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Speech by the chairman of the committee

Ladies and gentlemen, welcome to the 15™ Joint Conference on Chemistry (JCC) 2020.

1. The honorable, Rector of Universitas Kristen Satya Wacana.

The honorable, Dean of Faculty of Science and Mathematics, Universitas Kristen Satya
Wacana.

3. The honorable, head of Department/Study Program, members of Chemistry
Consortium (Univ. Diponegoro, Univ. Negeri Semarang, Univ. Sebelas Maret Surakarta,
and Univ. Jend. Soedirman Purwokerto).

The honorable, Keynote Speakers.
5. The honorable, invited presenters, presenters, and all the conference participants.

First of all, we thank God for this extraordinary opportunity, so that we can hold the 15t
JCC 2020, during pandemic COVID-19. At first, we were still confused and doubtful about the
implementation of this conference. It also happened to be the first time we become the
organizers of this prestigious Conference. But once again thanks to God's blessing and support
from our colleagues, leaders, and support from the extraordinary Consortium, so that we can
move forward with certainty.

At this moment, the challenge of a very bad situation due to the COVID-19 pandemic has
spread to almost all countries, including Indonesia, so that we must face it together. Every
component of this country must start moving according to its duties and portions. Likewise,
with this consortium of five universities, the annual agenda in the form of an international
conference must continue on time. Even though COVID-19 has not subsided yet, the 6 months
that have just passed have educated us to be able to walk with Corona, which we don't know
yet, when it will completely disappear. Although the plan has changed drastically due to the
current condition, the 15 JCC will be held online and only for one day.

We invite four Keynote Speakers: Prof. Hadi Noor from Universitas Teknologi Malaysia, Prof
Hidetoshi Sato from Kwansei gakuin University, Japan, Prof. Ming -Kang Tsai from National
Taiwan Normal University, Taiwan, and Dr. Tatas HP Brotosudarmo, Dipl. Chem., Ph.D from
Indonesia, which also the previous Chief of HKI period 2018. Several invited speakers from
members of the consortium also attend this 15% JCC. We also want to report that there are
60 papers that come from various places, for ex. Taiwan, Japan, Vietnam, Malaysia.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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The 15% JCC activity would not have been possible without the help of many parties,
therefore allow me as the chairman of the committee to say many thanks to all parties that
we cannot mention one by one. Especially for my internal committee members, | would like
to express my highest appreciation for the hard work and extraordinary cooperation for the
implementation of the 15™ JCC. We also thank all the 15 JCC participants who have joined
online. Finally, we apologize if in the implementation there is something that is not pleasing
to the hearts of all the participants. Thank you and have a good conference.

Chair of the Organizing Committee: Dra. Hartati Soetjipto, M.Sc.
Editor-in-Chief: Prof. Ferdy S. Rondonuwu, M.Sc., Ph.D.

Vice Editor-in-Chief: Didit B. Nugroho, D.Sc.

Members of the Editorial Board:

Dr. Yohanes Martono, M.Sc.
Dra. Hartati Soetjipto, M.Sc.

Dr. Andreas Setiawan, S.Si., M.T.
Nur Aji Wibowo, M.Si.

Dr. Dwi Hudiyanti, M.Sc.
Ismiyarto, M.Si., Ph.D.

Dr. Khairul Anam, M.Si.
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Abstract. Sulphate anionic surfactant is a type of surfactant that is widely used as a cleaning
agent. The discovery and development of anionic sulphate surfactant molecule is necessary
because it has a huge impact, both in science and economics. Molecular modelling to produce
new anionic sulphate surfactant molecules has been carried out. The mathematical equation of
the Quantitative Structure-Property Relationship (QSPR) based on Ab Initio has been obtained.
Molecules that were candidates for structural modelling and modification were those that have
the smallest critical micelle concentration (CMC). The smallest experimental data was
Ci6H33S04Na with a CMC value = 0.000579 M. The result of this study was C;7H35SOsNa
molecules with a theoretical CMC value of 0.000515 M.

