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              WELCOME MESSAGE
                      Dr. Wannee Chinsirikul
                                Executive Director, 

            National Nanotechnology Center (NANOTEC),    

                     National Science and Technology 
              Development Agency (NSTDA), Thailand

Welcome to Thailand! 

It is my great pleasure to welcome you to the 21st International 
Annual Symposium on Computational Science and Engineering 
(ANSCSE21). ANSCSE serves as an annual international forum 
for computational scientists and engineers and is one of the 
largest gathering of Thai computational research community. 

In late 2016, the Thai government promoted “Thailand 4.0” as 
the new economic model aimed at pulling Thailand out of the 
middle-income trap, and push the country in the high-income 
range. The model focuses on creating a Value-based Economy 
supported by three elements: High Income Nation, Inclusive 
Society, and Sustainable growth and development. Science, 
technology, and innovation will play a key role in driving the 
success of this model.

As you are aware, digital innovation is one of the fastest growing 
technology and business in this decade and one which has considerable 
impact on the world economy. For this reason, it is without a 
doubt that ANSCSE21 theme of “Computational Science and Big 
Data for Sustainable and Innovative Future” ties well with the 
emerging digital era and direction of Thailand 4.0 model. In so 
doing, this symposium will provide opportunities for researchers and 
scholars from private sectors, academia, and research institutes in 
the field of computational science and engineering to exchange 
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technical information, stimulate ideas and foster collaboration 
for driving sustainable innovation and economy.

Again, Welcome and best wishes for a successful ANSCSE21, 
and thank you for your participation.

 

Dr. Wannee Chinsirikul
Executive Director of National Nanotechnology Center (NANOTEC) 
National Science and Technology Development Agency (NSTDA), Thailand
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         WELCOME MESSAGE

    Asst. Prof. Dr. Putchong Uthayopas

        Acting President of Computational Science and

           Engineering Association (CSEA), Thailand

Dear Friends and Colleagues,

It is a great pleasure and an honor to extend to you a warm invitation 
to attend the ANSCSE21, the 21st International Annual Symposium 
on Computational Science and Engineering, to be held August 
2-5, 2017. This year the symposium is organized by Nanoscale 
Simulation Laboratory of the National Nanotechnology Center 
(NANOTEC), Computational Science and Engineering Association 
(CSEA) and National e-Science Infrastructure Consortium. ANSCSE21 
has always been one of the greatest gatherings of computational 
scientists, computer science, and engineering researchers. 
After 21 years, we have seen many signs of progress and so 
many interesting researches being conducted in this area.  In 
this digital age, rapid progress has been driven by artificial 
intelligence, big data, and much higher computing power 
enabled by new technology such as GPU, FPGA. Thus, the vital 
role that computational science plays in human social development 
becomes clearer and clearer every day. 

One of the great spirits of ANSCSE is the live discussion among 
fellow international researchers.  After a few days of intense 
discussion on our works, the organizer kindly arranges an 
excursion to the ancient city of Ayutthaya, the UNESCO world 
heritage site. I am certain that everyone will enjoy the talk 
along with the rich history and the beauty of Ayutthaya. 
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Finally, I look forward to meeting all of you. Thank you for 
sharing your thoughts and ideas in ANSCSE21.

Best Wishes,

Asst.Prof.Dr. Putchong Uthayopas                                                    
Kasetsart University
Acting President of Computational Science and Engineering 
Association (Thailand) 
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             WELCOME MESSAGE
           Dr. Supawadee Namuangruk

                 Head of Nanoscale Simulation Laboratory,

             National Nanotechnology Center (NANOTEC),
               National Science and Technology Develop                             

                          Agency (NSTDA), Thailand

Dear Colleagues,

On behalf of the organizing committee, I am honored 
and delighted to welcome you to the 21st International Annual 
Symposium on Computational Science and Engineering 
(ANSCSE21). It is a great honor for NANOTEC to be the host of 
ANSCSE21. Our co-hosts are Computer Science and Engineering 
Association, National e-Science Infrastructure Consortium and 
Department of Computer Science, Kasetsart University 

Over twenty years, ANSCSE has a long history of gathering 
researchers who are in the field of computational science and 
engineering to cross-fertilize ideas and to strengthen both local 
and international networks. The theme of this year is “Computational 
Science and Big Data for Sustainable and Innovative Future”. 
Under this theme, ANSCSE21 covers various disciplines of 
computational science and engineering including fields of Biology, 
Chemistry, Physics, Fluid Dynamics, Solid Mechanics, High 
Performance Computing, Cloud Computing, and Computer Science 
and Engineering. 

There are 5 plenary talks, 38 invited talks and about 84 
oral and poster presentations. This year, the scientific programs 
are accompanied with the Big Data Analytics workshop. This 
conference aims to provide an exciting venue for scientists to 
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present and exchange ideas, as well as to renew existing collaborations 
and developing new ones. ANSCSE21 also offers the great 
opportunity for academics and industrial people to meet and 
exchange ideas and information.  

As a conference chair of ANSCSE21, I would like to express 
my appreciation to the steering committee, the honorary chairs, 
the international advisory board, the scientific committee chair, 
the program chairs, the scientific committee, the reviewers, 
our sponsors and the organizing team. Last but not the least; 
recognition should also go to the local organizing committee 
members who have worked extremely hard in planning and 
organizing the technical programs and supporting social 
arrangements.  

Finally, ANSCSE21 truly serves the venue for networking 
and knowledge sharing as a consequence of the comprehensive 
presentations as well as high-level plenary and panel sessions. 
We hope you will take the utmost advantage of this event to 
explore new innovation.

Sincerely yours,

Dr. Supawadee Namuangruk
Conference Chair,
Nanoscale Simulation Laboratory
National Nanotechnology Center (NANOTEC) 
National Science and Technology Development Agency (NSTDA), Thailand
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               PLENARY LECTURES

PL-1: Utilizing IBM Power Systems 
to Optimize Genomic Applications 

Compute

Denise Ruffner
Business Development Executive, 

Worldwide Genomic Solutions, 
IBM, USA

PL-2: Structure and Catalytic      
Activity of Nanocluster Catalysts

 Prof. Dr. Masahiro Ehara

Institute for Molecular Science, Japan
SOKENDAI, the Graduate                      

University for Advanced Studies, Japan                                        
Element Strategy Initiative for Catalysts  
and Batteries, Kyoto University, Japan

 PL-3: Extreme-scale Atomistic 
Simulations of Nanomaterials 

                                                                 
Prof. Dr. Aiichiro Nakano    

University of Southern California,             
Los Angeles, CA, USA
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PL-4: Chemistry and                      
Our Common Future

  Dr. Ito Chao
Institute of Chemistry, Academia Sinica, 

Taipei, Taiwan

PL-5: Designing a Massive Coil        
to Shield JUNO from the Earth’s 

Magnetic Field 

  Prof. Dr. Sukit Limpijumnong
Suranaree University of Technology,        

Thailand 
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Computational Physics, Fluid Dynamics and Solid Mechanics

INVITED SPEAKERS
INVITED SPEAKERS 

 

Computational Physics, Fluid Dynamics and Solid Mechanics 

 

PFD-I-1 Arthit Vongachariya Siam Cement Chemicals Thailand 

PFD-I-2 Somboon Otarawanna MTEC, NSTDA Thailand 

PFD-I-3 Siegfried Fritzsche University of Leipzig Germany 

PFD-I-4 Sittipong Komin Ubon Ratchathani University Thailand 

PFD-I-5 Jessada Chureemart Mahasarakham University Thailand 

PFD-I-6 Phanwadee Chureemart Mahasarakham University Thailand 

PFD-I-7 Norraphat  Srimanobhas Chulalongkorn University Thailand 

PFD-I-8 Teparksorn  Pengpan Prince of Songkla University Thailand 

PFD-I-9 Komsilp  Kotmool Mahidol Wittayanusorn School Thailand 

PFD-I-10 Piti  Ongmongkolkul Mahidol University International 
College Thailand 

 

Computational Chemistry 

 

CHE-I-1 Tetsuya Taketsugu Hokkaido University Japan 

CHE-I-2 Panida  Surawatanawong Mahidol University Thailand 

CHE-I-3 Minh Tho  Nguyen KU Leuven Belgium 

CHE-I-4 Jun-ya Hasegawa Hokkaido University Japan 

CHE-I-5 Kaito Takahashi Academia Sinica Taiwan 

CHE-I-6 Jyh-Chiang Jiang National Taiwan University of 
Science and Technology Taiwan 

CHE-I-7 Arkira Nakayama Hokkaido University Japan 

CHE-I-8 Chao-Ping Hsu Academia Sinica Taiwan 

CHE-I-9 Vinich  Promarak Vidyasirimedhi Institute of 
Science and Technology Thailand 

CHE-I-10 Lam Hunynh Vietnam National University Vietnam 

CHE-I-11 Tim Kowalczyk Western Washington University USA 

CHE-I-12 Min Gao Hokkaido University Japan 

CHE-I-13 Manussada Ratanasak Hokkaido University Japan 

INVITED SPEAKERS 
 

Computational Physics, Fluid Dynamics and Solid Mechanics 

 

PFD-I-1 Arthit Vongachariya Siam Cement Chemicals Thailand 

PFD-I-2 Somboon Otarawanna MTEC, NSTDA Thailand 

PFD-I-3 Siegfried Fritzsche University of Leipzig Germany 

PFD-I-4 Sittipong Komin Ubon Ratchathani University Thailand 

PFD-I-5 Jessada Chureemart Mahasarakham University Thailand 

PFD-I-6 Phanwadee Chureemart Mahasarakham University Thailand 

PFD-I-7 Norraphat  Srimanobhas Chulalongkorn University Thailand 

PFD-I-8 Teparksorn  Pengpan Prince of Songkla University Thailand 

PFD-I-9 Komsilp  Kotmool Mahidol Wittayanusorn School Thailand 

PFD-I-10 Piti  Ongmongkolkul Mahidol University International 
College Thailand 

 

Computational Chemistry 

 

CHE-I-1 Tetsuya Taketsugu Hokkaido University Japan 

CHE-I-2 Panida  Surawatanawong Mahidol University Thailand 

CHE-I-3 Minh Tho  Nguyen KU Leuven Belgium 

CHE-I-4 Jun-ya Hasegawa Hokkaido University Japan 

CHE-I-5 Kaito Takahashi Academia Sinica Taiwan 

CHE-I-6 Jyh-Chiang Jiang National Taiwan University of 
Science and Technology Taiwan 

CHE-I-7 Arkira Nakayama Hokkaido University Japan 

CHE-I-8 Chao-Ping Hsu Academia Sinica Taiwan 

CHE-I-9 Vinich  Promarak Vidyasirimedhi Institute of 
Science and Technology Thailand 

CHE-I-10 Lam Hunynh Vietnam National University Vietnam 

CHE-I-11 Tim Kowalczyk Western Washington University USA 

CHE-I-12 Min Gao Hokkaido University Japan 

CHE-I-13 Manussada Ratanasak Hokkaido University Japan 

Computational Chemistry
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Computational Biology and Bioinformatics

High Performance Computing, Cloud Computing,     
Computer Science and Engineering

Computational Biology and Bioinformatics 

 

BIO-I-1 Ras  Pandey The University of Southern 
Mississippi USA 

BIO-I-2 Norio Yoshida Kyushu University Japan 

BIO-I-3 Hisashi Okumura Institute for Molecular Science Japan 

BIO-I-4 Kiattawee Choowongkomon Kasetsart University Thailand 

BIO-I-5 Jen-Shiang Yu National Chiao Tung University Taiwan 

BIO-I-6 Satoru Itoh Institute for Molecular Science Japan 

BIO-I-7 Shinji Saito Institute for Molecular Science Japan 

BIO-I-8 Vannajan Lee University of Malaya Malaysia 

BIO-I-9 Peter Wolschann University of Vienna Austria 

BIO-I-10 Varomyalin Tipmanee Prince of Songkla University Thailand 

BIO-I-11 Syed Sikander  Azam Quaid-i-Azam University  
Islamabad Pakistan 

BIO-I-12 Sissades Tongsima BIOTEC, NSTDA Thailand 
 

High Performance Computing, Cloud Computing, Computer Science and 
Engineering 

 

CSE-I-1 Zong-Yao Chen ACER Taiwan 

CSE-I-2 Ekasit Kijsipongse NECTEC, NSTDA Thailand 

CSE-I-3 Waranyu Wongseree King Mongkut University of 
Technology North Bangkok Thailand 

CSE-I-4 Chantana Chantrapornchai Kasetsart University Thailand 
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Steering Committee Chair

Asst. Prof. Dr. Putchong Uthayopas                                     
Kasetsart University and Acting President of Computational 
Science and Engineering Association (CSEA), Thailand

Assoc. Prof. Dr. Vudhichai Parasuk                                        
Chulalongkorn University and President-elect of Computational 
Science and Engineering Association (CSEA), Thailand

Prof. Dr. Supa Hannongbua                                               
Dean of Faculty of Science, Kasetsart University, Thailand

Honorary Chair

Dr. Wannee Chinsirikul                                                                  
Executive Director, National Nanotechnology Center (NANOTEC), 
National Science and Technology Development Agency (NSTDA), 
Thailand

Dr. Uracha Ruktanonchai                                                       
Deputy Executive Director Research & Development, National 
Nanotechnology Center (NANOTEC), National Science and 
Technology Development Agency (NSTDA), Thailand

Dr. Kajornsak Faungnawakij                                                           
Director of Nanomaterials and Nanosystems Engineering 
Research Unit, National Nanotechnology Center (NANOTEC), 
National Science and Technology Development Agency (NSTDA), 
Thailand
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Conference Organizers

National Nanotechnology Center (NANOTEC), National Science 
and Technology Development Agency (NSTDA), Thailand

Computational Science and Engineering Association (CSEA), 
Thailand

National E-Science Infrastructure Consortium, Thailand

Department of Computer Science, Faculty of Science, Kasetsart 
University, Thailand

Conference Organizing Committee Chair

Dr. Supawadee Namuangruk                                                    
Head of Nanoscale Simulation Laboratory, National Nanotechnology 
Center (NANOTEC), National Science and Technology Development 
Agency (NSTDA), Thailand

International Advisory Board

Prof. Dr. Peter Wolschann                                                    
University of Vienna, Austria

Prof. Dr. Siegfried Fritzsche                                                    
University of Leipzig, Germany

Prof. Dr. Masahiro Ehara                                                                      
Institute for Molecular Science, Japan

Prof. Dr. Tetsuya Taketsugu                                                                  
Hokkaido University, Japan

Dr. Ito Chao                                                                                                                    
Academia Sinica, Taiwan
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Prof. Dr. Aiichiro Nakano                                                                   
University of Southern California, USA

Scientific Committee Chair

Assoc. Prof. Dr. Siriporn Jungsuttiwong
Ubon Ratchathani University, Thailand

Technical Program Committee Chair

Computational Chemistry Chair:  

Assoc. Prof. Dr. Pornpan Pungpo                                      
Ubon Ratchathani University, Thailand

Computational Physics Chair: 

Assoc. Prof. Dr. Anucha Yangthaisong                                             
Ubon Ratchathani University, Thailand

Asst. Prof. Dr. Worasak Sukkabot                                            
Ubon Ratchathani University, Thailand	

Computational Biology and Bioinformatics Chair:  

Asst. Prof. Dr. Thanyada Rungrotmongkol                                           
Chulalongkorn University, Thailand

Computational Fluid Dynamics and Solid Mechanics Chair: 

Assoc. Prof. Dr. Vejapong Juttijudata                                                   
Kasetsart University, Thailand

High Performance Computing and Cloud Computing 
Chair:  

Asst. Prof. Dr. Putchong Uthayopas                                                        
Kasetsart University, Thailand
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Computer Science and Engineering Chair:   

Assoc. Prof. Dr. Vara Varavithya                                                    
King Mongkut’s University of Technology North Bangkok, Thailand

Dr. Supakit Prueksaaroon                                                          
Thammasat University, Thailand

International Scientific committee

Prof. Dr. Shinji Saito                                                                            
Institute for Molecular Science, Japan

Assoc. Prof. Dr. Hisashi Okumura                                                      
Institute for Molecular Science, Japan

Asst. Prof. Dr. Satoru Itoh                                                                        
Institute for Molecular Science, Japan

Prof. Dr. Jun-ya Hasegawa                                                          
Hokkaido University, Japan

Assoc. Prof. Dr. Akira Nakayama                                                         
Hokkaido University, Japan

Asst. Prof. Dr. Min Gao                                                                   
Hokkaido University, Japan

Dr. Manussada Ratanasak                                                                  
Hokkaido University, Japan

Assoc. Prof. Dr. Norio Yoshida                                                                    
Kyushu University, Japan

Assoc. Prof. Dr. Vannajan Sanghiran Lee                                         
University of Malaya, Malaysia

Prof. Dr. Jen-Shiang K. Yu
National Chiao Tung University, Taiwan



18

Dr. Cherri Chao-Ping Hsu                                                                 
Academia Sinica, Taiwan

Dr. Kaito Takahashi                                                                               
Academia Sinica, Taiwan

Prof. Dr. Jyh-Chiang Jiang                                                                  
National Taiwan University of Science and Technology, Taiwan

Prof. Dr. Lam K. Huynh                                                                   
Vietnam National University, Vietnam

Prof. Dr. Ras B. Pandey                                                                         
The University of Southern Mississippi, USA

Scientific committee
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Kasetsart University, Thailand
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National Electronics and Computer Technology Center (NECTEC), 
NSTDA, Thailand
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King Mongkut’s Institute of Technology Ladkrabang, Thailand
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Chiang Mai University, Thailand
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Kasetsart University, Thailand

Asst. Prof. Dr. Patchreenart Saparpakorn                                                
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Kasetsart University, Thailand
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National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Sukunya Phramkhao                                                                         
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Chayuda Karaphol                                                                                            
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Yaninee Khantapat                                                                         
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Pongsit Rattanakonvit                                                                              
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Jariyamas Amornprapaipis                                                            
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Amornpan Koysungnoen                                                                     
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Pannee Santiveeraphan                                                                  
National Nanotechnology Center (NANOTEC), NSTDA, Thailand

Worawut Khoonkrong                                                                          
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GENERAL INFORMATION 

Registration Desk
Registration desk is located on the 3rd floor in front of the auditorium 
of the convention center 	

Registration Hours
Thursday, August 3rd 	 8.00 AM – 5.00 PM

Friday, August 4th 	  	 8.00 AM – 12.00 PM

Exhibition
The Exhibition booths are located on the 3rd floor in front of 
the auditorium of the convention center. The hours are from 
8.00 AM – 5.00 PM.

Poster Stand Location
The poster stands are located inside the Grand Hall on the 1st 
floor of the convention center

Conference rooms
The conference rooms are the auditorium and room cc305, 
cc306, cc307 and cc308 which are located on the 3rd floor of 
the convention center

Internet access
Two internet access codes (1 day per code) are inserted in a 
participant badge.

Lunch
Lunch will be served at the Event Square located on the 2nd 
floor in front of the Science Café.

Lost and Found
The lost and found counter is located at the registration desk 
on the 3rd floor of the convention center
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AUDITORIUM, GRAND HALL, AND 
CONFERENCE ROOM FLOOR PLAN

First Floor 

Poster stand and Welcome Dinner Party at Grand Hall
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Second Floor 

Lunch at Event Square
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Third Floor

Auditorium and Conference rooms                  
(Room 305, 306, 307 and 308)

  

Presentation Codes
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INFORMATION FOR PRESENTERS & 
AUTHORS 

Session Codes

PL	 Plenary Lecture

PFD	 Computational Physics, Fluid Dynamics and Solid Mechanics

CHE	 Computational Chemistry

BIO	 Computational Biology and Bioinformatics

CSE	 High Performance Computing, Cloud Computing, Computer 
Science and Engineering

Presentation codes are assigned for each presentation in form of

PL-00		 for Plenary lectures

AAA-I-00	 for Invited speakers 

AAA-O-00	 for Oral presentation

AAA-P-00	 for Poster presentation

AAA is the session codes shown above.

00 is identification number for each presented title.

Presentation Codes
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Oral presentation room will be equipped with the following items:

     - A computer equipped with Microsoft Office

     - A LCD Projector

Presenters can upload their presentation file to the computer in the 
room 301 located on the 3rd floor of the convention center from 
8.00 am onwards.

The time slot for invited speaker is 25 minutes including 
discussion.

The time slot for oral presentation is 20 minutes including 
discussion (17 minutes for presentation and 3 minutes for 
discussion).

Poster Presentation

The poster session is on Thursday August 3rd, 2017 at the 
Grand Hall located on 1st floor of the convention center.

Your poster code can be seen in this abstract book and is put 
on the poster board in the Grand Hall.

Mounting materials will be provided in the poster session area.

The presenters are kindly requested to mount up the 
poster on Thursday August 3rd during 8.00 AM – 4.45 PM. 
and remove by 7.00 PM.

Oral Presentation
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  OVERALL PROGRAM
  Thursday, 3 August 2017

OVERALL PROGRAM 
Thursday, 3 August 2017 

      
Time  Location   

08.00 - 09.00 Registration  3rd Floor 
09.00 - 09.35 Opening Ceremony 

Auditorium   
on the 3rd Floor 

09.35 - 09.50 Group Photo 

09.50 - 10.35 
Plenary Lecture (I)  Denise Ruffner 

Title: Utilizing IBM Power Systems to Optimize Genomic Applications 
Compute 

10.35 - 10.50 Coffee Break 3rd Floor 

10.50 - 12.00 

Oral Presentation (4 parallel sessions) 
Room:  CC307 Room:  CC305 Room:  CC306 Room:  CC308 

Computational Physics, 
Fluid Dynamics and 

Solid Mechanics 

Computational 
Chemistry 

Computational Biology 
and Bioinformatics 

High Performance 
Computing, Cloud 

Computing, Computer 
Science and Engineering 

Session: PFD1 Session: CHE1 Session: BIO1 Session: CSE1 
PFD-I-1   10.50-11.15 CHE-I-1   10.50-11.15 BIO-I-1   10.50-11.15 CSE-I-1   10.50-11.15 
PFD-I-2   11.15-11.40 CHE-I-2   11.15-11.40 BIO-I-2   11.15-11.40 CSE-O-1   11.15-11.35 
PFD-O-1   11.40-12.00 CHE-I-3   11.40-12.05 BIO-O-1  11.40-12.00 CSE-O-2   11.35-11.55 

12.00 - 13.00 Lunch 2nd Floor 

13.00 - 13.45 Plenary Lecture (II) Prof. Dr. Masahiro Ehara Auditorium 
Title: Structure and Catalytic Activity of Nanocluster Catalysts 

13.45 - 15.00 

Oral Presentation (4 parallel sessions) 
Room:  CC307 Room:  CC305 Room:  CC306 Room:  CC308 
Session: PFD2 Session: CHE2 Session: BIO2 Session: CSE2 

PFD-I-3   13.45-14.10 CHE-I-4   13.45-14.10 BIO-I-3   13.45-14.10 CSE-I-2   13.45-14.10 
PFD-I-4   14.10-14.35 CHE-I-5   14.10-14.35 BIO-I-4   14.10-14.35 CSE-O-3   14.10 -14.30 
PFD-O-2   14.35-14.55 CHE-O-1   14.35-14.55 BIO-O-2  14.35-14.55 CSE-O-4   14.30 -14.50 

15.00 - 15.15 Coffee Break 3rd Floor 

15.15 - 16.45 

Room:  CC307 Room:  CC305 Room:  CC306 Room:  CC308 
Session: PFD3 Session: CHE3 Session: BIO3 Session: CSE3 

PFD-I-5   15.15 -15.40 CHE-I-6   15.15 -15.40 BIO-I-5   15.15 -15.40 CSE-I-3   15.15 -15.40 
PFD-I-6   15.40-16.05 CHE-I-7   15.40-16.05 BIO-I-6   15.40-16.05 CSE-O-5   15.40 -16.00 

PFD-O-3   16.05 -16.25 CHE-O-2   16.05 -16.25 BIO-O-3   16.05 -16.25 CSE-O-6   16.00 -16.20 
PFD-O-4   16.25 -16.45 CHE-O-3  16.25 -16.45 BIO-O-4   16.25 -16.45 CSE-O-7   16.20 -16.40 

17.00-18.30 Poster Session Grand Hall 
18.30-19.30 Welcome Party Grand Hall 
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Friday, 4 August 2017 

Friday, 4 August 2017 
     

Time  Location   
08.00 - 09.00 Registration   3rd floor 

09.00 - 09.45 Plenary Lecture (III) Prof. Dr. Aiichiro Nakano 

Auditorium   
on the 3rd Floor 

Title: Extreme-Scale Atomistic Simulations of Nanomaterials 

09.45 - 10.30 
Plenary Lecture (IV) Dr. Ito Chao 

Title: Chemistry and Our Common Future 
10.30 - 10.45 Coffee Break 3rd Floor 

10.45 - 12.00 

Oral Presentation (4 parallel sessions) 
Room:  CC307 Room:  CC305 Room:  CC306 Room:  CC308 

Computational Physics, 
Fluid Dynamics and 

Solid Mechanics 

Computational 
Chemistry 

Computational Biology 
and Bioinformatics 

High Performance 
Computing, Cloud 

Computing, Computer 
Science and Engineering 

Session: PFD4 Session: CHE4 Session: BIO4 Session: CSE4 
PFD-I-7   10.45-11.10 CHE-I-8   10.45-11.10 BIO-I-7   10.45-11.10 CSE-I-4    10.45-11.10 
PFD-I-8   11.10-11.35 CHE-I-9   11.10-11.35 BIO-I-8   11.10-11.35 CSE-O-8   11.10 -11.30 
PFD-O-5   11.35-11.55 CHE-O-4   11.35-11.55 BIO-O-5   11.35-11.55 CSE-O-9   11..30 -11.50 

12.00 - 13.00 Lunch 2nd Floor 

13.00 - 13.45 
Plenary Lecture (V) Prof. Dr. Sukit Limpijumnong 

Auditorium  Title: Designing a Massive Coil to Shield JUNO from the Earth's Magnetic 
Field 

13.50 - 15.00 

Oral Presentation (4 parallel sessions) 
Room:  CC307 Room:  CC305 Room:  CC306 Room:  CC308 
Session: PFD5 Session: CHE5 Session: BIO5  

PFD-I-9   13.50-14.15 CHE-I-10   13.50-14.15 BIO-I-9   13.50-14.15 
Special session PFD-O-6   14.15-14.35 CHE-I-11   14.15-14.40 BIO-I-10  14.15-14.40 

PFD-O-7   14.35-14.55 CHE-O-5   14.40-15.00 BIO-O-6  14.40-15.00 
14.55 - 15.15 Coffee Break 3rd Floor 

15.15 - 16.45 

Room:  CC307 Room:  CC305 Room:  CC306 

 

Session: PFD6 Session: CHE6 Session: BIO6 
PFD-I-10   15.15-15.40 CHE-I-12   15.15-15.40 BIO-I-11   15.15-15.40 
PFD-O-8   15.40-16.00 CHE-I-13   15.40-16.05 BIO-I-12   15.40-16.05 
PFD-O-9   16.00-16.20 CHE-O-6   16.05 -16.25 BIO-O-7   16.05 -16.25 
PFD-O-10   16.20-16.40 CHE-O-7   16.25 -16.45  
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Plenary Lecture 
Date  Aug 3, 2017 Room#  Auditorium 3rd floor 

 

 
Chair: Asst. Prof. Putchong Uthayopas 

Time Code Presenter Title 

09:50-10:35 PL-1 Denise Ruffner 
IBM, USA 

Utilizing IBM Power Systems to Optimize 
Genomic Applications Compute 

 

Chair: Assoc. Prof. Siriporn Jungsuttiwong 
Time Code Presenter Title 

13:00-13:45 PL-2 Prof. Dr. Masahiro Ehara 
Institute for Molecular Science, Japan 

Structure and Catalytic Activity of Nanocluster 
Catalysts 

 
 

Plenary Lecture 
Date  Aug 4, 2017 Room#  Auditorium 3rd floor 

 

 
Chair: Dr. Manaschai Kunaseth 

Time Code Presenter Title 

09:00-09:45 PL-3 
Prof. Dr. Aiichiro Nakano 

 University of Southern California, 
USA 

Extreme-scale Atomistic Simulations of 
Nanomaterials 

09:45-10:30 PL-4 Dr. Ito Chao 
Academia Sinica, Taiwan Chemistry and Our Common Future 

 

Chair: Dr. Anchalee Junkaew 
Time Code Presenter Title 

13:00-13:45 PL-5 
Prof. Dr. Sukit Limpijumnong 

Suranaree University of Technology, 
Thailand 

Designing a Massive Coil to Shield JUNO from  
the Earth’s Magnetic Field 

 

 

 

 

 

 

 

 

 

 

Session  PFD1    Time  10:50-12:00    Room#  cc307 

Chair: Asst. Prof. Warasak Sukkabot 
Time Code Presenter Title 

10:50-11:15 PFD-I-1 
Arthit Vongachariya 

Siam Cement Chemicals, 
Thailand 

Advanced Process Modelling: A Key to 
Accelerate Development of Petrochemical 
Products 

11:15-11:40 PFD-I-2 Somboon Otarawanna 
MTEC, NSTDA, Thailand 

Finite Element Analysis for Fatigue Life 
Prediction of Alloy Wheels under Radial Loading 

11:40-12:00 PFD-O-1 
Krittidej Chanthawara 

Ubon Ratchathani Rajabhat 
University, Thailand 

A Variable Multiquadric Shape Parameter in the 
Dual Reciprocity Boundary Element Method for 
Convection-Diffusion Problems 

 

Session  PFD2    Time  13:45-15:00    Room#  cc307 
Chair: Assoc. Prof. Anucha Yangthaisong 

Time Code Presenter Title 

13:45-14:10 PFD-I-3 Siegfried Fritzsche 
University of Leipzig, Germany 

The Role of Lattice Flexibility of ZIF - Materials 
Used for Gas Separation 

14:10-14:35 PFD -I-4 
Sittipong Komin 

Ubon Ratchathani University, 
Thailand 

Variational Optimization of Capping Atom 
Potentials for QM/MM Method 

14:35-14:55 PFD-O-2 Churtpong Choodet 
Khon Kaen University, Thailand 

Insight into the Interaction of 8-oxo-dG and DNA 
Aptamer by Molecular Dynamics Simulation for 
the Application in Biosonsor 

 

Session  PFD3    Time  15:15-16:45    Room#  cc307 
Chair: Assoc. Prof. Teparksorn Pengpan 

Time Code Presenter Title 

15:15-15:40 PFD-I-5 
Jessada Chureemart 

Mahasarakham University, 
Thailand 

Hybrid Design for Advanced Magnetic Recording 
Media: Combining Exchange Coupled Composite 
Media with Coupled Granular Continuous Media 

15:40-16:05 PFD-I-6 
Phanwadee Chureemart 
Mahasarakham University, 

Thailand 
Spin Transport in Read Elements via Spin 
Accumulation Model 

16:05-16:25 PFD-O-3 Noppamas Yolai 
Khon Kaen University, Thailand 

Effect of Size, Shape and Surface Charge on 
Cellular Uptake of Gold Nanoparticles 

16:25-16:45 PFD-O-4 Rutchapon Hunkao 
Mahidol University, Thailand 

Empirical Tight-Binding Calculation of 
Electronic Structure of Mn-Doped ZnS 
Nanocrystals 

 

 

 

 

Aug 3, 2017 
Computational Physics, Fluid Dynamics and Solid Mechanics 
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Session  PFD1    Time  10:50-12:00    Room#  cc307 

Chair: Asst. Prof. Warasak Sukkabot 
Time Code Presenter Title 

10:50-11:15 PFD-I-1 
Arthit Vongachariya 

Siam Cement Chemicals, 
Thailand 

Advanced Process Modelling: A Key to 
Accelerate Development of Petrochemical 
Products 

11:15-11:40 PFD-I-2 Somboon Otarawanna 
MTEC, NSTDA, Thailand 

Finite Element Analysis for Fatigue Life 
Prediction of Alloy Wheels under Radial Loading 

11:40-12:00 PFD-O-1 
Krittidej Chanthawara 

Ubon Ratchathani Rajabhat 
University, Thailand 

A Variable Multiquadric Shape Parameter in the 
Dual Reciprocity Boundary Element Method for 
Convection-Diffusion Problems 

 

Session  PFD2    Time  13:45-15:00    Room#  cc307 
Chair: Assoc. Prof. Anucha Yangthaisong 

Time Code Presenter Title 

13:45-14:10 PFD-I-3 Siegfried Fritzsche 
University of Leipzig, Germany 

The Role of Lattice Flexibility of ZIF - Materials 
Used for Gas Separation 

14:10-14:35 PFD -I-4 
Sittipong Komin 

Ubon Ratchathani University, 
Thailand 

Variational Optimization of Capping Atom 
Potentials for QM/MM Method 

14:35-14:55 PFD-O-2 Churtpong Choodet 
Khon Kaen University, Thailand 

Insight into the Interaction of 8-oxo-dG and DNA 
Aptamer by Molecular Dynamics Simulation for 
the Application in Biosonsor 

 

Session  PFD3    Time  15:15-16:45    Room#  cc307 
Chair: Assoc. Prof. Teparksorn Pengpan 

Time Code Presenter Title 

15:15-15:40 PFD-I-5 
Jessada Chureemart 

Mahasarakham University, 
Thailand 

Hybrid Design for Advanced Magnetic Recording 
Media: Combining Exchange Coupled Composite 
Media with Coupled Granular Continuous Media 

15:40-16:05 PFD-I-6 
Phanwadee Chureemart 
Mahasarakham University, 

Thailand 
Spin Transport in Read Elements via Spin 
Accumulation Model 

16:05-16:25 PFD-O-3 Noppamas Yolai 
Khon Kaen University, Thailand 

Effect of Size, Shape and Surface Charge on 
Cellular Uptake of Gold Nanoparticles 

16:25-16:45 PFD-O-4 Rutchapon Hunkao 
Mahidol University, Thailand 

Empirical Tight-Binding Calculation of 
Electronic Structure of Mn-Doped ZnS 
Nanocrystals 

 

 

 

 

Aug 3, 2017 
Computational Physics, Fluid Dynamics and Solid Mechanics 
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Aug 3, 2017 
Computational Chemistry 

 

Session  CHE1    Time  10:50-12:00    Room#  cc305 
Chair: Assoc. Prof. Akira Nakayama 

Time Code Presenter Title 

10:50-11:15 CHE-I-1 Tetsuya Taketsugu 
Hokkaido University, Japan 

Computational Approach to Design of Non-
Platinum Catalyst for Oxygen Reduction 
Reaction: Boron Nitride with Gold 

11:15-11:40 CHE-I-2 Panida Surawatanawong 
Mahidol University, Thailand 

Mechanisms of C-O Bond Activation and Oxygen 
Activation: Density Functional Study 

11:40-12:05 CHE-I-3 Minh Tho Nguyen 
KU Leuven, Belgium 

Recent Advances in the Determination of 
Structure and Bonding of Elemental Clusters 

 

Session  CHE2    Time  13:45-15:00    Room#  cc305 
Chair: Prof. Lam K. Huynh 

Time Code Presenter Title 

13:45-14:10 CHE-I-4 Jun-ya Hasegawa 
Hokkaido University, Japan 

Theoretical Study of Frustrated Lewis Pair for 
Activation of Stable Chemical Bonds 

14:10-14:35 CHE-I-5 Kaito Takahashi 
Academia Sinica, Taiwan 

Substitution Effect in the Reaction Rate of 
Criegee Intermediates with Water Vapor 

14:35-14:55 CHE-O-1 
Suwit Suthirakun 

Suranaree University of 
Technology, Thailand 

First-Principles Study of Sn-Doped V2O5 as 
Cathode Material of Li-ion Batteries 

 

Session  CHE3    Time  15:15-16:45    Room#  cc305 
Chair: Asst. Prof. Tim Kowalczyk 

Time Code Presenter Title 

15:15-15:40 CHE-I-6 
Jyh-Chiang Jiang 

National Taiwan University of 
Science and Technology, Taiwan 

Theoretical Approaches for Improving Overall 
Performances of Dye-Sensitized Solar Cells 

15:40-16:05 CHE-I-7 Arkira Nakayama 
Hokkaido University, Japan 

Catalytic Reactions at the Liquid/Metal-Oxide 
Interface: Role of the Acid-Base Sites 

16:05-16:25 CHE-O-2 Yuwanda Injongkol 
Kasetsart University, Thailand 

Nitrous Oxide Decomposition over Cu-BTC 
Metal-Organic Frameworks: A DFT Study 

16:25-16:45 CHE-O-3 
Panchanit Piyakeeratikul 
Vidyasirimedhi Institute of 
Science and Technology, 

Thailand 

Influence of Metal Species in Porphyrin-Base 
Metal-Organic Frameworks on Carbon Dioxide 
Capture 

 
 

 

 

Aug 3, 2017 
Computational Biology and Bioinformatics 

 

Session  BIO1     Time  10:50-12:00    Room#  cc306 
Chair: Asst. Prof. Thanyada Rungrotmongkol 

Time Code Presenter Title 

10:50-11:15 BIO-I-1 
Ras Pandey 

The University of Southern 
Mississippi, USA 

Self-Organizing Structures of Proteins by a 
Coarse-Grained Model 

11:15-11:40 BIO-I-2 Norio Yoshida 
Kyushu University, Japan 

pKa Prediction in Biological Systems Based on 
the Statistical Mechanics Theory of Liquids 

11:40-12:00 BIO-O-1 
Sasiporn Rattanasupha 

King Mongkut's University of 
Technology Thonburi, Thailand 

Backward Bifurcation of SEIR Epidemic Model 
with Treatment Function 

 

Session  BIO2     Time  13:45-15:00    Room#  cc306 
Chair: Prof. Jen-Shiang K. Yu 

Time Code Presenter Title 

13:45-14:10 BIO-I-3 
Hisashi Okumura 

Institute for Molecular Science, 
Japan 

Simulational Studies of Aß Amyloid Fibrils by 
Equilibrium and Nonequilibrium Molecular 
Dynamics Method 

