
Universiti Teknologi Malaysia, Malaysia

Invited speaker 4  : Dr.rer.nat. Witri Wahyu Lestari (Scopus docs = 27; h-index = 5)
University of Sebelas Maret, Indonesia

Invited speaker 5  : Anugrah Ricky Wijaya, DSc (Scopus docs = 13; h-index = 5)
State University of Malang, Indonesia

Invited speaker 6  : Dr.rer.nat. Rachmat T. Tjahjanto (Scopus docs = 12; h-index = 2)
Brawijaya University, Indonesia

Link for Presented Papers

Oral presenters : 116 presenters
http://ic2ms.ub.ac.id/wp-content/uploads/2019/10/Oral-Session-Schedule.pdf

Poster presenters : 104 presenters
http://ic2ms.ub.ac.id/wp-content/uploads/2019/10/Poster-Session-Schedule.pdf
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SELECTED PICTURES TAKEN FROM THE 1IC2MS-2019

The 2" International Conference on
Chemistry and Material Science

Savana Hotel = Malang, Indonesia, 2-3 November 2019

Picture 2. Opening remarks by the chairman of the 2™ IC2MS
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Picture 3. Poster session and poster award winners.

Picture 4. One of the invited speaker’s talk.
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Abstract. The aim of this research is to chemically modify chitosan to improve and enhance
the ability as an adsorbent. Chitosan is a natural polymer produced from chitin deacetylation.
The best performance of chitosan is as an adsorbent is in acidic solutions. Chemical
modification was carried out by chitosan copolymerization with acrylamide. Copolymer
synthesis was done by using microwave oven with the weight ratio of chitosan and acrylamide
of 1: 4. The characterization of chitosan copolymer with acrylamide (chitosan-g-acrylamide
copolymer) was conducted by FTIR spectroscopy and Scanning Electron Microscope (SEM).
The analysis of the functional group by FTIR spectroscopy shows that the copolymer has been
successfully synthesized. The surface analysis with SEM shows that the morphology of the
copolymer surface is more homogeneous compared to that of chitosan.

1. Introduction

Chitosan is a biopolymer produced by the chitin deacetylation process. Chitin is a compound widely
found in shrimp shells [1]. Chitosan is polycationic, so that it can be applied in various fields such as
metal adsorbents, dyes, and cosmetics. Chitosan is biodegradable, biocompatible and non-toxic
compound. Chitosan has biological and chemical properties. Chitosan has antimicrobial activity so it
is widely used in biomedicine. Chitosan can interact very well with inorganic solutes (metal ions) and
dyes, due to the presence of reactive groups such as -OH and -NH; [2].

However, chitosan has disadvantage of only dissolved in acidic solutions, insoluble in water and
unstable in acidic solutions, so that their use is limited mainly as an adsorbent [3]. Therefore,
researchers have done a chemical modification of chitosan [4,5]. Chemical modification of chitosan
has been done to improve and enhance the ability of chitosan as an adsorbent, such as adding cross-
linked material such as glyoxal, formaldehyde, and ethylene glycol [6]. Cross-linked material can
stabilize chitosan in acidic solutions and improve its mechanical properties. Another method that has
also been carried out by researchers to improve the ability of chitosan as an adsorbent is by
copolymerization, namely grafting between chitosan with some vinyl monomers such as acrylic acid,
methyl acrylate, acrylonitrile, vinyl chloride, acrylamide and others [7].

Copolymerization of the graft into chitosan is one of the most effective method to improve the
performance of chitosan. Graft copolymers are used to improve the physical and chemical properties
of natural and synthetic polymers for agricultural, biomedicine and other fields. There have been many
studies on the graft copolymerization including copolymerization of chitosan with acrylonitrile,
acrylamide, acrylic acid using cerium ammonium nitrate as an initiator, methyl acrylate using the
initiator of potassium periodatcuprate(IIl) [3]. Copolymerization of chitosan with acrylamide has also
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been carried out by previous researchers, among others using the initiator of ammonium persulfate [9],
and copolymerization of chitosan with acrylamide using gamma rays for the adsorption of Cu and Ni
metals [8].