1. Introduction

The population in the world is increasing every year, indirectly it will encourage the use of cleaning
materials, namely detergents used for washing clothes, household utensils, transportation and
industrial fields for the past 40 years [1]. Detergent contains ingredients that have surface active agent
(surfactants). Detergents that are sold freely in the market usually contain 20-40% surfactants, while
the rest are chemicals called additives or detergent builders which function to increase the clean power
of detergents. Generally, after the use of surfactants, the waste is simply disposed of into the
environment. The surfactant content contained in detergents is generally a type of anionic surfactant.
Anionic surfactants are a type of surfactant that is non-degradable, so their high use causes
environmental pollution [2]. One of the parameters used to determine the performance of the
surfactant is the Critical Micelle Concentration (CMC). CMC is the concentration of saturated
surfactant in an emulsion or it can also be interpreted as the concentration of surfactant when there is a
physical change of two phases that do not mix with each other [3].

There are two ways, classic and modern, to obtain new molecules. The classical method is done in
the laboratory using laboratory materials and equipment. The weakness of the classical method is
causing environmental pollution, while the modern method is done by using computer technology and
software in it. The modern method is known as the computational chemistry approach. The advantage
of the computational chemistry approach is that it is environmentally friendly [4].

The computation method used is the ab initio method with a large basis set (6-31G**). The ab
initio method was chosen because the results of the calculations obtained have a high degree of
accuracy in providing information about the physical properties of a molecule [5]. The computational
chemistry approach taken to design new molecules is the analysis Quantitative Structure-Property
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Relationship (QSPR). In producing a novel molecular design, it cannot be separated from the
experimental data that has been done by previous researchers. Experimental data in the form of
physicochemical properties are used to create mathematical equations [6]. Mathematical equations are
used to predict the physicochemical properties of new molecules. The aim of this research was to
obtain the best QSPR mathematical equation which can be used to find the theoretical CMC value for
the needs of the new sulphate group anionic surfactant compound.

2. Methods

2.1. Material and equipment

The tools and materials needed in this research were: One computer with a Core i5 Processor, 2 GB
RAM; Hyperchem 8.0 Software; 3-dimensional structural model for anionic sulphate surfactant
molecules; Experimental data of CMC value of 26 anionic surfactant molecules, see table 1.

Table 1. The experimental data on the critical micelle concentration (CMC) value of the 26
molecules of anionic sulphate surfactant. Atom H is not included in the structure [7].

Number Name of Molecule EI;( (;:)ge ISIII\I/IC?I ¢ Number Igg{leecglfe FI;; (;i I‘(ljll:l/[e(rjl t
1 C16SO4Na -3.237 14 C7C(C6)SO4Na -2.013
2 C14SOsNa —2.658 15 CoC(C4)SO4Na -2.171
3 C12C(C2)SOsNa —2.658 16 CsC(Cg)SO4Na —2.629
4 C10C(C4)SOsNa —2.469 17 C7C(C7)SO4Na —2.177
5 C11SOsNa —-1.783 18 Ci5SO4Na -2.921
6 CoSOsNa -1.209 19 C7C(C7)CSO4Na —2.523
7 CsC(Cs)SO4Na -1.714 20 C10C(Cs5)SOsNa -2.269
8 C10SOsNa —1.481 21 C12C(C)SO4Na —-1.081
9 CsC(C)SO4Na -1.328 22 C13504Na —2.367
10 CsC(C5)SO4Na —-1.081 23 CyC(Cy)SO4Na -3.027
11 CsSOsNa —0.854 24 C10EO2SOsNa -1.925
12 C12SO4Na —2.066 25 C12C(C5)S0OsNa —2.764
13 C11C(C)SO4Na -2.187 26 C12EOSO4Na -2.396

2.2. Molecular modelling

Molecular modelling begins with depictions on the Hyperchem 8.0 Program canvas. This study also
used the molecular structure data of anionic surfactants along with the CMC values obtained from the
experimental results. The chemical structure of the anionic sulphate surfactant molecule used in this
study was made a two-dimensional (2D) model using the Hyperchem 8.0 device. The model is then
equipped with a hydrogen atom on each atom, and is formed into a three-dimensional (3D) structure
using the Build menu (Add H and Model Build). The picture of the anionic sulphate surfactant
molecule is then saved in .HIN format [8]. The surfactant molecules described were optimized to form
the most stable structure.