14:10-14:35 BIO-I-4 Kiattawee Choowongkomon 
Kasetsart University, Thailand 

Computer-aided Drug Discovery: From Small 
Compounds to Protein Inhibitors Against 
Tyrosine Kinase of EGFR 

14:35-14:55 BIO-O-2 
Kanyani Sangpheak 

Chulalongkorn University, 
Thailand 

In Vitro and In Silico Studies of Chalcone as a 
New Anticancer Drug Candidate Against a 
Cancer Target Protein 

 

Session  BIO3     Time  15:15-16:45    Room#  cc306 
Chair: Assoc. Prof. Vannajan Sanghiran Lee 

Time Code Presenter Title 

15:15-15:40 BIO-I-5 
Jen-Shiang Yu 

National Chiao Tung University, 
Taiwan 

Enzyme Catalysis that Paves the Way for S-
Sulfhydration via Sulfur Atom Transfer 

15:40-16:05 BIO-I-6 
Satoru Itoh 

Institute for Molecular Science, 
Japan 

Oligomerization Pathway of Amyloid-Beta 
Fragments Studied by the Hamiltonian Replica-
Permutation Method 

16:05-16:25 BIO-O-3 Suriyawut Kulatee 
Thammasat University, Thailand 

Enantioselectivity and Enzyme-Ligand Docking 
Studies of pfDHFR and Cycloguanil Compounds 

16:25-16:45 BIO-O-4 Kulpavee Jitapunkul 
Thammasat University, Thailand 

Molecular Modelling of 5-Lipoxygenase Enzyme 
with Antiasthmatic Substances from Plai 
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Aug 3, 2017 
Computational Chemistry 

 

Session  CHE1    Time  10:50-12:00    Room#  cc305 
Chair: Assoc. Prof. Akira Nakayama 

Time Code Presenter Title 

10:50-11:15 CHE-I-1 Tetsuya Taketsugu 
Hokkaido University, Japan 

Computational Approach to Design of Non-
Platinum Catalyst for Oxygen Reduction 
Reaction: Boron Nitride with Gold 

11:15-11:40 CHE-I-2 Panida Surawatanawong 
Mahidol University, Thailand 

Mechanisms of C-O Bond Activation and Oxygen 
Activation: Density Functional Study 

11:40-12:05 CHE-I-3 Minh Tho Nguyen 
KU Leuven, Belgium 

Recent Advances in the Determination of 
Structure and Bonding of Elemental Clusters 

 

Session  CHE2    Time  13:45-15:00    Room#  cc305 
Chair: Prof. Lam K. Huynh 

Time Code Presenter Title 

13:45-14:10 CHE-I-4 Jun-ya Hasegawa 
Hokkaido University, Japan 

Theoretical Study of Frustrated Lewis Pair for 
Activation of Stable Chemical Bonds 

14:10-14:35 CHE-I-5 Kaito Takahashi 
Academia Sinica, Taiwan 

Substitution Effect in the Reaction Rate of 
Criegee Intermediates with Water Vapor 

14:35-14:55 CHE-O-1 
Suwit Suthirakun 

Suranaree University of 
Technology, Thailand 

First-Principles Study of Sn-Doped V2O5 as 
Cathode Material of Li-ion Batteries 

 

Session  CHE3    Time  15:15-16:45    Room#  cc305 
Chair: Asst. Prof. Tim Kowalczyk 

Time Code Presenter Title 

15:15-15:40 CHE-I-6 
Jyh-Chiang Jiang 

National Taiwan University of 
Science and Technology, Taiwan 

Theoretical Approaches for Improving Overall 
Performances of Dye-Sensitized Solar Cells 

15:40-16:05 CHE-I-7 Arkira Nakayama 
Hokkaido University, Japan 

Catalytic Reactions at the Liquid/Metal-Oxide 
Interface: Role of the Acid-Base Sites 

16:05-16:25 CHE-O-2 Yuwanda Injongkol 
Kasetsart University, Thailand 

Nitrous Oxide Decomposition over Cu-BTC 
Metal-Organic Frameworks: A DFT Study 

16:25-16:45 CHE-O-3 
Panchanit Piyakeeratikul 
Vidyasirimedhi Institute of 
Science and Technology, 

Thailand 

Influence of Metal Species in Porphyrin-Base 
Metal-Organic Frameworks on Carbon Dioxide 
Capture 

 
 

 

 

Aug 3, 2017 
Computational Biology and Bioinformatics 

 

Session  BIO1     Time  10:50-12:00    Room#  cc306 
Chair: Asst. Prof. Thanyada Rungrotmongkol 

Time Code Presenter Title 

10:50-11:15 BIO-I-1 
Ras Pandey 

The University of Southern 
Mississippi, USA 

Self-Organizing Structures of Proteins by a 
Coarse-Grained Model 

11:15-11:40 BIO-I-2 Norio Yoshida 
Kyushu University, Japan 

pKa Prediction in Biological Systems Based on 
the Statistical Mechanics Theory of Liquids 

11:40-12:00 BIO-O-1 
Sasiporn Rattanasupha 

King Mongkut's University of 
Technology Thonburi, Thailand 

Backward Bifurcation of SEIR Epidemic Model 
with Treatment Function 

 

Session  BIO2     Time  13:45-15:00    Room#  cc306 
Chair: Prof. Jen-Shiang K. Yu 

Time Code Presenter Title 

13:45-14:10 BIO-I-3 
Hisashi Okumura 

Institute for Molecular Science, 
Japan 

Simulational Studies of Aß Amyloid Fibrils by 
Equilibrium and Nonequilibrium Molecular 
Dynamics Method 

14:10-14:35 BIO-I-4 Kiattawee Choowongkomon 
Kasetsart University, Thailand 

Computer-aided Drug Discovery: From Small 
Compounds to Protein Inhibitors Against 
Tyrosine Kinase of EGFR 

14:35-14:55 BIO-O-2 
Kanyani Sangpheak 

Chulalongkorn University, 
Thailand 

In Vitro and In Silico Studies of Chalcone as a 
New Anticancer Drug Candidate Against a 
Cancer Target Protein 

 

Session  BIO3     Time  15:15-16:45    Room#  cc306 
Chair: Assoc. Prof. Vannajan Sanghiran Lee 

Time Code Presenter Title 

15:15-15:40 BIO-I-5 
Jen-Shiang Yu 

National Chiao Tung University, 
Taiwan 

Enzyme Catalysis that Paves the Way for S-
Sulfhydration via Sulfur Atom Transfer 

15:40-16:05 BIO-I-6 
Satoru Itoh 

Institute for Molecular Science, 
Japan 

Oligomerization Pathway of Amyloid-Beta 
Fragments Studied by the Hamiltonian Replica-
Permutation Method 

16:05-16:25 BIO-O-3 Suriyawut Kulatee 
Thammasat University, Thailand 

Enantioselectivity and Enzyme-Ligand Docking 
Studies of pfDHFR and Cycloguanil Compounds 

16:25-16:45 BIO-O-4 Kulpavee Jitapunkul 
Thammasat University, Thailand 

Molecular Modelling of 5-Lipoxygenase Enzyme 
with Antiasthmatic Substances from Plai 
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Aug 3, 2017 
High Performance Computing, Cloud Computing, Computer Science and Engineering 

 

Session  CSE1    Time  10:50-12:00    Room#  cc308 
Chair: Assoc. Prof. Vara Varavithya 

Time Code Presenter Title 

10:50-11:15 CSE-I-1 Zong-Yao Chen 
ACER AI in Practice: Application & Challenges 

11:15-11:35 CSE-O-1 
Kunwithree Phramrung 

King Mongkut’s University of 
Technology Thonburi, Thailand 

The Numerical Solution of Fractional 
Angiogenesis Problem by Meshless Local Petrov-
Galerkin Method 

11:35-11:55 CSE-O-2 
Naravadee Nualsaard 

King Mongkut's University of 
Technology Thonburi, Thailand 

The Meshless Local Petrov-Galerkin Method for 
Solving the New Black-Scholes-Schrodinger 
Model 

 

Session  CSE2    Time  13:45-15:00    Room#  cc308 
Chair: Dr. Supakit Prueksaaroon 

Time Code Presenter Title 

13:45-14:10 CSE-I-2 Ekasit Kijsipongse 
NECTEC, NSTDA, Thailand 

Deep Learning on Hybrid GPU Cluster/Volunteer 
Computing 

14:10-14:35 CSE-O-3 Chanon Taupachit 
Thammasat University, Thailand 

Spinner: Failure Detection and Recovery 
Software in Software Define Network 

14:35-14:55 CSE-O-4 
Soratouch 

Pornmaneerattanatri 
Kasetsart University, Thailand 

System Tuning for Energy Efficient Big Data 
Infrastructure 

 

Session  CSE3    Time  15:15-16:45    Room#  cc308 
Chair: Dr. Chantana Chantrapornchai 

Time Code Presenter Title 

15:15-15:40 CSE-I-3 
Waranyu Wongseree 

King Mongkut University of 
Technology North Bangkok, 

Thailand 

Climate Change Projections Using Statistical 
Downscaling 

15:40-16:05 CSE-O-5 
Danupon Kumpanya 

Rajamangala University of 
Technology Suvarnabhumi, 

Thailand 

Application of Intensified Current Search to 
Design Optimal PIDD^2 Controller for BLDC 
Motor Speed Control with Back EMF Detection 

16:05-16:25 CSE-O-6 
Peeranon Wattanapong 

King Mongkut’s University of 
Technology North Bangkok, 

Thailand 

Express Lane Services on Software-Defined 
Networks 

16:25-16:45 CSE-O-7 
Kanon Sujaree 

Rajamangala University of 
technology Rattanakosin, 

Thailand 

Blood Vehicle Routing Network Using Artificial 
Chemical Reaction Optimization Algorithm 

    
 
 
 

Aug 4, 2017 
Computational Physics, Fluid Dynamics and Solid Mechanics 

 

Session  PFD4    Time  10:45-12:00    Room#  cc307 
Chair: Dr. Sittipong Komin 

Time Code Presenter Title 

10:45-11:10 PFD-I-7 
Norraphat Srimanobhas 
Chulalongkorn University, 

Thailand 
CMS Software and Computing: From RAW Data 
to Physics Results 

11:10-11:35 PFD-I-8 
Teparksorn Pengpan 

Prince of Songkla University, 
Thailand 

Bloch Spectral Functions of Palladium-Doped 
Iron Telluride from KKR-CPA Calculations 
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Molecular Insight of Recombinant Interleukin-18 
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Quaid-i-Azam University,  
Pakistan 

The Vitality of Swivel Domain Motion in 
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Sequencing Data Deluge: Thailand Challenges in 
Big Data Analytics 
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Charis Georgiou 

University of Edinburgh,  
United Kingdom 

Pushing the Limits of Detection of Weak Binding 
Using Fragment Based Drug Discovery: 
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Session  CSE4    Time  10:45-12:00    Room#  cc308 
Chair: Dr. Waranyu Wongseree 

Time Code Presenter Title 

10:45-11:10 CSE-I-4 Chantana Chantrapornchai 
Kasetsart University, Thailand 

On the Fine Tuning CNN with Pretained 
Networks 

11:10-11:30 CSE-O-8 Krailerk Manopattanagorn 
Kasetsart University, Thailand 

The Development of a VM Auto-Scaling 
Software for OpenStack Cloud 

11:30-11:50 CSE-O-9 
Kanon Sujaree 

Rajamangala University of 
Technology Rattanakosin, 

Thailand 

Mobile Dental Unit Using Computer Simulation 
Theory 

 

      Time  13:50-15:00    Room#  cc308 
Chair: Assoc. Prof. Vannajan Sanghiran Lee 
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Code Presenter Title 

PFD-P-1 Lanchakorn 
Kittiratanawasin 

Finite Volume Scheme with Weighted Average Flux for Wet and 
Dry Shallow Water Simulations 

PFD-P-2 Chewa Thassana Image Processing for Astronomical Objects 

PFD-P-3 Nuttapong La-Ongtup 
Atomistic Simulation of Structural Evolution at Long Time Scales: 
Diffusion in the FCC NiAl System 

PFD-P-4 Sorasit Buapong 
The Effects of Stone-Wales Defect on Quantum Capacitance in 
Carbon Nanotube 

PFD-P-5 Wiraporn Maithong Stellar Spectrum Analysis from eShel Spectroscope 
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Computational Chemistry (CHE) 

 

Code Presenter Title 

CHE-P-1 Narissa Kanlayakan 
Effects of Different Proton Donor and Acceptor Groups on 
Excited-State Intramolecular Proton Transfers of Amino-type and 
Hydroxy-type Hydrogen-Bonding Molecules: Theoretical Insights 

CHE-P-2 Jack D'Amelio Structural Screening of Photoactive Covalent Organic Frameworks 

CHE-P-3 Chanatkran Prommin 
Theoretical Studies of Excited State Proton Transfer of  
2-Hydroxybenzaldehyde, 1-Hydroxy-2-naphthaldehyde,             
1,8-Dihydroxy-2-naphthaldehyde, and Their Derivatives 

CHE-P-4 Suparada 
Kimchompoo 

Theoretical Study of Different Donor-and Acceptor-Type Effect in 
Push−Pull Porphyrin Dyes for Dye-Sensitized Solar Cells 

CHE-P-5 Ruangchai Tarsang 
Theoretical Study on Effect of Auxiliary Acceptor in Novel          
D-π-A-π-A Featured Sensitizers for Dye-Sensitized Solar Cells 

CHE-P-6 Chattarika 
Sukpattanacharoen 

Theoretical Study on Electronic and Optical Properties of 
Polythiophene, Polyfuran, Polypyrrole and Their Derivatives as 
Light-Emitting Materials 

CHE-P-7 Malinee Promkatkaew 
Theoretical Study on the Structural and Spectroscopic Properties of 
Cyanine Dyes as Fluorescent Dyes for DNA Detection 

CHE-P-8 Rusrina Salaeh 
Time-Dependent Density Functional Theory (TDDFT) 
Investigation on Electronic and Photophysical Properties of 
Derivatives of 3-Hydroxyflavone 

CHE-P-9 Worawaran 
Thongnuam 

Aldol Condensation of Benzaldehyde and Acetophenone on 
Zirconium Based Metal-Organic Framework: A DFT Study 

CHE-P-10 Sarinya Hussadee 
Carbon-Doped Boron Nitride Nanosheet: An Efficient Metal-Free 
Catalyst for Catalytic Oxidation of Carbon Monoxide 
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CHE-P-11 Nattida Maeboonruan 
Confinement Effect on the Adsorption of Glucose, 
Hydroxymethylfurfural and Levulinic Acid on H-Zeolites (H-
ZSM5, H-MOR and H-BEA) 

CHE-P-12 Rathawat Daengngern 
Dynamics Simulations of ESIPT Reactions of 2,5-bis(2'-
benzoxazolyl)hydroquinone 

CHE-P-13 Yutthana 
Wongnongwa 

Mechanistic Study of CO Oxidation by N2O over Ag7Au6 Cluster 
Investigated by DFT Methods 

CHE-P-14 Phornphimon Maitarad 
Nitrous Oxide Decomposition with CO Reducing Agent over 
Oxotitanium Porphyrin: A Theoretical Study 

CHE-P-15 Saowalak Phikulthai The Catalytic Reaction of Ethanol to Ethylene : A DFT Study 

CHE-P-16 Wasinee Panjan 
The Conversion of Methane to Methanol over the [Cu-O-
Cu]2+/ZSM-5 Zeolite : a Density Functional Theory Study 

CHE-P-17 Chanchai Sattayanon 
The Effect of Small Gas Detection on Metal-Embedded MoS2: 
DFT Study 

CHE-P-18 Chan Inntam 
The Influence of Silver Cluster Size and Carbon Nanotubes on CO 
Adsorption: A DFT Study 

CHE-P-19 Karan Bobuatong 
Theoretical Mechanistic Investigation of Au20 and Au16Pd4 
Catalyzed Aerobic Oxidation of Benzyl Alcohol to Benzaldehyde 

CHE-P-20 Tanabat Mudchimo 
Theoretical Study on Carbon-Doped Boron Nitride Nanosheet as a 
Metal-Free Catalyst for NO Reduction Reaction 

CHE-P-21 Suppasith 
Assawabenjang 

Theoretical Study on Olefin Polymerization Catalyst: Half-
Titanocenes Containing Aryloxo Ligands 

CHE-P-22 Thantip Roongcharoen 
Warped Nanographene C80H30 as a Promising Catalyst for Nitric 
Oxide Decomposition 

CHE-P-23 Warin Jetsadawisut 
Coarse-Grained Molecular Dynamics Simulation of CorA 
Magnesium Channel in a Nanodisc 

CHE-P-24 Paptawan Suwanhom 
Computational Docking Study of 4-Oxo-N-(2-(Piperidin- 1-
Yl)Ethyl)-4H-Chromene-2-Carboxamide as Acetylcholinesterase 
and Butyrylcholinesterase Inhibitors 

CHE-P-25 Panisak Boonamnaj 
Dimer Structure Stabilization of Hv1 C-terminal Domain by Salt 
Bridge Movements 

CHE-P-26 Wiparat Hotarat 
Enhanced Stability of Inclusion Complexes of Alpha-Mangostin 
with Hydrophilic Beta-Cyclodextrin; A Molecular Dynamics 
Simulation Study 

CHE-P-27 Channarong Khrutto 
MD Simulation of M2 Proton Channel in Different Phospholipid 
Bilayer Models 

CHE-P-28 Pattama Wapeesittipan 
Millisecond Protein Dynamics Does Not Control Catalysis in 
Cyclophilin A – Evidence from Molecular Dynamics Simulations 

CHE-P-29 Theerayut Khempach 
Molecular Calculations on Host-Guest Inclusion Complexes of 
Natural Insecticides: Squamocin and Nicotine 

CHE-P-30 Nattaya Mekjirawat 
Molecular Docking Investigation of WR99210 Analogues as 
Novel M.tuberculosis DHFR Inhibitors 

CHE-P-31 Naruedon Phusi 
Structure Based Drug Design of 4-Aminoquinilone Derivatives in 
DNA Gyrase B Subunit for Anti-Tuberculosis Agents Using 
Molecular Dynamic Simulations 

CHE-P-32 Triet Le Huynh Minh 
A Data Mining Approach to Determine the Hindered Internal 
Rotational Frequency for Chemical Species 
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Protease of Zika Virus: A Molecular Dynamics Study 
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of HIV-1 Reverse Transcriptase 
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PL-1 Utilizing IBM Power Systems to Optimize Genomic 
Applications Compute 

  
Denise Ruffner  

 Business Development Executive at IBM,  
Worldwide Genomic Solutions, IBM Systems Group 

 

E-mail: ruffner@us.ibm.com 
 

ABSTRACT 
 
In this presentation, IBM will discuss optimizing compute by looking at application 
performance. IBM will show how the use of hybrid compute clusters allow faster results for 
key workloads. IBM will look at the key architecture for genomics, and discuss how this can 
impact performance. Finally, IBM will discuss research results on IBM Power8 where IBM 
show a great speedup for both compression/decompression as well as on GATK 3.5 
performance. 
 

 
 
 

Figure 1: Comparative performance benchmark of GATK best practice pipeline 
on IBM Power server versus published data on an X86 platform (Intel Xeon 
process E5-2699 v3@2.3 GHz, 256 GB RAM 
 
Keywords: Genomic, Utilizing IBM Power Systems 
 
REFERENCES 
Infrastructure for GATK Best Practices Pipeline Deployment: 
https://www.intel.com/content/www/us/en/healthcare-it/solutions/documents 
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Denise Ruffner is the business and strategy leader for genomics 
for IBM Power / Cognitive Systems. Her background is as a 
scientist in both molecular biology and neurobiology with 10 
publications in journals such as Science and Journal of 
Neuroscience. She has worked for scientific instrument 
companies such as Beckman, DuPont and Transgenomic in 
Business Development and Marketing. She was recruited to join 
IBM in 2000 to do venture investing for their newly formed Life 
Science business unit. 
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Structure and Catalytic Activity of Nanocluster 
Catalysts 

 
Masahiro Ehara1,2,3 

1 Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan 
2 SOKENDAI, the Graduate University for Advanced Studies, Myodaiji, Okazaki 444-8585, Japan 

3 Element Strategy Initiative for Catalysts and Batteries, Kyoto University, Kyoto 615-8520, Japan 

 

E-mail: ehara@ims.ac.jp;  Fax: +81 564 55 7025 Tel. +81 564 55 7461 
 

ABSTRACT 
 
In the supported nanocluster (NC) catalysts, the structure and electronic states of NC are 
relevant for the catalytic activity. We have investigated these factors together with bond 
activation of Cu binary NCs using DFT calculations. We adopted the computational model of 
Cu38-nMn (M=Ru, Rh, Pd, Ag, Os, Ir, Pt, and Au; n=1, 2, and 6). In the most stable structure of 
Cu37M1 (M=Ru, Ph, Os, Ir, Group 7 and 8), the M atom takes the core position, while in 
Cu37M1 (M=Pd, Ag, Pt, Au, Group 9 and 10), it takes the shell (center or corner) position. The 
segregation energy defined by the energy difference between the most stable Cu37M1 (core) 
and the next stable structure Cu37M1 (shell), was found to be proportional to d orbital 
population, suggesting that the M atom with unoccupied d orbitals tends to take the core 
position. Due to the alloy effect, the adsorption energy and bond activation to CO and NO are 
enhanced in binary NCs, for example, Cu32Ru6. We also studied the single atom catalyst, 
M1/γ-Al2O3 (M=Pd, Fe, Co, Ni) for the low-temperature CO oxidation and found that the +II 
oxidation state of the M atom is crucial for its catalytic activity. We have theoretically 
proposed that Ni1/γ-Al2O3 is an alternative efficient catalyst that has low energy barriers. In 
this talk, we overview our recent works. 
 

 
 

Figure 1. Structure of CuM (M=Ru, Rh, Pd, Ag, Os, Ir, Pt) NC 
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ABSTRACT 
 
We have developed a divide-conquer-recombine algorithmic framework for large quantum 
molecular dynamics (QMD) and reactive molecular dynamics (RMD) simulations, which will 
continue to scale on future computing platforms, with minimal architectural assumptions. The 
framework has achieved over 98% of the perfect speedup on 786,432 IBM Blue Gene/Q 
processors for 40 trillion electronic degrees-of-freedom QMD in the framework of density 
functional theory and 68 billion-atom RMD. We will discuss several applications including 
(1) 16,616-atom QMD simulation of rapid hydrogen production from water using metallic 
alloy nanoparticles, (2) 6,400-atom nonadiabatic QMD simulation of exciton dynamics for 
efficient solar cells, and (3) 112 million-atom RMD simulation of metacarbon synthesis by 
high temperature oxidation of SiC nanoparticles. We will also discuss the merger of exaflop/s 
high performance computing and exabyte big data anaytics for the discovery of new materials 
at our MAterials Genome Innovation for Computational Software (MAGICS) center 
supported by the U.S. Department of Energy (DOE). MAGICS simulations under DOE 
INCITE and Aurora ESP projects on photoexcitation dynamics in transition metal 
dichalcogenide layers explain free-electron X-ray laser and ultrafast electron diffraction 
experiments at the SLAC National Accelerator Laboratory at exactly the same space and time 
scales. 
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ABSTRACT 
 
Chemistry has been providing mankind the power to transform natural resources into things 
fulfilling its needs. Mother Nature also employs chemistry to keep the materials flow moving, 
fulfilling the needs of all species in the ecosystem by utilizing the consumption wastes of one 
species as resources of another species.  Since industrial revolution, mankind has had a jumpstart 
period of harnessing chemical technologies for exploiting natural resources on an unprecedented 
scale. The consequences of massive exploitation are seriously disturbed ecosystem and an 
unsustainable future. In the 21st century, turning the post-consumption wastes into sustainable 
resources is a grand challenge and it bring tremendous opportunities. Importantly, green 
chemistry has to be adopted so that new technologies can become as innocuous as possible. In 
this talk, examples will be given to demonstrate the current status of natural resources, 
development of green chemistry, and game-changing collaborations among stakeholders.   
 
 

 
 

Figure 1. Current status of the control variables for seven of the planetary boundaries.1 
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The Jiangmen Underground Neutrino Observatory (JUNO) is designed to detect antineutrinos 

from nuclear power plants to determine the neutrino mass hierarchy.  JUNO’s main component is the 
central detector (CD) - a 35-meter diameter acrylic glass sphere filled with 20 kton liquid scintillator 
surrounded by 43,000 photomultiplier tubes (PMT). The detector will be built in a 700 m deep 
underground laboratory.  To successfully determine the neutrino mass hierarchy, JUNO must achieve 
an unprecedented energy resolution of 3% at 1 MeV, which requires the PMTs to have a high and 
homogeneous photon detection efficiency.  To achieve this, the PMTs have to be shielded from the 
earth’s magnetic field to 90% or better.  Three institutions in Thailand (Suranaree University of 
Technology, Chulalongkorn University and National Astronomical Research Institute of Thailand) 
joined JUNO in 2016 with the task of collaborating in the design, testing and implementation of the 
magnetic field shielding system.  Among several options to shield the magnetic field, building a set 
of massive electric coils to cover the entire CD emerges as the best option.  There are several coil 
models with different advantages ranging from performance, cost, design, durability and most 
importantly easiness of installation.  Each of the coil models requires the optimization of detailed 
electric current flow in each section to produce the best cancellation of the earth’s magnetic field.  
Using a simple Biot–Savart law and a finite element method, we constructed a large non-square 
matrix for each coil model relating the set of electrical currents to the set of magnetic fields at target 
points.  The best set of currents for each coil model can be obtained by using the least-squares 
method with constraints.  The results and limitations of each coil model will be presented and 
discussed.            
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 ABSTRACT 
 
In modern petrochemical industry, development of process technology for producing high 
value-added products is crucial. Advanced process modelling (APM) is an important tool to 
minimize time, cost, and risks during the development process. This presentation demonstrates 
how SCG Chemicals apply the APM tool to various business/technical challenges. Deliverables 
from the APM technology is driven by multi-scale elements, including physical-property model, 
detailed kinetics model, and Computation Fluid Dynamics model (Figure 1). Integration of these 
elements makes the APM technology more effective to find solutions than conventional 
simulation. 

 
 
 
 
 
 
 
 

 
Figure 1. Integration of Multi-scale Elements in Advanced Process Modelling 
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 ABSTRACT 
 

The term ‘alloy wheels’ generally means wheels made from nonferrous alloys.  Alloy 
wheels for passenger cars are typically made from an aluminium alloy by the low-pressure or 
gravity die casting process. Due to the processing technique, alloy wheels can be designed to 
have aesthetic appeal which often involves highly-complex shapes. The dynamic radial fatigue 
test is one of the mandatory mechanical tests for ensuring the structural integrity of alloy 
wheels produced. In the test, the wheel and tyre assembly is rolled on a rotating driven drum 
under radial fatigue loading (Figure 1) for a defined number of cycles, typically 5×105 to 
1.1×106 cycles. This is to simulate the loading conditions when the wheel is attached with a 
moving vehicle under normal highway conditions. 

Finite element analysis (FEA) plays an important role in designing alloy wheels to 
pass the mandatory mechanical tests including the dynamic radial fatigue test. Significant 
reduction in cost and time associated with the wheel design and testing processes can be 
obtained by the use of FEA. In addition, optimisation of the wheel design by using FEA can 
lead to superior product quality, such as stronger and/or lighter wheels [1]. 

Regarding the FEA of the wheel radial fatigue test, there are two modelling methods 
mainly reported in the literature. The first method is modelling the cyclic radial loading 
applied to the wheel by a number of static load cases [2]. The second is a more simplified 
model using only a single static load case with an empirical factor to estimate the equivalent 
cyclic stress [3]. In this work, the two modelling methods were evaluated in terms of solution 
accuracy, computational resources used and effort required in the fatigue evaluation 
procedure. For the comparison between prediction and real-test results, regions in the wheel 
where high stresses were predicted by FEA were compared with regions where cracking 
occurred in the wheel test. 

 
 

56



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 

PFD 
-I- 
2 

Finite Element Analysis for Fatigue Life Prediction  
of Alloy Wheels under Radial Loading  

 
Wassamon Phusakulkajorn and Somboon Otarawanna * 

 Computer–Aided Engineering (CAE) Laboratory, Design and Engineering Research Unit, 
National Metal and Materials Technology Center (MTEC), 

National Science and Technology Development Agency (NSTDA), 
114 Thailand Science Park, Pathum Thani, Thailand 

 

* E-mail: somboono@mtec.or.th; Tel. +66 2564 6500 ext. 4320  
 

 ABSTRACT 
 

The term ‘alloy wheels’ generally means wheels made from nonferrous alloys.  Alloy 
wheels for passenger cars are typically made from an aluminium alloy by the low-pressure or 
gravity die casting process. Due to the processing technique, alloy wheels can be designed to 
have aesthetic appeal which often involves highly-complex shapes. The dynamic radial fatigue 
test is one of the mandatory mechanical tests for ensuring the structural integrity of alloy 
wheels produced. In the test, the wheel and tyre assembly is rolled on a rotating driven drum 
under radial fatigue loading (Figure 1) for a defined number of cycles, typically 5×105 to 
1.1×106 cycles. This is to simulate the loading conditions when the wheel is attached with a 
moving vehicle under normal highway conditions. 

Finite element analysis (FEA) plays an important role in designing alloy wheels to 
pass the mandatory mechanical tests including the dynamic radial fatigue test. Significant 
reduction in cost and time associated with the wheel design and testing processes can be 
obtained by the use of FEA. In addition, optimisation of the wheel design by using FEA can 
lead to superior product quality, such as stronger and/or lighter wheels [1]. 

Regarding the FEA of the wheel radial fatigue test, there are two modelling methods 
mainly reported in the literature. The first method is modelling the cyclic radial loading 
applied to the wheel by a number of static load cases [2]. The second is a more simplified 
model using only a single static load case with an empirical factor to estimate the equivalent 
cyclic stress [3]. In this work, the two modelling methods were evaluated in terms of solution 
accuracy, computational resources used and effort required in the fatigue evaluation 
procedure. For the comparison between prediction and real-test results, regions in the wheel 
where high stresses were predicted by FEA were compared with regions where cracking 
occurred in the wheel test. 

 
 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
 

Figure 1. Schematic layout of the wheel radial fatigue test. 
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ABSTRACT 
 

Zeolitic Imidazolate Frameworks (ZIF's) are new exciting materials which are a 
subgroup of Metal Organic Frameworks (MOF’s). They consist of metal ions connected by 
organic linkers forming porous solids with permanent porosity. By exchange of the organic 
linkers they can be modified and thus be tailored for special purposes. While many MOF’s are 
not stable over longer time, many ZIF’s show an outstanding thermal and chemical stability. This 
makes them promising candidates for industrial use as adsorbents ore membranes for gas 
separation or gas storage purposes. 

Because of the huge number of possible ZIF structures, some overview papers have been 
published in which Monte Carlo and Molecular Dynamics simulations investigate adsorption and 
diffusion of gases in ZIF's. In such papers usually rigid lattices have been used in order to save 
computational effort and thus to be able to scan many ZIF's in one paper. But, many ZIF's have 
very flexible lattices. This talk presents studies in which the importance of this flexibility has 
been investigated. 
Examples: 

In ref. 1 it has been shown that a previously published adsorption selectivity CH4/H2 
obtained from simulation with rigid lattice was wrong by seven orders of magnitude. In ref. 1 
good agreement with the experiment could be obtained from simulations with flexible lattice. 
The reason was breathing of the size of the windows connecting adjacent cavities that allowed 
CH4 to pass the windows. 

Besides the window breathing there is an effect called ‘gate opening’. This means that 
the window size increases by a reversible rotation of the imidazolate linker without extension of 
the other parts of the lattice. Such effects have been published in refs. 2,3. Figure 1 shows the gate 
opening in ZIF-8 caused by N2 guest molecules2. 
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 ABSTRACT 
  

We present a capping scheme for hybrid quantum-mechanical (QM/MM) calculations 
which is designed to reproduce the molecular structure, frontier bond potential, and 
spectroscopic properties for the quantum subsystem. An optimization of capping atom 
potentials is capable to reduce the perturbations of the electronic structure which are normally 
caused by a traditional link atoms between quantum and classical regions.  In a previous study 
[J. Chem. Theory Comp., 5, 1490-1498 (2009)], we  proposed analytic effective core 
potentials to replace the boundary atom on the active part of QM/MM method with a small set 
of adjustable parameters by means of variational  perturbation theory. In the present study, 
our unique form of designed capping atom has been extended a suitable penalty functional 
including orbital information. Such theoretical models can be applied to reproduce the 
electronics structure of covalent bonds replaced with a capping pseudo potential atom in a 
wide range, such as C-C, C-N, C-O bonding. We demonstrate the efficiency of our optimized 
potentials for a series small molecules to structural and energetic results in the context of 
ground and excited properties such as protonation energies, optimized geometries, NMR 
chemical shifts and UV/Vis absorption. Our optimized QM/MM capping potentials are 
another step toward a realistic first principles prediction of spectroscopic parameters in 
complex chemical environments using a hybrid QM/MM calculations. 

 

 

Figure 1. An illustration of the QM/MM partitioning.  Cleavage of covalent bonds replace 
with a capping pseudo potential atom. 
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 ABSTRACT 
 

Hard disc drives with high areal density and the low cost are a significant requirement 
in the marketplace. In order to achieve the required high capacity, the key factor to fulfil this 
aim is the reduction of the grain size as much as possible while sustaining a sufficiently large 
signal to noise ratio (SNR) and thermal stability of written information withstanding the 
demagnetizing field for 10 years [1]. There are several alternative approaches to overcome 
these limitations such as heat-assisted magnetic recording [2], microwave assisted magnetic 
recording [3] and bit pattered media [4]. Unfortunately, there are several limitations of these 
novel technologies which are not only a new design of write head but also the nano 
fabrication process for industry. Therefore, new designs of conventional perpendicular 
recording media (PRM) are still the favoured option and perpendicular magnetic recording 
remains the only technology currently used in hard disk drive. Recently, a new design of 
hybrid granular recording media [5-7] has been introduced, combining the advantages of 
exchange coupled composite (ECC) media with coupled granular continuous (CGC) media 
called hybrid ECC/CGC media to improve the performance of recording media in order to 
achieve an areal density beyond 1 Tbit/in2 in conventional perpendicular recording. At 
present, the studies of the reversal process of such a complex structure as hybrid ECC/CGC 
media are lacking due to the complex ultra-thin multilayer design and are still required in 
experiment and theory. In order to deeper understand the magnetization reversal mechanisms 
behind the complex structure of PRM and also take full advantage of this media, an atomistic 
spin dynamics simulation is used to investigate theoretically the magnetic properties and the 
magnetization reversal behaviour for a composite media design. This model allows to 
investigate the effect of the magnetostatic interaction and inter/intra layer exchange coupling 
for realistic system. The composite granular medium investigated consists of hard and soft 
composite layers in which the grains are well segregated with a continuous layer capping 
layer deposited to provide uniform exchange coupling as fig.1 a). We present a detailed 
calculation aimed at revealing the reversal mechanism. In particular, the angular dependence 
of the critical field is investigated to understand the switching process as shown in fig.1 b). 
The calculations show a complex reversal mechanism driven by the magnetostatic interaction. 
It is also demonstrated, at high sweep rates consistent with the recording process, that thermal 
effects lead to a significant and irreducible contribution to the switching field distribution. 
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Figure 1. a)  the few grains structure for ECC/ CGC media and b)  variation of the 
normalized critical field as a function of angle including demagnetizing field at 0 K and 
300 K 
 
Keywords: Switching field, the critical field, and magnetisation reversal behaviour. 
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 ABSTRACT 
 

Hard disc drives with high areal density and the low cost are a significant requirement 
in the marketplace. In order to achieve the required high capacity, the key factor to fulfil this 
aim is the reduction of the grain size as much as possible while sustaining a sufficiently large 
signal to noise ratio (SNR) and thermal stability of written information withstanding the 
demagnetizing field for 10 years [1]. There are several alternative approaches to overcome 
these limitations such as heat-assisted magnetic recording [2], microwave assisted magnetic 
recording [3] and bit pattered media [4]. Unfortunately, there are several limitations of these 
novel technologies which are not only a new design of write head but also the nano 
fabrication process for industry. Therefore, new designs of conventional perpendicular 
recording media (PRM) are still the favoured option and perpendicular magnetic recording 
remains the only technology currently used in hard disk drive. Recently, a new design of 
hybrid granular recording media [5-7] has been introduced, combining the advantages of 
exchange coupled composite (ECC) media with coupled granular continuous (CGC) media 
called hybrid ECC/CGC media to improve the performance of recording media in order to 
achieve an areal density beyond 1 Tbit/in2 in conventional perpendicular recording. At 
present, the studies of the reversal process of such a complex structure as hybrid ECC/CGC 
media are lacking due to the complex ultra-thin multilayer design and are still required in 
experiment and theory. In order to deeper understand the magnetization reversal mechanisms 
behind the complex structure of PRM and also take full advantage of this media, an atomistic 
spin dynamics simulation is used to investigate theoretically the magnetic properties and the 
magnetization reversal behaviour for a composite media design. This model allows to 
investigate the effect of the magnetostatic interaction and inter/intra layer exchange coupling 
for realistic system. The composite granular medium investigated consists of hard and soft 
composite layers in which the grains are well segregated with a continuous layer capping 
layer deposited to provide uniform exchange coupling as fig.1 a). We present a detailed 
calculation aimed at revealing the reversal mechanism. In particular, the angular dependence 
of the critical field is investigated to understand the switching process as shown in fig.1 b). 
The calculations show a complex reversal mechanism driven by the magnetostatic interaction. 
It is also demonstrated, at high sweep rates consistent with the recording process, that thermal 
effects lead to a significant and irreducible contribution to the switching field distribution. 
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Figure 1. a)  the few grains structure for ECC/ CGC media and b)  variation of the 
normalized critical field as a function of angle including demagnetizing field at 0 K and 
300 K 
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 ABSTRACT 
 
  The GMR and TMR investigations lead to a significant improvement in the potential 
applications in data storage technology such as readers in hard disk drives and spintronic 
devices. Spin torque induced magnetisation switching is a possible technique to control and 
manipulate the orientation of the magnetisation. This phenomenon provides a new concept for 
the development of advanced MRAM, nonvolatile logics and readers in hard disk drives. It 
has opened up the possibility to achieve a smaller reader subsequently leading to increases in 
the areal density in the hard disk drives. It is important to understand the physics behind the 
operation of readers which enables us to design them appropriately. Computational models of 
read sensors are generally based on micromagnetic approaches. Although successful, it is 
limited in a number of ways which makes the formalism inappropriate for the investigation of 
a number of factors which will become increasingly important with further scaling of device 
dimensions. Interestingly, the atomistic simulation of magnetic system increasingly becomes 
an essential tool in understanding the complex behaviour of the magnetic system such as the 
diffuse interface while the micromagnetic models cannot deal with this problem.  