In this research, copolymerization of chitosan graft has been carried out into acrylamide, where
copolymerization is conducted using the ammonium persulfate initiator. The copolymerization process
is done by using microwave radiation heating using a microwave oven which is commonly used at
home. Polymer synthesis using microwave has the advantage of short reaction time compared to the
conventional heating. The results of chitosan graft copolymerization with acrylamide will later be
applied for treatment of heavy metal waste, such as Pb metal, which is not included in this paper.

2. Materials and Methods

2.1. Materials

The materials used in this research are chitosan with 87.5% deacetylation degree obtained from the
local market, acrylamide (Merck, Germany), ammonium persulfate (AR, China), 2% acetic acid,
technical methanol obtained from local market in Indonesia and distilled water. All chemicals are used
directly without further purification.

2.2. Synthesis of copolymers
The study was conducted with a weight ratio between chitosan and acrylamide of 1: 4. A 0.5-gram
chitosan was placed into 2% acetic acid solution and stirred with magnetic stirrer until dissolved for 20
minutes in a Teflon container. Then, 2 grams of acrylamide were dissolved in 10 ml of distilled water,
then poured into a Teflon container containing chitosan and stirred until the mixture was
homogeneous. After that, 5% ammonium persulfate was added from the total weight of the sample and
the mixture was stirred until homogeneous. Then, the Teflon container was placed into microwave
oven by adjusting the microwave power that is 30%, 50%, and 70% by adjusting the reaction time
every 2 minutes until the gel was formed. The time of gel formation was noted. After the reaction was
complete, the formed gel was poured into a container containing excessive methanol to precipitate the
product while stirring. The precipitate that has been obtained was washed with methanol for several
times to remove the formed homopolymer. The precipitate was filtered, placed into a petri dish and
then dried in a vacuum oven at 40 °C to a constant weight. Copolymers were then characterized using
FTIR and SEM, while the percentage of grafting can be determined by equations (1) and (2), where
Wy, W, and W, are initial mass of chitosan, mass of copolymer, and mass of acrylamide, respectively
[11]:

%G = (Wi—Wy) / Wyx 100% M

Y%E = (W1 - Wg)/ W, x100% 2)

2.3. Characterization

2.3.1. Fourier transformation infrared (FTIR) spectroscopy. FTIR analysis was performed on samples
of chitosan, acrylamide and chitosan copolymers with acrylamide in the form of KBr pellets and
measured at wavelengths of 400 - 4000 cm using FTIR SHIMADZU-8400.

2.3.2. Scanning electron microscopy (SEM). Scanning Electron Microscope (SEM) analysis was also
performed on samples namely chitosan, acrylamide and chitosan copolymers with acrylamide using
SEM JEOL JSM 6510 LA. Samples were measured in a powder form.

3. Result and Discussion
3.1. Synthesis of copolymer

Synthesis of chitosan copolymers with acrylamide was carried out using a microwave oven commonly
used at home. Chitosan used in this work was originated from shrimp shells with deacetylation degree
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of 87.5% that obtained from the local market. Copolymers were synthesized with a ratio of chitosan
and acrylamide of 1:4. The initiator used for the synthesis of chitosan and acrylamide copolymers was
ammonium persulfate. Copolymer synthesis was carried out with variations of power namely 30%,
50%, and 70%. The reaction is stopped until the solution is thickened or form a gel. This indicates that
the copolymer has been formed. The initially white solution turns into a thick yellow solution. To stop
the reaction, the gel obtained is poured into excessive methanol to form a precipitate. The precipitate
formed were dried in a vacuum oven at a temperature of 40 °C until constant weight is obtained.