2.3. CMC calculation

In order to calculate CMC the sulphate anionic surfactant molecule was calculated based on equation
(1). The mathematical equations to predict [9] resulting from Ab Initio's Quantitative Structure-
Properties Relationship were:
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lgCMC = —5.665 + 0.042(BM) — 0.095(Pol) — 0.012(Vvdw) — 0.027(MD)
+1.418(QC1) - 14.562(QC2) (1)

The 1g CMC is the logarithmic of the CMC, after which it is constant. BM and Pol were molecular
weight and polarizability. Then Vvdw and MD were van der Waals volumes and dipole moments.
Then QC1 and QC2 were the net charges of atoms C1 (C polar) and C2 (C non polar), see equation

(D).
3. Result and discussion

3.1. Molecular modelling of surfactant sulphate group

Anionic surfactants are surfactants whose alkyl portion is attached to an anion. Its hydrophilic nature
comes from the ionic head which is usually a sulphate group or a sulfonate group [4]. One of the
important properties that can indicate the quality of the surfactant is the value of CMC. CMC is an
important property of a surfactant which indicates the critical concentration limit of the surfactant in a
solution. Surfactants have good quality if the CMC value is getting smaller.

This study used the sulphate group anionic surfactant in a linear chain. Molecular modelling of
sulphate group surfactants was carried out on the Hyperchem 8.0 canvas on the build menu. The
modelling of the structure of the sulphate group anionic surfactant on the Hyperchem 8.0 canvas is
shown in figure 1. One molecule of the sulphate anionic surfactant was a molecule of Sodium Lauryl
Sulphate, C17H35SO4Na.

H 0
I

B +
H3C/\/\/\/\/\/\/\/\C/O\S ~0 Na

I
H 0

Figure 1. Molecular modelling of anionic surfactants for the sulphate
group, Sodium Lauryl Sulphate, Ci7H35SO4Na.

3.2. Geometry optimization and CMC calculation
Geometry optimization is a process of changing the conformation of molecular structures to obtain the
lowest energy. Energy optimization can also be said as an energy minimization stage. Optimization of
geometry aims to obtain the structure of compounds that are in stable conditions, namely compounds
with the lowest potential energy. Optimization of the geometric structure of the sulphate group anionic
surfactants was carried out using the Ab Initio method with the basis set is 6-31G** [5].

After the optimization was complete, the Ci7H3sSO4Na molecule was continued by calculating the
theoretical CMC value or calculated CMC [10].

lgCMC = -5.665 + 0.042(BM) — 0.095(Pol) — 0.012(Vvdw) — 0.027(MD)
+1.418(QC1) — 14.562(QC2)
= -5.665+0.042. (358.51) — 0.095. (34.18) — 0.012(1180.60) — 0.027(9.485)
+1.418(0.10534) — 14.562(-0.332393)
= -5.665+ 15.05742 — 3.2471 — 14.1672 — 0.256095 + 0.14937212 + 4.84031
= -3.288
CMC = 1072 M=0.000515M
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The theoretical CMC value or the calculation result of the Ci7H35SOsNa molecule obtained was
0.000515 M and this was actually lower than the CisH33SO4Na molecule which was 0.000579 M.

4. Conclusion

The results of the study concluded that the mathematical equations resulting from the quantitative
structure-properties relationship of Ab Initio could be used to predict sulphate anionic surfactants. The
theoretical CMC value was Ci7H35SO4Na of 0.000515 M.
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Abstract. Sulphate gionic surfactant is a type of surfactant that is widely used as a cleaning
ent. The discovery and development of anionic sulphate surfactant molecule is necessary
ecause it has a huge impact, both in science and economics. Molecular modelling to produce
new anionic sulphate surfactant molecules has been carried out. The mathematical equation of
the Quantitative Structure-Property Relationship (QSPR) based on Ab Initio has been obtained.
Molecules that were candidates for structural modelling and modification were those that have
the smallest critical micelle concentration (CMC). The smallest experimental data was
C16H1380:Na with a CMC value = 0.000579 M. The result of this study was C7H::S0:Na
molecules with a theoretical CMC value of 0.000515 M.