The physics of the STT phenomenon can be described in terms of a spin 
accumulation, which interacts with the local magnetic moments via a quantum mechanical 
exchange interaction. In general, the standard micromagnetic approach is extensively used to 
describe the STT effect via the spin torque coefficients: μx and βx. These coefficients 
describe the adiabatic and non-adiabatic contributions to STT. Their values are taken as an 
unknown constant but the magnitude of βx is still a matter of discussion. we study 
theoretically the spin-transfer torque acting on the magnetization when injecting polarised 
conduction electrons into a magnetic system. The spin accumulation is calculated self-
consistently and naturally includes the adiabatic and non-adiabatic contributions, which 
depend on the rate of change of magnetization in relation to the spin diffusion length.  

  We propose a theoretical model to study the spin transport, particularly the interfacial 
resistance in a noncollinear system with a diffuse interface. The realistic interface region 
arising from the sputtering process is first modeled by using Fick’s law. Subsequently, the 
spin transport behavior can be determined via a generalized spin accumulation model taking 
into account spin dephasing. Our model is able to deal with the magnetic system with 
arbitrary orientation of magnetization by employing the transform matrix approach. The 
model is used to investigate spin accumulation in a bilayer consisting of a non-magnet. It is 
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  The GMR and TMR investigations lead to a significant improvement in the potential 
applications in data storage technology such as readers in hard disk drives and spintronic 
devices. Spin torque induced magnetisation switching is a possible technique to control and 
manipulate the orientation of the magnetisation. This phenomenon provides a new concept for 
the development of advanced MRAM, nonvolatile logics and readers in hard disk drives. It 
has opened up the possibility to achieve a smaller reader subsequently leading to increases in 
the areal density in the hard disk drives. It is important to understand the physics behind the 
operation of readers which enables us to design them appropriately. Computational models of 
read sensors are generally based on micromagnetic approaches. Although successful, it is 
limited in a number of ways which makes the formalism inappropriate for the investigation of 
a number of factors which will become increasingly important with further scaling of device 
dimensions. Interestingly, the atomistic simulation of magnetic system increasingly becomes 
an essential tool in understanding the complex behaviour of the magnetic system such as the 
diffuse interface while the micromagnetic models cannot deal with this problem.  

The physics of the STT phenomenon can be described in terms of a spin 
accumulation, which interacts with the local magnetic moments via a quantum mechanical 
exchange interaction. In general, the standard micromagnetic approach is extensively used to 
describe the STT effect via the spin torque coefficients: μx and βx. These coefficients 
describe the adiabatic and non-adiabatic contributions to STT. Their values are taken as an 
unknown constant but the magnitude of βx is still a matter of discussion. we study 
theoretically the spin-transfer torque acting on the magnetization when injecting polarised 
conduction electrons into a magnetic system. The spin accumulation is calculated self-
consistently and naturally includes the adiabatic and non-adiabatic contributions, which 
depend on the rate of change of magnetization in relation to the spin diffusion length.  

  We propose a theoretical model to study the spin transport, particularly the interfacial 
resistance in a noncollinear system with a diffuse interface. The realistic interface region 
arising from the sputtering process is first modeled by using Fick’s law. Subsequently, the 
spin transport behavior can be determined via a generalized spin accumulation model taking 
into account spin dephasing. Our model is able to deal with the magnetic system with 
arbitrary orientation of magnetization by employing the transform matrix approach. The 
model is used to investigate spin accumulation in a bilayer consisting of a non-magnet. It is 
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shown that that the interfacial resistance strongly depends on the relative orientation of 
magnetization as it decreases with increasing the angle between magnetizations. Influence of 
interdiffusion, spin current density and spin polarization on GMR are also investigated. We 
found that the interdiffusion of FM-NM interface giving rise to large spin scattering enhances 
GMR as demonstrated in Fig. 1. In addition, high MR output can be achieved by using 
materials with high spin polarization. The results demonstrate that the proposed model is able 
to calculate magnetoresistance for real devices and useful for device design.  

 
 

Figure 1.  Resistance change and MR ration of the reader as a function of interface 
thickness 

 
Keywords: spin torque, spin transport, reader. 
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 ABSTRACT 
 

High energy experimental particle physics community has been produced the world's 
largest datasets for decades. At CERN Large Hadron Collider (LHC), the Compact Muon 
Solenoid (CMS) experiment has been collected the data from proton collisions with the rate 
of 1 kHz. The data has been reconstructed and analyze together with the Monte Carlo 
samples. Physicists around the world analyze this data to search for new physics, for 
examples, supersymmetric particles or dark matter, or to precisely measure the known physics 
parameters, for examples, top quark mass or cross-sections of standard model processes. In 
this talk, we will discuss the CMS computing system, starting from RAW data to physics 
results, and challenges in software and computing developments of CMS and high energy 
physics community. 
 
Keywords: Large Hadron Collider, Compact Muon Solenoid, LHC, CMS. 
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 ABSTRACT 
 

The Korriga-Kohn-Rostoker method with coherent potential approximation (KKR-
CPA) is one of the effective methods for investigating electronic structure and magnetic 
properties of a crystal that pertain impurity, vacancy and disorder [1-3]. In this talk, the 
calculated results by KKR-CPA on electronic structures such density of states (DOS) and 
Bloch spectral functions (BSF) of palladium-doped iron telluride (Fe1-xPdxTe, x = 0.70, 0.80, 
0.92 and 1.00) [4] which belong to the class 11 of iron-based superconductors [5-6] will be 
presented. As an example, DOS and BSF at Fermi surface of Fe0.3Pd0.7Te for majority and 
minority spins are shown in Figure 1. 
 
 

      
  
 
Figure 1.  Total density of states (left) and Bloch spectral functions at Fermi surface of 
Fe0.3Pd0.7Te for the majority (center) and minority (right) spins in the plane kz = 0.  

Keywords: Bloch Spectral Functtion, Cohenrent Potential Approximation, Iron-based 
Superconductors. 
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 ABSTRACT 
 

Evolutionary algorithm is an appropriate method used for predicting the crystal 
structures of materials at high pressure. By using USPEX code (Universal Structure Predictor: 
Evolutionary Xtalloraphy) interfacing with available ab initio computational codes (i.e. VASP, 
CASTEP, and Quantum Espresso), the novel structures of some materials (i.e. metal tetraborides 
and thallium) have been predicted at high pressure. The candidates from searching have been re-
optimized with accurate criteria of calculation. Also the related properties of them would be 
demonstrated. For metal tetraborides consisting of FeB4 and OsB4, the semiconductor phases of 
both materials have been predicted at practical pressures. The predicted phases also exhibit 
hard/superhard materials and have large incompressibility. For thallium, a distorted face-centered 
cubic phase has been proposed at 80 GPa. This prediction has been confirmed by using an angle 
dispersive X-ray diffraction technique. The calculations suggest that s–p mixing states and the 
valence-core overlapping of 6s and 5d states play the most important roles for the phase 
transitions along the pathway h.c.p →f.c.c. →b.c.t. 

 
Keywords: Evolutionary algorithm, Phase transition, metal tetraboride and thallium  
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ABSTRACT 
 
High Energy Physics is one of the most data intensive sciences. Over the years, many physics 
experiment collect a huge amount of data. For example, total amount data of BaBar experiment 
from October 1999 to April 2008 is 2.8 Petabytes. LHC experiment collects data on the order of 
10 Petabytes per years. These data are raw sensor data, which will need to be processed into 
physical quantities. This requires serious computational power. Moreover, analysing high-energy 
physics data typically involve finding event of interest among all the background; for example, 
Higgs Boson decays among all the other more common background events. We aim to give an 
overview of the current computational technique and the challenge in high energy physics 
experiment. 
 

 
 

Figure 1. Particle Detector Response for an Event. 
 
Keywords: Computational Science, Computational Conferences, High Energy Physics, 
Machine Learning. 
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 ABSTRACT 
 
Oxygen reduction reaction (ORR) is a key process in fuel cells, and the most efficient catalysts 
for ORR are based on platinum. Since platinum is a noble and rare metal, there are growing a 
lot of interests to develop alternative catalysts. Recently we theoretically demonstrated that 
hexagonal boron nitride (h-BN), which is catalytically inert insulator with a wide band gap, can 
be functionalized and act as an electrocatalyst for ORR. Such functionalization can be achieved 
by the nitrogen doping or deposition of the BN nanosheets on some transition metals [1,2]. 
Following theoretical suggestions, catalytic activities of h-BN on Au electrodes were examined 
experimentally [3]. The overpotential for ORR at Au electrode was reduced by ca. 270 mV by 
spin coating of the dispersion of liquid exfoliated BN nanosheet, proving the theoretical 
prediction. The present study demonstrates the possibility to functionalize inert materials to 
become ORR catalysts, opening new ways to design effective Pt-free catalysts for fuel cells 
based on materials never before considered as catalysts [4,5]. In our previous works, however, 
ORR on the terrace of BN/Au proceeds only via the 2e– mechanism with reduction of OOH* 
intermediate to H2O2, while the 4e– process is not favorable energetically due to stability of 
OOH* towards dissociation into OH* and O* on BN/Au(111) [3]. The stability of OOH* 
towards dissociation results from the weak adsorption of O* atom on BN/Au(111). Thus, 
providing sites for stabilization of oxygen would promote the effective 4e– pathway of ORR 
with formation of H2O. Then, we demonstrate theoretically that gold nanoparticles (Au-NP) 
supported on BN/Au can provide such active sites for oxygen adsorption. Theoretical analysis 
of a free energy profile along the reaction pathway is performed for a planar Au8 cluster which 
mimics very small and flexible Au-NP. It is demonstrated that OOH* dissociation is promoted 
at the perimeter interface between the Au-NP and BN/Au surface opening the 4e– pathway for 
ORR [6]. Therefore, the increase in the perimeter interface area between the supported Au-NP 
and the surface would result in increase of the ORR activity. Such increase in the perimeter 
interface can be achieved by decrease in size of Au-NP. Finally, it is also demonstrated that 
BN/Au can be utilized as catalysts for hydrogen evolution reaction [7]. 
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Figure 1. (a) Energy diagrams for ORR at BN/Au(111) (black) and Au8@BN/Au(111) 
(red) electrodes and (b) optimized geometry of dissociated OOH on Au8@BN/Au(111). 

 
Keywords: Computational Design, Catalysts, Oxygen Reduction Reaction, Hydrogen 
Evolution Reaction, Boron Nitride 
 
REFERENCES 
1. A. Lyalin, A. Nakayama, K. Uosaki, and T. Taketsugu, Phys. Chem. Chem. Phys., 15

  2809 (2013) 
2. A. Lyalin, A. Nakayama, K. Uosaki, and T. Taketsugu,  J. Phys. Chem. C, 117,  

21359 (2013). 
3. K. Uosaki, G. Elumalai, H. Noguchi, T. Masuda, A. Lyalin, A. Nakayama, and T.  
             Taketsugu, J. Am. Chem. Soc.,136, 6542 (2014). 
4. M. Gao, M. Adachi, A. Lyalin, and T. Taketsugu, J. Phys. Chem. C, 120,  
             15993-16001 (2016). 
5. A. Lyalin, M. Gao, and T. Taketsugu, Chem. Rec., 16, 2324-2337 (2016). 
6. K. Uosaki, G. Elumalai, H. C. Dinh, A. Lyalin, T. Taketsugu, and H. Noguchi,  
             Scientific Reports, 6, 32217 (2016). 
7. G. Elumalai, H. Noguchi, A. Lyalin, T. Taketsugu, K. Uosaki, Electrochemistry  
             Communications, 66, 53-57 (2016). 
 

 Tetsuya Taketsugu received his Ph.D. degree in theoretical chemistry 
from the University of Tokyo in 1994, and became Assistant Professor 
at the University of Tokyo in 1995. In 1999, he moved to Ochanomizu 
University as Associate Professor, and in 2005, he has become 
Professor of quantum chemistry group in Hokkaido University. His 
research interests focus on the development of new methodology to 
explore potential energy surfaces and reaction dynamics, as well as 
theoretical approach to design novel catalyst. 

 

72



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-5, 2017 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. (a) Energy diagrams for ORR at BN/Au(111) (black) and Au8@BN/Au(111) 
(red) electrodes and (b) optimized geometry of dissociated OOH on Au8@BN/Au(111). 

 
Keywords: Computational Design, Catalysts, Oxygen Reduction Reaction, Hydrogen 
Evolution Reaction, Boron Nitride 
 
REFERENCES 
1. A. Lyalin, A. Nakayama, K. Uosaki, and T. Taketsugu, Phys. Chem. Chem. Phys., 15

  2809 (2013) 
2. A. Lyalin, A. Nakayama, K. Uosaki, and T. Taketsugu,  J. Phys. Chem. C, 117,  

21359 (2013). 
3. K. Uosaki, G. Elumalai, H. Noguchi, T. Masuda, A. Lyalin, A. Nakayama, and T.  
             Taketsugu, J. Am. Chem. Soc.,136, 6542 (2014). 
4. M. Gao, M. Adachi, A. Lyalin, and T. Taketsugu, J. Phys. Chem. C, 120,  
             15993-16001 (2016). 
5. A. Lyalin, M. Gao, and T. Taketsugu, Chem. Rec., 16, 2324-2337 (2016). 
6. K. Uosaki, G. Elumalai, H. C. Dinh, A. Lyalin, T. Taketsugu, and H. Noguchi,  
             Scientific Reports, 6, 32217 (2016). 
7. G. Elumalai, H. Noguchi, A. Lyalin, T. Taketsugu, K. Uosaki, Electrochemistry  
             Communications, 66, 53-57 (2016). 
 

 Tetsuya Taketsugu received his Ph.D. degree in theoretical chemistry 
from the University of Tokyo in 1994, and became Assistant Professor 
at the University of Tokyo in 1995. In 1999, he moved to Ochanomizu 
University as Associate Professor, and in 2005, he has become 
Professor of quantum chemistry group in Hokkaido University. His 
research interests focus on the development of new methodology to 
explore potential energy surfaces and reaction dynamics, as well as 
theoretical approach to design novel catalyst. 

 

           COMPUTATIONAL SCIENCE & BIG DATA
FOR SUSTAINABLE AND INNOVATIVE FUTURE 73



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CHE 

-I- 
2 

Mechanisms of C-O Bond Activation and Oxygen 
Activation: Density Functional Study 

 
Panida Surawatanawong,1,C  Taveechai Wititsuwannakul,1 Surawit Visitsatthawong,1 Boodsarin 

Sawatlon,1 Pirom Chenprakhon,2 Yuthana Tantirungrotechai,3 and Pimchai Chaiyen4 
1Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science,  

Mahidol University, Rama VI Rd, Bangkok 10400, Thailand. 
2Institute for Innovative Learning, Mahidol University, Bangkok 10400, Thailand 

3Department of Chemistry, Faculty of Science and Technology, Thammasat University, 
 Pathum Thani, Thailand. 

4Department of Biochemistry and Center of Excellence in Protein Structure and Function, Faculty of 
Science, Mahidol University, Rama VI Rd, Bangkok 10400, Thailand. 

C E-mail: panida.sur@mahidol.edu; Tel. +66 0 2201 5137  
 

 ABSTRACT 
 
We performed density functional calculations to give insights into the mechanisms of two 
important processes: C-O bond activation and O2 activation. In the first process, C−O bond 
activation of aryl ethers attracts substantial interest as it is significant for lignin degradation. 
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. 
Our study showed that the C−O bond oxidative addition is the rate-determining step and tert-
butoxide base could play a role to assist with the formation of Ni(SIPr)(η2-PhOMe), the 
catalytically active species. Moreover, the β-H transfer from the methoxy to the phenyl group 
on Ni-SIPr after the C-O bond oxidative addition is essentially not a stepwise β-H elimination 
as generally perceived, but rather a concerted process that occurs via σ-complex-assisted 
metathesis (σ-CAM). This leads to benzene elimination before H2 binding, in accordance with 
the isotope labeling experiment. In the second process, oxygen activation by flavin-dependent 
enzymes, which leads to oxidation and oxygenation reactions, is one of the most challenging 
issues in flavoenzymology. Density functional calculations and transient kinetics were 
performed to investigate the mechanism of oxygen activation in the oxygenase component (C2) 
of p-hydroxyphenylacetate 3-hydroxylase (HPAH). We found that the protonation of dioxygen 
by His396 via a proton-coupled electron transfer mechanism is the key step in the formation of 
the triplet diradical complex of flavin semiquinone and •OOH. This complex undergoes 
intersystem crossing to form the open-shell singlet diradical complex before it forms the closed-
shell singlet C4a-hydroperoxyflavin intermediate (C4aOOH). Notably, the reaction is nearly 
barrierless. The existence of a positively charged general acid at the position optimized for 
facilitating the proton-coupled electron transfer has emerged as an important catalytic feature 
for the oxygen activation process in flavin-dependent enzymes. 
 
Keywords:  C−O bond activation, nickel, N-heterocyclic carbene, oxygen activation, flavin, 
density functional theory 
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the isotope labeling experiment. In the second process, oxygen activation by flavin-dependent 
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ABSTRACT 
 
Clusters of the elements are characterized by structural richness, unexpected stability and 
unusual bonding patterns. In connection with the theme of conference on computational 
approaches to novel materials, we briefly present our recent results in the search for the most 
thermodynamically stable structures of elemental clusters (genetic search, quantum chemical 
computations, molecular dynamics simulations…). 
Subsequently some novel aspects of structural motifs of the pure and doped boron, silicon and 
silver clusters are presented. Although a cluster basically differs from a classical compound by 
its structure and chemical bonding, the aromatic character of a cluster can be established.  
The clusters found exhibit a variety of motifs and shapes including the circular disk, the bowl, 
the cube, the hollow cylinder, the fullerene-type, cage, buckyball... For each shape, an aromatic 
character can be defined. These aromatic characters can be regarded, for the time being, as non-
classical as they do not follow the conventional electron counting rules (refs 1-9). 
Some possible applications of small pure and doped clusters in catalysis of simple chemical 
reactions such as the CO2, methanol… decompositions, will also be presented. 
 
Keywords: Clusters; Elemental Clusters; Boron Clusters; Silicon Clusters; Silver Clusters; 
Non-classical Structures;, Non-classical Aromaticity. 
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 ABSTRACT 
  

Activation of stable chemical bonds is one of the central topics in organic chemistry 
and catalytic chemistry. Transition metals are commonly used for the catalysts. However, 
metal-free organic compounds also showed the H-H activation capability [1]. Lewis acid and 
base usually quench and make a stable chemical bond. When sterically bulky groups hinder the 
formation of the chemical bond, the Lewis pair is frustrated and affords to break stable bonds 
in small molecules. This frustrated Lewis pair (FLP) has been applied to hydrogenation 
catalysts for alkene and alkynes, and has been recognized as an important chemical concept [2]. 

In this presentation, we present our recent computational study on the mechanism of 
the dihydrogen activation by the LP (Figure 1) developed by the experimental co-workers [3]. 
One of the important issues in the FLP area is regeneration of active species from LP. In the LP 
shown below, the bulky substituents in the phosphine oxide group interact with the B(C6F5)3 
group to make a meta-stable van der Waals complex. This metastable state corresponds to the 
FLP state which can accommodate H2 in a void space between carbene and the B(C6F5)3 groups, 
which can proceed to the H2 cleavage. 

 
Figure 1. Phosphine oxide substituted LP that can be activated to FLP [3] 

 
 Keywords: Frustrated Lewis Pair, Computational Chemistry, Catalystic Chemistry 
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 ABSTRACT 

 
Due to its fast reaction rate with SO2, carbonyl oxides or Criegee intermediates (CIs) 

are thought to be important oxidizing agents in the atmosphere. However, in highly humid 
atmospheric conditions, some CIs react with water vapor to form hydroperoxy alcohols. Since 
these alcohols do not react with SO2, this reaction of CI with water decreases the ability for CIs 
to act as oxidizing agents in the atmosphere. In this study, we examine the substituent 
dependence in the CI’s reactivity toward water vapor. Starting from the simplest CI: CH2OO, 
we calculated for CH3CHOO, CH3CH2CHOO, and (CH3)2COO. Furthermore, to clarify the 
effect of unsaturated carbon bonds, we have also calculated CH2CHCHOO as well as 
CHCCHOO. Since the CIs that are obtained from the ozonolysis of biogenetic alkenes include 
unsaturated carbon bonds, we think the systematic study on these C3 CI will provide a good 
estimate for the CIs in the atmosphere. We performed ab initio calculations and obtained the 
bimolecular rate coefficients between CIs and H2O as well as (H2O)2. The energies were 
calculated with QCISD(T)/CBS//B3LYP/6-311+G(2d,2p) and the partition functions were 
estimated with anharmonic vibrational corrections by using the second-order perturbation 
theory.     

As can be seen from the results given in Figure 1, syn-substituted CIs (CIs with alkyl 
groups in the same direction as the OO bond) are less reactive toward water monomer than anti-
substituted one. Therefore, this characteristic allows syn-substituted CIs to survive in high 
humidity.  

 
 

Figure 1. Arrhenius plot of CI+H2O reaction 
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 ABSTRACT 
  

In the 21st century, Dye-sensitized solar cells (DSSCs) have been considered as an alternative 
to the conventional silicon-based devices in the generation of energy. The overall photovoltaic 
performance of DSSCs depends on many factors, such as molecular design of the dyes, dye 
adsorption characteristics on the semiconductor surface and dye regeneration mechanism. Thus, 
we aimed to improve the efficiency by considering the above factors using state of the art 
theoretical tools.  In designing efficient sensitizer, we have proposed a design strategy and 
identified the suitable electron donors and acceptors and its effects on overall optoelectronic 
properties. In addition, finding an ideal adsorption configuration for a dye on the semiconductor 
surface is an important task. We also investigated the different adsorption configurations of 
designed model dyes on TiO2 anatase (101) surface. Moreover, the influence of cyano group in 
the anchoring part of dye on its adsorption stability and the overall photovoltaic properties such 
as open circuit voltage, electron injection ability to the surface are reported. Furthermore, 
understanding the regeneration mechanism of an oxidized dye with redox couples is most 
significant in improving the efficiency of dye-sensitized solar cells (DSSCs).  We also proposed 
a new regeneration mechanism for organic dyes by assuming the probability of two-electron 
injection from the stable dye-iodide intermediate complex and reported their UV-vis absorption 
spectra. In summary, we have explored all the possible ways to improve the overall photovoltaic 
performance of DSSC by means of designing efficient sensitizers, identifying the appropriate 
dye adsorption configurations and refining dye regeneration mechanism.      

                      
Figure 1. Proposed mechanisms for the photo-oxidized dye regeneration. 

 Keywords: DSSCs, TiO2, anchoring, regeneration mechanism. 
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ABSTRACT 
 

A detailed understanding of the interface between liquid and metal-oxide is fundamental due to 
its relevance to the broad range of physicochemical phenomena and also technological 
applications such as heterogeneous catalysis.  Chemical reactions occurring at the liquid/metal-
oxide interface are very complex, and the probing of the microscopic nature of the interface 
still remains a formidable task for experiments.  In this work, we perform the first-principles 
molecular dynamics simulations for the liquid/metal-oxide interface and investigate the acid-
basis character of the metal-oxide and also the structural and dynamical properties of solvent 
molecules.  In particular, we focus on the catalytic reactions at the water/CeO2 and 
methanol/CeO2 interface since the CeO2 surface has received considerable attention in recent 
years due to its broad scientific and technological importance. 
We will present the following topics: 

(1) First-principles molecular dynamics simulations at the water/CeO2 surface. 
(2) Substrate-specific adsorption of 2-cyanopyridine and hydration by water on CeO2 

explored by the free energy calculations. 
(3) Self-assembled hybrid catalysis of 2-cynopyridine and CeO2 and formation of strong 

base sites at the interface. 
(4) Reaction mechanism for direct synthesis of dimethyl carbonate (DMC) from methanol 

and CO2 over CeO2. 
 
Keywords: Ceria, Acid-Base Catalysis, First-Principles Simulation 
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 ABSTRACT 
 

In the simulation of dynamics with curve-crossing, the states involved are close in energy, 
and the Born-Oppenheimer approximation breaks down.  The dynamics is better described with 
diabatic states, which generally require additional conditions in their definition and description. 
Even though diabatic states are originally defined as the eigenstates of the kinetic energy operator, 
they are over-determined for systems with more than two atoms [1]. Thus, an alternative definition 
is necessary.  Diabatic states are often defined as a state that retains certain key properties when 
the system moves along the reaction coordinate [2].  For example, the generalized Mulliken-Hush 
scheme, a useful method for for electron transfer, retains the dipole moment in the diabatic states 
[3].  The fragment excitation difference scheme is a similar method for energy transfer problems, 
in which the excitation population is localized to each fragment [4]. 

With a singlet exciton split into two triplet excitons, singlet fission has a great potential to 
increase the efficiency of solar cells. The Fragment Spin Difference (FSD) scheme was generalized 
to calculate the singlet fission coupling. Without manually including the CT components, the 
largest coupling strength obtained was 14.8 meV for two pentacenes in a crystal structure, or 33.7 
meV for a transition-state structure, which yielded singlet fission lifetime of 239 or 37 fs, generally 
consistent to experimental result (80 fs). We found that the charge on one fragment in the S1 
diabatic state correlates well with FSD coupling, indicating the importance of the CT component. 
The FSD approach is a useful first-principle method for singlet fission coupling, without the need 
to include the CT component explicitly [5]. Further implementation for spin-completeness or a 
Restrictive Active Space (RAS) excitation improves the quality of excited states.  The results 
predict well for a set of experimentally studied intramolecular singlet fission and triplet-triplet 
annihilation rates. 

Keywords: Singlet fission, Triplet-triplet annihilation, electronic coupling 
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 ABSTRACT 
 
In my talk, firstly I will give a brief introduction of our research team and a summary of our 
research interests and results. I will then focus on the two main topics of our research in the 
field of organic electronics namely dye-sensitized solar cells (DSSCs) and organic light-
emitting diodes (OLEDs). In DSSC, an improvement of the performance of the organic dyes as 
sensitizers for DSSC by fine tuning the chemical structures will be presented. A series of 
organic dipolar compounds forming D-D-π-A type of dyads bearing carbazole-carbazole and 
carbazole-diphenylamine as D-D moieties, number of linearly connected arylene groups as 
central π-conjugation bridges (π), acrylic acid, a cyanoacrylic acid and a fused cyanoacrylic 
acid as anchoring groups (A) were designed, synthesized and investigated. In OLED, a 
molecular design of novel non-doped solution-processed hole-transporting light-emitting 
materials based on triarylamine and carbazole derivatives for single-layer solution processed 
OLEDs will be reported. The structure-property relationships of these materials obtaining from 
experimental and state-of-the-art theoretical calculations will be discussed.  
  
Keywords: Organic materials, Optoelectronic devices, Theoretical calculations. 
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 ABSTRACT 
 
Computational modeling and simulation have served not only as a powerful post-facto tool for 
validating existing principles and knowledge but also a strong predictive tool in the discovery 
of new knowledge in science and engineering. Recent advances in information technology, 
algorithm, and scientific methods, which allow faster and more accurate calculations for more 
realistic systems, have laid a solid foundation for bridging the time and length scale from 
fundamental science to real engineering challenges. In this talk, a demonstration on how to 
bridge fundamental chemistry/physics and reaction engineering modeling/simulation will be 
presented in two domains: (1) gas-phase chemistry and (2) catalysts/materials design (complex 
chemical processes on surfaces). In gas-phase chemistry, examples for understanding and 
modeling atmospheric chemistry and low-temperature combustion of hydrocarbon/alternative 
fuels will be discussed in detail. Then, the demonstration on how to design better catalysts for 
complex chemical systems will be presented. To facilitate the multiscale applications, main 
features of our in-house computational tools, namely MultiSpecies-MultiChannel (MSMC)1 for 
complex gas-phase systems and Surfkin2 for gas-surface reactions, will be introduced. New 
methodologies and approaches (e.g., machine learning) for such interests will be also discussed.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Multiscale approach from fundamental chemistry and physics to reactor 

modeling and simulation. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-5, 2017 

Keywords: Multiscale, Modeling, Simulation, Gas-phase Chemistry, Materials Design, 
Thermodynamics, and Kinetics. 
 
REFERENCES 
1.           Duong, M. V.; Nguyen, H. T.; Truong, N.; Le, T. N. M.; Huynh, L. K. International      

                    Journal of Chemical Kinetics 2015, 47 (9), 564-575.  
                   Website: https://sites.google.com/site/msmccode/ 
2.            Le, T. N.; Liu, B.; Huynh, L. K. Journal of Computational Chemistry, 2014, 35 (26),  

                    1890-1899. 
 

 

Lam K. Huynh earned his Ph.D. in physical chemistry at the 
University of Utah (Utah, USA). After working as a 
Postdoctoral Associate at the University of Michigan (Ann 
Arbor, Michigan, USA) and the Colorado School of Mines 
(Colorado, USA), he joined the International University, 
VNU-HCM as a faculty member since 2010. He has been 
interested in multiscale interdisciplinary modeling and 
simulation of complex chemical systems with the focus on 
combustion of alternative fuels and materials design. He 
has also worked on scientific software development on 
high-performance computing (HPC) platform. 

 

90



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-5, 2017 

 
CHE 

-I- 
10 

Multi-scale Modeling and Simulation for  
Gas-Phase Chemistry and Materials Design:  

Computational Tools and Applications 
 

Lam K. Huynh 

 Department of Applied Chemistry, International University,  
Vietnam National University - HCMC 

Quarter 6, Linh Trung, Thu Duc District, Ho Chi Minh City, Vietnam 

 

 E-mail: hklam@hcmiu.edu.vn;  Fax: +84-8 3724.4271;  Tel. +84-8 2211.4046 (Ext. 3233) 
 

 ABSTRACT 
 
Computational modeling and simulation have served not only as a powerful post-facto tool for 
validating existing principles and knowledge but also a strong predictive tool in the discovery 
of new knowledge in science and engineering. Recent advances in information technology, 
algorithm, and scientific methods, which allow faster and more accurate calculations for more 
realistic systems, have laid a solid foundation for bridging the time and length scale from 
fundamental science to real engineering challenges. In this talk, a demonstration on how to 
bridge fundamental chemistry/physics and reaction engineering modeling/simulation will be 
presented in two domains: (1) gas-phase chemistry and (2) catalysts/materials design (complex 
chemical processes on surfaces). In gas-phase chemistry, examples for understanding and 
modeling atmospheric chemistry and low-temperature combustion of hydrocarbon/alternative 
fuels will be discussed in detail. Then, the demonstration on how to design better catalysts for 
complex chemical systems will be presented. To facilitate the multiscale applications, main 
features of our in-house computational tools, namely MultiSpecies-MultiChannel (MSMC)1 for 
complex gas-phase systems and Surfkin2 for gas-surface reactions, will be introduced. New 
methodologies and approaches (e.g., machine learning) for such interests will be also discussed.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Multiscale approach from fundamental chemistry and physics to reactor 

modeling and simulation. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-5, 2017 

Keywords: Multiscale, Modeling, Simulation, Gas-phase Chemistry, Materials Design, 
Thermodynamics, and Kinetics. 
 
REFERENCES 
1.           Duong, M. V.; Nguyen, H. T.; Truong, N.; Le, T. N. M.; Huynh, L. K. International      

                    Journal of Chemical Kinetics 2015, 47 (9), 564-575.  
                   Website: https://sites.google.com/site/msmccode/ 
2.            Le, T. N.; Liu, B.; Huynh, L. K. Journal of Computational Chemistry, 2014, 35 (26),  

                    1890-1899. 
 

 

Lam K. Huynh earned his Ph.D. in physical chemistry at the 
University of Utah (Utah, USA). After working as a 
Postdoctoral Associate at the University of Michigan (Ann 
Arbor, Michigan, USA) and the Colorado School of Mines 
(Colorado, USA), he joined the International University, 
VNU-HCM as a faculty member since 2010. He has been 
interested in multiscale interdisciplinary modeling and 
simulation of complex chemical systems with the focus on 
combustion of alternative fuels and materials design. He 
has also worked on scientific software development on 
high-performance computing (HPC) platform. 

 

           COMPUTATIONAL SCIENCE & BIG DATA
FOR SUSTAINABLE AND INNOVATIVE FUTURE 91



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-5, 2017 

 

CHE 
-I- 
11 

The Role of the Chemical Environment in 
Simulations of Photoactive Organic Materials 

 
Viktor Laszlo, Keenan Komoto, Natalya Garcia, Zoe Pollard, 

Khoa Le, Alessandro Banducci, Alyssa Goodey, and Tim Kowalczyk 
Department of Chemistry, Advanced Materials Science & Engineering Center, 

and Institute for Energy Studies, Western Washington University, Bellingham, WA 98225, USA 

 

E-mail: Tim.Kowalczyk@wwu.edu;  Fax: +1 360 650 6562;  Tel. +1 360 650 6622  
 

 ABSTRACT 
 
In the design of organic materials that selectively absorb, manipulate, and emit visible light, 
molecular simulations offer mechanistic insights that are difficult to glean from experiment. 
The complex chemical environments in which these materials operate afford opportunities to 
fine-tune photophysical properties but also present obstacles to high-throughput virtual 
screening. In this context, multiscale models that couple a quantum mechanical description of 
the chromophore to a classical description of the molecular environment are valuable, but errors 
from the approximations they introduce can be difficult to quantify. Here we share insights 
gleaned from developing and applying approximate excited-state molecular simulations1,2 to 
predict the effects of local chemical environments on the absorption, charge and energy 
transfer, and emission properties of selected organic chromophores. We employ multiscale 
models rooted in excited-state density functional theory (DFT) and DFTB to study dye-assisted 
photosensitization of singlet oxygen and to rationalize changes in the photophysics of 
chromophores in constrained environments.3,4 Solvatochromic shifts obtained from a quantum 
mechanical treatment of the chromophore and its surroundings highlight the importance of the 
chromophore’s local environment in the selection of a suitable computational model. 

  
Figure 1. Embedding and encapsulation of organic chromophores alter their 

photoactivity. 
  
Keywords: excited states, density functional tight binding, solvatochromism, singlet oxygen. 
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ABSTRACT  

 
Catalysis by nanoscaled particles (nanocatalysis) is one of the most exciting fields of modern 
nanoscience. The enormous interest in nanocatalysis is stipulated by the fact that the catalytic 
activity of nanoparticles is strongly dependent on their size, structure, morphology, charge state, 
type of the support material, etc., and hence can be controlled and tuned by these factors. 
However, despite intensive theoretical and experimental studies, the clear understanding of the 
morphology effects in nanocatalysis is still lacking. Metal clusters are structural flexible, which 
leads that they can possess different geometrical structures and different reactivity for the same 
sized cluster. This property makes the investigation of catalytic activity for metal clusters 
relatively difficult. Recently, we proposed a novel effective strategy for a systematic search of 
single bond activation reaction by small metal clusters. [1-3] This approach is based on the global 
reaction route mapping [4] technique by using the artificial force-induced reaction method. [5] 
The results demonstrated that the most stable structure of metal clusters are not always highly 
reactive and the most stable adsorption configurations of reactants on metal clusters do not 
necessarily lead to the low-energy dissociation pathways (Figure 1). Therefore, in order to 
investigate the activity of metal clusters, the contribution of all the possible reaction sites and 
low-energy isomers are highly required. 
 
 
 
 
 
 
 
 
 
 

 
 

 
Keywords: Metal Cluster, Catalytic Activity, Isomers  

Figure 1. Reaction Scheme of H2 dissociation paths on Au8 
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 ABSTRACT 
 
 The first theoretical study on the catalytic active site of single-handed helical 
poly(quinoxaline-2,3-diyl)s (PQXs) bearing chiral (R)-2-butoxymethyl ligand for the 
enantioselective palladium catalyzed asymmetric hydrosilylation of styrene reaction has been 
performed. Initially, we have calculated electronic circular dichroism spectra (ECD) of the right-
handed polymer ligand (P) and the left-handed polymer ligand (M) helices of 21 mers using 
simplified Tamm-Dancoff approximation (sTDA) approach [1] compared with experiment [2]. 
Our computational results were able to successfully reproduce the experimental CD spectra.  
Then, the Chalk-Harrod and the Modified Chalk-Harrod mechanisms have been investigated by 
DFT calculations. The results concluded that this reaction proceeds through the Chalk-Harrod 
mechanism.  Moreover, the palladium catalyst with presence of R and S chiral ligands have been 
examined. Our results indicated that steric effects have played an important role in defining the 
regio-, stereo-, and enantioselective. Moreover, the helix stability of four systems (PS, PR, MS, 
MR) were studied by ONIOM2 (ωB97XD/6-31G(d), SDD(Pd) // PM6) calculations. Our results 
in line with the experiment finding which revealed that P helix gave an enantioenriched 
hydrosilylation product with the S configuration and M helix gave the R product selectively [3].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: hydrosilylation, polymer chiral catalyst, palladium, ECD spectra, enantioselective 
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ABSTRACT 
 

How a protein moves, relaxes and conform into a stable configuration has been a subject of 
continued interest for decades. Yet, a complete understanding of protein folding remains an open 
question from a first principle approach primarily due to inaccessible time scale. Some degree of 
approximation is therefore unavoidable in almost all models involving atomistic details to coarse-
grained (CG) descriptions. Coarse-graining procedures generally involves simplifying structural 
details, devising interaction potentials, exploring the phase space selectively, resorting to efficient and 
effective methods, etc. Using a coarse-grained approach with reduced degrees of freedom and 
incorporating knowledge-based (e.g. NMR and X-ray crystallography structures of proteins from 
PDB) data ensembles in a phenomenological potential, we investigate the conformational dynamics of 
proteins. Examples include intrinsically disordered proteins such as histones (H3.1, H2AX) and 
Alpha-Synuclein (ASN), amyloid Lysozyme, and membrane proteins (e.g. hHv1, corA). A number of 
local and global physical quantities are analyzed including contact map, energy and mobility profiles, 
mean square displacement of protein, its radius of gyration, structure factor etc. 

