Chemistry Beyond Borders 2022: International Conference on Physical Chemistry
Malang, 29-30 October 2022

BOOK OF ABSTRACTS

i

Chemistry Beyond Borders 2022: International Conference on Physical Chemistry
Malang, 29-30 October 2022

About the Conference
Chemistry Beyond Borders
The Chemistry Beyond Border project was started in 2020 as an international online/virtual meeting
during the outbreak of the COVID-19 pandemic that forced almost all national borders to be shut.
With an aim to serve as a platform to improve the dissemination of knowledge, the project is
organized to promote mutual exchange between chemists and experts across the nations to share
their findings and discuss innovative ideas in chemistry. The project was hosted by the Department
of Chemistry, Brawijaya University, and the Graduate School of Engineering Science, Osaka
University, that also works to provide an opportunity for young students in chemistry to present
their works and interact with senior researchers across the globe. This year, the committee is proud
to collaborate with the Physical Chemistry Division of the Indonesian Chemical Society and bring the
Chemistry Beyond Border 2022 symposium together with The International Conference on Physical
Chemistry. Along with the improved situation and the national borders that started to open, this
year’s symposium will be organized as a hybrid meeting that combines online-and-onsite
participation.

International Conference on Physical Chemistry
International Conference on Physical Chemistry is a scientific meeting organized by the Physical
Chemistry Division of the Indonesian Chemical Society as a part of its annual meeting. The
conference serves as a venue for international and Indonesian scientists to meet and discuss their
research development, mainly but not limited, in the frame of physical chemistry. On top of the
knowledge sharing, the conference is expected to initiate fruitful collaborations among attendees.
This year marks the first step for the conference.
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KL-1

Beyond Biofuels - Roles of Biomass in Decarbonizing the
World Against Climate Changes – A Technology and Science
Perspective
Justinus A. Satrio, Ph.D.
Associate Professor of Chemical Engineering
Department of Chemical and Biological Engineering
Villanova University, Villanova, PA 19035, U.S.A.
It has been generally agreed that decarbonization, which is a process of preventing/reducing
the release of green-house gases, primarily CO2 and methane, is one of the most important
ways in our fight against climate changes. Unfortunately, until today, more than two-third of
our carbon needs, mostly for energy, are obtained from fossil-derived carbon sources.
Lignocellulosic biomass is the most abundant and renewable source of carbon on earth,
presenting the best option to achieve a sustainable utilization of carbon to fulfill energy and
material need. In recent decades, there has been significant endeavors around to world to
convert biomass components into biofuel and value-added products. While some biomassderived fuels, such as bioethanol and biodiesel, have been produced on commercial scales, the
commercialization of biofuels derived from lignocelluloses have been found to be challenging
due to their poor economic feasibilities. One way to make the utilization of lignocelluloses for
economically attractive is by converting these biomass components into high-value products
to subsidize the cost of biofuel production. This presentation will provide an overview on some
products derived from lignocelluloses that have commercial potentials. Focus will be given on
the opportunities and challenges presented from technology and science perspectives on the
synthesis of those products.
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KL-2

Developments of oxides-based nanocatalysts for biofuel
production
Karna Wijaya
Laboratory of Physical Chemistry, Department of Chemistry,
Faculty of Mathematics and Natural Sciences Universitas Gadjah Mada, Yogyakarta,
Indonesia
Head of Physical Chemistry Division, Indonesian Chemical Society
Email: karnawijaya@ugm.ac.id

The use of oxides-based nanocatalysts as solid acid catalysts in chemical applications is
currently being developed. Several investigations have been reported on the use of these
catalysts for example in the synthesis of biofuels such as biogasoline, diethyl ether (DEE), and
biodiesel. The advantages of using the oxides-based nanocatalyst include low cost, a high
active site, homogeneous porosity, a hydrophilic catalyst surface, environmentally friendly and
easier to separate from the final products.
We have studied some types of oxides-based nanocatalysts such as modified zirconia (ZrO2),
titania (TiO2) and silica (SiO2) for gasoline preparations from Low Density Polyethylene
(LDPE) plastics, DEE synthesis from ethanol, biodiesel and biogasoline productions from used
cooking oil and non-edible vegetable oils. Our studies showed that these catalysts are proven
to be selective, reusable, to have high acidity, high surface area as well as high thermal stability
properties. Among these oxides-based nanocatalysts, modified silica is a promising type of
catalyst because it is relatively inexpensive to prepare and can be made from natural materials
such as rice husk ash. Nevertheless, in the future, all types of these nanocatalysts have the
prospective to be developed in industrial-scale biofuel production.
Keywords: oxides, nanocatalyst, biofuel, industry
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KL-3