The time needed to form copolymers on various microwave power was varied. The average time
required for the formation of the copolymer in microwave with 30%, 50% and 70% power,
respectively were 24, 12, and 8 minutes. The greater the microwave power used, the faster the
formation of copolymers. Due to greater power, the radicals were formed faster, so that of the
copolymer. With the greater power, the reaction rate will be greater so that the time needed for the
formation of copolymers is faster. Energy transfer is faster with the increasing of microwave power. In
addition, the higher power microwave radiation indicates a higher temperature. Observations of the
sample during the reaction show that with the increasing of microwave power, the time taken for the
sample to boil is also faster. The time needed to boil each of the microwave with power of 30%, 50%
and 70%, are 8, 4, and 2 minutes, respectively.

(a) (b) (©)

Figure 1. Sample (a) before the copolymerization reaction, (b) after the copolymerization reaction,
and (c) after precipitated with methanol.

Synthesis of chitosan copolymer with acrylamide is a graft copolymerization in which acrylamide
is grafted into the chitosan. The number of acrylamide monomers that can be grafted into chitosan can
be determined by calculating the results of grafting (%G) and grafting efficiency (%E) based on
equations (1) and (2). The results of grafting (%G) and grafting efficiency (%E) synthesis of chitosan
and acrylamide copolymers at various microwave powers are presented in Table 1. Table 1 showed
that %G and %E were decreased with the increasing of microwave power used. Due to the greater
radiation power, the greater homopolymer reaction occurred thus %G and %E were decrease. A
decrease in %G with the increasing of microwave power in the synthesis of chitosan-grafting-
polyacrylamide was also reported by previous researchers, namely -chitosan-polyacrylamide
copolymers, which is carried out in various power of 60, 70, 80, 90 and 100%. The results showed a
decrease in %G with the increasing of microwave power of 80% and 100%, due to more
homopolymerization reactions [10].
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Table 1. Effect of variation of microwave power on %G and %E.

Power of Microwave %G %E
30% 399.18 99.79
50% 367.06 91.76
70% 309.00 72.25

Chitosan copolymerization with acrylamide is free radical polymerization using the ammonium
persulfate initiator. The mechanism of chitosan copolymerization with acrylamide which has been
proposed by Machalova ef a/ (2006) is presented in Figure 2. Based on the polymerization of free
radicals in the initial stages of the reaction, the initiator undergoes initiation to form radicals. Radicals
are formed due to heat generated in a microwave oven. Furthermore, a propagation reaction occurs
where radicals from the initiator attack the chitosan functional groups and free the H atoms contained
in the NH, and OH groups contained in chitosan. Thus, chitosan will form radicals. The chitosan
radical then attacks the acrylamide monomer to forms another radical. In the final stage, the
termination stage, there is a bond formed between the radicals from the polymer that has been grafted.

82082_ 2504._
CH,OH CH,OH CH,0H CH,O"
O
H2C—C_
+ 250, N
NH3 NH3
(0]
A
C 0
Cl
CH,0H CHQO—C —CH Ha | TNH,
CH,0OH CH,O1—C —C o
O o) (0]
H2C—C— O
NH, OH OH
H H
NH3 +
NH NH3
ch— H l H
c=° e CI: c
\ C¢O
NH,
NH,

Figure 2. Mechanism of copolymerization of chitosan with acrylamide [14].
3.2. Characterization of copolymers

3.2.1. FTIR Spectroscopy Analysis. FTIR spectroscopic analysis was carried out on chitosan,
acrylamide and chitosan-acrylamide copolymers and the spectra are shown in Figure 3. FTIR spectra
for copolymers were taken from the results of copolymer synthesis at 70% microwave power. Figure 3
(a) shows the FTIR spectra of the chitosan. The absorption peak with high intensity at 3427.51 cm™ is
the stretching vibration from OH and NH, groups. The absorption at 2920.23 cm™ and 2881.65 cm™
shows the stretching vibration of C-H. The absorption peak at 1660.71 cm™ is the C=0 vibration of
carboxylate group of chitosan, while the absorption peak at 1596.99 cm™ is the absorption of N-H.
Vibration stretching of C-N appears at the absorption peak of 1427.32 cm’™.