Structure and dynamics of H3.1 and H2AX are studied as a function of temperature and in 
implicit and explicit solvent. Several interesting observations are made [1] such as continuous 
conformational transition from globular to random coil in H3.1 to non-monotonic thermal response in 
H2AX. Alpha-synuclein is linked to such neurodegenerative diseases as Parkinson’s disease (PD) and 
Alzheimer disease via toxic clumping into amyloid fibrils. Structure and dynamics of ASN is 
investigated as a function of temperature. Based on the mobility profile, we are able to identify [2] 
three distinct segment of ASN along its contour, i.e. sluggish N-terminal and C-terminal (least 
mobile) separated by the central region, the non-amyloid component (NAC) with higher mobility. 
Contact profile shows that the probability of intra-chain residue aggregation (clumping) is higher in 
the N-terminal region than the C-terminal with least aggregation in the NAC region. Variation of the 
radius of gyration (Rg) with the temperature is consistent with the finding of Allison et al. [3]. 
Estimate of the effective dimension (D) of the protein structure is consistent with the estimates 
reported by Uversky et al. [4]. Self-organizing dynamics of lysozymes (an amyloid protein) is 
investigated in detail [5] as function of temperature and protein concentration (effect of crowding) and 
made several interesting observations. For example, the dynamics of an isolated lysozyme is ultra-
slow (quasi-static) at low temperatures and becomes diffusive asymptotically on raising the 
temperature. In contrast, the presence of interacting proteins leads to concentration induced protein 
diffusion at low temperatures and concentration-tempering sub-diffusion at high temperatures. 
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Investigations of the thermal response of membrane proteins (corA, hHv1) have been initiated 
recently and made some interesting observations already. For example, the inner (icorA) and outer 
(ocorA) segments of the transmembrane corA protein exhibit [5] asymmetrical thermal response to its 
conformations. Very recently, conformational response of the transmembrane segments of a voltage-
gated human proton channel (hHv1) is also examined and find contradictory thermal response in 
native phase and high temperature denatured phase.  
 
Keywords: coarse-grain model, computer simulations, proteins 
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 ABSTRACT 
  

There are three universal molecular-processes observed in life phenomena, namely 
self-organization, molecular recognition, and chemical reaction. All these processes in living 
system do not work spontaneously in the condition in which the molecules are isolated in 
vacuum. It means water plays essential role in the processes. Therefore, to consider the 
processes, the theory should describe the solvent environment properly. Recently, we 
developed the methods to tackle the biological processes in water based on the statistical 
mechanics theory of liquids which is referred as three-dimensional reference interaction site 
model (3D-RISM) theory.1,2 The 3D-RISM theory and its extended versions are successfully 
applied various chemical and biological processes in solution. 

One of the most important processes in biological systems is a proton transfer 
reaction, namely protonation and de-protonation processes. The protonation state sometime 
determines the reactivity of enzyme, the structural stability, solubility of molecule and so 
forth. Therefore, the development of the methods to predicting the protonation states is highly 
desired. 

In this talk, we review our recent studies on the pKa change of drug molecule in 
solution and the development of the method for pKa prediction based on the 3D-RISM-SCF 
theory. 

Changes in the pKa of p-carboxybenzeneboronic acid (PCBA) upon complex 
formation with monosaccharide are considered by using the 3D-RISM-SCF theory. The pKa 
of PCBA is lowered through complex formation, which is consistent with experimental 
observations. (Figure 1.) Free energy component analysis of the dissociation reaction was 
performed to investigate the details of the contribution to the pKa shift. The magnitudes of the 
changes in both the electronic energy and the solvation free energy were smaller for the 
PCBA-complex than for PCBA. These smaller changes can be attributed to the delocalization 
of the excess charge and to a reduction of the solvent-accessible area near the boric acid 
group because of the steric bulk of the monosaccharide. 

In the above study, we used a simple scheme to adjust overestimated computed pKa 
values. The corrected values worked well in our investigation; however, accurate pKa 
prediction is essential, and an elaborated method beyond the simple empirical correction used 
above is highly anticipated. Therefore, we proposed an efficient algorithm to predict pKa a 
value of dissociative amino acid in the protein based on the 3D-RISM-SCF theory. In the 
method, pKa value of amino acids is evaluated using least square fitting using parameters 
determined for small reference molecules, which is analogue of the method proposed by 
Matsui et al.5 Using this scheme, we can obtain a semi-quantitative pKa value of specific 
chemical groups, like COOH, NH3

+, and so on. We estimate pKa value of amino acid (Asp, 
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Glu, Lys, Cys, Try, His and Ser) with parameters. The results quantitatively agree with the 
experimental results. 
 

 
Figure 1. pKa shift of PCBA by the complex formation with monosaccharide. 

  
Keywords: pKa, 3D-RISM-SCF theory, Molecular orbital method, Solvent effects. 
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 ABSTRACT 
  

Amyloids are insoluble and misfolded fibrous protein aggregates and associated with more 
than 40 serious human diseases. For example, amyloid-β fibrils (Aβ) are known to be 
associated with the Alzheimer’s disease. We performed molecular dynamics (MD) 
simulations of Aβ fibrils in explicit water. We discovered that molecular structure is different 
between two ends: The two β-sheets β1 and β2 are close to each other. On the other hand, at 
the odd end the Aβ peptide fluctuates more and takes an open form, too [1]. Our theoretical 
prediction was proved by experiment after our MD simulations. We also performed 
nonequilibrium molecular dynamics simulations of an Aβ fibril in explicit water under 
supersonic wave to mimic some experimental reports that cavitation disrupts amyloid fibrils 
[2]. We found that when the pressure was decreased to a negative value, a bubble formation 
was observed. When the pressure was increased to a positive value, water molecules attacked 
the hydrophilic residues, the bubble collapsed, and the fibril was disrupted. 
 
Keywords: Molecular Dynamics, Amyloid Fibril. 
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 ABSTRACT 
  

Computational studies are an essential part of research in Biochemistry today. The goal of 
theoretical investigation of biochemical processes is to gain a deeper insight into the 
molecular mechanism behind the process of study.   It can further be used to predict the 
results of experiments. Protein Bioinformatics is a useful technique to understand biochemical 
processes of proteins on various levels including protein modeling, protein docking, and 
protein molecular dynamics.  In our group, we focus on the anticancer targeted protein, the 
epidermal growth factor receptor (EGFR).  This protein plays a crucial role in cellular 
signaling pathways that regulates key functions, especially proliferation. The EGFR 
abnormalities have been associated with several types of human cancer. Nowadays, there are 
cancer-treated drugs that inhibit the activity of tyrosine kinase (TK) domain of EGFR – a 
signaling part of this protein. However, each drug specifically treats with each cancer type 
and some tumor patients have resisted to those drugs. A discovery of better new efficient 
inhibitors is extremely needed.  The virtual screening of compound databases, engineering 
peptide inhibitors, and screening nanobody library against EGFR-TK have been used to 
discover new inhibitors. These inhibitors including compounds, peptides, and nanobodies 
were tested on enzymatic inhibiting assay and non-small cell lung cancer cells, A549.  
Furthermore, the molecular dynamics simulation has been applied for the complex of the 
EGFR-TK with inhibitors and their asymmetric homodimer and heterodimer dimers to 
understand the molecular interaction.  
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Figure 1. Three inhibitors against tyrosine kinase of EGFR: small compounds, 
engineering MIG6 peptides, and nanobodies  
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 ABSTRACT 
  

Mercaptopyruvate sulfurtransferase (MST) catalyzes sulfur transfer from mercaptopyruvate to 
sulfur acceptors, and the initial step of the catalytic reaction is the formation of cysteine 
persulfide via the S-sulfhydration of the corresponding cysteine residue in the active site. 
Mechanism of sulfur transfer for S-sulfhydration is generally anticipated to proceed through 
the transfer of the SH group (Nu−SH••••−S−R → Nu−••••HS−S−R), and the other route 
involves the sulfur atom (S0) transfer occurring between two sulfhydryl anions 
(Nu−S−••••−S−R → Nu−••••−S−S−R) and is considered electrostatically unfavorable. In the 
enzyme system of human MST (PDB code: 4JGT), theoretical calculations at the level of 
ONIOM(M06-2X:Amber99sb) demonstrate that the S0 transfer is more kinetically favorable 
than the SH transfer. The Ser250 residue of the Ser250/His74/Asp63 triad around the active 
site first deprotonates the sulfhydryl group of the mercaptopyruvate substrate to initialize the 
S0 transfer, and additionally stabilizes the product in the form of pyruvate enolate with 
hydrogen-bond interactions. An electrostatic-interaction model is concluded to account for the 
S0 transfer: the relatively electron-rich region of the S0 atom being transferred interacts with 
its surrounding NH/OH groups of the Cys248-Gly249-Ser250-Gly251-Val252-Thr253 
(CGSGVT) loop, which structurally orients the electron-deficient region of the S0 atom facing 
toward the lone-pair electrons of the sulfhydryl anion of Cys248. Analyses of electrostatic 
potentials and frontier orbitals exhibit that the specific conformation of this CGSGVT loop 
not only stabilize the sulfhydryl/persulfide anions of the Cys248 residue, but is also able to 
enhance the electrophilicity of the persulfide anion. The S0 transfer which is seldom regarded 
possible is hence, facilitated by both of the triad and the loop effects of the catalytic enzyme. 
The specificities that MST binds mercaptopyruvate while rhodaneses (a.k.a. thiosulfate 
sulfurtransferases) bind thiosulfates, are also explained by the simulations.   
  
Keywords: Mercaptopyruvate sulfurtransferase, Persulfidation, Rhodanese. 
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 ABSTRACT 
  

The amyloid-β peptides (Aβ) form amyloid fibrils which are associated with Alzheimer's 
disease. It is necessary to clarify the oligomerization process of Aβ in order to understand the 
amyloid fibril formation process and to find a remedy for Alzheimer's disease. To investigate 
the oligomerization process of Aβ, we applied the Hamiltonian replica-permutation method 
(HRPM) [1-3] to Aβ fragments, Aβ(29-42) peptides, in explicit water solvent. Aβ(29-42) 
consists of the residues 29 to 42, which correspond to the transmembrane domain of Aβ. The 
length of Aβ after residue 29 is a critical determinant of the amyloid formation rate. 
Moreover, this fragment forms amyloid fibrils by itself. HRPM combines the advantages of 
RPM and the Hamiltonian replica-exchange method (HREM). RPM is a better alternative to 
REM. In RPM, temperature permutations among more than two replicas are performed with 
the Suwa-Todo algorithm. In HREM, by exchanging the parameters that are related only to 
limited degrees of freedom, the number of replicas can be decreased in comparison with 
REM. In our presentation, we will introduce HRPM and show the oligomerization process of 
Aβ(29-42) [4]. 

 
 

Figure 1. Tetramer formation pathway of Aβ fragments. 
  
Keywords: Amyloid-beta peptides, Molecular dynamics simulation, Generalized-ensemble 
algorithm. 
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ABSTRACT 

 
A circadian rhythm is a biological endogenous oscillation of approximately 24 hours widely 
seen from prokaryotes to higher organisms. The simplest circadian clock is found in 
cyanobacteria whose oscillation consists of only three proteins, KaiA, KaiB, and KaiC.[1] 
More interestingly, it was discovered from an in-vitro experiment the circadian rhythm of 
phosphorylation of KaiC in the presence of KaiA, KaiB, and ATP.[2] Because of the 
simplicity of Kai system, various experimental studies have been performed to examine 
structures and functions of Kai system after the reconstruction experiment. As a result, it was 
revealed that the circadian rhythm is due to the phosphorylation cycle of S431 and T432 in 
the so-called CII domain in KaiC, induced by the interactions of KaiA and KaiB.[3] It was 
also recently reported that the ATPase activity in another domain, called CI domain, in KaiC 
is proportional to the frequency of phosphorylation cycle.[4] In addition to experimental 
studied, theoretical studies have been conducted to understand the circadian rhythm of Kai 
system[5]. In almost all theoretical studies, however, only the phosphorylation states of S431 
and T432 have been considered and, but the ATP hydrolysis reactions in KaiC have not been 
considered explicitly. Here we present a simple but semi-quantitative reaction model, which 
can successfully reproduce not only the circadian rhythm but also several other experimental 
results of Kai system.[6] 
 
Keywords: Circadian rhythm, reaction model, Kai system, phosphorylation, ATP hydrolysis 
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studied, theoretical studies have been conducted to understand the circadian rhythm of Kai 
system[5]. In almost all theoretical studies, however, only the phosphorylation states of S431 
and T432 have been considered and, but the ATP hydrolysis reactions in KaiC have not been 
considered explicitly. Here we present a simple but semi-quantitative reaction model, which 
can successfully reproduce not only the circadian rhythm but also several other experimental 
results of Kai system.[6] 
 
Keywords: Circadian rhythm, reaction model, Kai system, phosphorylation, ATP hydrolysis 
 
REFERENCES 
1.           Ishiura M., et al., Science, 1998, 281, 1519-1523. 
2.           Nakajima M., et al., Science, 2005, 308, 414-415. 
3.           Nishiwaki T., et al., EMBO J., 2007, 26, 4029-4037. 
4.           Abe J., et al. Science, 2015, 348, 312-316. 
5.           For example, Phong C., et al., Proc. Natl. Acad. Sci. U.S.A., 2013, 110, 1124-1129. 
6.           Koda S., & Saito S., to be submitted. 
 
 

           COMPUTATIONAL SCIENCE & BIG DATA
FOR SUSTAINABLE AND INNOVATIVE FUTURE 109



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 

Shinji Saito received his B.S. and M.E. from Keio University and 
Kyoto University. He got his Ph.D. from The Graduate University for 
Advanced Studies in 1995. He joined Nagoya University as a research 
associate in 1994 and became an associate professor in 1998. He has 
been a professor in Institute for Molecular Science (IMS) since 2005. 
He has been the chair of Department of Theoretical and Computational 
Molecular Science (since 2012) and the director of Research Center for 
Computational Science (since 2011) in IMS. 
His research interest is theoretical analyses of hierarchical and 
heterogeneous dynamics and of properties, functions, and reactions in 
condensed phase systems e.g., liquids, glasses, and proteins. 

 

110



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
BIO 
-I- 
8 

Computational Design of Protein Inhibitor for  
Dengue Envelope Protein 

 
Vannajan Sanghiran Lee 1 

1 Department of Chemistry, Centre of Theorectical and Computational Physics (TCP), Faculty of 
Sciecne, University of Malaya, 50603 Kuala Lumpur, Malaysia, 

 

E-mail: vannajan@gmail.com; Tel. +6016 320 8906 Fax: +603 7967 4193 
 

 ABSTRACT 
 
Designed Ankyrin Repeat Proteins (DARPins) are one of the most studies repeat proteins and 
has demonstrated antiviral property towards HER2 and HIV. It encourages exploration on 
existed DARPins for their potential in replacing monoclonal antibody to bind with DIII dengue 
virus. The presentation will cover the engineered of DARPIN under molecular docking and 
long time scale Molecular Dynamics (MD) simulations for refinement. Docked complexed of 
DARPins and DIII are generated through HADDOCK [1,2]. MMGBSA protocol using the MD 
trajectories collected is further decomposed on a per residue basis to reveal the binding affinity. 
Site-directed mutagenesis under SAAMBE [3] and BeAtMuSiC [4] web server were selected 
on randomized residue in ankyrin which does not disturb the structural framework. ΔΔG is 
predicted for each replacement. Dissecting the interactions mediated between DIII and 
DARPins permit a better understanding on rational computational protein/peptide design. 

  
 
 
 
 
 
 
 

Figure 1. DARPins (green) bound to Domain III Dengue Envelope Protein. 
 

Keywords: Protein engineering, Molecular dynamics, DARPins, Peptide, Computational site-
directed mutagenesiss. 
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 ABSTRACT 
 

Modern scientific research creates big amount of information and in many cases the 
corresponding data are collected in proper databases. Many of these data banks are freely 
accessible via internet and are extensively used by many researchers . The retrieval of data sets 
of interest is enabled by fast algorithms as well as by convenient software packages for 
subsequent evaluation and detailed analysis of the own, experimentally obtained data. Two 
different data banks together with subsequent software packages will be introduced . 13C 
NMR spectra are characterized by a relatively large chemical shift dispersion and depend on a 
limited number of molecular properties. Therefore, this type of spectra is rather convenient for 
the application of computational data storage. The CSEARCH database, developed by 
Wolfgang Robien (University of Vienna) contains some 700,000 13C NMR spectra. Due to 
very sophisticated search algorithms the identification of compounds by their 13C NMR 
spectrum is fast and of high accuracy. Moreover, the content of the database allows the 
prediction of NMR- spectra of new compounds and vice versa creating structure proposals 
from their 13C NMR spectral data. In biology, biochemistry and pharmaceutical drug design 
the Protein Data Bank is a well-known source of structures of proteins, nucleic acids and 
carbohydrates together with organic and inorganic ligands. The combination with databases of 
drug-like compounds (in the particular case the ZINC data base with be described) a screening 
for substances fitting to a binding pocket can be performed to obtain lead candidates for 
further drug finding. The program package LigandScout developed by Thierry Langer 
(University of Vienna) allows a fast and efficient virtual screening procedure of large data sets. 
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 ABSTRACT 
 

In recent years, cytokine-mediated therapy, one of immunotherapy approach, has emerged as 
further advance alternative in cancer therapy. Interleukin-18 (IL-18) has exhibited interesting 
anti-cancer properties especially when combined with IL-12. We successfully engineered IL-18 
in order to improve its activity using single point mutagenesis using both bioinformatics via 
interaction-based analysis as well as protein expression in yeast system. The engineered protein 
also known as a recombinant protein synthesized from Pichia pastoris, was purified, and then 
measured the activity by treating with the NK-92MI cell line to evaluate interferon-γ (IFN-γ) 
stimulation. Some recombinant IL-18 exhibits significantly higher activity with respect to wild-
type interleukin-18, ranging from a factor of 4 up to 16. Furthermore, molecular dynamics 
studies have played an essential role as a molecular microscopy to elucidate the IL-18 structure 
and provide a molecular insight of a recombinant IL-18. Our findings could provide the 
combinatorial approach between computer-aided method (structure prediction, in silico 
mutagenesis and molecular dynamics simulation) and experiments (cloning, mutagenesis and 
protein expression) to design a functional protein with a desirable activity so that it can enhance 
some disease-preventive characteristics such as anti-cancer or slowing cancer progression.  
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Figure 1. Model of recombinant IL-18’s with its counterpart receptor 
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 ABSTRACT 

 
Enzyme I (EI) of bacterial phosphotransferase system is involved in the first step of the 
carbohydrate metabolism pathway. Due to its importance in bacterial survival and low 
similarity with human proteins, EI is an attractive drug target. With the aid of Computer 
Aided Drug Designing tools, we studied EI of Staphylococcus epidermidis, which recently 
adopted itself as a major etiological agent in discerning the cause of multi-drug resistant 
nosocomial infections of implanted medical devices. Due to a non-existent crystal structure, a 
high quality homology model of EI is predicted. Molecular docking analysis of potential 
inhibitors into the active site of the protein is performed and the best inhibitor is selected with 
according to the highest GoldScore (76.53). The protein-ligand complex was conducted 
through a 100 ns MD simulation. The trajectory analysis reveals that the N-terminal domain 
(EIN) and the P-His domain residues exhibited the greatest conformational changes whilst the 
active site shows minimum residual fluctuations and is considered as the most stable domain. 
The rigid body motions of EIN and P-His domain are recorded to be at their highest during 
the 35th and 83rd ns with highest RMSD values. Despite the highly flexible ‘personality’ of 
EI, the ligand remains tightly associated with the active site residues. The current lead 
compound holds potential as an effective drug against S. epidermidis which could be further 
tested in clinical settings. The dynamic nature of EI disclosed via MD simulation, can be 
further explored to understand the molecular kinetics of chemical reactions involved in the 
dedicated role of the protein would assist in better design of drugs in future. 
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Figure 1. The screen shots of S. epidermidis EI at 0 ns, 10 ns, 20 ns, 30ns, 60ns, and 90 
ns.  The orange shows the EIC, red represents the EIN and P-His domain is shown in 
blue. The hinge I and hinge II are represented by green and purple, respectively.  
  
Keywords:  Molecular Dynamics Simulation; Enzyme I; Phosphotransferase system of S. 
epidermidis; EI protein dimerization; hinge movement; swivel domain motion. 
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ABSTRACT 
 
About 30 years ago, DNA sequencing with a bold idea of analyzing the entire human genome was 
considered a breakthrough in modern biological science. With the advent of high throughput 
sequencing technologies as well as high competition in this business, the cost of sequencing has been 
reduced dramatically, supporting scientists to better our understanding of living organisms. Various 
DNA applications to predict traits are being introduced to markets. These include breed improvement 
via marker assisted selection (MAS) in plants and animals or checking a person DNA for potential risk 
of having adverse drug reaction.  The once breakthrough technology is now accessible through various 
competitive sequencing service providers which have brought genome sequencing to the cusp of 
common DNA testing practice. The amount of sequencing data and their generation rate would surely 
fit the definition of big data, yet with some unwelcoming twists. Unlike other big data that have been 
constantly collected over accessing the Internet, DNA sequencing data are rather private, requiring 
reliable curator(s) and policy makers to manage. Such data will be generated by both local laboratory 
and some service providers. Nonetheless, large amount of data cannot be moved around efficiently. 
Current (decent) cloud computing services are available outside Thailand, making it very difficult to 
address both aforementioned issues. Even though there are some standard analytics to process the data, 
these analytics are not so straightforward that map-reduce paradigm can be easily deployed.  
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 ABSTRACT 
 

In the consumer market, Acer is already a well-known brand name by its versatile PC 
/laptop offerings and StarVR, a joint venture between Acer and Starbreeze Sweden. In recent 
years, Acer also devoted its pioneering R&D resource on Artificial Intelligent filed with many 
investments and efforts.  

 
Though the future of Artificial Intelligence will definitely change the way we live, 

however, during converting AI to real-life applications, Acer’s team notice that many 
challenges arise.  

 
For instance, which is more important for deep learning: Model or data? Accordingly to 

our experience, we would say that “the data”. Sure, Yann LeCun and Geoffrey Hinton et al. 
have proved the deep neural network can work very well so far, we are eternally grateful and 
we should. But the problems of data still need to be solved in practice - how should we get the 
data – the labeled data which we care about? Generative Adversarial Networks, GAN can be 
a good solution in the future, but so far, GAN has a lot of limitations and it is not yet mature 
enough. So, what should we do now? In some cases, we use the traditional computer vision 
methodology to generate the simulation data for deep learning model, and in other cases we 
use other ways to generate or obtain the training data of deep learning model. It may not be 
fancy but can work fine to solve real world problem. 
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 ABSTRACT 
 

Deep learning is a very computing intensive and time-consuming task which 
sophisticated models need amount of computing resource much greater than a single machine 
can aord. It normally requires GPU clusters to reduce the training time of a deep learning 
model from days to hours. However, building large dedicated GPU clusters is not always 
feasible or even eective for most organizations due to the cost of purchasing, operation and 
maintenance while the systems are not fully utilized all the time. In this regard, volunteer 
computing can address this problem as it provides additional computing resources at less or 
no cost. This work presents the hybrid cluster and volunteer computing platform that scales 
out the training task on GPU clusters into volunteer computers, which the owners contribute 
the unused computing resources to help in training a deep learning model. The challenge is to 
align the dierences between GPU cluster and volunteer computing systems so as to ensure the 
scalability transparency. We validate the proposed work with sample cases. 

 
 

Figure 1. Deep Learning on Hybrid GPU Cluster/Volunteer Computing 
 

 
Keywords: Deep Learning, Cluster Computing, Volunteer Computing 
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 ABSTRACT 
 

Statistical downscaling is a technique to correct biases and downscale climate 
variable output of general circulation model (GCM) onto higher spatial resolution for regional 
climate impact studies. Linear and non-linear statistical downscaling techniques have been 
used to determine relationship between GCM outputs and observed data during 1970-2005. 
The performance of statistical downscaling methods is compared in terms of the correlation 
between the estimated and observed data. The result indicated that non-linear statistical 
downscaling models provide better results to capture intensity, duration and frequency of 
climate change signals. These imply non-linear statistical downscaling offers more accurate 
climate projections at the local scale. 

 
Figure 1. Temperature Change compare to 2005 

 
Keywords: Climate Change, Statistical Downscaling, Machine Learning. 
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Statistical downscaling is a technique to correct biases and downscale climate 
variable output of general circulation model (GCM) onto higher spatial resolution for regional 
climate impact studies. Linear and non-linear statistical downscaling techniques have been 
used to determine relationship between GCM outputs and observed data during 1970-2005. 
The performance of statistical downscaling methods is compared in terms of the correlation 
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downscaling models provide better results to capture intensity, duration and frequency of 
climate change signals. These imply non-linear statistical downscaling offers more accurate 
climate projections at the local scale. 
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 ABSTRACT 

 
Currently, convolutional neural network (CNN) is a common network for deep 

learning. Such a network has been utilized for the classification, segmentation, and 
recognition recently. In this paper, we demonstrate an approach to build the CNN model 
based on existing ones. Many  referenced CNN models   were built with large training sets 
such as AlexNet, GoogLeNet, VGG, SqueezeNet  etc. It is believed that several front layers 
are usually common since they are used to recognize low-level features for image processing 
while latter layers depend on specific classification task.   Thus, existing network weights can 
be utilized for some front layers while later layers new weights can be learned. Such an 
approach is also called transfer learning or sometime called fine tuning [5]. The results of fine 
tuning depend on many factors such as the similarity of new data sets and original data set, 
the size of data sets, the network architectures, network parameters and others. Table 1 
summarizes the performance of fine tuning each net on this data set. It shows the maximum 
accuracy and minimum loss values obtained in 100,000 iterations. SqueezeNet gives the best 
performance.   It is interesting that its modification from AlexNet  can lead to speedup the 
convergence to high accuracy. 
 

Table 1.    Accuracy and loss of fine tuning on LFW. 

Net name Iterations Accuracy Loss value 
CaffeNet 2,000 0.999 0.0021   
AlexNet 12,000 0.997 0.0412  
GoogLenet 
 

16,000 0.985 
(loss3/top1) 

- 

ResNet10 
(from scratch) 

100,000 0.039 8.4531 
 

VGG16 60,000 0.00048 8.6568 
SqueezeNet 1,000 1 0.0201 

 
 
Keywords: Deep learning, Transfer learning, CNN, Fine tuning. 
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EXTENDED ABSTRACT 
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INTRODUCTION 

In addition to those well-known traditional numerical methods; finite difference method 
(FDM), finite element method (FEM), and finite volume method (FVM), Brebbia[1] 
proposed an alternative method known as ‘Boundary element method (BEM)’ and it’s 
been drawing attention of both scientists and engineers ever since. Along its’ 
path of development over the years many additional methods have also been 
invented and developed to strengthen its effectiveness. One of which is that 
known as the Dual Reciprocity BEM (or DRBEM) where the whole process is 
divided into two parts: complementary solutions of its homogeneous form and 
the particular solutions of the inhomogeneous counterpart. In the process of 
calculating using BEM the so-called Radial Basis Function (RBF) is known to 
play a very crucial rule in approximating the unknown. Amongst the most 
popular choices of RBFs, the so-called ‘Multiquadric’ is known to lead to 
satisfactory results when a proper value of parameter is given. The main task 
for researchers is then to provide means of choosing the optimal, if possible, 
value of this variable.  In this paper, we propose a new form of Multiquadric 
shape parameter and tested it out with convective-diffusive types of problems.  

 
PROPOSED APPROACH 

DRBEM starts with considering the Poisson Equation  whose the solution can be 

expressed as . The approximation of  is carried out as a linear combination of 
interpolation functions in the following form;. 

 
 

 

If there are  boundary nodes and  internal nodes, there will be  

interpolationfunctions, ,and consequently  particular solutions, . The particular 
solution, , and the interpolation function, , are linked through the relation.  
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Where 2 2( , )j jf r r   is the Inverse Multiquadratic (IMQ) RBF with  being its shape 
function or parameter, normally ‘ad-hoc’ defined.  
With more mathematical processes, the final form of solution can be written as follows; 

 
 
In this work, we are proposing a new variable shape parameter where both linear and 
exponential manners are taken into consideration, expressed as in equation (1).  

  

1
22

2 max
min min max min2

min

(1 )j




       


  
            

 (1) 

Where 1
1

j
N

 



  and 1,2,...,j N . The automatically self-adjusted parameter  is 

introduced and act as a weight function leading j  to equal to the exponential manner 

when 1j  . This weight then sets  j  to become its linear mode when j N .  
 
RESULTS 

To demonstrate how effective of the proposed variable, let us consider a 2D convection-
diffusion problem in steady state, as given and studied in Gu and Liu [2]. The governing 
equation is expressed as follows; 

 

       0T TL u u u u q      v D x  
 

 

The computational domain is taken to be      , 0,1 0,1 ,x y    and the coefficients are 
0

,
0



 

  
 

D  3 ,4 ,x y  v and 1   in which  is a given constant of diffusion 

coefficient. The boundary conditions are set with 0u   on all four sides.  The exact 

solution for this problem is given as    
   2 1 3 1

2, sin 1 1
x y

u x y x e y e 
 

    
     
   
   

. 

 
Figure1. left) Relative error norm and right) condition number; obtained from 
using the propose variable 
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ABSTRACT 
             Aptamers are oligonucleotide molecule (DNA or RNA) that binds to a specific 
target molecule. They are typically around 15-60 nucleotide bases. Due to a specific 
binding of the target molecule and DNA aptamer, they are widely used to detect 
biomarker. 8-oxo-2'-deoxyguanosine (8-oxo-dG) is the biomarker that indicates the risk 
of cancer such as bile duct cancer. In this work, the interaction between DNA aptamer 
and 8-oxo-dG was studied by molecular dynamics simulation. It was found that 8-oxo-
dG changes the structure of the aptamer from random coil to G-quadruplex. The effect 
of 8-oxo-dG concentration on the change of the DNA structure was also elucidated. 
Our simulation results are useful for the development of high selectivity and low limit 
of detection of the biosensors.  

 

 
Figure 1 

 
 Keywords: Aptamers, G-quadruplex, 8-oxo-dG. 
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ABSTRACT 
Gold nanoparticles (AuNPs) have been widely used in biomedical applications, such 

as photothermal therapy and targeted drug delivery, owing to their unique optical property. To 
apply AuNPs in biomedical applications, the cellular uptake of AuNPs is a significant factor 
to be determined. However, the molecular-level mechanism of the cellular uptakes cannot be 
observed by experiment. Herein, we studied, based on coarse-grained molecular dynamics 
simulations, the interactions between the realistic plasma membrane and AuNPs with 
different sizes, shapes and surface charges. The studied shapes include nanohexapod, nanorod 
and nanocage. For the size effect, the AuNPs entered the PM by direct translocation within 
175 ns. For the shape effect, we found that AuNPs with similar size were taken up about the 
same simulation time.  More interestingly, most AuNPs cause inter-pore formation on the PM 
during the internalization. It was, however, found that after the AuNPs have been internalized, 
the PM healed itself relying on the size and shape of the AuNPs. This may provide the 
information to design a proper nanocariers with a high uptake and low cytotoxicity for in vivo 
applications. 

 
Figure 1. Snapshots of cellular uptake of gold nanohexapod, (a) top view and (b) side view. 
  
Keywords: Gold nanoparticles, Realistic plasma membrane, Coarse-grained, Molecular 
dynamics simulations. 
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EXTENDED ABSTRACT 
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INTRODUCTION 

ZnS is a luminescent material that has been used for many applications, such as light-
emitting diodes (LEDs), electroluminescence devices, flat panel displays, sensors, 
lasers, infrared windows, solar cells, bio-devices, and other optoelectronic devices. Its 
absorption and photoluminescence (PL) emission spectra can be tuned with particle 
size and doping materials. By doping Mn into ZnS nanocrystals, the luminescence 
efficiency enhances and the lifetime shortens in comparison with those of the bulk 
material [2, 4]. The main aim of the present work is to study the effects of Mn doping 
into ZnS nanocrystals, in particular the electronic structure, using empirical tight-
binding calculations.  

 
PROPOSED APPROACH 

              In the present study, the *sp d s3 5  tight-binding model with first-nearest 
neighbor interaction is used in conjunction with the spin-orbital coupling to simulate 
the electronic wave functions and associated energies in Mn-doped ZnS nanocrystals. 
The carrier wave function is given by a linear combination of atomistic orbitals   
localized on each atom   as defined by 

 
where N  is the total number of atoms. To obtain the single-particle spectra, the 
empirical tight-binding Hamiltonian TBH is diagonalized numerically, where 

N 20 N 20 20 N N 20 20
† † †

TB R ' ' , ' ' ' '
1 1 1 1 ' 1 1 ' 1 1 ' 1

H c c c c t c c           
           

        

In the description of TBH , the operator †c (c )   creates (annihilates) the particle on the 
orbital   of atom . Results from our program are validated with those from others 
and experiment. 
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RESULTS AND DISCUSSION 

 

Figure 1. ZnS nanocrystals of different sizes (left: 1.6 nm, right 2.6 nm) with 1% 
Mn-doped. Mn, Zn and S atoms are displayed in purple, yellow and grey, 
respectively. 

 

Figure 2. (left) Comparison of energy gap of ZnS (without doping) with other 
simulation results, and (right) of 1% Mn-doped ZnS with experimental results 
from Ref. [2]. 

 

Figure 3. (left) Electron and hole energies of 1% Mn-doped ZnS are shown. (right) 
Effect of doping concentration on energy gaps, compared with experimental 
results. In the left panel, first four states of holes have nearly same energies, 
whereas those of electrons split into two levels. In the right panel, the energy gap 
decreases as doping increases. 

ZnS nanocrystal are constructed to be a spherical shape with zincblende structure, and 
Mn atoms are substitutional doped at the central site as shown in figure 1, following an 
observation from experiment [1]. Our simulation results of energy gap agree well with 
those from Ref. [3], see figure 2 (left), which implies that our simulation program is 
reliable, and benchmarks the results. Furthermore, for 1% Mn-doped ZnS, our results 
show the same trend with experimental results, as shown in figure 2 (right). The 
calculated energies of the first four lowest electron states and highest hole states are 
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results. In the left panel, first four states of holes have nearly same energies, 
whereas those of electrons split into two levels. In the right panel, the energy gap 
decreases as doping increases. 

ZnS nanocrystal are constructed to be a spherical shape with zincblende structure, and 
Mn atoms are substitutional doped at the central site as shown in figure 1, following an 
observation from experiment [1]. Our simulation results of energy gap agree well with 
those from Ref. [3], see figure 2 (left), which implies that our simulation program is 
reliable, and benchmarks the results. Furthermore, for 1% Mn-doped ZnS, our results 
show the same trend with experimental results, as shown in figure 2 (right). The 
calculated energies of the first four lowest electron states and highest hole states are 
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shown in figure 3 (left). The dependence of electron and hole energies on the nanocrystal 
size is due to the quantum confinement effect. As evident in figure 3 (right), the effects 
of Mn doping concentration on the ZnS energy gap, from 0% to 10%, decrease the 
energy gap, with the effects more pronounced in smaller nanocrystal sizes. This is 
consistent with experimental results showing that photoluminescence peaks slightly shift 
to a higher wavelength, or lower energy gap, with increasing doping concentration. 
Other electronic properties such as the density of states are also investigated. 

 
CONCLUSION 

We have performed empirical tight-binding calculation of the electronic structure of Mn-
doped ZnS nanocrystals. Our simulations are benchmarked consistently with other 
simulation and experimental results. As such, we can use our tight-binding model to 
further investigate other electronic and optical properties of Mn-doped ZnS nanocrystals. 
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INTRODUCTION 

Although the concept of morphology-dependent resonances (MDRs) has been applied 
for the electromagnetic scattering by spherical structured media with a constant or 
piecewise constant refractive index in each layer, it is not useful in many general 
scatters that have variable refractive index profiles. Moreover, many interesting 
phenomena, such as invisibility, come from the position of the resonances in the  
electromagnetic scattering. Therefore, it is necessary to investigate the resonance 
locations for the more complicated structured media. In this paper, we apply the 
technique of so-called MDRs by [1] to investigate the resonance formulations of the 
scattering of electromagnetic waves from two-layer spheres when outer layer has a 
variable refractive index,   

 
PROPOSED APPROACH 

The most common approach to this problem is based on solving the following second-
order, linear differential equations for the radial Debye potential, for both transverse 
electric ( ) and transverse magnetic modes ( ): 
 

 

 
 
where  is the angular momentum, and the radius  
We use the technique by [1,2] to solve the differential equations for the radial Debye 
potential in a model of two-layer sphere embedded in an infinite uniform particle, 
regions 1, 2, and 3, respectively as the radial coordinate increases away from zero. 
The inner layer has radius , the outer layer has radius , the center is at origin of the 
coordinate system.  The refractive index in region 1, , is a constant, .  In 
region 2, , the refractive index is defined as , where  and  
are arbitrary constants.  In region 3, outside the sphere, the refractive index is 1.  The 

134



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

shown in figure 3 (left). The dependence of electron and hole energies on the nanocrystal 
size is due to the quantum confinement effect. As evident in figure 3 (right), the effects 
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consistent with experimental results showing that photoluminescence peaks slightly shift 
to a higher wavelength, or lower energy gap, with increasing doping concentration. 
Other electronic properties such as the density of states are also investigated. 
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general solutions to this system obtained by the analysis in [ 3,4,5]  used to derive 
resonance locations. 