Solvation energetics of biomolecules analyzed by
all-atom molecular dynamics simulation and a solution theory
Nobuyuki Matubayasi
Osaka University, Japan
Solvation is a controlling factor for the structure and function of proteins. This talk addresses
the effects of solvation from an energetic perspective for the fluctuations and cosolventinduced changes in protein structures and the equilibrium of aggregate formation for a peptide.
A theoretical framework to analyze the solvation effects with an explicit solvent is introduced
by adopting the energy-representation theory of solvation, and the connection of the solvation
free energy to the protein structure and the aggregation tendency is quantitatively described in
combination with all-atom molecular dynamics simulations. The interaction components that
govern the solvation effects on the structural variations of proteins are further identified
through correlation analysis, and a computational scheme to assess the shift of an aggregation
equilibrium due to the addition of a cosolvent is provided.
References
1) Solvation energetics of proteins and their aggregates analyzed by all-atom molecular
dynamics simulations and the energy-representation theory of solvation, N. Matubayasi,
Chem. Commun., 57, 9968-9978 (2021).
2) Energy-Representation Theory of Solutions: Its Formulation and Application to Soft,
Molecular Aggregates, N. Matubayasi, Bull. Chem. Soc. Jpn., 92, 1910-1927 (2019).
3) Free-energy analysis of the hydration and cosolvent effects on the -sheet aggregation
through all-atom molecular dynamics simulation, Energetics of cosolvent effect on peptide
aggregation, K. Masutani and N. Matubayasi, J. Chem. Phys., 150, 145101 (2019).
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KL-4

Mechanisms of C-O, H-H, and C-H Activation by Nickel
Complexes
Panida Surawatanawonga,*
a Department

of Chemistry and Center of Excellence for Innovation in Chemistry,
Faculty of Science, Mahidol University, Rama VI Rd, Bangkok 10400, Thailand.
E-mail: panida.sur@mahidol.ac.th

Nickel complexes have been increasingly used as powerful catalysts for a broad range of
organic reactions. Understanding the mechanisms and the electronic structures affecting the
reactivity is important to catalyst development. Herein, we performed density functional
calculations to gain insights into the mechanisms of three important processes: C-O activation,
H-H activation, and C-H activation. In the first process, nickel complex with N-heterocyclic
carbene (Ni-SIPr) has been shown to selectively catalyze C−O bond hydrogenolysis of aryl
methyl ether to obtain arene and alcohol as the only products. The Lewis acid AlMe3 was found
to facilitate aryl C–O bond activation via the five-centered transition state by forming a Lewis
acid/base adduct with 2-methoxynaphthalene (NaphOMe) with the interaction from the Me
group of AlMe3 to Ni. Not only is the aryl C–O bond weakened, but the nucleophilicity of Ni
is enhanced. In the second process, Lewis acid−transition metal complexes have recently
emerged as a new class of catalysts. The nickel−borane complex, Ni[(Mes)B(o-Ph2PC6H4)2],
has been reported as an efficient catalyst for H2 activation and styrene hydrogenation. The H2
activation by the nickel−borane complex is dominated by charge transfer from the σ-bonding
orbital of H2 to the p-based vacant orbital of boron, whereas H2 activation by the corresponding
nickel−alane complex is governed by charge transfer from the d-based orbital of Ni to the σ*antibonding orbital of H2. The resulting trans-dihydride nickel−alane complex has higher
negative charges on both terminal and bridging hydrogen atoms than the corresponding
nickel−borane complex. In the third process, we studied the hydroheteroarylation of
allylbenzene with pyridine as catalyzed by Ni/AlMe3 and a N-heterocyclic carbene ligand. The
mechanism involves ligand-to-ligand hydrogen transfer pathway, in which the hydrogen is
transferred directly from the para-position of pyridine-AlMe3 to C2 of allylbenzene. Our
distortion−interaction analysis and natural bond orbital analysis indicate that the interaction
energy is strongly correlated with the extent of the charge transfer from the alkene (hydrogen
acceptor) to the pyridine-AlMe3 (hydrogen donor), which dictates the selectivity of the Htransfer to the C2 position of allylbenzene.
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KL-5