1. Introduction

The population in the world is increasing every vear, indirectly it will encourage the use of cleaning
materials, namely detergents used for washing clothes, household utensils, transportation and
industrial fields for the past 40 years [1]. Detergent contains ingredients that have surface active agent
(surfactants). Detergents that are sold freely in the market usually contain 20-40% surfactants, while
the rest are chemicals called additives or detergent builders which function to increase the clean power
of detergents. Generally, after the use of surfactants, the waste is simply disposed of into the
environment. The surfactant content contained in detergents is generally a type of anionic surfactant.
Anionic surfactants are a t of surfactant that is non-degradable, so their high use causes
environmental pollution [2]. One of the parameters used to determine the performance of the
surfactant is the Critical Micelle Concentration (CMC). CMC is the concentration of saturated
surfactant in an emulsion or it can also be interpreted as the concentration of surfactant when there is a
physical change of two phases that do not mix with each other [3].

There are two ways, classic and modem, to obtain new molecules. The classical method is done in
the laboratory using laboratory materials and equipment. The weakness of the classical method is
causing environmental pollution, while the modern method is done by using computer technology and
software in it. The modern method is known as the computational chemistry approach. The advantage
of the computational chemistry approach @€pghat it is environmentally friendly [4].

The computation method used is the ab initio method with a large basis set (6-31G**). The ab
initio method was chosen because the results of the calculatiqs obtained have a high degree of
accuracy in providing infoxnation about the physical properties ot a molecule [5]. The computational
chemistry approach taken to design new molecules is the analysis Quantitative Structure-Property
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Relationship (QSPR). In producing a?:-vel molecular design, it g.nnot be separated from the
experimental data that hasgeen done by previous researchers. Experimental data in the form of
physicochemical properties are used to create mathematical equations [G]mathematical equations are
used to predict the physicochemical properties of new molecules. The aim of this research was to
obtain the best QSPR mathematical equation which can be used to find the theoretical CMC value for
the needs of the new sulphate group anionic surfactant compound.

2. Methods

2.1. Material and equipment

The tools and materials needed in this research were: One computer with a Core i5 Processor, 2 GB
RAM; Hyperchem 8.0 Software; 3-dimensional structural model for anionic sulphate surfactant
molecules; Experimental data of CMC value of 26 anionic surfactant molecules, see table 1.

Table 1. The experimental data on the critical micelle concentration (CMC) value of the 26
molecules of anionic sulphate surfactant. Atom H is not included in the structure [7].

Number Name of Molecule é‘x opger(ijrﬁ(r;t Number Sﬁ;{z&f; é‘x (:Jgertijrﬁ:tr;t
1 C16804Na -3.237 14 C7C(Cs)SO4sNa -2.013
2 C14804Na -2.658 15 CoC(C4)SOsNa -2.171
3 C12C(C2)SO4Na -2.658 16 CC(Cs)SOsNa -2.629
4 C10C(Cy)SO4Na —2.469 17 C5C(C7)SOsNa -2.177
5 C11SO4Na -1.783 18 C15SO4Na -2.921
6 CoSO4Na -1.209 19 C;C(C7)CSO4Na -2.523
7 CsC(Cs)SOsNa -1.714 20 C19C(Cs)SOsNa -2.269
8 C10SO4Na -1.481 21 C12C(C)SOsNa -1.081
9 CyC(C)SO4Na -1.328 22 C13504Na -2.367
10 CsC(Cs)SOsNa -1.081 23 CoC(Cy)SOsNa -3.027
11 CsSO4Na -0.854 24 C1yE0,SO4Na -1.925
12 C12S04Na -2.066 25 C12C(C3)SOsNa -2.764
13 C11C(C)SOsNa —2.187 26 C12EOSOsNa —2.396