RESULTS 
The derivation of the resonance formulation has been established. The numerical results 
have been generated for both modes.  The result shown here is the typical resonance 
wave function for TM mode along with the potential function (dash line) , where the 

refractive index  and the angular momentum  
Obviously, the TM wave function shown in Figure 1 effectively trapped close to the 
surface of the inner sphere. More results can be found in the full paper.   

 
Figure 1:  Radial wave function for TM resonance.  The inner radius is 

 and the outer radius is 1. 
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ABSTRACT 
8-oxo-2’-deoxyguanosine (8-oxo-dG) is a biomarker of Cholangiocarcinoma or bile 

duct cancer [1] which is prevalently found in the northeastern Thailand. Thus, screening 
patients in the early state is essential. Colorimetric sensor based upon the aggregation of 
DNA-fuctionalized gold nanoparticle (AuNP) is a promising tool to screen patient. The 
working principle is based upon the assembly and disassembly of AuNP dimer. The color of 
the solution can be observed by naked-eyes. It is changed from blue to red once AuNP dimer 
is separated into a single AuNP. To gain high sensitivity, the interparticle of the dimer must 
be less than 1 nm [2]. In this work, we designed the sensor by molecular dynamics (MD) 
simulation. AuNP is functionalized with polyethylene glycol (PEG) and a single strand DNA 
(ssDNA). The formation of AuNP dimer is due to the complementary of ssDNA coated onto 
AuNP surface. The interparticle distance between AuNP dimer can be minimized by a 
structure of Y-shaped DNA duplex [3] by binding aptamer to each half of ssDNA. In the 
presence of 8-oxo-dG, the binding of 8-oxo-dG and its aptamer can be observed leading to the 
disassembly of AuNP dimer. Based on MD simulation, it was found that the density and 
molecular weight of PEG coated onto AuNP surface affect the interparticle distance. In 
addition, the interparticle distance is also dependent on the length of spacer between ssDNA 
and AuNP. In our design, a strategy to minimize the interparticle gap through the formation of 
AuNP dimer enables to increase the limit of detection of 8-oxo-dG. This biosensor is useful 
for screening and detecting the patients in the early state of cancer. 
  
 
 
 
 
 
 
 

Figure 1. Struceture of AuNP dimers though Y-shaped duplex 
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INTRODUCTION 

Kansa’s method is consist of several important components and one of which is the 
choice of the RBF used itself.  The method represents the approximate solution  u x  

by the interpolation, using an RBF interpolation as    
1

N

j j
j

u c 


 x x x , with the usual 

Euclidean norm. Despite of the large number of researches devoting to finding an 
optimal RBF, it has been accepted that the most suitable RBF depends very much on 
the nature of the problem (with its conditions) at hand. Our previous study [3] focused 
on the effectiveness of several well-known and mostly-used RBFs for nonlinear class 
of PDE. In this work, it has been found that while Gaussion-RBF produces the 
reasonably worst results’ quality, the so-called Cubic Matérn RBF type is found to 
yield the best results’ quality for all test cases. 
 
Recently, a new RBF which is a combination of Gaussian and Cubic type, has been 
invented and proposed by PK. Mishra et.al [4]. In this work, they attempted to alleviate 
the problem of ill-condition normally encountered when using Kansa’ method, and the 
proposed combined RBF was applied in several benchmark scattered-data 
interpolation problems; 1D, 2D and 3D. This immediately prompts the question of 
applying this newly invented RBF to problems of solving PDE, particularly non-linear 
ones and this is our main objective of investigation. 
 

PROPOSED APPROACH 
As proposed and tested out with a series of numerical tests for 1D, 2D and 3D 
problems as well as synthetic and real geophysical data by PK. Mishra et.al [4] , here 
we expand their work to another challenging problem of solving non-linear PDEs. The 
hybrid RBF is of the following form; 

   2 3( )j

j je      x xx x x x  

This is referred to, hereafter, as ‘Hyb’. The first component, 
2( )je  x x   is Gaussian 

part which is shape parameter dependent while the Cubic part,
3

jx x , does not 
contain any shape parameter term . This combination of RBF makes it `Gaussian 
radial basis function with small cubic doping" for large shape parameter whereas for 
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small shape parameter, the cubic term dominates the kernel making it `Cubic radial 
basis function with small Gaussian doping'.  

 
RESULTS 

Example 1. The nonlinear PDE as given in GE. Fasshauer [5] on a square domain 
0 1, 0 1x y     is taken a look at. The governing equation is as follows;  

2 2 3u u u f     with the boundary condition  0u  on   and  the right hand 
side of the equation is chosen from the analytical solution of form; 
     ,u x y x y  with      111 ttt e e e        ,  ,x y  denotes the Cartesian 

coordinate of 2x .  
 
Table 1.  Solutions comparison of the one abstained in this work against both 
alternative numerical work, WL [3], and the exact ones.   

 
Point WL[3] Hyb Exact 

(0.2,0.6) 0.848346 0.87731258 0.846440 
(0.4,0.2) 0.848346 0.87731258 0.846440 
(0.4,0.4) 0.958317 0.92524858 0.958933 
(0.4,0.6) 0.958317 0.92524858 0.958933 
(0.6,0.2) 0.848346 0.87731258 0.846440 

 
Example 2. The following nonlinear equation as given in Linesawat[6,7] is studied. 
The governing equation is as follows; 2 32u u   in a    1,5 1,5  domain with the 
Dirichlet boundary condition 1/u x  on  . The analytical solution of the above 
problem is 1/u x  .  
 
Table 2. Solutions comparison of the one abstained in this work against both 
alternative numerical work, Linesawat [7] , and the exact ones.   
 

Point Linesawat[7] Hyb Exact 
(2,2) -0.5047 -0.4751 -0.5000 
(2,3) -0.4993 -0.4767 -0.5000 
(3,3) -0.3358 -0.2008 -0.3333 
(3,4) -0.3290 -0.2237 -0.3333 
(4,4) -0.2290 -0.1545 -0.2500 
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EXTENDED ABSTRACT 
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INTRODUCTION 

Thermoelectric devices are renewable energy source that can alter thermal energy or 
waste heat into electricity and vice versa. In this work, we build a composite organic 
thermoelectric, consisting of organic conductive films (poly(3,4-ethylenedioxythiophene): 
polystyrene sulfonate (PEDOT:PSS)), randomly scattered in the foam’s structure, to 
perform as an electric-generating insulators. The electrical conductivity is one of the most 
important properties. Several models of the electrical properties of porous materials have 
been proposed1-4. One of widely-used approaches uses a tetrakaidecahedral unit-cell to 
represent an open-cell foam, and considers the current flow through the foam by 
assuming an electrical resistor network.1-4 In this work, the new concept of organic 
thermoelectric employs a melamine foam as a scaffold for instant three-dimensional 
fabrication of PEDOT: PSS. The effects of anionic surfactant, sodium dodecyl sulfate 
(SDS), to the PEDOT: PSS film formation in the 3D melamine scaffold are performed by 
varying the amounts of surfactant in PEDOT: PSS solution from 0 to 5 wt%. The models 
are then developed and validated with the experimental results to obtain the relationship 
between the film formation and the electrical conductivity.  

 
PROPOSED APPROACH 

Electrical conductivity of foam structure, f, can be calculated by using electrical 
resistance in each layer of tetrakaidecahedral unit cell1, 2 written as: 
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where L is the ligament length and RA,B,C,D is the electrical resistivity in each unit cell 
layer. 

In addition, it can predict from electrical equivalent circuit in a tetrakaidecahedral unit cell 
of foam structure.3, 4 The electrical conductivity is the reciprocal of electrical resistivity 
that can be expressed as: 
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where R is the total electrical resistivity from electrical circuit and A is the surface area. 
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INTRODUCTION 

Thermoelectric devices are renewable energy source that can alter thermal energy or 
waste heat into electricity and vice versa. In this work, we build a composite organic 
thermoelectric, consisting of organic conductive films (poly(3,4-ethylenedioxythiophene): 
polystyrene sulfonate (PEDOT:PSS)), randomly scattered in the foam’s structure, to 
perform as an electric-generating insulators. The electrical conductivity is one of the most 
important properties. Several models of the electrical properties of porous materials have 
been proposed1-4. One of widely-used approaches uses a tetrakaidecahedral unit-cell to 
represent an open-cell foam, and considers the current flow through the foam by 
assuming an electrical resistor network.1-4 In this work, the new concept of organic 
thermoelectric employs a melamine foam as a scaffold for instant three-dimensional 
fabrication of PEDOT: PSS. The effects of anionic surfactant, sodium dodecyl sulfate 
(SDS), to the PEDOT: PSS film formation in the 3D melamine scaffold are performed by 
varying the amounts of surfactant in PEDOT: PSS solution from 0 to 5 wt%. The models 
are then developed and validated with the experimental results to obtain the relationship 
between the film formation and the electrical conductivity.  

 
PROPOSED APPROACH 

Electrical conductivity of foam structure, f, can be calculated by using electrical 
resistance in each layer of tetrakaidecahedral unit cell1, 2 written as: 
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In addition, it can predict from electrical equivalent circuit in a tetrakaidecahedral unit cell 
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The electric current direction can be considered via two paths including the direction 
from two opposite square faces, and the direction from two hexagonal faces. 

Finally, the effective electrical conductivity, eff, of the system is obtained by varying 
volume fraction, f of polymer thin films in the melamine foam scaffolds as follows:   

.eff f f                (3) 
 
RESULTS 

The results were observed that the uniformity of thin films in microporous scaffold foam 
was enhanced when PEDOT:PSS solution was doped with SDS surfactant as shown in 
Fig. 1. The actual  value of TE foam has increased approximately two orders of 
magnitude from the experiment data due to the air portion. The maximum electrical 
conductivity is around 50 S/cm with 3 wt% SDS doping corresponding to ~3.4 % of film 
volume fraction. Therefore, this study can help understand the role of film formation and 
predict the key parameters affecting the electrical conductivity in this thermoelectric 
porous structure.  
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Figure 1. Comparison between experiment data and model prediction of eff at 
different SDS contents. Inset (a), (b) are SEM images of PEDOT:PSS thin films 
coated on the foam network analyzed by Image J program and (c) is the 
photographs of foam with and without PEDOT:PSS. 
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ABSTRACT 
             Ochratoxin A (OTA) is one of the abundant food-contaminating mycotoxins. On-side 
detection is vitally important. Colorimetric aptasensor based upon disassembly of aggregates 
of oriented gold nanoparticle (AuNP) dimer is a promising sensor for the on-side detection. 
The disassembly of the dimer, induced by OTA, leads to the change of the color of the 
solution which can be observed by naked-eyes. However, aptamer-OTA binding affinity is far 
from being fully understood. Herein, the molecular dynamics (MD) simulation was used to 
investigate the interaction of aptamer and OTA during binding. We studied (i) aptamer-OTA 
binding and (ii) developed aptasensor by MD simulations. The effect of the sequence of the 
DNA aptamer on the degree of binding was elucidated. The aptamer-OTA binding depends 
on the optimal sequence of aptamer and suitable conditions. Based on our computational 
simulation, we can provide the suitable condition for experimentalists to obtain the low limit 
of detection and high sensitivity. Additionally, our study also opens the door for the design of 
novel biosensors.  

 

 
Figure 1. Aptamer-OTA binding affinity.  

 
 Keywords: Ochratoxin A, Aptamer, Dimer, AuNP, Biosensor, Molecular dynamics. 
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EXTENDED ABSTRACT 

Carbon nanocones (CNC) are considered as an important material for the hydrogen 
storage. The hydrogen adsorption and storage on platinum (Pt)-decorated CNC (Pt-CNC) has 
been investigated by density functional theory (DFT). The severe curvature of CNC could 
bind the metal and hydrogen molecules through enhanced binding at the top section. In this 
work, we performed DFT studies of metal doped on single walled carbon nanocones 
(SWCNCs) as well as the H2 adsorption capacity. In term of Pt doped various positions on 
pristine CNC, our calculations showed that Pt atom deposited on bridge site between 
pentagons. For the H2 adsorption reaction, the H2 adsorption energies on Pt-CNC were more 
favorable than that on pristine CNT due to the Pt atom served as the active site for H2 
adsorption. Moreover, we carried out the effect of shape of the CNC by varying number of 
pentagons from 1 to 6. As the Pt atom was the active site for H2 adsorption, the maximum 
adsorption energy of hydrogen molecules on 4-pentagon pristine carbon nanocone (4CNC) 
can bind up to 2 hydrogen with the average adsorption energy of -0.47 eV/H2 and bind up 
only one hydrogen with -0.56 eV/H2 for 4-pentagon defective carbon nanocone (d4CNC) 
supporting material. Hydrogen spillover mechanisms on d4CNC were investigated by first-
principles calculations. We found that this mechanism can enhanced hydrogen uptake up to 3 
hydrogen molecules. 

Keywords: Density functional theory (DFT); Hydrogen storage; Carbon nanocone (CNC); 
Platinum 
 
INTRODUCTION 

Owing to the population began to increase; the demand of energy is increasing as well. 
Subsequently, alternative energy has received considerable attentions such as wind 
energy, hydro energy, geothermal energy, solar energy and hydrogen energy. Among 
these, we are interested in hydrogen energy because it is clean energy, no harmful 
emission and renewable to use.  Therefore, it is urgent to develop more effective 
materials for hydrogen adsorption. CNCs have become one of the most promising 
nanoscale materials since it can be first synthesized by using arc-discharge method 
without a catalyst in synthesis procedure. 

 
PROPOSED APPROACH 

The calculations were done, the geometry optimized structures and frontier orbital 
energy levels were calculated using the density functional theory (DFT) with hybrid 
functional of Becke’s three parameter gradient-corrected exchange potential and the 
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Subsequently, alternative energy has received considerable attentions such as wind 
energy, hydro energy, geothermal energy, solar energy and hydrogen energy. Among 
these, we are interested in hydrogen energy because it is clean energy, no harmful 
emission and renewable to use.  Therefore, it is urgent to develop more effective 
materials for hydrogen adsorption. CNCs have become one of the most promising 
nanoscale materials since it can be first synthesized by using arc-discharge method 
without a catalyst in synthesis procedure. 

 
PROPOSED APPROACH 

The calculations were done, the geometry optimized structures and frontier orbital 
energy levels were calculated using the density functional theory (DFT) with hybrid 
functional of Becke’s three parameter gradient-corrected exchange potential and the 
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Lee-Yang-Parr gradient-corrected correlation potential (B3LYP) combined with 6-
31G(d,p) level of theory. Full optimization were investigated at the B3LYP level of 
theory by using the 6-31G(d,p) basis set and lanl2dz for platinum atom. 

 
 
RESULTS 

The carbon nanocones (CNCs) with different shape were investigated, we carried out the 
effect of shape of the CNC by varying number of pentagons from 1 to 6. The tip angles 
for 1-6 pentagon cones were shown in Figure.1. From optimized structures, the tip angle 
reduced when number of pentagon on CNC increased. In this work, our investigated 
cone angles of CNCs that are according to previous works. The most stable position on 
cone tip was bridge site between pentagons. According to pi-orbital axis vector (POAV) 
on the conical CNCs tips, the POAV analysis was the most agreement with binding 
energy. For H2 adsorption, the maximum adsorption energy of hydrogen molecules on 
4CNC can bind up to 2 hydrogen with the average adsorption energy of -0.47 eV/H2 
and bind up one hydrogen with -0.56 eV/H2 for d4CNC supporting material. 
Hydrogen spillover mechanisms on d4CNC were investigated to enhanced hydrogen 
uptake up to 3 hydrogen molecules. 

 

Figure 1. Optimized structures of six CNCs with one (1-CNC), two (2-CNC), three 
(3-CNC), four (4-CNC), five (5-CNC), and six (6-CNC) pentagons respectively.  
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INTRODUCTION 

The development of novel cathode materials for Li-ion batteries can significantly enhance 
the overall performance of the batteries. Experiments find that Sn-doped V2O5 displays 
substantial enhancement of Li-ion storage capacity, kinetics, and cyclic stability when 
compare to that of stoichiometric V2O5 film.1 Introducing small amount of Sn (5%) into 
the V2O5 film reduces the electrochemical reaction resistance, increases the 
electrochemical reaction reversibility, and improves Li-ion diffusivity.1 
 
From a computational point of view, first-principles methods, in particular density 
functional theory (DFT), have been used as a tool to obtain better understanding of the 
atomic and electronic structures and intercalation behavior of cation insertion in the V2O5-
based cathode materials.2-4 We propose to use DFT+U to explore the roles of Sn-doping 
towards the improved electrochemical activity of V2O5 based cathodes. In particular, we 
aim at studying (i) the atomic and electronic structures of V2O5 cathode and (ii) the 
behavior of Li intercalation in the cathode material. We considered the low limit of 2.8% 
Sn concentration and dilute regime of Li intercalation in the bulk α-V2O5. 

 
PROPOSED APPROACH 

All calculations were carried out using spin-polarized DFT+U approach, U3d(V) = 4.0 eV, 
with periodic supercell models implemented in the Vienna ab initio simulation package 
(VASP 5.3).5 The exchange and correlation functional was approximated using the 
optimized non-local vdW-DF functional (modified versions of the vdW-DF of Dion et 
al.6) as implemented in VASP, where its original GGA exchange functional was replaced 
by an optimized Perdew-Burke-Ernzerhof (PBE) functional7 to take into account the weak 
van der Waals attraction between V2O5 layers. We chose the ultra soft pseudopotential 
with projector augmented-wave (PAW) method8 to describe the nuclei and core electronic 
states. The V 3s3p3d4s, O 2s2p, Sn 4d105s25p2, and Li 2s were treated as valence 
electrons where their wave functions were expanded in plane–waves with a cutoff energy 
of 400 eV for electronic structure calculations and geometry optimization. 

 
In order to study the impact of Sn-doing toward the electrochemical performance of V2O5 
cathode material, we first optimized lattice parameters and ion positions of the V2O5 unit 
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Lee-Yang-Parr gradient-corrected correlation potential (B3LYP) combined with 6-
31G(d,p) level of theory. Full optimization were investigated at the B3LYP level of 
theory by using the 6-31G(d,p) basis set and lanl2dz for platinum atom. 

 
 
RESULTS 

The carbon nanocones (CNCs) with different shape were investigated, we carried out the 
effect of shape of the CNC by varying number of pentagons from 1 to 6. The tip angles 
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on the conical CNCs tips, the POAV analysis was the most agreement with binding 
energy. For H2 adsorption, the maximum adsorption energy of hydrogen molecules on 
4CNC can bind up to 2 hydrogen with the average adsorption energy of -0.47 eV/H2 
and bind up one hydrogen with -0.56 eV/H2 for d4CNC supporting material. 
Hydrogen spillover mechanisms on d4CNC were investigated to enhanced hydrogen 
uptake up to 3 hydrogen molecules. 

 

Figure 1. Optimized structures of six CNCs with one (1-CNC), two (2-CNC), three 
(3-CNC), four (4-CNC), five (5-CNC), and six (6-CNC) pentagons respectively.  
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All calculations were carried out using spin-polarized DFT+U approach, U3d(V) = 4.0 eV, 
with periodic supercell models implemented in the Vienna ab initio simulation package 
(VASP 5.3).5 The exchange and correlation functional was approximated using the 
optimized non-local vdW-DF functional (modified versions of the vdW-DF of Dion et 
al.6) as implemented in VASP, where its original GGA exchange functional was replaced 
by an optimized Perdew-Burke-Ernzerhof (PBE) functional7 to take into account the weak 
van der Waals attraction between V2O5 layers. We chose the ultra soft pseudopotential 
with projector augmented-wave (PAW) method8 to describe the nuclei and core electronic 
states. The V 3s3p3d4s, O 2s2p, Sn 4d105s25p2, and Li 2s were treated as valence 
electrons where their wave functions were expanded in plane–waves with a cutoff energy 
of 400 eV for electronic structure calculations and geometry optimization. 

 
In order to study the impact of Sn-doing toward the electrochemical performance of V2O5 
cathode material, we first optimized lattice parameters and ion positions of the V2O5 unit 
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INTRODUCTION 

Nitrous oxide (N2O) produced from motor vehicle exhausts and an industrial process 
is well known as an environmental pollutant. It is a strong greenhouse effect gas and 
also plays an important role in the destruction of the stratospheric ozone layer. The 
reduction of N2O via catalytic decomposition therefore attractively challenge in terms 
of environmental problems [1]. In this work, we theoretically investigate the 
decomposition of N2O to O2 and N2 on the Cu-BTC metal-organic frameworks that 
encloses coordinatively unsaturated site (CUS) active site [2] by employing DFT 
calculations with the M06-L functional.  

 
PROPOSED APPROACH 

The cluster model of Cu-BTC is illustrated in Figure 1b. The M06-L density 
functional [3] was used in all calculations. The basis set of 6-31G(d,p) was employed 
for O, N, C and H atoms, while the Cu and Fe atoms was described by the effective 
core potentials (ECP) [4]. Frequency calculations were performed at the same level of 
theory to ensure that each transition structure has only one imaginary frequency. All 
calculations were performed with the Gaussian 09 code [5]. 
 

                
        (a) (b) 

            
Figure 1. Cu-BTC MOF Unit cell (a) and optimized structure of Cu-BTC model 
(b). 
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cell using Monkhorst-Pack (MP) approach9 with a dense k-point sampling of 5×11×11. 
The optimization was ceased when the calculated residual forces were lower than 0.02 
eV/Å. The obtained unit cell was then used to construct a 1×3×3 supercell of V36O90 to 
further use for evaluation of Sn and Li insertions. Intercalation of metals, Li or Sn, into 
the V2O5 supercell were carried out where both lattice parameters and ion positions of the 
supercell were allowed to relax to examine the effect of metal-insertion to alterations of 
the V2O5 structure and lattice parameters. These calculations were carried out using MP 
k-point grid of 2×2×2 with the same convergence criterion to that of the optimization of 
unit cell. We have tried several inserted positions to ensure the most stable intercalated 
V2O5 structures.  

 
To explore the electronic structures of stoichiometric and intercalated V2O5, we computed 
their projected density of states (PDOS) employing tetrahedron smearing method with 
Bloch corrections. The k-point grid of 2×2×2 was found to be sufficient for DOS 
calculations, using a denser 4×4×4 k-point results in a negligible difference of the 
produced DOS. 

 
RESULTS 

Computations reveal that Sn atoms prefer to occupy a channel between two V2O5 layers. 
The calculated electronic structure shows that the bonding interaction of Sn-V2O5 exhibits 
mixed ionic/covalent character. The inserted Sn atom donates two of its four valence 
electrons to the nearby V centers (ionic character) forming small polarons in the lattice 
whereas the other two electrons are shared with the surrounding oxygen atoms (covalent 
character). The mixed ionic/covalent bonding character of Sn-doped V2O5 plays an 
important role in enhancing Li intercalation in the material. Electron polarons generated 
from Sn-insertion increase number of charge carriers in the V2O5 lattice which could 
improve electronic conductivity of the material. Higher electronic conductivity could in 
turn lead to high diffusion kinetics of Li-ion in the V2O5-based cathode. Furthermore, co-
existence of Sn-ion and small polarons in the V2O5 structure imposes geometrical 
constraint into the lattice which primarily affects behavior of Li intercalation. Favorable 
insertion sites of Li in Sn-doped V2O5 involve relatively low energies of polaron 
formation and high stabilities of Li-ion whereas the less stable configurations have 
adjacent polaronic sites on the same V2O5 layers which lead to high polaron formation 
energies. In addition to the insertion energies, we calculated diffusion barriers for Li-ion 
to further explore the intercalation behavior. The calculated diffusion barriers in 
conjunction with the insertion energies reveal that Sn-doping promotes Li-ion insertion by 
stabilizing the intercalated Li-ion while maintaining ion diffusion property. Nevertheless, 
trapping and blocking of ion diffusion path may be expected due to the presence of Sn in 
the V2O5 lattice. 

 
 

REFERENCES 
1. Li, Y. W.; Yao, J. H.; Uchaker, E.; Zhang, M.; Tian, J. J.; Liu, X. Y.; Cao, G. Z. J. 

Phys. Chem. C 2013, 117, 23507. 
2. Scanlon, D. O.; Walsh, A.; Morgan, B. J.; Watson, G. W. J. Phys. Chem. C 2008, 112, 

9903. 
3. Carrasco, J. J. Phys. Chem. C 2014, 118, 19599. 
4. Ma, W. Y.; Zhou, B.; Wang, J. F.; Zhang, X. D.; Jiang, Z. Y. J. Phys. D: Appl. Phys. 

2013, 46, 105306. 
5. Kresse, G.; Furthmüller, J. Phys. Rev. B 1996, 54, 11169. 
6. Dion, M.; Rydberg, H.; Schroder, E.; Langreth, D. C.; Lundqvist, B. I. Phys. Rev. Lett. 

2004, 92. 
7. Perdew, J. P.; Burke, K.; Ernzerhof, M. Phys. Rev. Lett. 1996, 77, 3865. 
8. Kresse, G.; Joubert, D. Phys. Rev. B 1999, 59, 1758. 
9. Monkhorst, H. J.; Pack, J. D. Phys. Rev. B 1976, 13, 5188. 

148



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CHE 

-O- 
2 

Nitrous Oxide Decomposition over Cu-BTC  
Metal-Organic Frameworks: A DFT Study 

 
Yuwanda Injongkol1,2, Panisara Pensuk1, Nutthakarn Aeimsa-ard1, Piti Treesukul1,  

Bundet Boekfa1,2 and Thana Maihom1,2,C 
1Department of Chemistry, Faculty of Liberal Arts and Science, Kasetsart University, Kamphaeng Saen 

Campus, Nakhon Pathom 73140, Thailand 
2Center for Advanced Studies in Nanotechnology for Chemical, Food and Agricultural Industries, KU 

Institute for Advanced Studies, Kasetsart University, Bangkok 10900, Thailand. 
 

C E-mail: faastnm@ku.ac.th; Tel. +(66)34352259 
 

 
EXTENDED ABSTRACT 

 
Keywords: Nitrous oxide, Decomposition, MOFs, Cu-BTC, M06-L functional.  
 
INTRODUCTION 

Nitrous oxide (N2O) produced from motor vehicle exhausts and an industrial process 
is well known as an environmental pollutant. It is a strong greenhouse effect gas and 
also plays an important role in the destruction of the stratospheric ozone layer. The 
reduction of N2O via catalytic decomposition therefore attractively challenge in terms 
of environmental problems [1]. In this work, we theoretically investigate the 
decomposition of N2O to O2 and N2 on the Cu-BTC metal-organic frameworks that 
encloses coordinatively unsaturated site (CUS) active site [2] by employing DFT 
calculations with the M06-L functional.  

 
PROPOSED APPROACH 

The cluster model of Cu-BTC is illustrated in Figure 1b. The M06-L density 
functional [3] was used in all calculations. The basis set of 6-31G(d,p) was employed 
for O, N, C and H atoms, while the Cu and Fe atoms was described by the effective 
core potentials (ECP) [4]. Frequency calculations were performed at the same level of 
theory to ensure that each transition structure has only one imaginary frequency. All 
calculations were performed with the Gaussian 09 code [5]. 
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Figure 1. Cu-BTC MOF Unit cell (a) and optimized structure of Cu-BTC model 
(b). 
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cell using Monkhorst-Pack (MP) approach9 with a dense k-point sampling of 5×11×11. 
The optimization was ceased when the calculated residual forces were lower than 0.02 
eV/Å. The obtained unit cell was then used to construct a 1×3×3 supercell of V36O90 to 
further use for evaluation of Sn and Li insertions. Intercalation of metals, Li or Sn, into 
the V2O5 supercell were carried out where both lattice parameters and ion positions of the 
supercell were allowed to relax to examine the effect of metal-insertion to alterations of 
the V2O5 structure and lattice parameters. These calculations were carried out using MP 
k-point grid of 2×2×2 with the same convergence criterion to that of the optimization of 
unit cell. We have tried several inserted positions to ensure the most stable intercalated 
V2O5 structures.  

 
To explore the electronic structures of stoichiometric and intercalated V2O5, we computed 
their projected density of states (PDOS) employing tetrahedron smearing method with 
Bloch corrections. The k-point grid of 2×2×2 was found to be sufficient for DOS 
calculations, using a denser 4×4×4 k-point results in a negligible difference of the 
produced DOS. 

 
RESULTS 

Computations reveal that Sn atoms prefer to occupy a channel between two V2O5 layers. 
The calculated electronic structure shows that the bonding interaction of Sn-V2O5 exhibits 
mixed ionic/covalent character. The inserted Sn atom donates two of its four valence 
electrons to the nearby V centers (ionic character) forming small polarons in the lattice 
whereas the other two electrons are shared with the surrounding oxygen atoms (covalent 
character). The mixed ionic/covalent bonding character of Sn-doped V2O5 plays an 
important role in enhancing Li intercalation in the material. Electron polarons generated 
from Sn-insertion increase number of charge carriers in the V2O5 lattice which could 
improve electronic conductivity of the material. Higher electronic conductivity could in 
turn lead to high diffusion kinetics of Li-ion in the V2O5-based cathode. Furthermore, co-
existence of Sn-ion and small polarons in the V2O5 structure imposes geometrical 
constraint into the lattice which primarily affects behavior of Li intercalation. Favorable 
insertion sites of Li in Sn-doped V2O5 involve relatively low energies of polaron 
formation and high stabilities of Li-ion whereas the less stable configurations have 
adjacent polaronic sites on the same V2O5 layers which lead to high polaron formation 
energies. In addition to the insertion energies, we calculated diffusion barriers for Li-ion 
to further explore the intercalation behavior. The calculated diffusion barriers in 
conjunction with the insertion energies reveal that Sn-doping promotes Li-ion insertion by 
stabilizing the intercalated Li-ion while maintaining ion diffusion property. Nevertheless, 
trapping and blocking of ion diffusion path may be expected due to the presence of Sn in 
the V2O5 lattice. 
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RESULTS 

The N2O decomposition is proposed to proceed in two steps (Figure 2a). In the first 
step, the N2O N–O bond is broken to give the N2 and oxygen deposited on Cu active 
site of Cu-BTC. This step is followed by the O-O bond formation to produce the O2 
and N2 products. The first step is considered to be a rate determining step of the 
reaction with the higher activation energy barrier (67.6 kcal/mol) than the second one 
(36.6 kcal/mol). To understand the effect of MOF metals active site, we analyze the 
molecular electron transfers by using NBO method [6] during the N-O bond breaking 
state. We found electron transferred from the Cu active site to the anti-bonding of the 
N2O molecule leading to a more positive charge of the Cu active site and also a more 
negative N2O molecule. Moreover, we also compare the N-O bond breaking step on 
Cu-BTC to the same reaction step on Fe-BTC which is one paddlewheel MOF used in 
catalysis [7]. The activation energy for this step on Fe-BTC is found to be lower than 
that of on the Cu-BTC about 3 times (see Figure 2b). This is due to a larger charge 
transfer from the MOF to the N-O bond of the N2O molecule in the Fe-BTC case 
(0.25e and 0.45e for Cu-BTC and Fe-BTC, respectively). This result shows that the 
charge transfer process is plays an important role for N-O bond breaking in the N2O 
decomposition.    
  

  
(a) (b) 

  
Figure 2.  Energy profile for the N2O decomposition over Cu-BTC (a) and 
energy profiles comparism for the rate-determining step of the N2O 
decomposition over Cu-BTC and Fe-BTC (b). 
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INTRODUCTION 

Accumulation of carbon dioxide (CO2) from human activities has posed challenge to 
researchers for many decades to find out new technologies for CO2 capture and 
utilization. Several porous materials have been developed for CO2 capture at cryogenic 
temperature or at high pressure. However, it remains challenging to develop materials for 
CO2 capture at ambient conditions (room temperature and atmospheric pressure) with 
high CO2/N2 selectivity. Metal-organic frameworks (MOFs), which are crystalline 
porous materials composed of metal ions and organic linkers, are particularly attractive 
for CO2 separation and storage due to their large surface area, versatile framework 
topologies, and tunable chemical functionality. 

Tuning of pore surface in MOF by functionalization with polar organic groups or open 
metal sites are the key strategies to improve CO2 adsorption selectivity over N2. Open 
metal sites in MOF are coordinatively unsaturated sites generated upon removal of 
weakly-coordinated solvent molecules from the metal centers. A recent report shows 
different metals influence on the CO2 adsorption process.1 However, these sites are 
generally air and moisture sensitive as the open metal sites are typically in low valence 
state or easy to interact with moisture resulting in several handling problems in 
practical applications. In recent years, incorporating Zr6O8 nodes in MOFs is found to 
largely improve the stability of MOF materials because of a strongly coordinated Zr-O 
bonds and high coordination number of Zr. However, use of Zr ions as metal nodes make 
the MOF structure lack of open metal sites and limit the choices of metal species in 
MOFs. Thanks to the diversification of organic ligands, porphyrin is interesting 
because structure of porphyrin has a free center site for metal ions to coordinate to 
form open metal sites in ligand. Therefore, metal centers in porphyrin-based ligands 
could be an effective strategy to obtain active units for CO2 binding in MOFs. 

 
Herein, we synthesize porphyrin-based MOFs by varying the metal center in porphyrin 
ligand (PCN-222-M, where M = transition metals) to study effect of metal on CO2 
capture at ambient conditions. Furthermore, density functional theory (DFT) 
calculation has been used to investigate the interaction between CO2 and metal centers 
to explain the influence of metal species on CO2 adsorption. The study would provide 
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RESULTS 

The N2O decomposition is proposed to proceed in two steps (Figure 2a). In the first 
step, the N2O N–O bond is broken to give the N2 and oxygen deposited on Cu active 
site of Cu-BTC. This step is followed by the O-O bond formation to produce the O2 
and N2 products. The first step is considered to be a rate determining step of the 
reaction with the higher activation energy barrier (67.6 kcal/mol) than the second one 
(36.6 kcal/mol). To understand the effect of MOF metals active site, we analyze the 
molecular electron transfers by using NBO method [6] during the N-O bond breaking 
state. We found electron transferred from the Cu active site to the anti-bonding of the 
N2O molecule leading to a more positive charge of the Cu active site and also a more 
negative N2O molecule. Moreover, we also compare the N-O bond breaking step on 
Cu-BTC to the same reaction step on Fe-BTC which is one paddlewheel MOF used in 
catalysis [7]. The activation energy for this step on Fe-BTC is found to be lower than 
that of on the Cu-BTC about 3 times (see Figure 2b). This is due to a larger charge 
transfer from the MOF to the N-O bond of the N2O molecule in the Fe-BTC case 
(0.25e and 0.45e for Cu-BTC and Fe-BTC, respectively). This result shows that the 
charge transfer process is plays an important role for N-O bond breaking in the N2O 
decomposition.    
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Figure 2.  Energy profile for the N2O decomposition over Cu-BTC (a) and 
energy profiles comparism for the rate-determining step of the N2O 
decomposition over Cu-BTC and Fe-BTC (b). 

 
REFERENCES 
1. Shelef, M., Chem. Rev. 1995, 95, 209-225. 
2. Chui, S. S. Y., Lo, S. M. F., Charmant, J. P. H., Orpen, A. G., and Williams, I. D., 

Science 1999, 19, 1148-1150. 
3. Zhao, Y. and Truhlar, D. G., Acc. Chem. Res. 2008, 41, 157-167. 
4. Dolg, M., Wedig, U., Stoll, H., and Preuss, H., J. Phys. Chem. 1987, 86, 866-872. 
5. M.J. Frisch et al., Gaussian 09, revision c.01; Gaussian, Inc.: Pittsburgh, PA, 2009. 
6. Reed, A. E., Curtiss, L. A., and Weinhold, F., Chem. Rev. 1988, 88, 899-926. 
7. Riou-Cavellec, M., Albinet, C., Greneche, J-M., and Ferey, G. J., Mater Chem 2001, 

11, 3166-3171. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 

CHE 
-O- 
3 

Influence of Metal Species in Porphyrin-base 
Metal-organic Frameworks on Carbon Dioxide 

Capture 
 

Panchanit Piyakeeratikul1, Bundet Boekfa 2, Taweesak Pila 3, Sippakorn Wannakao 1, and 
Kanokwan Kongpatpanich 1,C 

1Department of Materials Science and Engineering, School of Molecular Science and Engineering, 
Vidyasirimedhi Institute of Science and Technology, Rayong, Thailand 

2Computational Chemistry Laboratory, Department of Chemistry, Faculty of Liberal Arts and Science, 
Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom, Thailand 

3Department of Chemical and Biomolecular Engineering, School of Energy Science and Engineering, 
Vidyasirimedhi Institute of Science and Technology, Rayong, Thailand 

 

C E-mail: kanokwan.k@vistec.ac.th;  Fax: +66 3 301 4445;  Tel. +66 3 301 4154 
 

EXTENDED ABSTRACT 
 

Keywords: Metal-organic framework, Porphyrin , CO2 capture, DFT calculation.  
 
INTRODUCTION 

Accumulation of carbon dioxide (CO2) from human activities has posed challenge to 
researchers for many decades to find out new technologies for CO2 capture and 
utilization. Several porous materials have been developed for CO2 capture at cryogenic 
temperature or at high pressure. However, it remains challenging to develop materials for 
CO2 capture at ambient conditions (room temperature and atmospheric pressure) with 
high CO2/N2 selectivity. Metal-organic frameworks (MOFs), which are crystalline 
porous materials composed of metal ions and organic linkers, are particularly attractive 
for CO2 separation and storage due to their large surface area, versatile framework 
topologies, and tunable chemical functionality. 