Towards high selectivity aniline synthesis catalysis at elevated
temperatures
David Lennon
School of Chemistry, Joseph Black Building, University of Glasgow, Glasgow,
G12 8QQ, UK.
In connection with an initiative to enhance heat recovery from the large-scale operation of a
heterogeneously catalysed nitrobenzene hydrogenation process to produce aniline, it is
necessary to operate the process at elevated temperatures (>100°C), a condition that can
compromise aniline selectivity. Alumina-supported palladium catalysts are selected as
candidate materials that can provide sustained aniline yields at elevated temperatures.

The presentation will describe a workplan that links reaction profiles to catalyst specification
[1-3]. Five Pd/ -Al2O3 samples are examined: two reference catalysts and three industrial
grade catalysts. Micro-reactor testing reveals the presence of several chemical pathways, with
metal loading being a critical factor in influencing product over-hydrogenation. Infrared
spectroscopy combined with the chemisorption of a probe molecule (CO) is used to assess the
morphology of the Pd crystallites, with novel sampling handling procedures developed to
accommodate challenges encountered with the industrial grade catalysts. Ultimately, a global
reaction scheme is proposed that defines the by-product distribution accessible to the grades of
catalyst examined. This information is helpful in defining product purification procedures that
would be required in certain heat recovery scenarios connected with large-scale aniline
production.
References
1. McCullagh, R. Warringham, C.G.A Morisse, L.F. Gilpin, C. Brennan, C.J. Mitchell,
D. Lennon, Topics in Catalysis, 64 (2021) 1010-1020.
2. C.G.A. Morisse, A.M. McCullagh, J.W. Campbell, C. How, D.A. MacLaren, R.H.
Carr, C.J. Mitchell, and D. Lennon, Industrial and Engineering Chemistry Research,
60 (2021) 17917-17927.
3. C.G.A. Morisse, A.M. McCullagh, J.W. Campbell, C.J. Mitchell, R. Carr, and D.
Lennon, Industrial and Engineering Chemistry Research, DOI:
10.1021/acs.iecr.2c01134.
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IL-1

Density-Functional Tight-Binding for Materials Simulations:
Prospects and Challenges
Aulia Sukma Hutama
Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah
Mada, Yogyakarta 55281, Indonesia
Density-functional tight-binding1,2 has become an alternative method for material properties
prediction and simulation. Despite its success for nearly the past two decades, this method has
several limitations. At this conference, I will talk about our experience dealing with such
problems, from electronic3 to repulsive.4–6 In addition, our newly developed methods can
conduct materials simulations with near nanometer-scaled systems.7
References:
(1) Porezag, D.; Frauenheim, T.; Köhler, Th.; Seifert, G.; Karschner, R. Construction of TightBinding Potentials on the Basis of DFT: Application to Carbon. Physical Review B. 1995, pp
12947–12957.
(2) Elstner, M.; Porezag, D.; Jungnickel, G.; Elsner, J.; Haugk, M.; Frauenheim, T. Self Consistent
Charge Density Functional Tight Binding Method for Simulations of Complex Materials
Properties. Phys Rev B Condens Matter Mater Phys 1998, 58 (11), 7260–7268.
https://doi.org/10.1103/PhysRevB.58.7260.
(3) Hutama, A. S.; Hijikata, Y.; Irle, S. Coupled Cluster and Density Functional Studies of Atomic
Fluorine Chemisorption on Coronene as Model Systems for Graphene Fluorination. Journal of
Physical Chemistry C 2017, 121 (27), 14888–14898. https://doi.org/10.1021/acs.jpcc.7b03627.
(4) Hutama, A. S.; Nishimura, Y.; Chou, C.-P.; Irle, S. Development of Density-Functional TightBinding Repulsive Potentials for Bulk Zirconia Using Particle Swarm Optimization Algorithm.
AIP Conf Proc 2017, 1906, 30015.
(5) Hutama, A. S.; Chou, C.; Nishimura, Y.; Witek, H. A.; Irle, S. Density-Functional Tight-Binding
Parameters for Bulk Zirconium: A Case Study for Repulsive Potentials. J Phys Chem A 2021,
125 (10), 2184–2196. https://doi.org/10.1021/acs.jpca.0c11178.
(6) Hutama, A. S.; Marlina, L. A.; Chou, C.-P.; Irle, S.; Hofer, T. S. Development of DensityFunctional Tight-Binding Parameters for the Molecular Dynamics Simulation of Zirconia, Yttria,
and Yttria-Stabilized Zirconia. ACS Omega 2021, 6 (31), 20530–20548.
https://doi.org/10.1021/acsomega.1c02411.
(7) Afifah, D. N.; Marlina, L. A.; Hutama, A. S.; Wijaya, K. Theoretical Studies on Structure and
Dynamics of Anatase TiO2 (101)/H2SO4/H2O Interface in the Early Stage of Titania Sulfation.
Struct Chem 2022, 33 (4), 1341–1354. https://doi.org/10.1007/s11224-022-01946-8.
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IL-2