2.2. Molecular modelling

Molecular modelling begins with depictions on the Hyperchem 8.0 Program canvas. This study also
used the molecular structure data of anionic surfactants along with the CMC values obtaing@l from the
experimental results. The chemical structure of the anionic sulphate surfactant molecule used in this
study was made a two-dimensional (2D) model using the Hyperchem 8.0 device. The model is then
equipped with a hydrogen atom on each atom, and is formed into a three-dimensional (3D) structure
using the Build menu (Add H and Model Build). The picture of the anionic sulphate surfactant
molecule is then saved in .HIN format [8]. The surfactant molecules described were optimized to form
the most stable structure.

2.3. CMC calculation

In order to calculate CMC the sulphate anionic surfactant molecule was calculated based on equation
(1). The mathematical equations to predict [9] resulting from Ab Initio's Quantitative Structure-
Properties Relationship were:
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lg CMC = —5.665 + 0.042(BM) — 0.095(Pol) — 0.012(Vvdw) — 0.027(MD)
+ 1.418(QC1) — 14.562(QC2) (1)

The lg CMC is the logarithmic of the CMC, after which it is constant. BM and Pol were molecular
weight and polarizability. Then Vvdw and MD were van der Waals volumes and dipole moments.
Then QCI and QC2 were the net charges of atoms C1 (C polar) and C2 (C non polar), see equation

(1).
3. Result and discussion

3.1. Molecular modelling of surfactant sulphate group

Anionic surfactants are surfactants whose alkyl portion is attached to an anion. Its hydrophilic nature
comes from the ionic head which is usually a sulphate group or a sulfonate group [4]. One of the
important properties that can indicate the quality of the surfactant is the value of CMC. CMC is an
important property of a surfactant which indicates the critical concentration limit of the surfactant in a
solution. Surfactants have good quality if the CMC value is getting smaller.

This study used the sulphate group anionic surfactant in a linear chain. Molecular modelling of
sulphate group surfactants was carried out on the Hyperchem 8.0 canvas on the build menu. The
modelling of the structure of the sulphate group anionic surfactant on the Hyperchem 8.0 canvas is
shown in figure 1. One molecule of the sulphate anionic surfactant was a molecule of Sodium Lauryl
Sulphate, C;7H;5S04Na.

"o
Hﬁc/\/\/\/\/\/\/\/\é/‘)mﬁ A0 Nt

H [0}

Figure 1. Molecular modelling of anionic surfactants for the sulphate
group, Sodium Lauryl Sulphate, C;7H35804Na.

3.2. Geometry optimization and CMC calculation
Geometry optimization is a process of changing the conformation of molecular structures to obtain the
lowest energy. Energy optimization can also be said as an energy minimization stage. Optimization of
geometry aims to obtain the structure of compounds that are in stable conditions, namely compounds
with the lowest potential energy. Optimization of the geometric structure of the sulphate group anionic
surfactants was carried out using the Ab Initio method with the basis set is 6-31G** [5].

After the optimization was complete, the C;7H3s804Na molecule was continued by calculating the
theoretical CMC value or calculated CMC [10].

lgCMC = 5.665+ 0.042(BM) - 0.095(Pol) — 0.012(Vvdw) — 0.027(MD)
+ 1418(QC1) — 14.562(QC2)
= -5.665 +0.042. (358.51) — 0.095. (34.18) — 0.012(1180.60) — 0.027(9.485)
+ 1.418(0.10534) — 14.562(~0.332393)
= 5.665 + 15.05742 — 3.2471 — 14.1672 — 0.256095 + 0.14937212 + 4.84031
= -3.288
CMC = 1032% M =0.000515 M
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The theoretical CMC value or the calculation result of the C;7H3;sSOsNa molecule obtained was
0.000515 M and this was actually lower than the C,H33;S04Na molecule which was 0.000579 M.

4. Conclusion

The results of the study concluded that the mathematical equations resulting from the quantitative
structure-properties relationship of Ab Initio could be used to predict sulphate anionic surfactants. The
theoretical CMC wvalue was C;7H;35804Na of 0.000515 M.
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