Tuning of pore surface in MOF by functionalization with polar organic groups or open 
metal sites are the key strategies to improve CO2 adsorption selectivity over N2. Open 
metal sites in MOF are coordinatively unsaturated sites generated upon removal of 
weakly-coordinated solvent molecules from the metal centers. A recent report shows 
different metals influence on the CO2 adsorption process.1 However, these sites are 
generally air and moisture sensitive as the open metal sites are typically in low valence 
state or easy to interact with moisture resulting in several handling problems in 
practical applications. In recent years, incorporating Zr6O8 nodes in MOFs is found to 
largely improve the stability of MOF materials because of a strongly coordinated Zr-O 
bonds and high coordination number of Zr. However, use of Zr ions as metal nodes make 
the MOF structure lack of open metal sites and limit the choices of metal species in 
MOFs. Thanks to the diversification of organic ligands, porphyrin is interesting 
because structure of porphyrin has a free center site for metal ions to coordinate to 
form open metal sites in ligand. Therefore, metal centers in porphyrin-based ligands 
could be an effective strategy to obtain active units for CO2 binding in MOFs. 

 
Herein, we synthesize porphyrin-based MOFs by varying the metal center in porphyrin 
ligand (PCN-222-M, where M = transition metals) to study effect of metal on CO2 
capture at ambient conditions. Furthermore, density functional theory (DFT) 
calculation has been used to investigate the interaction between CO2 and metal centers 
to explain the influence of metal species on CO2 adsorption. The study would provide 
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INTRODUCTION 
 

 Coumarin, an important natural compound from the plants in families of Rutaceae 
and Umbelliferia, has shown the evidence for the laser activity and medical usage [1]. 
The Pechmann reaction is one of the important coumarin synthesis methods [2]. 
Previously, we combined experimental and theoretical method to study the production 
of 7-Hydroxyl-4-methyl coumarin from resorcinol and ethyl acetoacetate [3]. In this 
work, we studied Pechmann reaction between ethyl acetoacetate and benzene-1,3,5-
triol using sulfuric acid as catalysts by both experiment and theory. The detailed 
mechanism was investigated by density functional theory calculations. The relative 
energies, structure of adsorption, transition state, and intermediate were also 
elucidated.    

  
PROPOSED APPROACH 

 Pechmann reaction between ethyl acetoacetate and benzene-1,3,5-triol using the 
sulfuric acid as catalyst has been studied by density functional theory, the M06-2X 
functional. The structures were optimized with 6-31G(d,p) and the energies were 
corrected with 6-311+G(2df,2p). Transition states were located using the Berny 
algorithm and only one imaginary frequency which correspond to the reaction 
pathway were checked. All calculations were performed using Gaussian 09 program.  
 For experimental section, the reaction of benzene-1,3,5-triol (20 mmol) and ethyl 
acetoacetate (20 mmol) with sulfuric acid (1.0 mL) were performed in 50 mL round-
bottom flask under controlled pH, time and temperatures. The crude products were 
collected by vacuum filtration and the crystal was washed with cold DI water. The 
reaction product was characterized by the TLC technique, IR and NMR spectroscopy.  

 
RESULTS 
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a guideline to design the suitable metal centers or metal complexes in the center of 
porphyrin ligands to enhance the adsorption and selectivity of CO2. 

 
PROPOSED APPROACH 

M-PCN-222 samples were synthesized by solvothermal reaction of  ZrCl4 (75 mg), 
metallated tetrakis(4-carboxyphenyl)porphyrin or M-TCPP (50 mg) and benzoic acid 
(2700 mg) in N,N’-dimethyformamide (DMF) as modified from the literature.2 All 
synthesized M-PCN-222 samples were characterized by power X-ray diffraction, 
elemental analysis and CO2 adsorption experiments. 
The cluster model of PCN-222 topology was obtained from the available 
crystallographic data of Fe-PCN-222. Other M-PCN-222 structures were created by 
substituting Fe with the desired metal species. High spin state provide the most stable 
structure for both Fe-PCN-222 and Mn-PCN-222. Various positions of CO2 adsorbed 
on the clusters were studied. The clusters were optimized with M06-L functional. The 
C, O, N and H atoms were calculated with the 6-31G(d,p) level of theory while the 
transition metals were calculated with Stuttgart basis functional. All atoms were 
allowed to relax during structural optimization. All calculations were performed on the 
Gaussian 09 program. 

 
RESULTS 

We synthesized M-PCN-222 and evaluated CO2 adsorption capacities up to an 
atmospheric pressure at 298 K. The preliminary results show that Mn-PCN-222 provides 
the highest CO2 uptake. To clarify the effect of metal centers in porphyrin ligand on the 
CO2 binding affinity, DFT calculation was conducted to calculate the heat of adsorption 
of CO2 on M-PCN-222. The heat of adsorption values of Fe-PCN-222 from the 
calculation are compared with the values obtained from CO2 adsorption experiments to 
validate the reliability of the cluster models. Optimized structures of FeClC44H28N4 and 
MnClC44H28N4 clusters representing the Fe-PCN-222 and Mn-PCN-222 clusters. The 
average Fe-N bond distance was 2.04 Å while the Fe-Cl bond distance was 2.29 Å 
compared well with our experimental data of 2.03 and 2.36 Å. For Mn-PCN-222, the 
average Mn-N bond distance was 2.04 Å while the Mn-Cl bond distance was 2.35 Å. The 
CO2 adsorbed on Fe-PCN-222 (CO2

 @ Fe-PCN-222) and Mn-PCN-222 (CO2
 @ Mn-

PCN-222) are shown in Figure 1. The CO2 adsorbs on the metal clusters by oxygen atom 
with the intermolecular distances of O - - Fe and O - - Mn were 2.95 and 3.12 Å, 
respectively. The adsorption energies were calculated to be -5.0 and -5.9 kcal/mol, 
respectively. 
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Figure 1. Optimized structure for (a) CO2
 @ Fe-PCN-222 and (b) CO2

 @ Mn-
PCN-222 with M06-L functional. 
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EXTENDED ABSTRACT 

 
Keywords: Coumarin, Pechmann reaction, DFT, M06-2X, NMR   
 
INTRODUCTION 
 

 Coumarin, an important natural compound from the plants in families of Rutaceae 
and Umbelliferia, has shown the evidence for the laser activity and medical usage [1]. 
The Pechmann reaction is one of the important coumarin synthesis methods [2]. 
Previously, we combined experimental and theoretical method to study the production 
of 7-Hydroxyl-4-methyl coumarin from resorcinol and ethyl acetoacetate [3]. In this 
work, we studied Pechmann reaction between ethyl acetoacetate and benzene-1,3,5-
triol using sulfuric acid as catalysts by both experiment and theory. The detailed 
mechanism was investigated by density functional theory calculations. The relative 
energies, structure of adsorption, transition state, and intermediate were also 
elucidated.    

  
PROPOSED APPROACH 

 Pechmann reaction between ethyl acetoacetate and benzene-1,3,5-triol using the 
sulfuric acid as catalyst has been studied by density functional theory, the M06-2X 
functional. The structures were optimized with 6-31G(d,p) and the energies were 
corrected with 6-311+G(2df,2p). Transition states were located using the Berny 
algorithm and only one imaginary frequency which correspond to the reaction 
pathway were checked. All calculations were performed using Gaussian 09 program.  
 For experimental section, the reaction of benzene-1,3,5-triol (20 mmol) and ethyl 
acetoacetate (20 mmol) with sulfuric acid (1.0 mL) were performed in 50 mL round-
bottom flask under controlled pH, time and temperatures. The crude products were 
collected by vacuum filtration and the crystal was washed with cold DI water. The 
reaction product was characterized by the TLC technique, IR and NMR spectroscopy.  

 
RESULTS 
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a guideline to design the suitable metal centers or metal complexes in the center of 
porphyrin ligands to enhance the adsorption and selectivity of CO2. 

 
PROPOSED APPROACH 
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(2700 mg) in N,N’-dimethyformamide (DMF) as modified from the literature.2 All 
synthesized M-PCN-222 samples were characterized by power X-ray diffraction, 
elemental analysis and CO2 adsorption experiments. 
The cluster model of PCN-222 topology was obtained from the available 
crystallographic data of Fe-PCN-222. Other M-PCN-222 structures were created by 
substituting Fe with the desired metal species. High spin state provide the most stable 
structure for both Fe-PCN-222 and Mn-PCN-222. Various positions of CO2 adsorbed 
on the clusters were studied. The clusters were optimized with M06-L functional. The 
C, O, N and H atoms were calculated with the 6-31G(d,p) level of theory while the 
transition metals were calculated with Stuttgart basis functional. All atoms were 
allowed to relax during structural optimization. All calculations were performed on the 
Gaussian 09 program. 

 
RESULTS 
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atmospheric pressure at 298 K. The preliminary results show that Mn-PCN-222 provides 
the highest CO2 uptake. To clarify the effect of metal centers in porphyrin ligand on the 
CO2 binding affinity, DFT calculation was conducted to calculate the heat of adsorption 
of CO2 on M-PCN-222. The heat of adsorption values of Fe-PCN-222 from the 
calculation are compared with the values obtained from CO2 adsorption experiments to 
validate the reliability of the cluster models. Optimized structures of FeClC44H28N4 and 
MnClC44H28N4 clusters representing the Fe-PCN-222 and Mn-PCN-222 clusters. The 
average Fe-N bond distance was 2.04 Å while the Fe-Cl bond distance was 2.29 Å 
compared well with our experimental data of 2.03 and 2.36 Å. For Mn-PCN-222, the 
average Mn-N bond distance was 2.04 Å while the Mn-Cl bond distance was 2.35 Å. The 
CO2 adsorbed on Fe-PCN-222 (CO2

 @ Fe-PCN-222) and Mn-PCN-222 (CO2
 @ Mn-

PCN-222) are shown in Figure 1. The CO2 adsorbs on the metal clusters by oxygen atom 
with the intermolecular distances of O - - Fe and O - - Mn were 2.95 and 3.12 Å, 
respectively. The adsorption energies were calculated to be -5.0 and -5.9 kcal/mol, 
respectively. 
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Figure 1. Optimized structure for (a) CO2
 @ Fe-PCN-222 and (b) CO2

 @ Mn-
PCN-222 with M06-L functional. 
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Pechmann reaction between ethyl acetoacetate with benzene-1,3,5-triol using 
sulfuric acid was proposed to be three-step reaction: transesterification, 
intramolecular hydroxylalkylation, and dehydration, as shown in scheme 1. The 
calculated reaction pathway with relative energies was described shown in figure 1.  
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Figure 1. Reaction Pathway of Pechmann reaction for 5,7-dihydroxy-4-methyl 
coumarin calculated by M06-2X/6-311+G(2df,2p)//M06-2X/6-31G(d,p) level of 
calculation. 

 

 In the experimental part, 5,7-dihydroxy-4-methylcoumarin was synthesized from 
benzene-1,3,5-triol  and ethyl acetoacetate via Pechmann reaction. Several 
experiments were performed under identical condition but different temperatures. 
Percent yield of 5,7-dihydroxy-4-methylcoumarin was increased up to 80% without 
minor product.  
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EXTENDED ABSTRACT 
 
 The aim of this work is to investigate the adsorption of volatile organic compounds 
(VOCs) on transition metal (TM) doped single vacancy graphene (SDG) by using density 
functional theory (DFT) calculation. To facilitate the adsorption of VOCs under ambient 
conditions, various TM species such as Pd, Pt, Ag and Au were decorated on the SDG surface 
to increase the efficiency of adsorbent. Adsorption energies were calculated for organosulfur 
(thiophene), organonitrogen (pyrrole, and pyridine), organooxygen (furan) and benzene. 
Calculation results showed that the Pd, Pt, Au and Ag clusters were suitable for decorating 
SDG surface, which cloud be adsorbed stably on the surface. In case of VOCs adsorption, the 
adsorption strength of VOCs adsorption especially pyridine on the TM cluster doped SDG 
surface were Pt4 (-2.11 eV) > Pd4 (-2.05 eV) > Ag4 (-1.53 eV) > Au4 (-1.87 eV). Our study 
had indicated that TM doped SDG was a suitable adsorbent material for VOCs removal and 
provides a key insight into the fundamentals of VOCs adsorption on carbon-based adsorbent. 
 
Keywords: DFT, single vacancy graphene, adsorption and volatile organic compound. 
 
INTRODUCTION 

Volatile organic compounds (VOCs) are the major pollutants in the atmosphere. There 
are many sources releasing them such as motor vehicles and chemical plants1,2. Some 
VOCs are hazardous to human health and cause harm to the environment. Combustion, 
adsorption, bio-filtration, biodegradation and catalytic oxidation are processes that used 
for removing VOCs. Carbon-based materials such as activated carbons have been widely 
used as adsorbents for removing a large amount of VOCs. However, adsorption 
efficiency of these materials are limited. Therefore, improvement of VOCs adsorbent is 
beneficial and challenging.   

 
PROPOSED APPROACH 

All of the calculations were performed using density functional theory (DFT) via the 
Dmol3 program package in Materials Studio 5.53. The main calculations are conducted 
with the generalized gradient approximation (GGA) with a PW91 exchange-correlation 
functional, which is more suitable for adsorption energy calculation than the local 
density approximation. A Monkhorst–Pack mesh k-points grid of 7×7×1 is used to 
simplify the Brillouin zone and the real space cutoff radius is maintained as 4.5 Å.  

 
RESULTS 

We investigated the adsorption of benzene, furan, thiophene, pyrrole, and thiophene 
VOCs on to TM-doped SDG, both TM atom tetramer TM clusters (TM = Pd4-B, Pt4-
A, Au4-B, andAg4-B) as adsorbents. Adsorption energies of VOC/TM atom-doped 
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Pechmann reaction between ethyl acetoacetate with benzene-1,3,5-triol using 
sulfuric acid was proposed to be three-step reaction: transesterification, 
intramolecular hydroxylalkylation, and dehydration, as shown in scheme 1. The 
calculated reaction pathway with relative energies was described shown in figure 1.  
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Figure 1. Reaction Pathway of Pechmann reaction for 5,7-dihydroxy-4-methyl 
coumarin calculated by M06-2X/6-311+G(2df,2p)//M06-2X/6-31G(d,p) level of 
calculation. 

 

 In the experimental part, 5,7-dihydroxy-4-methylcoumarin was synthesized from 
benzene-1,3,5-triol  and ethyl acetoacetate via Pechmann reaction. Several 
experiments were performed under identical condition but different temperatures. 
Percent yield of 5,7-dihydroxy-4-methylcoumarin was increased up to 80% without 
minor product.  
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EXTENDED ABSTRACT 
 
 The aim of this work is to investigate the adsorption of volatile organic compounds 
(VOCs) on transition metal (TM) doped single vacancy graphene (SDG) by using density 
functional theory (DFT) calculation. To facilitate the adsorption of VOCs under ambient 
conditions, various TM species such as Pd, Pt, Ag and Au were decorated on the SDG surface 
to increase the efficiency of adsorbent. Adsorption energies were calculated for organosulfur 
(thiophene), organonitrogen (pyrrole, and pyridine), organooxygen (furan) and benzene. 
Calculation results showed that the Pd, Pt, Au and Ag clusters were suitable for decorating 
SDG surface, which cloud be adsorbed stably on the surface. In case of VOCs adsorption, the 
adsorption strength of VOCs adsorption especially pyridine on the TM cluster doped SDG 
surface were Pt4 (-2.11 eV) > Pd4 (-2.05 eV) > Ag4 (-1.53 eV) > Au4 (-1.87 eV). Our study 
had indicated that TM doped SDG was a suitable adsorbent material for VOCs removal and 
provides a key insight into the fundamentals of VOCs adsorption on carbon-based adsorbent. 
 
Keywords: DFT, single vacancy graphene, adsorption and volatile organic compound. 
 
INTRODUCTION 

Volatile organic compounds (VOCs) are the major pollutants in the atmosphere. There 
are many sources releasing them such as motor vehicles and chemical plants1,2. Some 
VOCs are hazardous to human health and cause harm to the environment. Combustion, 
adsorption, bio-filtration, biodegradation and catalytic oxidation are processes that used 
for removing VOCs. Carbon-based materials such as activated carbons have been widely 
used as adsorbents for removing a large amount of VOCs. However, adsorption 
efficiency of these materials are limited. Therefore, improvement of VOCs adsorbent is 
beneficial and challenging.   

 
PROPOSED APPROACH 

All of the calculations were performed using density functional theory (DFT) via the 
Dmol3 program package in Materials Studio 5.53. The main calculations are conducted 
with the generalized gradient approximation (GGA) with a PW91 exchange-correlation 
functional, which is more suitable for adsorption energy calculation than the local 
density approximation. A Monkhorst–Pack mesh k-points grid of 7×7×1 is used to 
simplify the Brillouin zone and the real space cutoff radius is maintained as 4.5 Å.  

 
RESULTS 

We investigated the adsorption of benzene, furan, thiophene, pyrrole, and thiophene 
VOCs on to TM-doped SDG, both TM atom tetramer TM clusters (TM = Pd4-B, Pt4-
A, Au4-B, andAg4-B) as adsorbents. Adsorption energies of VOC/TM atom-doped 
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SDG surface fall in the range −0.94 to −2.23 eV. VOCs have stronger interactions 
with TM-clusters doped SDG than they do with single TM atoms on SDG. 
Decreasing adsorption strength is in order of Pt4-A > Pd4-A > Au4-B > Ag4-B. We 
found that pyridine adsorbs well on all TM-cluster doped SDG adsorbents, especially 
for Pt4-A doped SDG, which has the greatest adsorption energy of −2.11 eV4. 
 

 

 
 
 
 
 
   
  
 
  
 

 
Figure 1. VOCs adsorption on TM-cluster doped SDG (a) benzene, (b) furan (c) 
pyrrole(d) pyridine and (e) thiophene. 
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EXTENDED ABSTRACT 
 

Keywords: DFT calculation, Schiff base, Heavy metal detection.  
 
INTRODUCTION 

Heavy metal ions from industry are highly dangerous for humans. The major threat of 
heavy metal ions is mercury (Hg2+) owing to high toxicity even at very low 
concentrations[1-3]. Lead (Pb2+) also has high toxicity, the excessive of it leads to 
headaches, irritability and memory problems[3]. Copper (Cu2+) and cobalt (Co2+) is toxic 
as well. It is a neurotoxic that linked to physical and psychiatric symptoms[4]. The 
detection has desired to measure them. So, the one way that is low cost and less time 
consuming is computational method. For example, Density Functional Theory (DFT) 
calculation was used to determine the derivative Schiff base complex with heavy metal 
ions[5]. In this work, the molecular structure was designed and calculated the probability 
of it to interact with heavy metal ions. The heavy metal ions which used in this work are 
Hg2+, Pb2+ and Cu2+. DFT method was used to optimize and calculate the structures and 
complexes using B3LYP/6-311G(d,p) method for C, N, H, S and O atom and LANL2DZ 
basis set for heavy metal ions. The optical properties, binding energies and electron 
distribution were analyzed. The mechanism of interaction was also investigated.  

 
PROPOSED APPROACH 

Quantum chemical calculation was investigated the structure geometry and electronic 
properties. The structure of Schiff base molecule was designed owing to simple synthesis. 
DFT was used to optimize the derivative Schiff base structure with B3LYP/6-311G(d,p) 
method. Then the optimization of complexes were calculated by B3LYP/6-311G(d,p) 
method for C, N, H, S and O atom and LANL2DZ basis set for heavy metal ions (Hg2+, 
Pb2+ ,Cu2+ and Co2+). Then, TD-DFT was used to determine the transition state of 
complexes. Finally, the electronic properties, binding energies and electron distribution 
were studied. 
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RESULTS 
 
 
 

 

                  I II 
 

Figure 1. Proposed interacting site between Schiff base molecule and metal ion (I) 
Sulfur position (II) oxygen position 

 
 
 
  

                  HOMO LUMO 
 

Figure 2. Electron distribution of Schiff base complexs with Hg2+ at O site 
 
All structures were optimized by DFT using Gaussian09 suite. The positions which 
interact with heavy metal ions (Hg2+) were varied by S site and O site as show in Fig. 
1(I) and 1(II), respectively. Interacting at oxygen position presented lower binding 
energy than the sulfur position which was implied that O site of Schiff base interacts 
with Hg2+ by LMCT transition. Considering the electronic properties, HOMO and 
LUMO were presented electron distribution of complex which Hg2+ interact to O site at 
HOMO state and LUMO state, respectively. The result indicates that the transfer of the 
electron from derivative Schiff base to Hg2+. Further work, the optical properties binding 
energies and mechanism of all complexes were investigated. 
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 EXTENDED ABSTRACT 
 
 Estrogen receptors beta (ERβ) is highly expressed in the hippocampus and cerebral 
cortex, which is part of the brain associated with learning and creating memory formation. 
ERβ has become the focus of investigation as a potential drug target for using in the 
prevention and treatment of Alzheimer's disease (AD). In this work, genistein (GEN) in 
complex with ERβ is used to study the binding mode using molecular dynamics simulations. 
100 ns of MD simulations were performed in GROMACS 5.0 program. From the results, MD 
simulations reveals the stabilized complex structure after 30 ns and key amino acids for the 
binding are also investigated. Conformations of 30-100 ns MD trajectories are further 
clustered based on their conformations. The first conformational cluster posed the highest 
contribution of the conformations from MD trajectories is selected for analyzing the binding 
interaction of genistein. The H-bond interactions to amino acids in the binding pocket are 
Met295, Leu298, Glu305, Leu339, Met340, Leu343, Arg346, Phe356, Ile376, His475, and 
Leu476. Information from the study can indicate the structural effect of GEN during the 
binding and can use for further analysis in order to improve the activity of this derivative. 
Keywords: Alzheimer's disease (AD); genistein (GEN); Estrogen receptors beta (ERβ); 
Molecular dynamics simulations (MD)  

 
INTRODUCTION 

The estrogen is a group of steroid hormones in females, most of which were 
synthesized in the gonad and secreted into the bloodstream in order to control the 
operation of target organs by active through the estrogen receptors (ERs). The main 
functions of estrogen related to the reproductive system and the operation of the 
nervous system include the protection and treatment of nerve cells. There are 
classified into two groups of estrogen receptors, referred to as α and β forms. All of 
them, they have functions and expression in the different organs. Estrogen receptors 
alpha (ERα) is expressed in neurons of the cholinergic basal forebrain bundle, which 
is a part of the brain associated with emotional behavior. While estrogen receptors 
beta (ERβ) is highly expressed in the hippocampus and cerebral cortex, which is part 
of the brain associated with learning and creating memory formation. Estrogen 
receptors beta (ERβ) has become the focus of investigation as a potential drug target 
in this research and we attempt to study the estrogen receptors beta (ERβ) for use in 
the prevention and treatment of Alzheimer's disease (AD). 
 
 

PROPOSED APPROACH 
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 EXTENDED ABSTRACT 
 
 Estrogen receptors beta (ERβ) is highly expressed in the hippocampus and cerebral 
cortex, which is part of the brain associated with learning and creating memory formation. 
ERβ has become the focus of investigation as a potential drug target for using in the 
prevention and treatment of Alzheimer's disease (AD). In this work, genistein (GEN) in 
complex with ERβ is used to study the binding mode using molecular dynamics simulations. 
100 ns of MD simulations were performed in GROMACS 5.0 program. From the results, MD 
simulations reveals the stabilized complex structure after 30 ns and key amino acids for the 
binding are also investigated. Conformations of 30-100 ns MD trajectories are further 
clustered based on their conformations. The first conformational cluster posed the highest 
contribution of the conformations from MD trajectories is selected for analyzing the binding 
interaction of genistein. The H-bond interactions to amino acids in the binding pocket are 
Met295, Leu298, Glu305, Leu339, Met340, Leu343, Arg346, Phe356, Ile376, His475, and 
Leu476. Information from the study can indicate the structural effect of GEN during the 
binding and can use for further analysis in order to improve the activity of this derivative. 
Keywords: Alzheimer's disease (AD); genistein (GEN); Estrogen receptors beta (ERβ); 
Molecular dynamics simulations (MD)  

 
INTRODUCTION 

The estrogen is a group of steroid hormones in females, most of which were 
synthesized in the gonad and secreted into the bloodstream in order to control the 
operation of target organs by active through the estrogen receptors (ERs). The main 
functions of estrogen related to the reproductive system and the operation of the 
nervous system include the protection and treatment of nerve cells. There are 
classified into two groups of estrogen receptors, referred to as α and β forms. All of 
them, they have functions and expression in the different organs. Estrogen receptors 
alpha (ERα) is expressed in neurons of the cholinergic basal forebrain bundle, which 
is a part of the brain associated with emotional behavior. While estrogen receptors 
beta (ERβ) is highly expressed in the hippocampus and cerebral cortex, which is part 
of the brain associated with learning and creating memory formation. Estrogen 
receptors beta (ERβ) has become the focus of investigation as a potential drug target 
in this research and we attempt to study the estrogen receptors beta (ERβ) for use in 
the prevention and treatment of Alzheimer's disease (AD). 
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For starting conformation, the crystal structure of genistein in complex with estrogen 
receptors beta (PDB code: 1X7J) was taken from Protein Data Bank. The molecular 
dynamics simulations for 100 ns were then performed by using GROMACs program. 
Octahedron box, SPC water models and the Amber99SB protein, nucleic AMBER94 
force field were used.  

 

 
 

Figure1. Structure of genistein (IC50 = 0.0789 µM) 
 

 
RESULTS 

After 30 ns of MD trajectories, the low fluctuation with the RMSD value of 1 Å is 
found. Conformations of 30-100 ns of MD trajectories were further investigated the 
number of hydrogen bonds of inhibitor interacted to amino acids in the binding 
pocket and root mean square fluctuation (RMSF) of amino acids along the 
simulations. From the results, hydrogen bond interactions between the inhibitor and 
amino acids in the binding pocket are found. The average number of hydrogen bond 
interactions is 3.2. RMSF of backbone amino acids in MD trajectories is investigated 
for the fluctuation of amino acids in the binding pocket. Most of amino acids reveal 
low fluctuation with the RMSF less than 1 Å . A cluster posed the high contribution 
of the conformations from MD trajectories was further selected for analyzing the 
binding interaction to amino acids in the binding site. Genistein revealed H-bond 
interactions to amino acid in the binding pocket which are Met295, Leu298, Glu305, 
Leu339,   Met340, Leu343, Arg346, Phe356, Ile376, His475, and Leu476. 
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EXTENDED ABSTRACT 

 
Keywords: Backward Bifurcation, SEIR Epidemic Model, Treatment Function.  
 
INTRODUCTION 

Mathematical model of epidemiology is the modelling of an infectious diseases which 
has been used to predict the transmission dynamics of the infectious diseases in the 
host population[1-2]. In epidemic model, the treatment is an important method to 
control or decreasing the spread of diseases [3-6]. In this work, SEIR epidemic model 
with treatment function is proposed to investigate the effect for treatment of 
infectious on the disease spread. The model compounds with 4 individuals: 
Succeptible (S), Exposed (E), Infected (I) and Recovered (R) as shown in the 
following, 

                                                                    

 

 
1

1

dS A SI S
dt
dE SI E
dt
dI rIE d I
dt I
dR rII R
dt I

    

     

       


    


                           (1) 

where  A  is the  recruitment rate,   is the infection rate,   is the natural death rate, 
  is the progression rate to symptom development (the rate at which an infected  
individual becomes infectious per unit time),   is the removal rate (the rate at which  
an infectious individual recovers per unit time), d  is the disease-related death and 

( )T I  is the treatment rate function. The treatment function is defined by  

( )
1



rIT I

I
  where  r  is  the cure rate,   is present to measure the extent of the 

effect of there  being a delay in the treatment of infection. 
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PROPOSED APPROACH 
Since the first three equations of the system (1) do not contain the variable R. Thus the 
system (1) is analyzed in the  SEI variables. The equilibrium of the system  are 
established by setting the derivative term equal to zero. The model has equilibrium 
points:  

(I) Disease-free equilibrium (DFE) ,  0 0 0
0 , , , 0, 0 
    

AX S E I  

(II) Endemic equilibrium (EE) ,  * * * *, ,X S E I , 

                 

*
*

  
AS

I
     ,   

  
*

*
*

AIE
I




    
   and     2* * 0aI bI c    

where 

                                    a d       

                                b d r d A                

                                     01c d r R         

and          
  0 

   
AR

d r


    
   is the basic reproductive number. 

It indicates that the possibility of  backward bifurcation exist in the system  when 
0 1R  .   

 
RESULTS 

Observe that the backward bifurcation will take place when the effect of the infected  
being delayed for treatment ( ) becomes stronger than some level. Thus,   is one of   
the factors which lead to the backward bifurcation and the following theorem is    
established. 

 Theorem 1 When 0   then system has a backward bifurcation at 0 1R  , 

 where   
0

    
 


d r

r
 

             

 
Figure 1. Backward bifurcation of the model. 

 
The numerical solutions in Figure 1 are illustrated backward bifurcation of the model    
when 10, 0.05, 0.2, 1.2, 0.4, 0.2, 2, 1.5            A d r  

 
Conclusion, the basic reproduction number below one is not enough condition to 
eradicate the disease and also depend on the value of the effect of the infected  
being delayed for treatment. 
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EXTENDED ABSTRACT 
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INTRODUCTION 

Cancer is one of the most serious diseases in the world with number of deaths up to 
8.2 million in 2012 (World Cancer Report, 2014). Current cancer treatments 
including surgery and chemotherapy are associated with severe side effects; hence 
development of drugs with no or less side effects and great selectivity is of prime 
concern. Target therapy has become potential and popular for cancer treatment 
because of improved effectiveness and less harm to normal cells. Several kinds of 
molecular targets have been focused in recent years and one of them is topoisomerase 
II (TOP2). Chalcone (1,3-diphenyl-2-propen-1-one), is a phenolic compound 
abundant in edible plant and is considered to be TOP2 inhibitor. Natural and synthetic 
derivatives of chalcones have been reported to influence several biological activities 
including anti-proliferative, antioxidant and anti-inflammatory activities. Especially 
the anticancer activities against various cancer cell lines such as breast (MCF7) [1, 2], 
cervical (HeLa) [3], lung (A549) [4] cancer cell lines have been reported. 
 

PROPOSED APPROACH 
1. Computational methods 
1.1 Docking studies 
Screening of potent chalcone against target proteins was carried out by a docking 
procedure using the CDOCKER module. The structures of 47 chalcone derivatives 
were designed. The all of chalcones and commercial drug were created and 
optimized. The crystal structure of target protein was downloaded from RSCB Protein 
Data Bank. The 47 chalcones were docked into the active and binding sites of target 
protein. The chalcones with the three lowest interaction energies were synthesized 
and examined the cytotoxicity with cancer cell lines. 
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2. Experimental approach 
2.1        Cytotoxicity assay   
The cell viabilities of three cancer cell lines (HT-1376, HeLa, MCF-7) exposed to 
three chalcones derivatives were evaluated by MTT assay. The 100 μL cell lines were 
seeded into 96-well plates and incubated for 24 hours under normal culture 
conditions. By the following day, test compounds at various concentrations (100, 50, 
25, and 12.5 μM) were added into wells and incubated for another 24 hours. 
Afterwards, MTT solution was added to each well and incubated at 37°C for 2 hours, 
then reaction was stopped by 100 μL of DMSO. The absorbance was measured at 570 
nm using a microplate spectrophotometer system. The percentage of cell viability in 
each compound was calculated, and the IC50 values were determined in comparison 
with untreated controls using Table Curve 2D program version 5.01.  
 

RESULTS 
The screening of chalcones for synthesis was guided by docking of all designed 
chalcones into the ATP-binding site of TOP2α as a target enzyme for anticancer 
agents. The binding affinities between chalcone and TOP2α were indicated by the 
ligand-protein interaction energy. The known anticancer drug (salvicine) was used to 
the reference for prediction the possible binding of designed chalcones. As results the 
docked chalcone 3c, 3d and 3f showed the third rank lowest interaction energies with 
the values of -61.08, -60.68 and -59.27 kcal/mol, respectively, that were slightly 
lower than salvicine (-58.72 kcal/mol). In comparison to the experimental IC50 values 
of the three chalcones against the HT-1376, HeLa and MCF-7 cancer cell lines, it is 
clearly seen that the chalcone 3d showed a high cytotoxicity with IC50 of 10  1 µM 
on HT-1376, 3  3 µM on HeLa and 21  6 µM on MCF-7. Nonetheless, the 
cytotoxicity of salvicine on three cancer cell lines is needed to fulfill the screening 
process.  
 

REFERENCES 
1. Chauhan, S.S., et al., Synthesis of novel β-carboline based chalcones with high 

cytotoxic activity against breast cancer cells. Bioorganic & medicinal 
chemistry letters 2014, 24 (13), 2820-2824. 

2. Potter, G., P. Butler, and E. Wanogho, Substituted chalcones as therapeutic 
compounds 2001, Google Patents. 

3. Vogel, S., et al., Natural and non-natural prenylated chalcones: synthesis, 
cytotoxicity and anti-oxidative activity. Bioorganic & medicinal chemistry 
2008, 16 (8), 4286-4293. 

4. Warmka, J.K., et al., Inhibition of mitogen activated protein kinases increases 
the sensitivity of A549 lung cancer cells to the cytotoxicity induced by a kava 
chalcone analog. Biochemical and biophysical research communications 2012, 
424 (3), 488-492. 

 

164



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

BIO 
-O- 
2 

In Vitro and In Silico Studies of Chalcone as a New 
Anticancer Drug Candidate Against a Cancer 

Target Protein 
 

Kanyani Sangpheak1, Chompoonut Rungnim3, Warinthon Chavasiri4, Peter Wolschann5,6,  
Monika Muller5, and Thanyada Rungrotmongkol2,C 

 

1 Program in Biotechnology, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand. 
2 Structural and Computational Biology Research Group, Department of Biochemistry, Faculty of Science, 

Chulalongkorn University, Bangkok 10330, Thailand. 
3 Nanoscale Simulation Laboratory, National Nanotechnology Center, National Science and Technology 

Development Agency, Pathum Thani, 12120, Thailand 
4 Natural Products Research Unit, Department of Chemistry, Faculty of Science, Chulalongkorn 

University, Bangkok 10330, Thailand. 
5 Department of Pharmaceutical Technology and Biopharmaceutics, University of Vienna, Vienna 1090, 

Austria 
6 Institute of Theoretical Chemistry, University of Vienna, Vienna 1090, Austria 

 

C E-mail: thanyada.r@chula.ac.th; Tel: +66 2218 5426; Fax: + 66 2218 5418. 
 
 

EXTENDED ABSTRACT 
 

Keywords: Chalcone, Target drugs, Anticancer, Docking, MTT assay 
 
INTRODUCTION 

Cancer is one of the most serious diseases in the world with number of deaths up to 
8.2 million in 2012 (World Cancer Report, 2014). Current cancer treatments 
including surgery and chemotherapy are associated with severe side effects; hence 
development of drugs with no or less side effects and great selectivity is of prime 
concern. Target therapy has become potential and popular for cancer treatment 
because of improved effectiveness and less harm to normal cells. Several kinds of 
molecular targets have been focused in recent years and one of them is topoisomerase 
II (TOP2). Chalcone (1,3-diphenyl-2-propen-1-one), is a phenolic compound 
abundant in edible plant and is considered to be TOP2 inhibitor. Natural and synthetic 
derivatives of chalcones have been reported to influence several biological activities 
including anti-proliferative, antioxidant and anti-inflammatory activities. Especially 
the anticancer activities against various cancer cell lines such as breast (MCF7) [1, 2], 
cervical (HeLa) [3], lung (A549) [4] cancer cell lines have been reported. 
 

PROPOSED APPROACH 
1. Computational methods 
1.1 Docking studies 
Screening of potent chalcone against target proteins was carried out by a docking 
procedure using the CDOCKER module. The structures of 47 chalcone derivatives 
were designed. The all of chalcones and commercial drug were created and 
optimized. The crystal structure of target protein was downloaded from RSCB Protein 
Data Bank. The 47 chalcones were docked into the active and binding sites of target 
protein. The chalcones with the three lowest interaction energies were synthesized 
and examined the cytotoxicity with cancer cell lines. 
 
 
 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

2. Experimental approach 
2.1        Cytotoxicity assay   
The cell viabilities of three cancer cell lines (HT-1376, HeLa, MCF-7) exposed to 
three chalcones derivatives were evaluated by MTT assay. The 100 μL cell lines were 
seeded into 96-well plates and incubated for 24 hours under normal culture 
conditions. By the following day, test compounds at various concentrations (100, 50, 
25, and 12.5 μM) were added into wells and incubated for another 24 hours. 
Afterwards, MTT solution was added to each well and incubated at 37°C for 2 hours, 
then reaction was stopped by 100 μL of DMSO. The absorbance was measured at 570 
nm using a microplate spectrophotometer system. The percentage of cell viability in 
each compound was calculated, and the IC50 values were determined in comparison 
with untreated controls using Table Curve 2D program version 5.01.  
 

RESULTS 
The screening of chalcones for synthesis was guided by docking of all designed 
chalcones into the ATP-binding site of TOP2α as a target enzyme for anticancer 
agents. The binding affinities between chalcone and TOP2α were indicated by the 
ligand-protein interaction energy. The known anticancer drug (salvicine) was used to 
the reference for prediction the possible binding of designed chalcones. As results the 
docked chalcone 3c, 3d and 3f showed the third rank lowest interaction energies with 
the values of -61.08, -60.68 and -59.27 kcal/mol, respectively, that were slightly 
lower than salvicine (-58.72 kcal/mol). In comparison to the experimental IC50 values 
of the three chalcones against the HT-1376, HeLa and MCF-7 cancer cell lines, it is 
clearly seen that the chalcone 3d showed a high cytotoxicity with IC50 of 10  1 µM 
on HT-1376, 3  3 µM on HeLa and 21  6 µM on MCF-7. Nonetheless, the 
cytotoxicity of salvicine on three cancer cell lines is needed to fulfill the screening 
process.  
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INTRODUCTION 

Plasmodium falciparum Dihydrofolate Reductase (pfDHFR) is the target of antifolate 
antimalarial drugs [1]. The mutation reduces the inhibiting activity of antimalarial drugs 
including Cycloguanil (Cyc). To tackle this problem, Cyc derivatives were designed. The 
design can increase the inhibiting activity of Cyc derivatives with inhibition constant in 
the nanomolar level [2]. Unfortunately, there is no report on the drug’s property towards 
inhibiting potential against pfDHFR (R and S enantiomer). This is important because 
stereochemistry plays an important role in the drug design and the responses of the drug 
to the body [1, 3-5]. In this study, theoretical investigation of enantioselective enzyme-
ligand binding interaction between 24 enantiomeric Cyc derivatives and wild-type 
pfDHFR and mutant-type pfDHFR were investigated via molecular docking.  
 