Syntheses, Structures, and Charge Transport-Related
Properties of Lone-Pair Containing Metal-Organic
Coordination Polymers
Arief C. Wibowo, Ph. D.
Department of Applied Sciences, Abu Dhabi University, UAE
There has been a significant surge in interest in metal-organic coordination polymers (MOCPs)
research within the last two decades because they have potential in a variety of applications,
such as gas storage, magnetic applications, luminescent applications, and photodetection.
MOCPs containing main group metals with lone pairs, such as Pb2+, Sn2+, Bi3+, and In+, are
comparatively rare despite the fact that they can potentially generate tunable electronic
properties based on the stereochemical activity of the lone pairs on the cation, i.e. hemi(distorted) and holo-directed (less distorted) polyhedra. Towards this end, we present our
research journey in reporting several Pb2+-, Sn2+-, and Bi3+-containing MOCPs possessing both
stereochemical activity and interesting photoluminescence properties, including white
emission. We also synthesized the 1st bismuth-based kagome structure, the 1st bismuthcontaining MOF with atmospheric water harvesting capability, and rare Pb-containing MOFs;
all of these compounds have holo-directed polyhedral geometries. Furthermore, by exploiting
the ability of Pb2+ to adopt a variety of coordination numbers and environments and its low
electronegativity, which gives rather weak ionic bonds amenable to ion exchange, we recently
reported a Pb-based MOCP system that can undergo structural changes while being doped, for
example, using a redox-active dopant, to accomplish the 1st multi-doped, mixed valent MOCP
featuring cation vacancies with potential for multi-dimensional properties.
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IL-3

Conversion of vegetable oils into bio-jet fuel using Ni metal
catalyst supported on parangtritis beach sand
Wega Trisunaryanti*, Muh. Siddik Ibrahim, Triyono
Department of Chemistry, Universitas Gadjah Mada, Yogyakarta, Indonesia
* Corresponding Author. E-mail: wegats@ugm.ac.id (W. Trisunaryanti)
Telp: +62-274-545188

Conversion of vegetable oils of Palm, Malapari, and Nyamplung oil into bio-jet fuel using Ni
metal catalyst supported on parangtritis beach sand (PP) has been carried out. The catalyst was
prepared by dry impregnation of Ni metal on PP. The catalyst was characterized using XRD,
FTIR, SAA, SEM, TEM and acidity test by gravimetric method using pyridine base steam. The
conversion of oil into bio-jet fuel was carried out using a semi-batch reactor system at 450 oC,
hydrogen gas flow rate 20 mL/min, and the weight ratio of catalyst:feed 1:200. Hydrocracking
products were then analyzed using GC-MS.
The results showed that the catalyst has a total acidity, surface area, average pore diameter,
pore volume, and crystal size of 0.051 mmol/g, 4.44 m2/g, 0.0078 cc/g, 3 .50 nm, and 25.86
nm, respectively. The conversion of Palm, Malapari and Nyamplung oil into bio-jet fuel (C8 C16) was about 49. 46, and 29 wt%, respectively.
Keywords: bio-jet fuel, nickel, Parangtritis beach sand, vegetable oil,
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IL-4