Figure 3 (b) is an FTIR spectra of acrylamide. The emergence of absorption peaks at 3352.26 cm™
and 3178.69 cm™ is the peak of NH, vibration stretching from acrylamide. The absorption peak at
167421 ecm™ is the C = O absorption band of amide (I). The C-N absorption band of acrylamide
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appeared at 1429.25 cm™. While the absorption peak of N-H bending vibration of acrylamide appeared
on 1610.56 cm™. The presence of the C = C double bond of acrylamide appeared on the absorption
peak around 900-990 cm™ and 3057 cm™.

(a)
427.32

/
1660.71 1091.71
342751 2920.23881.65 1598.99

(]
[&]
c
@©
=
= [
@ 3057.45
o \ 167421 1420.25
= 3352.26 161056
= 3178.69 :
(c)
\
1415.75
1664.57 4510 49

3446.79
T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Figure 3. Spectra FTIR of (a) chitosan, (b) acrylamide, (c) copolymer of chitosan-acrylamide.

FTIR spectra of chitosan-acrylamide copolymers can be seen in Figure 3 (c). From the spectrum of
the copolymer in Figure 3 (c), it is observed that the double bond C=C does not appear at wavelengths
around 900-990 cm™ and 3075-3095 cm™. This shows that the copolymerization reaction has taken
place. Moreover, the spectra show the formation of copolymers is the shift in the absorption of C=0
amide from 1674.21 cm™ to 1664.57 cm™. There was a broad peak at wave number of 3446.79 cm’'
due to OH absorption. The broad absorption peak is also caused by an overlap between the N-H
vibrations of chitosan and NH; from acrylamide. In addition, an indication of chitosan-acrylamide
copolymers has been formed is the peak of C-N absorption at wave number of 1415.75 cm'1. Based on
previous research showing that the peak of the adsorption of chitosan-acrylamide copolymer appeared
in 3434.71 cm™ which is OH stretching from polyacrylamide and chitosan. While the adsorption band
at 1411.69 cm™ is C-N stretching vibration from the chitosan-acrylamide copolymer [12]. Based on
the FTIR spectra, the chitosan and acrylamide copolymers have been successfully synthesized using
microwave oven.

The FTIR spectra of the copolymer that has been synthesized with microwave power variations of
30, 50, and 70% can be seen in Figure 4. From the spectra, it can be seen that the absorption peaks of
the copolymers produced in the microwave power variation have identical absorption peaks. FTIR
spectra in Figure 4 shows that the copolymer has been successfully synthesized in various microwave
power.

3.2.2. SEM Analysis. Scanning Electron Microscope (SEM) analysis is a surface analysis that can
shows the surface morphology of a material. The results of SEM analysis can be seen in Figure 5.
SEM analysis was carried out for chitosan, acrylamide, and chitosan-acrylamide copolymers. The
SEM analysis results (Figure 5) show the surface differences of chitosan, acrylamide and chitosan-
acrylamide copolymers. Based on Figure 5 (c), chitosan-acrylamide copolymers with porous surfaces
were observed. The formation of these pores is due to the grafting between chitosan and acrylamide.
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This porous surface indicates that chitosan-acrylamide copolymers can be used as adsorbents. Based
on Figure 5, it can be seen that the surface of the copolymer is more homogeneous compared to that of
chitosan.
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Figure 4. FTIR Spectra of chitosan-acrylamide copolymers synthesized by various microwave power
of (a) 30%, (b) 50% and (c) 70%.
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Figure 5. SEM (a) chitosan (b) acrylamide (c) copolymer of chitosan-acrylamide
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4. Conclusion

The chitosan copolymerization with acrylamide using ammonium persulfate initiator was successfully
synthesized in a microwave oven. The decrease in %G and %E as the microwave power increases was
caused by the occurring of more homopolymer reactions.
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