PROPOSED APPROACH  
The methodology discussed involves two sections consisting of molecular construction of 
ligands (Cyc derivatives) and pfDHFR enzymes. Three-dimensional structures of 24 Cyc 
derivatives were constructed and their geometry were optimized at HF/6-31G (d,p) 
calculations via GaussView05 and Guassian09 software package, respectively. The 
crystal structure of wild-type and mutant-type pfDHFR were downloaded from RSCB 
Protein Data Bank (PDB ID: 3UM8 and 3UM6 respectively [6]). Water molecules were 
removed and hydrogen atoms were added to the host molecules via Discovery Studio 4.0. 
Molecular docking of wild-type and mutant-type of pfDHFR with 24 enantiomeric Cyc 
compounds were carried out using AutoDock 4.2.6 software package. All rotatable bonds 
within Cyc compounds were allowed to be freely flexible during the docking simulations, 
whereas enzyme structures were fixed as the rigid macromolecule. Gasteiger charges 
were assigned for the system. The Lamarkian Genetic Algorithm was used at 100 
dockings for each Cyc compounds. The grid size of 0.375 Å spacing was set at specified 
grid points of 60 points in x-y-z directions. Other parameters were run at the program’s 
default settings. Clusters obtained from Autodock calculations are then compared to 
pfDHFR-Cyc interactions available in the crystal structures [6]. The best-fit 
configuration with the lowest binding energy was selected from each of Cyc 
compounds for further analysis. 
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RESULTS 
Molecular docking results with best-fit configuration shown similar binding interactions 
as the crystal structures. Fig.1 shows the superposition of Cyc derivatives in R and S 
configuration on its parent Cyc structure. A thorough analysis predicts Asp54 to be the 
characteristic hydrogen bond. Cys15 and Thr185 are binding interactions observed apart 
from the reference structure. Molecular docking of 24 enantiomeric Cyc compounds with 
wild-type and mutant-type of pfDHFR indicates the preferential binding of one 
enantiomeric form over the other form. This work also include the discussion regards to 
the effects of chlorine substitution at meta and para position of the phenyl ring on the 
overall binding activity between ligand-host interaction, the effect of substituent bulkiness 
on the binding activity between ligand-host interaction and the comparison of 
experimental data obtained from reference literature versus computational molecular 
docking data.  
  

 
 

Figure 1. Superposition of Cyc derivatives with inhibitor template; Cyc (stick 
model). Cyc derivatives in R and S configuration are shown as stick model as light 
grey lines and dark grey lines respectively. The best-fit configurations have similar 
hydrogen bonding interactions as the reference structure. Hydrogen bonding and 
hydrophobic interactions are viewed as straight lines and curve lines respectively. 
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INTRODUCTION 

In 2014, The Global Asthma Network reported that approximately 334 million people 
suffered from asthma1. In general, asthma drug (inhaled corticosteroids) is used to control 
symptoms until it reach resting-state. By using inhaled corticosteroids, the long-term side 
effects may occur. However, the corticosteroids are still used in asthma treatment due to 
their low market price. Therefore, the development for alternative asthma drugs with 
lower price and less side effects are necessary2-3. In the past decade, there are many 
studies aimed to study about anti-leukotriene substances in order to use them as 
alternative asthma drugs. Some are used in clinical practice for curing asthma such as 
Zileuton (ZYFLO CR®)4. Nevertheless, those medications have lower efficacy than 
corticosteroids and contain many side effects5. Plai or Zingiber cassumunar Roxb. is a 
herb found in the South East Asia region. The major bioactive components of this plant 
are Compound D {(E)-4-(3',4'-dimethoxyphenyl)but-3-en-2-ol} and DMPBD {(E)-1-
(3’,4’-dimethoxyphenyl)-butadiene}, which have antiasthmatic activities6. Unfortunately, 
their mechanisms are not fully understood. The possible target for these substances is 5-
Lipoxygenase enzyme (5-LO) because the constriction and inflammation of guinea pigs 
airways can be reduce by 5-LO inhibition7. Thus, molecular modelling approaches are 
used to investigate ligand-protein complexes in order to suggest opportunities for using 
Compound D and DMPBD as the novel antiasthmatic drugs in comparison with 5-LO 
natural substrate (arachidonic acid, AA) and asthma drug (Zileuton).  

 
PROPOSED APPROACH 

1. Molecular preparation and optimization 
AA structure was extracted from x-ray structure downloaded from RCSB protein data 

bank (PDB ID: 3V99). Zileuton, Compound D, and DMPBD molecules were constructed 
by GaussView05 program. Then, perform structural optimization by density functional 
theory (DFT) at B3LYP/6-31G (d,p) level by using Gaussian09 program for all ligands. 
However, the x-ray of substrate-bound 5-LO structure (PDB ID: 3V99) is not complete. 
Thus, the complete x-ray structure of substrate-free 5-LO was downloaded (PDB ID: 
3O8Y) in order to use it as host for molecular modelling simulations.  
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2. Molecular docking calculations 
Molecular dockings were performed using the AutoDock 4.2 software package. All 

torsional angles within ligands were set free to perform flexible ligand docking. Gasteiger 
charges were assigned for all molecules. The Lamarckian Genetic Algorithm was used at 
100 dockings for each ligand. All other parameters were run at program’s default settings. 
3. Molecular dynamics (MD) simulations  

MD simulations were performed with AMBER force field in AMBER12 program. 
The stable prediction of 5-LO complex systems from molecular docking are solvated with 
a periodic truncated octahedral water box. Each of 5-LO system was started from a 
temperature of 0 K and gradually heated up to 300 K over 20 ps with constant volume. 
The whole system was equilibrated for 20 ns at 300 K and 1 atm (isothermal–isobaric 
ensemble, NPT) with 2 fs time steps. Several thermodynamic properties can be extracted 
from the output files. In addition, the free binding energy estimation by MM/GBSA 
(Molecular Mechanics Generalized Born Surface Area) method is used to calculate the 
binding energy between each ligand and specific amino acid residues of 5-LO. 

 
RESULTS 

MD simulations showed that Zileuton, Compound D, and DMPBD are possible to bind at 
substrate (AA) binding site of 5-LO (Figure 1). AA and Zileuton have similar binding 
mode with different binding affinity. The hydroxyl group of AA and Zileuton occur two 
hydrogen bonds with Leu420 and Ala424. Even though Compound D and DMPBD 
binding at the same catalytic site but molecular interactions with each amino acid residues 
are different. The binding energy of 5-LO with AA (-48.21 kcal/mol) is much lower than 
binding with Zileuton (-29.40 kcal/mol), Compound D (-26.83 kcal/mol) and DMPBD (-
29.15 kcal/mol) due to the van der Waals interaction between its hydrocarbon chain with 
many amino acid residues. The overall structures of 5-LO complexed with each ligands 
are very similar (RMSD 1.66 Å -1.79 Å) which indicated that the 5-LO enzyme has the 
same dynamics motion even though it was binding with different ligands. This also 
support our assumption that Compound D and DMPDB are competitive inhibitors, same 
as Zileuton. The binding affinities of Compound D and DMPBD on 5-LO enzyme also 
reveal the opportunities for using them as the novel antiasthmatic drugs. 

 
Figure 1. 5-LO binding site and interacting amino acid residues from MD models at 
19 ns. 5-LO structure shown as ribbon. The amino acid residues shown as stick 
models. Arachidonic acid (AA), Zileuton (ZIL), Compound D (CD) and DMPBD 
(DMP) shown as blue, magenta, yellow, and pink stick models, respectively. 
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INTRODUCTION 

With the completion of the Human Genome Project, it is now possible to locate over 
3,000,000 single nucleotide polymorphisms (SNPs), which are common genetic 
markers, in the human genome [1]. This poses one of the biggest challenges for genetic 
epidemiologists, which is to identify SNPs that are associated with complex diseases 
[2]. Nowadays, a genetic association study is treated as the first step to identify the 
causes of a complex disease of interest. In a population-based study, case-control 
samples are drawn from a population where SNP information is then extracted through 
genotyping. The difference between genotypic distribution among case samples and 
that among control samples usually signifies that SNPs are associated with the disease. 
In other words, the study aims to identify informative SNPs among available SNPs that 
lead to case-control classification [3]. 

 

From a pattern recognition viewpoint, the identification of informative SNPs can be 
treated as an attribute selection problem. This means that all three attribute selection 
approaches—filter, wrapper and embedded approaches—are suitable for the task [4]. 
Among the embedded techniques, a technique which is proven to be highly capable of 
identifying informative SNPs is a random forest (RF) [5]. RF was successfully applied 
to a number of genetic association studies which cover the presence of epistasis or 
gene-gene interactions and genetic heterogeneity where the same disease is caused by 
multiple independent genetic factors [6, 7]. 

 

Although RF is a suitable technique for genetic association studies, it is impossible to 
directly incorporate genetic models into RF. Therefore, it is interesting to study the 
effects of incorporating genetic models into a tree ensemble. One possibility is to use 
genetic programming (GP) to generate each tree in the ensemble. GP is a variant of 
genetic algorithm that is specifically designed to evolve a tree [8]. Each GP tree 
therefore inherits an ability to perform stochastic attribute selection. A genetic model, 
a genetic-Boolean model or a Boolean function, which can be chosen from a 
predefined set, is assigned to each non-leaf node in a GP tree. A benchmark 
experiment in which both RF and GP tree ensemble (GPTE) are used as classifiers 
where selected attributes are subsequently compared would provide an answer to the 
question regarding the necessity of genetic models. 
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directly incorporate genetic models into RF. Therefore, it is interesting to study the 
effects of incorporating genetic models into a tree ensemble. One possibility is to use 
genetic programming (GP) to generate each tree in the ensemble. GP is a variant of 
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predefined set, is assigned to each non-leaf node in a GP tree. A benchmark 
experiment in which both RF and GP tree ensemble (GPTE) are used as classifiers 
where selected attributes are subsequently compared would provide an answer to the 
question regarding the necessity of genetic models. 
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PROPOSED APPROACH 
GPTE was benchmarked against RF in a simulation trial involving penetrance-based 
two-locus disease models M1, M7, M97 and M170 [9]. They represent a jointly 
recessive model, a single-locus recessive model, a semi-pure epistasis model and a 
pure epistasis model, respectively. The interesting differences between penetrances of 
disease-predisposing and protective genotypes were 0.2, 0.4, 0.6, 0.8 and 1.0. Each 
simulated dataset consisted of 20 unlinked SNPs where a disease model was present. 
The allele frequencies of both causative SNPs were 0.5 while the minor allele 
frequencies (MAFs) of the remaining SNPs were between 0.05 and 0.5. The dataset 
consisted of 400 balanced case-control samples. All SNPs in control samples were in 
Hardy-Weinberg equilibrium. One hundred independent datasets for each simulation 
setting were generated by genomeSIM [10]. The number of output SNPs and the 
number of correctly-identified causative SNPs reported by the algorithm were used as 
the performance indicators [11, 12]. A paired t-test was applied to results obtained for 
each simulation setting to assess the significance of difference in algorithm 
performance. 

 
RESULTS 

The number of output SNPs reported by GPTE was not different from that reported by RF 
in the majority of simulation settings. Similarly, the number of correctly-identified 
causative SNPs reported by GPTE was not different from that reported by RF when there 
is a large difference between penetrances of disease-predisposing and protective 
genotypes. However, GPTE was capable of reporting more correctly-identified causative 
SNPs when the difference between penetrances of disease-predisposing and protective 
genotypes is small (p < 0.05). This suggests that incorporating genetic models into a tree 
ensemble is required for the latter scenario, which closely resembles to that in genetic 
association studies. 
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INTRODUCTION 

Genetic association studies focus on the identification of genetic markers including 
single nucleotide polymorphisms (SNPs) that are associated with complex diseases. 
Family-based and population-based studies aim to identify common disease alleles 
among related and unrelated individuals, respectively [1]. From a classification 
viewpoint, a population-based study is essentially an attribute selection problem. In 
other words, the study attempts to select SNPs that can be used to classify case-control 
samples from affected and unaffected individuals. Many regression analysis with 
attribute selection methods are suitable for the task. They include a least absolute 
shrinkage and selection operator (lasso) [2] and an elastic net (EN) [3]. Lasso exploits 
an 1l  penalty during the optimisation of a logistic regression model’s coefficients, 
which leads to the attribute selection capability. In contrast, EN exploits a combined 

21 ll  penalty. Lasso is suitable when attributes are uncorrelated while EN is suitable 
when attributes are correlated. 

 
The logistic regression model’s parameters that represent the coefficients for SNPs 
should be zero if these SNPs are not associated with the disease. Nonetheless, the 
possibility of irrelevant SNPs having non-zero coefficients exists. Hence, it is 
necessary to determine whether each non-zero coefficient is crucial for the 
classification capability of the logistic regression model. Recently, a method for 
determining statistical significance of coefficients in a logistic regression model was 
proposed [4]. 

 
With the availability of regression analysis with attribute selection methods and how to 
determine the statistical significance of a logistic regression model’s coefficients, it is 
possible to apply the aforementioned methodology to population-based association 
studies. There are two possible strategies: direct application of the methodology and 
incorporating a genetic model into the logistic regression model [5] prior to the 
application of the methodology. These two strategies are the interest of this article. 
Since the candidate gene approach to genetic association studies mainly focuses on 
selection of unlinked SNPs, lasso was chosen for this study. 
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PROPOSED APPROACH 
GPTE was benchmarked against RF in a simulation trial involving penetrance-based 
two-locus disease models M1, M7, M97 and M170 [9]. They represent a jointly 
recessive model, a single-locus recessive model, a semi-pure epistasis model and a 
pure epistasis model, respectively. The interesting differences between penetrances of 
disease-predisposing and protective genotypes were 0.2, 0.4, 0.6, 0.8 and 1.0. Each 
simulated dataset consisted of 20 unlinked SNPs where a disease model was present. 
The allele frequencies of both causative SNPs were 0.5 while the minor allele 
frequencies (MAFs) of the remaining SNPs were between 0.05 and 0.5. The dataset 
consisted of 400 balanced case-control samples. All SNPs in control samples were in 
Hardy-Weinberg equilibrium. One hundred independent datasets for each simulation 
setting were generated by genomeSIM [10]. The number of output SNPs and the 
number of correctly-identified causative SNPs reported by the algorithm were used as 
the performance indicators [11, 12]. A paired t-test was applied to results obtained for 
each simulation setting to assess the significance of difference in algorithm 
performance. 

 
RESULTS 

The number of output SNPs reported by GPTE was not different from that reported by RF 
in the majority of simulation settings. Similarly, the number of correctly-identified 
causative SNPs reported by GPTE was not different from that reported by RF when there 
is a large difference between penetrances of disease-predisposing and protective 
genotypes. However, GPTE was capable of reporting more correctly-identified causative 
SNPs when the difference between penetrances of disease-predisposing and protective 
genotypes is small (p < 0.05). This suggests that incorporating genetic models into a tree 
ensemble is required for the latter scenario, which closely resembles to that in genetic 
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other words, the study attempts to select SNPs that can be used to classify case-control 
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should be zero if these SNPs are not associated with the disease. Nonetheless, the 
possibility of irrelevant SNPs having non-zero coefficients exists. Hence, it is 
necessary to determine whether each non-zero coefficient is crucial for the 
classification capability of the logistic regression model. Recently, a method for 
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proposed [4]. 
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possible to apply the aforementioned methodology to population-based association 
studies. There are two possible strategies: direct application of the methodology and 
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PROPOSED APPROACH 
A logistic regression model with an incorporated genetic model was compared with a 
standard logistic model in a simulation trial. Lasso was used to obtain the logistic 
regression models’ parameters. Each simulated dataset consisted of 20 unlinked SNPs 
where two SNPs were causative SNPs. Both causative SNPs were governed by one of 
four penetrance-based two-locus disease models: M1 (a jointly recessive model), M7 (a 
single-locus recessive model), M97 (a semi-pure epistasis model) and M170 (a pure 
epistasis model) [6]. The differences between penetrances of disease-predisposing and 
protective genotypes in each disease model were 0.2, 0.4, 0.6, 0.8 and 1.0. The minor 
allele frequencies of irrelevant SNPs were between 0.05 and 0.5 while the allele 
frequencies of both causative SNPs were 0.5. The dataset consisted of 400 balanced case-
control samples in which all causative SNPs in control samples were in Hardy-Weinberg 
equilibrium. genomeSIM [7] was used to generated 100 independent datasets for each 
simulation setting. The interesting performance indicators were the number of selected 
SNPs and the number of correctly-identified causative SNPs in the logistic regression 
model [8, 9]. The significance of difference between the numbers of SNPs in the logistic 
regression models was assessed through a paired t-test. 

 
RESULTS 

The number of selected SNPs in the logistic regression model with an incorporated 
genetic model was either similar to or higher than that in the standard logistic regression 
model in every simulation setting. On the other hand, the numbers of correctly-identified 
causative SNPs in the logistic regression model with an incorporated genetic model and 
standard logistic regression model were similar in two scenarios. These are the scenarios 
when the disease model is M7, and when the disease model is M1 and the difference 
between penetrances of disease-predisposing and protective genotypes is large. The 
logistic regression model with an incorporated genetic model contained more correctly-
identified causative SNPs in the remaining scenarios (p < 0.05). This suggests that 
incorporating a genetic model into a logistic regression model is important for detecting 
informative SNPs in genetic association studies. 
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INTRODUCTION 

Fragment based drug discovery (FBDD) is an increasingly popular and successful 
method to identify novel small-molecule drug candidates. One of the limitations of the 
approach is the difficulty of accurately characterizing weak binding events, and there is a 
need for pushing the limits of detection of weak binding to broaden the scope of FBDD. 
On the other hand, rapid developments in computational chemistry during the past 
decades let to the use of molecular simulations and free energy calculations as part of the 
structure-based drug design process, to complement the experimental approaches.1 This 
research was focused on the combination of biophysical measurements and molecular 
simulation methods to characterize weak Cyclophilins (Cyps) binders present within a 
library of small fragments.  

 
Cyclophilins (Cyp) are proteins able to catalyze the interconversion of trans/cis isomers 
of proline and belong to the peptidyl-prolyl isomerases family (PPIase).2 In addition to 
their PPIase activity, Cyps have diverse biological roles and have been implicated in a 
number of different diseases such as HIV-1, HCV and neurodegenerative diseases such 
as Parkinson’s and Alzheimer’s.3 Although several Cyp inhibitors have been reported in 
the literature, none are able to inhibit with high specificity specific Cyp isoforms. Yet it 
is necessary to produce chemical probes with high binding specificity in order to 
elucidate the biological roles of different Cyp isoforms and to pave the way for the next-
generation Cyp drugs with reduced side-effects. 

 
 
PROPOSED APPROACH 

To facilitate the development of isoform-specific Cyp ligands, we pursue detailed studies 
of Cyp dynamics and binding thermodynamics using molecular simulations, biophysical 
assays and protein X-ray crystallography. Research efforts were initially focussed on the 
identification of novel Cyp inhibitors using X-ray crystallographic studies and Surface 
Plasmon Resonance (SPR) experiments on fragments from an in-house bespoke library 
of small compounds. To further examine the binding of these fragments to cyclophilins, 
identify interactions with the proteins and explain specificity trends from SPR and X-ray 
results, molecular dynamics (MD) simulations and free energy calculations were 
pursued. Models of apo and holo Cyps in complex with fragments that we had 
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PROPOSED APPROACH 
A logistic regression model with an incorporated genetic model was compared with a 
standard logistic model in a simulation trial. Lasso was used to obtain the logistic 
regression models’ parameters. Each simulated dataset consisted of 20 unlinked SNPs 
where two SNPs were causative SNPs. Both causative SNPs were governed by one of 
four penetrance-based two-locus disease models: M1 (a jointly recessive model), M7 (a 
single-locus recessive model), M97 (a semi-pure epistasis model) and M170 (a pure 
epistasis model) [6]. The differences between penetrances of disease-predisposing and 
protective genotypes in each disease model were 0.2, 0.4, 0.6, 0.8 and 1.0. The minor 
allele frequencies of irrelevant SNPs were between 0.05 and 0.5 while the allele 
frequencies of both causative SNPs were 0.5. The dataset consisted of 400 balanced case-
control samples in which all causative SNPs in control samples were in Hardy-Weinberg 
equilibrium. genomeSIM [7] was used to generated 100 independent datasets for each 
simulation setting. The interesting performance indicators were the number of selected 
SNPs and the number of correctly-identified causative SNPs in the logistic regression 
model [8, 9]. The significance of difference between the numbers of SNPs in the logistic 
regression models was assessed through a paired t-test. 

 
RESULTS 

The number of selected SNPs in the logistic regression model with an incorporated 
genetic model was either similar to or higher than that in the standard logistic regression 
model in every simulation setting. On the other hand, the numbers of correctly-identified 
causative SNPs in the logistic regression model with an incorporated genetic model and 
standard logistic regression model were similar in two scenarios. These are the scenarios 
when the disease model is M7, and when the disease model is M1 and the difference 
between penetrances of disease-predisposing and protective genotypes is large. The 
logistic regression model with an incorporated genetic model contained more correctly-
identified causative SNPs in the remaining scenarios (p < 0.05). This suggests that 
incorporating a genetic model into a logistic regression model is important for detecting 
informative SNPs in genetic association studies. 
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method to identify novel small-molecule drug candidates. One of the limitations of the 
approach is the difficulty of accurately characterizing weak binding events, and there is a 
need for pushing the limits of detection of weak binding to broaden the scope of FBDD. 
On the other hand, rapid developments in computational chemistry during the past 
decades let to the use of molecular simulations and free energy calculations as part of the 
structure-based drug design process, to complement the experimental approaches.1 This 
research was focused on the combination of biophysical measurements and molecular 
simulation methods to characterize weak Cyclophilins (Cyps) binders present within a 
library of small fragments.  

 
Cyclophilins (Cyp) are proteins able to catalyze the interconversion of trans/cis isomers 
of proline and belong to the peptidyl-prolyl isomerases family (PPIase).2 In addition to 
their PPIase activity, Cyps have diverse biological roles and have been implicated in a 
number of different diseases such as HIV-1, HCV and neurodegenerative diseases such 
as Parkinson’s and Alzheimer’s.3 Although several Cyp inhibitors have been reported in 
the literature, none are able to inhibit with high specificity specific Cyp isoforms. Yet it 
is necessary to produce chemical probes with high binding specificity in order to 
elucidate the biological roles of different Cyp isoforms and to pave the way for the next-
generation Cyp drugs with reduced side-effects. 
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To facilitate the development of isoform-specific Cyp ligands, we pursue detailed studies 
of Cyp dynamics and binding thermodynamics using molecular simulations, biophysical 
assays and protein X-ray crystallography. Research efforts were initially focussed on the 
identification of novel Cyp inhibitors using X-ray crystallographic studies and Surface 
Plasmon Resonance (SPR) experiments on fragments from an in-house bespoke library 
of small compounds. To further examine the binding of these fragments to cyclophilins, 
identify interactions with the proteins and explain specificity trends from SPR and X-ray 
results, molecular dynamics (MD) simulations and free energy calculations were 
pursued. Models of apo and holo Cyps in complex with fragments that we had 
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experimentally tested were set up using the Amber, AmberTools and FESetup 
software.4,5 Free energy calculations were performed using the multistate bennett 
acceptance ratio (MBAR) technique with the Sire/OpenMM softwares.6,7 

 
 
RESULTS 

The combined data from SPR, X-ray crystallography measurements and MD simulations 
provides solid evidence that several, structurally novel fragments from the present in-
house bespoke library interact with Cyp surfaces with dissociation constants in the low 
millimolar range.  

Binding free energies computed via molecular dynamics simulations were able to 
reproduce the preference for the binding of the fragments in distinct Cyp pockets and 
binding affinity estimated from MD were in line with the range inferred from SPR 
analysis. Additionally, analysis and visualisation of MD trajectories for selected 
fragments proved to be a rich source of structural insights. These simulations revealed 
different poses that several fragments can adopt in the binding site of Cyp and these data 
could be used to assist model refinement process of X-ray diffracted crystals as also as a 
guidance for fragment growing strategies.  

 Furthermore, the binding modes of the various fragments from the present library in the 
active site of Cyp, were found to be remarkably similar to compounds recently reported 
in the literature.8,9 Renewed chemistry efforts to merge the presently disclosed fragments 
with the scaffold from the lead series of previously published compounds may produce 
superior ligands for further drug development or in vivo investigations. 
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INTRODUCTION 

In the recently years, chemotaxis has attracted significant interest due to its critical role in 
a wide range of biological phenomena. Chemotaxis is the oriented movement of the 
bacteria in response to gradients of the concentration of the chemical signal substance in 
their environment. In 1953, Patlak proposed the first mathematical modelling of 
chemotaxis. In 1970, Keller and Segel proposed a chemotaxis model to describe the 
aggregation process of cellular slime mold by chemical attractions. In this paper, we will 
explore example of problems for which the Keller-Segel model [4], angiogenesis, has 
been used to describe the evolution of a system in which organisms respond to chemicals 
in their environment [7]. 
 

PROPOSED APPROACH 
The model proposed by Levine et al. [5] was extended to the concept of the differential 
equation by using the fractional order derivative without singular kernel [3].  
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where v is the concentration of tumor angiogenesis factors, c is the concentration of 
proteolytic enzymes,  is the density of endothelial cells, f is the density of fibronectin 
and ,x ,0t ,d ,3,2,1d . The approximation solutions of the angiogenesis 
model for the spatial discretization used the MLPG [1, 6]. In the MLPG method, the 
moving Kriging interpolation is employed to construct the shape function which has the 
Kronnecker delta property. And the Dirac delta function is applied in the local weak form 
as the test functions.  
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experimentally tested were set up using the Amber, AmberTools and FESetup 
software.4,5 Free energy calculations were performed using the multistate bennett 
acceptance ratio (MBAR) technique with the Sire/OpenMM softwares.6,7 

 
 
RESULTS 

The combined data from SPR, X-ray crystallography measurements and MD simulations 
provides solid evidence that several, structurally novel fragments from the present in-
house bespoke library interact with Cyp surfaces with dissociation constants in the low 
millimolar range.  

Binding free energies computed via molecular dynamics simulations were able to 
reproduce the preference for the binding of the fragments in distinct Cyp pockets and 
binding affinity estimated from MD were in line with the range inferred from SPR 
analysis. Additionally, analysis and visualisation of MD trajectories for selected 
fragments proved to be a rich source of structural insights. These simulations revealed 
different poses that several fragments can adopt in the binding site of Cyp and these data 
could be used to assist model refinement process of X-ray diffracted crystals as also as a 
guidance for fragment growing strategies.  

 Furthermore, the binding modes of the various fragments from the present library in the 
active site of Cyp, were found to be remarkably similar to compounds recently reported 
in the literature.8,9 Renewed chemistry efforts to merge the presently disclosed fragments 
with the scaffold from the lead series of previously published compounds may produce 
superior ligands for further drug development or in vivo investigations. 
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their environment. In 1953, Patlak proposed the first mathematical modelling of 
chemotaxis. In 1970, Keller and Segel proposed a chemotaxis model to describe the 
aggregation process of cellular slime mold by chemical attractions. In this paper, we will 
explore example of problems for which the Keller-Segel model [4], angiogenesis, has 
been used to describe the evolution of a system in which organisms respond to chemicals 
in their environment [7]. 
 

PROPOSED APPROACH 
The model proposed by Levine et al. [5] was extended to the concept of the differential 
equation by using the fractional order derivative without singular kernel [3].  

 
































ln,
xxDt

tx , (1) 

 
v

v
t

tc
1

1

1
,











 x , (2) 

 
v
v

t
tv

1

1

1
,












 x , (3) 

   






fffv
cf

t
tf

M 





2

2

1
,x . (4) 

where v is the concentration of tumor angiogenesis factors, c is the concentration of 
proteolytic enzymes,  is the density of endothelial cells, f is the density of fibronectin 
and ,x ,0t ,d ,3,2,1d . The approximation solutions of the angiogenesis 
model for the spatial discretization used the MLPG [1, 6]. In the MLPG method, the 
moving Kriging interpolation is employed to construct the shape function which has the 
Kronnecker delta property. And the Dirac delta function is applied in the local weak form 
as the test functions.  
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RESULTS 

The numerical results were compared with integer order differential equations to confirm 
the accuracy and effectiveness of the proposed method. We conclude the results of a 
numerical experiment conducted by from Figures (a)-(d) show the approximation of the 
system obtained numerically. The initial condition on the tumor angiogenesis factors of 
the numerical experiment are set by Levine et al. 
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Figure (a) Evolution of the growth factor decay. (b) Evolution of the protease. (c)  
Evolution of fibronectin decay. (d) Evolution of the endothelial cells. 
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INTRODUCTION 

Black–Scholes model is proposed by Black and Scholes (1973) [2]. This model cannot 
explain some conditions such as the effects of arbitrage on the option pricing dynamics. 
Haven E. (2002) [5] presented that an arbitrage is a necessary condition of the Black–
Scholes model in a more general of quantum physics. Contreras, M., et al. (2010) [4] 
propose the new Black-Scholes-Schrodinger model which can be described the Black-
Scholes model with the arbitrage possibility in the sense of the Schrodinger equation. The 
meshless local Petrov-Galerkin (MLPG) method was first discovered by Atluri and Zhu 
(1998) [1]. Phaochoo P., et al. (2016) [6] present a numerical study of the European 
option by the meshless local Petrov-Galerkin (MLPG) method with moving kriging 
interpolation. In this paper, the meshless local Petrov-Galerkin (MLPG) method is applied 
for solving the new Black-Scholes-Schrodinger model.  

 
PROPOSED APPROACH 

The new Black-Scholes-Schrodinger model which can be described the Black-Scholes 
model  with the arbitrage possibility in the sense of the Schrodinger equation is proposed 
by [4]. 

   (1) 
where t is time variable,  is wave function,  is the potential energy, is the 
volatility of underlying asset price and T is the expiration date. For solving the new 
Black-Scholes-Schrodinger model, the MLPG method is used for spatial discretization. In 
MLPG method, the shape function is constructed by the moving kriging interpolation and 
the Kronecker delta function is chosen as the test function in each sub-domain for 
simplifying the equation. 
           (2) 
where    
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RESULTS 

The numerical results were compared with integer order differential equations to confirm 
the accuracy and effectiveness of the proposed method. We conclude the results of a 
numerical experiment conducted by from Figures (a)-(d) show the approximation of the 
system obtained numerically. The initial condition on the tumor angiogenesis factors of 
the numerical experiment are set by Levine et al. 
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Figure (a) Evolution of the growth factor decay. (b) Evolution of the protease. (c)  
Evolution of fibronectin decay. (d) Evolution of the endothelial cells. 
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INTRODUCTION 

Black–Scholes model is proposed by Black and Scholes (1973) [2]. This model cannot 
explain some conditions such as the effects of arbitrage on the option pricing dynamics. 
Haven E. (2002) [5] presented that an arbitrage is a necessary condition of the Black–
Scholes model in a more general of quantum physics. Contreras, M., et al. (2010) [4] 
propose the new Black-Scholes-Schrodinger model which can be described the Black-
Scholes model with the arbitrage possibility in the sense of the Schrodinger equation. The 
meshless local Petrov-Galerkin (MLPG) method was first discovered by Atluri and Zhu 
(1998) [1]. Phaochoo P., et al. (2016) [6] present a numerical study of the European 
option by the meshless local Petrov-Galerkin (MLPG) method with moving kriging 
interpolation. In this paper, the meshless local Petrov-Galerkin (MLPG) method is applied 
for solving the new Black-Scholes-Schrodinger model.  

 
PROPOSED APPROACH 

The new Black-Scholes-Schrodinger model which can be described the Black-Scholes 
model  with the arbitrage possibility in the sense of the Schrodinger equation is proposed 
by [4]. 

   (1) 
where t is time variable,  is wave function,  is the potential energy, is the 
volatility of underlying asset price and T is the expiration date. For solving the new 
Black-Scholes-Schrodinger model, the MLPG method is used for spatial discretization. In 
MLPG method, the shape function is constructed by the moving kriging interpolation and 
the Kronecker delta function is chosen as the test function in each sub-domain for 
simplifying the equation. 
           (2) 
where    

  

              
for  and  . 
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While, the -weighted method is chosen for the temporal discretization. The nodal points 
in the time interval [0,T] are given by   
      (3) 
where      
N is the total number of nodal points. 
B is the discretization matrix for the space of linear differential operator. 
I is the identity matrix. 
 

RESULTS 
The results are presented in figures 1-2. Figure 1 shows a wave function which is solved 
by MLPG method. In figure 2, option price is solved by MLPG method and semi-
classical method. From the numerical experiment, results from MLPG method are agreed 
to semi-classical solution. 

 
 

Figure 1. The wave function is solved by MLPG method. 
 

 
 

          Figure 2. The option price is solved by MLPG method and semi-classical method. 
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INTRODUCTION 

Cloud computing provider dealing with thousand of nodes and network switches. The 
link or node failures happen regularly. Enterprise provider needs an intelligent network 
capability to detect any malfunctions and establish an alternative path to support by 
network operation center (NOC). Recently, Software-Defined Networking (SDN) is an 
industry movement for building programmable networks that are elastic and reach to 
market requirement. SDN refers to the use as standards-based infrastructure, because it 
enables the modern network switches and routers to management and operation on 
data plane functions directly. SDN is concepts that separate network sub-system into 2 
parts. The first part called control plane that function to control traffic flow and 
policies. The second part called data plane performs the packet forwarding. Instead, a 
centralize management, often referred to as the SDN controller, performs the control 
plane functionality from center, i.e. monitoring, policies, access control list, and 
devices configuration. Most advantage of the central controller point introduced in 
SDN is its enable network monitor for performance, functionality and reprogram when 
necessary. SDN controller can observe entire network health per-flow characteristics, 
such as throughput, delay and packet loss [1]. The standard of SDN based on 
OpenFlow specification. Openflow use the flow table matching technique. The flow 
tables consist of rules of every package that are running on the same domain. The most 
important work of NOC is to maintain end-to-end connectivity between nodes. Hence, 
when a link down, the controller detect automatically and reconfigure new network 
paths to restore or maintain end-to-end connectivity for all paths. However, the 
recovery period of a broken path includes the detection time, path re-computation time, 
and deploy new configuration to all data plane devices by the controller. In this work, 
we propose Spinner, Openflow management software based on OpenDaylight [2]. The 
OpenDaylight, largest open source SDN controller, is a highly available, modular, 
extensible, scalable and multi-protocol controller built for SDN development on modern 
heterogeneous multi-vendor networks. OpenDaylight provides a service platform that 
allows users to write an application that easily work across a wide variety of devices. 
Spinner provides automate link failure detection based on nodes periodic probing and 
reroute mechanism of traffic flows with shortest path algorithm. The enhanced control 
offered by Spinner aligns well with Cloud computing providers. Due to scale on 
dynamic resources and variety of user requirement, cloud computing require efficient 
mechanism to rapidly and efficiently management.  As a result, Spinner software 
prototype provides well responsible for point-to-point link failure detection and 
recovery. 
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INTRODUCTION 

Cloud computing provider dealing with thousand of nodes and network switches. The 
link or node failures happen regularly. Enterprise provider needs an intelligent network 
capability to detect any malfunctions and establish an alternative path to support by 
network operation center (NOC). Recently, Software-Defined Networking (SDN) is an 
industry movement for building programmable networks that are elastic and reach to 
market requirement. SDN refers to the use as standards-based infrastructure, because it 
enables the modern network switches and routers to management and operation on 
data plane functions directly. SDN is concepts that separate network sub-system into 2 
parts. The first part called control plane that function to control traffic flow and 
policies. The second part called data plane performs the packet forwarding. Instead, a 
centralize management, often referred to as the SDN controller, performs the control 
plane functionality from center, i.e. monitoring, policies, access control list, and 
devices configuration. Most advantage of the central controller point introduced in 
SDN is its enable network monitor for performance, functionality and reprogram when 
necessary. SDN controller can observe entire network health per-flow characteristics, 
such as throughput, delay and packet loss [1]. The standard of SDN based on 
OpenFlow specification. Openflow use the flow table matching technique. The flow 
tables consist of rules of every package that are running on the same domain. The most 
important work of NOC is to maintain end-to-end connectivity between nodes. Hence, 
when a link down, the controller detect automatically and reconfigure new network 
paths to restore or maintain end-to-end connectivity for all paths. However, the 
recovery period of a broken path includes the detection time, path re-computation time, 
and deploy new configuration to all data plane devices by the controller. In this work, 
we propose Spinner, Openflow management software based on OpenDaylight [2]. The 
OpenDaylight, largest open source SDN controller, is a highly available, modular, 
extensible, scalable and multi-protocol controller built for SDN development on modern 
heterogeneous multi-vendor networks. OpenDaylight provides a service platform that 
allows users to write an application that easily work across a wide variety of devices. 
Spinner provides automate link failure detection based on nodes periodic probing and 
reroute mechanism of traffic flows with shortest path algorithm. The enhanced control 
offered by Spinner aligns well with Cloud computing providers. Due to scale on 
dynamic resources and variety of user requirement, cloud computing require efficient 
mechanism to rapidly and efficiently management.  As a result, Spinner software 
prototype provides well responsible for point-to-point link failure detection and 
recovery. 
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PROPOSED APPROACH 

Spinner provides mechanisms to perfrom link failure detection and automatic path 
recovery using shortest path algorithm, without requiring command from SDN controller. 
Spinner develops based on Python and OpenDaylight controller. The REST API is used 
to communication between controller and Spinner. Spinner downloads the real time 
information from OpenDaylight and calculated the cost of every link in the system to 
generate the link state of all nodes. The JSON file was used as standard document. The 
features implemented by Spinner are consisted of link cost calculation, and automatic 
rerouting with shortest path algorithm. The diagram of Spinner is depicted in Figure 1. 