Molecular Design of Pour Point Depressants via Extensive
Metadynamics and Molecular Dynamics Simulations
Aditya Wibawa Saktia, Nila Tanyela Berghuisb, Andrea Hanna Rininditiab, Stanislaus Axel
Ajipratamab
aSchool

of Advanced Science and Engineering, Global Center for Science and Engineering,
Department of Chemistry and Biochemistry, Waseda University, Tokyo, Japan
bFaculty of Science and Computer, Department of Chemistry, Universitas Pertamina,
Indonesia

Wax deposition in the petroleum oil pipeline is very disadvantageous due to its ability to
inhibits the oil flow through the pipeline. The wax molecules non-covalently interact with the
oils to reduce the overall oil diffusivity. Thus, preventing the formation of wax is of importance.
The wax usually appears below a certain temperature that is called the pour point. Reducing
the pour point can essentially prevent the formation of wax, as such that the formation of wax
will require even a lower temperature. In the present work, to decrease the pour point, pour
point depressants (PPDs) have been theoretically designed, namely, the ethylene-vinyl acetate
(EVA) and oligo(octadecylacrylate) (OA).
The adopted models were prepared via a series of metadynamics simulations coupled by the
genetic z-matrix crossing algorithm to locate the global minimum of molecular conformations
as well as non-covalent interactions in the systems. A polarizable force field derived from the
quantum-mechanical calculations was employed for all molecular dynamics simulations. To
characterize the designed model, the wax appearance temperature (WAT) was estimated based
on a series of diffusion coefficient estimated at 283.15 – 325.15 K. In total, the diffusion
coefficients were analyzed from 60 generated trajectories for each adopted model.
The estimated diffusion coefficients at various temperatures are shown in Fig 1(a) and 1(b).
The estimated WAT values are 317.28 K and 308.30 K for the system in the absence and in the
presence of PPD, respectively.

Fig. 1. Representative diffusion coefficients for the models (a) without and (b) with
PPD. The intersections between green and red lines are the diffusion coefficients at the WAT
value.
xv
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IL-5

Molecular Simulation of Water Molecule in Carbon
Nanotubes and the Separation Effect
Winarto1,a), Eiji Yamamoto2 and Kenji Yasuoka3
1Department

of Mechanical Engineering, Brawijaya University, Malang, Indonesia
of System Design Engineering, Keio University, Japan
3Department of Mechanical Engineering, Keio University, Japan

2Department

a)

Corresponding author: winarto@ub.ac.id

The carbon nanotubes (CNTs) have been applied in various applications due to its outstanding
characteristics, such as mechanical, electrical, and heat transfer properties. Some current
studies suggests that CNTs have excellent attribute for fluid transport. It can transport fluid
faster than different materials with comparable diameter [1-2]. This property is promising
CNTs for nanofluidic-based applications, for instance separation membranes [3], nano
pumping [4], and drug delivery [5]. To design this type of nanofluidic devices, it is very
important to understand the water characteristics in the CNTs. In this study, the molecular
dynamics (MD) simulation was applied to examine the effect of an electric field on the water
molecules in CNTs. The simulation system is as shown in Figure 1 [6]. Furthermore, MD
simulation was performed to demonstrate separation of water-alcohol solutions with CNTs
under the influence of an electric field [7-9].
The direct effect of an electric field on water molecules is to change the molecular orientation.
An electric field aligns the dipole moment of water molecules parallel to the electric field
direction. Therefore, water molecules in a CNT have a uniform orientation, which is more
convenience for them to form hydrogen bond network and build an ordered structure. The
formation of an ordered structure strengthens the electrostatic interaction between water
molecules in the CNT. As a result, water molecules prefer to fill CNTs and resulting in a
separation effect for water–alcohol solutions [7,8]. The separation effect is still observed even
the CNT diameter as high as 3.39 nm.
CNT
water

water

E

FIGURE 1. The molecular simulation system consists a carbon nanotube (CNT) fixed at two graphene sheets with
reservoirs at both sides. An electric field E was applied in the axial direction [6].

References
[1] G. Hummer, J. C. Rasaiah, and J. P. Noworyta, Nature 414, 188, 2001
[2] M. Majumder, N. Chopra, R. Andrews, B. J. Hinds, Nature 438, 44, 2005
[3] B. Corry, Energy Environ. Sci. 4, 751-759, 2011
[4] K. F. Rinne, S. Gekle, D. J. Bonthuis and R. R. Netz, Nano Lett. 12, 1780-1783, 2012.
[5] S. K. Vashist, D. Zheng, et al. , Carbon 49, 4077-4097, 2011.
[6] Winarto, D. Takaiwa, E. Yamamoto and K. Yasuoka, J. Chem. Phys. 142, 124701, 2015
[7] Winarto, D. Takaiwa, E. Yamamoto and K. Yasuoka, Nanoscale 7, 12659, 2015
[8] Winarto, D. Takaiwa, E. Yamamoto, and K. Yasuoka, Phys. Chem. Chem. Phys.18, 33310, 2016.
[9] Winarto, E. Yamamoto, and K. Yasuoka, Phys. Chem. Chem. Phys. 21, 15431, 2019.
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IL-6

On the negative transference number of sodium ion in ionic
liquid based electrolyte
Lukman Hakim
Department of Chemistry, Faculty of Mathematics and Natural Sciences, Brawijaya
University, Malang, 65145, Indonesia
Ionic liquids (IL) have attracted considerable interest for sodium-ion battery electrolytes owing
to their unique properties such as non-volatile, low flammability, high thermal and chemical
stability, wide liquid-temperature range, and consisting entirely of ions. Strong ionic
interactions in this highly concentrated ionic system are expected to lead also to strong
correlated ionic motions that can significantly impact the key electrolyte transport properties.
Although the performance of an electrolyte in a secondary battery is often measured from its
total electrical conductivity, the contribution from individual ionic species, in particular the
shuttle ion, can be more important. Several studies had reported their observation on
anomalously low and even negative contributions of alkaline ions to the total electrical
conductivity in an ionic liquid mixture. In this study, we examined the possibility of sodium
ions exhibiting negative transference numbers in mixtures of ionic liquid and low-composition
sodium salt using Molecular Dynamics simulation. Such mixtures are relevant to the electrolyte
for sodium-ion batteries. The self-consistent MD/DFT combination method is employed to
refine the classical force field to accommodate the effects of intermolecular charge transfer and
intramolecular polarization. The contribution of each ionic species to the total electrical
conductivity is calculated using the Green-Kubo formula. The transference number of sodium
ions is observed to be negative in the mixture of [C3C1pyrr, Na][FSA] at low sodium
compositions where the mole fraction of Na[FSA] is less than 0.1; suggesting that sodium ion
is moving in a 'wrong' direction due to the strong interactions with the overwhelming number
of IL anions. The negative value becomes more prominent at low temperatures and with the
decreasing sodium-ion composition.
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IL-8

Electrochemical Reduction of CO2 at Carbon-Based
Electrodes
Tribidasari A. Ivandini
Department of Chemistry, Faculty of Mathematics and Natural Sciences, University of
Indonesia, Kampus UI Depok, Jakarta 16424, Indonesia
High concentration of CO2 gas in atmosphere attracts researcher’s attentions to reduce the
emission of CO2 or to convert it to more valuable chemicals. Electrochemistry is one of the
popular methods to convert CO2 as the reaction can be performed in the neutral pH as well as
in room temperature and pressure [1]. In addition, the parameters are easily adjustable. One
important factors in this method is the material used as the working electrodes, which is
reported to influence the products [2]. Theoretically the electroreduction of CO2 on metal
electrodes can be divided into two main groups [2]. The first group with tendency to produce
CO and further produce hydrocarbons, while the other tends to produce HCOO-. Meanwhile,
carbon-based electrodes with more inert surfaces than metals behave similar to the 2nd group
[3]. Electroreduction of CO2 at several types of carbon electrodes, including graphite, glassy
carbon, and boron-doped diamond (BDD) have been reported to mainly generate formic acid,
although some other minor products, such as formaldehyde and methane, were also reported
[3]. Sp3 coordination surface of BDD generates more selective product than other carbon
electrodes [3]. In this report, modification of carbon surface with various metal and bimetals is
reported, showing the increasing of catalytic activity for CO2 electroreduction [4]. Moreover,
the electrochemical technique to convert CO2 using batch and continuous cells is discussed.
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This study aims to produce natural materials-based chemistry learning media for engagement
in literacy and Education for Sustainable Development. The research uses research and
development methods with the stages of need analysis, product development, product
validation testing by experts, product testing by students, and final product revision. The
learning media in this study were teaching materials based on simple experiments on plastic
pyrolysis, biogas production, plastic waste problems and their handling through chemical
approaches, information related to bioplastics, and biodiesel. The study was conducted at
several public senior high schools in DKI Jakarta Province with 11th-grade students as the
participant. The results of the feasibility test by material and language experts as a whole gave
a percentage of 89.6% and for media experts, it was 92.2%, both of which showed a very good
category. The reliability results by material and media experts respectively have r of 0.80; 0.77,
indicating that the developed teaching materials are in a good category. The field test results
for students were carried out in small and large groups. The results of the field test on the small
and large groups respectively gave the overall indicator percentage of 80.7% and 80.1%, which
showed a very good category. Students' engagement in Literacy and ESD can be seen from
several indicators such as motivation, activeness, and fostering curiosity and awareness of
responsibility to protect the environment. Based on the results obtained, it can be concluded
that chemistry teaching materials as learning resources based on natural materials are suitable
for chemistry learning. The use of these teaching materials can be a means of increasing literacy
and instilling educational values for sustainable development.
Keywords: Education for Sustainable Development (ESD), literacy, chemistry learning
materials
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Cell function is largely controlled by an intricate web of macromolecular interactions called
signalling networks. It is known that the type and intensity of extra-cellular stimulation affects
cell behaviour. However, the dynamics of stimulation is argued to be a significant factor, as it
can also dictate cell fate, regardless of the identity of the signalling molecules. This study aimed
to understand how PC12 cells process information from the external environment.
The cells were stimulated with frequency-modulated growth factors (epidermal growth factor
(EGF) or nerve growth factor (NGF)), and the responses to these stimulants were measured.
As a platform to stimulate and culture the cells under controlled conditions, a microfluidic
device was designed, fabricated and validated. Following this step, PC12 cell proliferation and
differentiation were measured as a function of growth factor concentration, time and culture
volume. Then PC12 cell proliferation and differentiation were quantified as a function of EGF
or NGF modulation frequency to establish the relationship between the input and output. The
functional form of the input-output relationship was used to identify cell signalling motifs and
pathways that might be responsible for extracellular signal processing
Frequency-dependent EGF stimulation of PC12 cells demonstrated that modulation
frequencies of 1 and 2 cycles/hour increased PC12 cell proliferation significantly (by 26% and
15%). However, at modulation frequencies of ½ and 4 cycles/hour, PC12 cell proliferation
decreased significantly (-25%). Similarly, frequency-dependent NGF stimulation at 1
cycle/hour on PC12 cells, produced the highest percentage of differentiated cells (7%) and a
neurite growth rate enhancement by a factor of 10. At frequencies of ½ and 2 cycles/hour, the
differentiation rates were 3% and 1%, while the enhancements to neurite growth rate were by
factors of 6 and 7 times respectively. At NGF frequencies of 0 and 4 cycles/hour, there were
no observable differentiated cells. The frequency dependence of cell response (either
proliferation or differentiation) revealed a maximum, indicating that the internal signalling
circuit was acting as a band-pass filter. In turn, this indicated the presence of one or more
feedback loops in the cell signalling pathways. Moreover, the spatial dependence of the
observed cell response indicated that temporal frequency produced a greater effect than spatial
frequency.
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