 

  
Figure 1. An example figure. 

 
 
RESULTS 

This paper we have presented Spinner, a failure detection and recovery in SDN that 
provides a fully programmable to application developers and support for cloud datacentre. 
Spinner has been implemented with OpenDaylight. Spinner has tested in the real 
environment. The prototype has plan to validation in the enterprise cloud provider.  
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INTRODUCTION 

Big Data is an emerging area of applying complex data analytic to a massive number of 
data. Big Data has a broad application in science, engineering, business, financial, and 
industrial application. For a massive multi-terabyte dataset, a Big Data platform consists 
of hundreds of computing servers and middleware such as spark or Hadoop are used for 
the processing. One of the major operation cost for such a large infrastructure is energy 
cost. In this paper, various approaches of system tuning of Big Data infrastructure is 
proposed. This enables the big data platform to achieve the results with much less time 
and energy. Hence, the total operation cost is substantially reduced for an organization 
that depends on large-scale Big Data analytic for their strategic advantages.  

 
PROPOSED APPROACH 

To reduce energy consumption for big data platform, there are many system 
parameters involved such as CPU, Memory, I/O and Storage speed. The main 
concept is to focus on a few behaviors of the system. For each computer, the 
system has two energy consumption components. The first component is a 
baseline energy consumption, this component will consume energy around 5-20% 
based on the hardware configuration, the baseline energy consumption caused by 
every hardware and CPU operating in “idle” state without any workload. When 
the processing start, CPU need more energy to operate in higher frequency state, 
energy consumption is then increased. This energy consumption component 
caused by CPU running in working mode at the higher frequency. Overall energy 
consumption caused by the baseline component, working component, and the 
execution time of the process. These 3 components must be tuned to reduce the 
energy consumption.  
 
First, we can start by the CPU tuning methods. The frequency of CPU can be 
adjusted to a higher frequency which will lower the execution time but increase 
the energy consumption. With the right balance, the saving can be achieved.  
There are parameters in Hadoop configuration regarding the CPU adjustment. The 
default value is not matched with every CPU and workload so the tuning of this 
parameter can result in an energy reduction. Second, we can add more memory to 
the system. This will help decrease execution but increase energy consumption for 
each memory module that is inserted into the system. In the past, memory size is 
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based on the hardware configuration, the baseline energy consumption caused by 
every hardware and CPU operating in “idle” state without any workload. When 
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energy consumption is then increased. This energy consumption component 
caused by CPU running in working mode at the higher frequency. Overall energy 
consumption caused by the baseline component, working component, and the 
execution time of the process. These 3 components must be tuned to reduce the 
energy consumption.  
 
First, we can start by the CPU tuning methods. The frequency of CPU can be 
adjusted to a higher frequency which will lower the execution time but increase 
the energy consumption. With the right balance, the saving can be achieved.  
There are parameters in Hadoop configuration regarding the CPU adjustment. The 
default value is not matched with every CPU and workload so the tuning of this 
parameter can result in an energy reduction. Second, we can add more memory to 
the system. This will help decrease execution but increase energy consumption for 
each memory module that is inserted into the system. In the past, memory size is 
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very small, therefor, part of storage is used as memory paging. By disable the 
paging with the right amount of memory, the execution time and energy 
consumption can be reduced.  
 
Third, can change normal hard disk drive to solid state drive to increase the rate of 
storage read and write. This will substantially decrease the execution time and 
energy consumption of the system.  There are many parameters that needed to be 
explored in tuning Hadoop for energy consumption reduction. 

 
RESULTS 

The proposed method has been tested on a cluster of PC using CPU Intel i5-3330, 
8 gigabytes of memory, 1 terabytes of storage, an operating system is Linux 
Centos 7, Java version 1.7 and Hadoop version 2.6.5. The result of experiments 
shows in the graph below. 

 

  
 

Figure 1. The experimental result 
  

From this graph, the result shows that tuning system is better than untune system 
by 320 seconds or 5.20 minutes in execution time from 32 gigabytes case and 
even different in 64 gigabytes case by 1961 seconds or 32.41 minutes. This can 
save energy in 32 gigabytes case is 3 Watt per hour and in 64 gigabytes case is 
12.2 Watt per hour. 

 

 
REFERENCES 
1. LaValle, Steve, Eric Lesser, Rebecca Shockley, Michael S. Hopkins, Nina 

Kruschwitz,  Big Data, Analytics and the Path From Insights to Value, MIT Sloan 
Management Review, 2011, 52 (2), 21-32. 

2. White Tom, Hadoop: The definitive guide, O’Rilly Media, Inc., 2012. 
3. Jeffrey Dean, Sanjay Ghemawat, MapReduce: simplified data processing on large 

clusters , Communications of the ACM, 2008, 51 (1), 107-113. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CSE 
-O- 
5 

Application of Intensified Current Search to 
Design Optimal PIDD^2 Controller for BLDC 

Motor Speed Control with Back EMF Detection 
 

Danupon Kumpanya1,C, and Chookiat Kiree2 

1Department of Electrical Engineering, Faculty of Engineering and Architecture, 
Rajamangala University of Technology Suvarnabhumi (RUS), Suphanburi 72130, Thailand 

2Department of Electrical, Saraburi Technical College, Saraburi 18000, Thailand 

 

C E-mail: kdanupon@yahoo.com;  Fax: +66 3 5434 014;  Tel. +66 8 1850 3236 
 

EXTENDED ABSTRACT 
 

Keywords: BLDC Motor, PIDD^2 Controller, Intensified Current Search, Back EMF 
Detection. 
 

INTRODUCTION 
Design and implementation of the BLDC motor drive by PIDD^2 (proportional plus 
integral plus derivative plus double-derivative) controller [1] based on 
TMS320F28335 DSP board [2] interfacing to MATLAB/SIMULINK [3] is proposed 
in this paper. In order to obtain the optimal PIDD^2 controller, the intensified current 
search (ICS) is one of the newest and most efficient methods. The ICS is firstly 
proposed in 2014 [4] for solving engineering optimization problems. Algorithms of the 
ICS are inspired and conceptualized from the electric current flowing through electric 
network. With both diversification and intensification properties, the ICS has been 
successfully applied to many engineering problems [4],[5]. The ICS is applied to 
achieve the optimal tracking and regulating responses. The trapezoidal Back EMF 
waveforms are modeled as a function of rotor position, while the switching function 
concept is adopted to model the voltage source inverter (VSI). In this work, the tabu 
search (TS) [6],[7] is conducted to design the PIDD^2 controller for comparison in 
simulation results. By the proposed experimentation, speed and current waveforms of 
the controlled system can be easily obtained. 

 

PROPOSED APPROACH 
The plant model, Gp(s), of the BLDC in the third-order transfer function form stated in 
Eq.(1) was obtained from metaheuristic identification by the ICS [5], while the 
PIDD^2 controller model, Gc(s), is theoretically expressed in Eq. (2), where KP, KI, KD, 
and KDD are the proportional, integral, derivative, and double-derivative gains. 
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Algorithms of the ICS can be represented by some movements over 3-D search space 
as visualized in Figure 1. The proposed ICS-based PIDD^2 controller design is shown 
in Figure 2, where C(s) and R(s) stand for obtained and desired responses. The 
objective function ( )f  , summation of a sum-squared error between C(s) and R(s), is 
set for minimization. The ( )f   will be fed back to the ICS in order to obtain an 
appropriate PIDD^2 parameters, i.e. KP, KI, KD, and KDD, giving a satisfactory 
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response. For comparison, results obtained by the ICS will be compared to those 
obtained by the tabu search (TS), one of the widely used single-solution based 
metaheuristic optimization techniques. 

 
RESULTS 
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INTRODUCTION 

The main objective of express lane services is to provide high bandwidth connections 
for research and education institutes. Current bandwidth offered by ISPs cannot 
effectively serve the demands from researchers.   Providing dedicated services and 
quality of services between two end points involves complex system configuration. 
Based on these requirements, a research and education network has to support 
on-demand high speed networks. SDN concept [1] offers additional flexibilities in 
managing network.  In this work, we present the integrations of software defined 
network (SDN) and L2-VPN networks to create a new high performance services. 
The NetFPGA [2] cards are deployed as the SDN switches and the RYU [4] is 
implemented as a controller.  The system can allocate resources by sending 
commands to set the designated flows at the SDN switches via OpenFlow protocol 
[2, 3]. 
 

PROPOSED APPROACH 
Users in the express lane system are classified into three groups, namely audience, 
member, and administrator.    As shown in Figure 1 (a), the use cases are assigned to 
each group. The system administrator responsible for managing users and approving 
service requests as well as monitoring system operations.  In creating service request, 
a member user has to provide [Src_MAC, Dest_MAC, Start_Time, End_Time] to the 
system. The service duration is specified by Start_Time and End_Time.  
Accordingly, the user can configure both communication end points and using high 
speed connection within the requested period. The mapping between a user request 
and SDN flow specification for each switch is generated by the express lane system 
and then communicate with the SDN controller, as shown in Figure 1 (b).  Express 
lane architecture is shown in Figure 2. The system consists of five components, the 
express lane system, an SDN overlay network, a research DMZ, the SDN controller, 
and SDN switches.  The SDN overlay network is considered as the high bandwidth 
network infrastructure which is an overlay network 
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Figure 1. (a) Use case diagram for express lane services (b) Sequence diagram 
specifying the express lane service approval and operational process. 

 
over research and education network, the UniNet in our case. The overlay network is 
supported by underlining MPLS network where traffic engineering policy is 
imposed. The RYU controller was selected in our works. The RYU controller reads 
the request and generate respective entries in the participated SDN switches. 

 
Figure 2. Express lane architecture.  Software architecture diagrams are shown 
for SDN Switch, Controller, and Express Lane Service. 

 
RESULTS 

The system were deployed on 7 nodes in the UniNet which operated in the real 
environment.  The service request, [00:23:ae:9c:89:f9, 00:26:5a:7c:03:af, 08:00 
10-10-2016, 12:00 10-10-2016], was submitted to the system. After the service was 
approved, the RYU controller create the flow and send to respective switches.  
Example of SDN flows based on Openflow version 1.0 are shown below. 
[ cookie= 0, duration= 2s, table_id= 0, priority=  32768, n_packets= 22, n_bytes= 1320, 
idle_timeout=0, hard_timeout=600, in_port=1, dl_dst=00:23:ae:9c:89:f9] 
[ cookie= 0, duration= 5s, table_id= 0, priority=  32768, n_packets= 0, n_bytes= 0 
idle_timeout=0, hard_timeout=600, in_port=4, dl_dst=00:26:5a:7c:03:af] 
Figure 3 ( a)  shows bandwidth results obtained from the real experiment.  The 
bandwidth result is about 500 Mbps which is much higher than bandwidth obtained 
from shared campus environment. The ping results is shown in Figure 3 (b) 
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10-10-2016, 12:00 10-10-2016], was submitted to the system. After the service was 
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Figure 3. Experimental results, the express lane request was created between 
8:00-12:00 am.The bandwidth performance is shown in (a) and the 
connectivities between end points using ping command is depicted in (b) 
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INTRODUCTION 

The National Blood Center (NBC) has been established by Thai Red Cross. There is 
only one in   Bangkok. For eleven places in the regional areas call Regional Blood 
Centers (RBCs) as follows Chiang Mai, Phitsanulok, Nakhon Sawan, Khonkaen, Ubon 
Ratchathani, Ratchaburi, Chonburi, Prachuap Khiri Khan, Phuket and Songkhla.  Both 
NBC and RBCs donate blood and screening after that transfer blood to the required from 
hospitals. The blood screening process consists of blood clotting and blood screening 
with Hepatitis A and C, Syphilis, and HIV. All blood is separated in the form of red 
blood cells. Donor Red Cells maintain 21-42 days depending on the type of red blood 
cells. Plasma (Single Donor Plasma) is about 1 year at low temperature and platelet 
(Single Donor Platelets) is about 5 days. In figure 1, Focusing on Chiang Mai donation 
blood center (blue point) to support the hospitals (black points) in the northern 
Thailand. It is responsible for donating and delivering blood to hospitals in Chiang 
Mai, Chiang Rai, Phrae, Nan, Lam Pang, Lam Poon, Pha Yao and Mae Hong Son. 
The number of hospitals that deliver blood is 112 hospitals. The transportation cars 
were set the optimal temperature for blood storage and delivery schedule 3 days per 
times [1]. 

 

 
Figure 1. Chiang Mai donation blood center and responsible area 

 
PROPOSED APPROACH 
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Blood vehicle routing is to minimize the distance to be considering blood resource 
and vehicle capacity limitation. The mathematical model and its notations for blood 
vehicle routing considered in this paper are these equations. 

 
Indices: 

Z  denotes total distances for vaccine cold chain network 
i,j  denotes hospital i to hospital j 
k   denotes blood vehicles k 

Parameters: 
 is distance from hospital i to hospital j  

N  is number of hospitals 
K  is number of blood vehicles 
p  is hospital (1,2,3,…..N) 
A  is blood group A 
B  is blood group B 
AB is blood group AB 
O is blood group O 

 is capacity of blood vehicles k 
 is blood group A demand of hospital i 
 is blood group B demand of hospital i 
          is blood group AB demand of hospital i 

 is blood group O demand of hospital i 
 

Decision variables: 
     =    1 if vehicles k from hospital i to hospital j, otherwise 0  
     =    1 if blood load in vehicles k, otherwise 0 
           is variable for protection cannot supply all hospitals 

 
Objective function 
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The Artificial chemical reaction optimization algorithm (ACROA) can be considered 
as a simulation of reactants in a vessel. Suppose a fixed volume vessel containing a 
spatially uniform mixture of  chemical reactants interacting through specific 
chemical reaction channels. Let ( ) be the list of chemical reactants, and 
suppose these reactants can interact through  specified chemical reaction channels. 
According to the above algorithm concept, the ACROA flow chart of which is 
depicted in Fig. 2 consists of the following five steps: 

Step 1: Problem and algorithm parameter initialization. 
Step 2: Setting the initial reactants and evaluation. 
Step 3: Applying chemical reactions. 
Step 4: Reactants update. 
Step 5: Termination criterion check.   
 

 
 

Figure 2. Flow chart of ACROA [2] 
 

 RESULTS  
Nowadays, there are several factors impacted on the algorithm. The research 
objective is to find factors that influence with to find the objective function for the 
application. This paper has to use statistic of experimental theory to design the 
experiment in term of full factorial design 3 level [3].  The summary of the objective 
function obtained from Genetic Algorithm (GA), Cuckoo Search (CS) [4] and Artificial 
Chemical Reaction Optimization Algorithm (ACROA) is shown in Table 1. It can be 
seen that for small size problem GA, CS and ACROA were able to find the minimizing 
distance with 389 km. For medium size problem, both CS and ACROA once more 
produced minimizing distance lower than the GA (38 km). Whereas for large size 
problem, the best-so-far results obtained from ACROA was better than GA (136 km) 
and CS (4 km) respectively.    
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   Table 1. Summary of the results obtained from GA, CS and ACROA  

 
Problem size 

Best-so-far solution 
GA CS ACROA 

Small size (26 hospitals) 389 
(km) 

389 
(km) 

389 
(km) 

Medium size (38 hospitals) 735 
(km) 

697 
(km) 

697 
(km) 

Large size (112 hospitals) 1968 
(km) 

1836 
(km) 

1832 
(km) 
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INTRODUCTION 

Cloud computing system (Mell, P. and Grance, T., 2011) becomes an important platform 
for the next generation IT services. One of the main applications of a cloud system is to 
service the media downloading and media streaming to a massive number of users. As a 
number of users increases, an ability to automatically scale to match the user's demands 
becomes critical issues. In this paper, an implementation of a software called MASS 
(Media Auto-scale Streaming Service) is presented. This MASS software added an auto-
scaling capability to the widely used OpenStack (V. K. Cody Bumgardner, 2016) open 
source cloud computing software. This software enables a developer to easily add a 
smarter auto-scaling policy to OpenStack Cloud. 

 
PROPOSED APPROACH 

The MASS software has been developed using Python 2.7 and OpenStack Mitaka. This 
software is an independent software that interface with OpenStack using OpenStack 
REST API. MASS communicate with Ceilometer to get the workload information.  

 
Figure 1. The interaction between MASS software and OpenStack components 

 
As MASS start, a pool of resources will be created in OpenStack using API, then a set 
point of maximum workload and minimum workload will be set into Ceilometer. When 
the workload increases and exceeds the maximum set point, Ceilometer will report back 
as a notification to MASS. Upon receiving the notification, MASS will execute the 
workload scaling policy, then use OpenStack API to create a new VM to enable a 
workload sharing on more physical machines.  If the workload decreases and becomes 
less than the minimum threshold, the notification will be sent to MASS. Upon receiving 
the notification, MASS will make a decision based on its policy and shutdown some VM 
to save the resources. The policy can be easily coded into the MASS system. Currently, 
the policy available is only the round-robin VM creation on the physical machine.  
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Keywords: OpenStack, Cloud Computing, Cloud Media Server, Auto-Scaling Software.  
 
INTRODUCTION 

Cloud computing system (Mell, P. and Grance, T., 2011) becomes an important platform 
for the next generation IT services. One of the main applications of a cloud system is to 
service the media downloading and media streaming to a massive number of users. As a 
number of users increases, an ability to automatically scale to match the user's demands 
becomes critical issues. In this paper, an implementation of a software called MASS 
(Media Auto-scale Streaming Service) is presented. This MASS software added an auto-
scaling capability to the widely used OpenStack (V. K. Cody Bumgardner, 2016) open 
source cloud computing software. This software enables a developer to easily add a 
smarter auto-scaling policy to OpenStack Cloud. 

 
PROPOSED APPROACH 

The MASS software has been developed using Python 2.7 and OpenStack Mitaka. This 
software is an independent software that interface with OpenStack using OpenStack 
REST API. MASS communicate with Ceilometer to get the workload information.  

 
Figure 1. The interaction between MASS software and OpenStack components 

 
As MASS start, a pool of resources will be created in OpenStack using API, then a set 
point of maximum workload and minimum workload will be set into Ceilometer. When 
the workload increases and exceeds the maximum set point, Ceilometer will report back 
as a notification to MASS. Upon receiving the notification, MASS will execute the 
workload scaling policy, then use OpenStack API to create a new VM to enable a 
workload sharing on more physical machines.  If the workload decreases and becomes 
less than the minimum threshold, the notification will be sent to MASS. Upon receiving 
the notification, MASS will make a decision based on its policy and shutdown some VM 
to save the resources. The policy can be easily coded into the MASS system. Currently, 
the policy available is only the round-robin VM creation on the physical machine.  
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RESULTS 
The test environment composed of a set of 7 computers.  One computer is used as an 
OpenStack controller and 2 more are used as OpenStack compute nodes base on CPU 
Intel Q6600 2.4Ghz, Memory 6GB DDR2, HDD80GB SATA.  The rest are used as load 
generator. The test has been conducted using Jmeter version 3.1 (B. Erinle, 2014) as the 
workload generator. The main load test computer base on CPU Intel I7-4700MQ 2.4Ghz, 
Memory 16GB DDR3, SSD240GB SATA installed with Windows 7 and two more load 
test slave base on CPU Intel E750 2.93Ghz, Memory 2GB DDR3, HDD160GB SATA 
for Jmeter used CentOS7.  The rest is installed with Linux CentOS Version 7.2. The test 
configuration is as shown in Figure. 2. In this test, we pre-created 3 VM types; small size 
(s), medium size (M), and large size (L).  

 
Figure 2. The test system configuration 

 

              
(a)                                                           (b)  

Figure 3. The throughput comparison of  (a) fixed small size VM  and scaled 
small size VM  (b) fixed small size VM  and Scaled small/medium/large size VM 

 
Figure 3 (a) shows the transaction rate using a single fixed small size VM compared 
with 3 auto scale VM of size S (SSS). At first, the transaction rate is equal. As more 
VM has been started, the transaction rate that the cloud can service increases about 
30% because more VM and compute nodes has been employed. Figure 3 (b) shows 
that when VM size increases the service quality and scaling has also improved.  
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INTRODUCTION 

Many people, especially those from lower socio-economic families, have limited 
access to dental care, transportation problems, and poor appointment attendance. 
Mobile dental clinics have been implemented in many communities to address these 
issues [1]. The services mainly focus on reaching every section of the community by 
catering troops and portable dental equipment to serve the basic oral health needs and 
taking the sophisticated oral health services, especially to the underserved population 
with free service of charge [2]. Because of a high number of patient rates per day, the 
aim of this study is to present the computer simulation modeling to design, create, and 
evaluate this complex system for effective, efficient, and optimized performance. The 
mobile dental chairs have been used in this project. 
 
This unique project has been collaborated by the Thai government together with 
charitable organizations to provide comprehensive dental services including full or 
partial acrylic dentures, scaling, cleaning, filling, etc. The program provides 
diagnostic, preventive, and treatment procedures [1]. Each mobile clinic can serve 
around 600-1000 patients per day. In this study, the clinic is a royal dental project 
initiated by Princess Maha Chakri Sirindhorn and established in 1970. This is a 
successful collaboration between universities including Chiang Mai, Khon Kaen, 
Prince of Songkhla, Naresuan, Thammasat, and Srinakharinwirot universities. In 
addition, each region has its own University to be taking care. The operators helping 
in this project include 40 dentists, 40 dental assistants, and 40 coordinators [3].  

 
PROPOSED APPROACH 

One of the most popular and powerful software tools named Arena, Visio-compatible 
and flowcharting methodology for modeling dynamic processes has been applied in 
this study to mimic the behavior of a real-world system. The program provides users 
with enabling visualization of an entire system and statistics graphically displaying 
the status and performance of equipment [4]. One of the most important components 
of a mobile dental clinic is a comfortable ergonomic chair splitting itself into two 
sides, left and right sides, for filling and scaling, respectively. The mobile dental unit 
is diagrammed as shown in Figure 1. 
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Figure 1. Mobile dental service diagram  
 

The average waiting time of patients receiving the dental care can be defined 
mathematically as follows.  

                                                                 (1) 

                                                                          (2) 
    is an average waiting time of the patients.    
       is a density of the services. 

       is an average rate of the arrival.  
           is an average rate of the services. 

 

RESULTS AND DISCUSSION 
This study presents the mobile dental clinic model simulated using Arena simulation 
software. The comparison has been made between the prototype together with the 
other three alternatives, which include 1) a reduction in the number of dentists who 
are responsible for the dental diagnostic unit from 13 to 17 pm and they were 
reallocated and assigned to a task at the dental service unit, 2) a reduction in the 
number of receptionists and coordinators by transferring 3 and 5 of them, 
respectively, to the dental denture unit, 3) a combination of the first and second 
scenarios with 100 replications using Arena simulation software. The simulation 
results show that the half-width was equal to 0.19 with around 10 replications. The 
average waiting times of the simulation is shown in Table 1. 

 

Table 1. Patients’ average waiting times (minutes)  
Positions Original Scenario 1  Scenario 2 Scenario 3 

Registration 2.23 2.98 3.24 3.24 
Diagnose  5.48 6.23 5.48 6.84 

Dental services 196 108 196 104 
Denture 248 256 116 116 

Drug 12.36 13.48 13.36 13.21 
Summary 464.07 286.69 292.45 243.29 
Percentage - -38.2% -36.1% -47.6% 
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INTRODUCTION 

The shallow water equations have a wide variety of applications in ocean and hydraulic 
engineering. Some examples include tides in oceans, moving waves in shallow 
beaches, and flood waves in rivers. Due to the nonlinear behavior of the hyperbolic 
equations, analytical methods are only successful in very special cases of flow. 
Efficient numerical methods are, therefore, crucially important for modeling realistic 
problems.  In this study, a predictor and corrector method with TVD-WAF 
approximations for time integration in two dimensions on shallow water equation is 
proposed.  

 
PROPOSED APPROACH 

Unsteady two-dimensional open channel flow under hydrostatic pressure assumption 
can be described by the shallow water equations as 

    (1) 
 

The predictor-corrector scheme is used for solving the shallow water equations (1) .  
The total variation diminishing ( TVD)  criteria of weighted average flux ( WAF) 
approximation [1,2]. is applied at the cell interfaces for calculating numerical flux. The 
scheme of predictor-corrector is illustrated on figure 1 

Figure 1 Computation diagram in the  and   planes: The main step begins by 
calculating numerical fluxes for the half time step using the TVD-WAF method,  

and then calculating   .  Then the TVD- WAF method is applied again for 
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finding numerical fluxes at time,  which are used to compute the solution for 

the next time step, . 
 
RESULTS 

To show accuracy of scheme, we present results of applying our method to solve 
shallow flow problems in both wet and dry bed cases. The first three cases involve 
problems with frictionless and flat bottoms, while the last two cases involve source 
terms, to demonstrate the ability of the numerical scheme for handling more realistic 
situations.The following figure show a simulation of dam-break flow in diverging and 
converging channel. This test case is based on the experimental work presented by 
Bellos et al. [3]. The top view of this channel is shown in Fig. 2 and comparisons 
between numerical simulations and experimental data detected at sensors 1 is shown in 
Fig. 3. 

    

 
Figure 2  Dam-break flow diagram in diverging and converging channel. 

 

 
 

Figure 3 Comparison of water depth from experimental work and numerical 
simulations at location x =0 (sensor 1). 
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 ABSTRACT 
 
The image processing is a procedure to improve the photographic image quality.  In this work, 
we study focusing on the improvement the image of astronomical objects, such as the Moon 
and a nebula, which were obtained using the CCD and the DSLR digital camera on December, 
2016 at the Regional Observatory for the Public, Cha Cheong Sao, and Thailand.  The image 
processing analysis showed that the finest conditions adjustment in each photographic objects. 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Simulating long-time dynamical behaviour in materials has been a grand challenge in 
materials engineering. Despite its success in simulating dynamical evolution of atomic 
systems, it has been known that traditional molecular dynamics (MD) methods are 
inefficient for studying dynamics at the laboratory timescale. Autonomous basin 
climbing (ABC) method [1] offers a solution to this problem. The method aims at 
predicting atomic evolution by collecting activation energies of many reaction pathways 
of the potential energy surface of the system. In combination with the techniques of 
Kinetics Monte Carlo simulation (KMC) [2], atomic evolution at long time scales can be 
predicted. The combined ABC+E and KMC are applicable for a variety of materials 
problems such as diffusion, creep of material, migration of defect in structure, and 
surface growth, among others. 

 
PROPOSED APPROACH 

Our work is to evaluate the diffusivity in NiAl system, using ABC method. Most 
probable diffusion pathways will be determined. A nudged elastic band (NEB) method 
will be employed to obtain diffusion pathways and the corresponding activation barriers 
of all possible hopping processes. In combination with the techniques of Kinetic Monte 
Carlo (KMC), the hopping process will be chosen from all possible diffusion pathways 
with eligible probabilities under the standard KMC scheme. The change in atomic 
positions of each step will be presented as atomic diffusion trajectories . The tracer 
diffusion coefficient will be calculated as a function of temperature from the time 
evolution data of each atomic step. The simulation results will be compared to an 
experimental data. 

 
RESULTS 

The preliminary exploration of minimum energy pathways for solutes Al hopping in a 
Ni host lattice was calculated with an embedded-atom method (EAM) interatomic 
potential for the Ni-Al system [4]. The calculated hopping barrier is approximately 0.68 
eV. 
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2016 at the Regional Observatory for the Public, Cha Cheong Sao, and Thailand.  The image 
processing analysis showed that the finest conditions adjustment in each photographic objects. 
 
Keywords: image processing, quality improvement, astronomical image.  
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Simulating long-time dynamical behaviour in materials has been a grand challenge in 
materials engineering. Despite its success in simulating dynamical evolution of atomic 
systems, it has been known that traditional molecular dynamics (MD) methods are 
inefficient for studying dynamics at the laboratory timescale. Autonomous basin 
climbing (ABC) method [1] offers a solution to this problem. The method aims at 
predicting atomic evolution by collecting activation energies of many reaction pathways 
of the potential energy surface of the system. In combination with the techniques of 
Kinetics Monte Carlo simulation (KMC) [2], atomic evolution at long time scales can be 
predicted. The combined ABC+E and KMC are applicable for a variety of materials 
problems such as diffusion, creep of material, migration of defect in structure, and 
surface growth, among others. 

 
PROPOSED APPROACH 

Our work is to evaluate the diffusivity in NiAl system, using ABC method. Most 
probable diffusion pathways will be determined. A nudged elastic band (NEB) method 
will be employed to obtain diffusion pathways and the corresponding activation barriers 
of all possible hopping processes. In combination with the techniques of Kinetic Monte 
Carlo (KMC), the hopping process will be chosen from all possible diffusion pathways 
with eligible probabilities under the standard KMC scheme. The change in atomic 
positions of each step will be presented as atomic diffusion trajectories . The tracer 
diffusion coefficient will be calculated as a function of temperature from the time 
evolution data of each atomic step. The simulation results will be compared to an 
experimental data. 

 
RESULTS 

The preliminary exploration of minimum energy pathways for solutes Al hopping in a 
Ni host lattice was calculated with an embedded-atom method (EAM) interatomic 
potential for the Ni-Al system [4]. The calculated hopping barrier is approximately 0.68 
eV. 
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Figure 1. The minimum energy reaction pathway and structure of vacancy assisted 
Al diffusion in Ni host. Filled square and filled circle represent vacant site and solute 
Al respectively.  The pathway was calculated by NEB method with the EAM 
potential. 
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INTRODUCTION 

Carbon nanotube (CNT) is an emerging material that demonstrate enhanced 
capacitance. An influencing parameter to the overall capacitance of a dielectric material 
is quantum capacitance, a quantum entity arisen from local interface charge density 
profile. The quantum capacitance (CQ) is defined as a function of density of state at 
Fermi energy (ρ0(εF)) and the length (L) of one-dimension system as  

 
                                                    (1) 
 

It is generally accepted that the quantity of capacitance depends on the sign of 
quantum capacitance. This perplexing property has led to a number of studies on the 
quantum capacitances in various materials. For example, there are studies on negative 
quantum capacitance of gate carbon nanotubes[1], the relationship of quantum 
capacitance and charge carrier density in graphene [2], and studies on Nitrogen doping 
of graphene [3]. In this work, the effects of Stone-Wales defect on quantum capacitance 
in carbon nanotube are studied. Defects in carbon nanotube are known to alter its 
properties noticeably.   
 

PROPOSED APPROACH 
1. Create a geometry of zigzag (10x0) carbon nanotube 
2. Placing the modeled nanotube inside a calculation cell equipped with a Poisson solver . 

The source and drain of current are defined for simulating the quantum capacitance. 
The simulate geometry is shown in Figure 1 and the equation for solving the quantum 
capacitance is shown in (2)          
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Figure 1.  The simulated geometry consist of the zigzag (10x0)  carbon nanotube 
inside the Poisson box, insulator, metallic plane and gate [4]  

 

                      (2)            
 
Where CQ(n1) is quantum capacitance at carrier density n1. δQ(n1,crit) is a total charge 
induced on carbon nanotube at critical value of the carrier density when complete 
screening observed. δQ(n1)  is the total charge induced at each doping level of carrier 
density. Cins,1 is the capacitance between carbon nanotube and insulator 

3. Add a Stone-Wales defect to a middle of zigzag (10x0) carbon nanotube and compute 
the quantum capacitance of this defected nanotube 

 
               Figure 2. The Stone-Wales defect in simulated zigzag (10x0) carbon nanotube 

 
4. Compare the quantum capacitances of zigzag (10x0) carbon nanotube and defective 

carbon nanotube     
 
RESULTS 

 
Figure 3. The effect of Stone-Wales defect on quantum capacitance 

 
Figure 3 shows the effects of a Stone-Wales defect on quantum capacitance. The sign 
switching behavior of the nanotube is altered due to the influence of the defects on 
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Figure 3 shows the effects of a Stone-Wales defect on quantum capacitance. The sign 
switching behavior of the nanotube is altered due to the influence of the defects on 
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the Fermi level. Generally, a negative quantum capacitance enhances the overall 
capacitance. Our results demonstrate that Stone-Wales defects alter the quantum 
capacitance of the nanotube. 
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 ABSTRACT 
  

The classification of stars is classified the stars based on their spectral characteristics. The 
Harvard spectral classification uses the letters O, B, A, F, G, K, and M. The O type is the hottest 
stars and the M type is the coolest stars. In this work, the stellar spectrums in many types were 
observed by eShel spectroscope on April, 2016 at the Thai National Observatory (TNO), 
Chiang Mai, Thailand. The spectral line analysis showed that the wavelength which related to 
the elements in the star. 
 
Keywords: Spectrum, Wavelength, Element.  
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 EXTENDED ABSTRACT 
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Hydrogen-bonding molecule.  
 
INTRODUCTION 

Bifunctional molecules with a strong intramolecular hydrogen bond connected by a 
proton donor (D:−NH2, −OH) and a proton acceptor (A:−O−,−N=) can undergo excited-
state intramolecular proton transfer (ESIPT) processes via the four-level photocycle, in 
which the tautomer emission gives a large red-shift with respect to the normal absorption 
(Stokes shift). This unique photophysical property caused by ESIPT reactions which are 
well accepted to be driven from significant changes in the acidity and basicity of the 
proton donor and acceptor moieties respectively, has attracted numerous studies in the 
past few decades owing to its various optoelectronic applications in bioimaging, 
chemical sensors, organic light-emitting devices, laser dyes, and molecular switches. 
The most of previous reports on ESIPT of H-bonding molecules have only dealt with 
their absorption and emission spectra as well as the chance of ESIPT occurrence affected 
by the OH- type and NH- type proton donating groups of phenyl moiety and proton 
acceptor groups on the benzothiazole, benzimidazole, and imidazo[ 1,2- a] pyridine 
backbones whereas the in-depth insights into the similarities and differences of both N-
H and O-H proton donors on dynamics ESIPT process is still lacking. Therefore, in this 
study, we systematically investigated the different proton donor group of NH- type and 
OH-type on three different proton acceptor moieties: benzimidazole, benzothiazole and 
imidazo[ 1,2- a] pyridine giving six distinct compounds namely 2- ( 2′ -
aminophenyl)benzimidazole (APBI), HBI, 2-(2′-aminophenyl)benzothiazole (APBT), 
HBT,2- ( imidazo[ 1,2- a] pyridine- 2- yl) aniline ( HNHPIP) , and 2- ( 2′ -
hydroxyphenyl)imidazo[1,2-a]pyridine (HPIP). Main objectives are to shed light on the 
effect of different proton donor and proton acceptor moieties on the photophysical 
behaviors of all interested compounds in terms of H-bond strength, and PT process. This 
study is expected to provide the understanding of the photophysical behaviors driven by 
ESIPT of these NH-type and OH-type H-bonding systems. 
 

PROPOSED APPROACH 
The effect of proton donor namely NH-type and OH-type on the excited-state 
intramolecular proton transfer (ESIPT) of hydrogen-bonding (H-bond) molecules was 
investigated using the density functional theory (DFT) and time-dependent DFT (TD-
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INTRODUCTION 

Bifunctional molecules with a strong intramolecular hydrogen bond connected by a 
proton donor (D:−NH2, −OH) and a proton acceptor (A:−O−,−N=) can undergo excited-
state intramolecular proton transfer (ESIPT) processes via the four-level photocycle, in 
which the tautomer emission gives a large red-shift with respect to the normal absorption 
(Stokes shift). This unique photophysical property caused by ESIPT reactions which are 
well accepted to be driven from significant changes in the acidity and basicity of the 
proton donor and acceptor moieties respectively, has attracted numerous studies in the 
past few decades owing to its various optoelectronic applications in bioimaging, 
chemical sensors, organic light-emitting devices, laser dyes, and molecular switches. 
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their absorption and emission spectra as well as the chance of ESIPT occurrence affected 
by the OH- type and NH- type proton donating groups of phenyl moiety and proton 
acceptor groups on the benzothiazole, benzimidazole, and imidazo[ 1,2- a] pyridine 
backbones whereas the in-depth insights into the similarities and differences of both N-
H and O-H proton donors on dynamics ESIPT process is still lacking. Therefore, in this 
study, we systematically investigated the different proton donor group of NH- type and 
OH-type on three different proton acceptor moieties: benzimidazole, benzothiazole and 
imidazo[ 1,2- a] pyridine giving six distinct compounds namely 2- ( 2′ -
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effect of different proton donor and proton acceptor moieties on the photophysical 
behaviors of all interested compounds in terms of H-bond strength, and PT process. This 
study is expected to provide the understanding of the photophysical behaviors driven by 
ESIPT of these NH-type and OH-type H-bonding systems. 
 

PROPOSED APPROACH 
The effect of proton donor namely NH-type and OH-type on the excited-state 
intramolecular proton transfer (ESIPT) of hydrogen-bonding (H-bond) molecules was 
investigated using the density functional theory (DFT) and time-dependent DFT (TD-
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DFT), the structural and electronic properties as well as the potential energy surfaces 
along the proton transfer reaction in the ground and excited states of all compounds were 
analyzed. On-the-fly dynamics simulations on the first excited-state were further carried 
out for all compounds using in NEWTON-X interfaced with TURBOMOLE 6.3 
program package to provide the important dynamic information on PT time and 
probability. 

 
RESULTS 

The important parameters on bond distances involving the intramolecular H-bond 
revealed that H-bonds of OH-type are stronger than those of NH-type and supported by 
the more red-shift of O−H vibrational mode in the excited-state. All simulated 
absorption peaks of all compounds are in consistent with experimental results. The 
potential energy surfaces along the PT reaction show that ESIPT of O-H type occurs 
with a small barrier or barrierless in the excited-state whereas those of N-H type have 
higher PT barrier except the one with stronger proton acceptor, resulting in a smaller 
barrier. The results of dynamic simulations are accordance with the potential energy 
surfaces in which the N-H type shows no PT in APBT but slow PT in APBI and fast PT 
in HNHPIP while O-H type (HBI, HBT and HPIP) exhibits ultrafast PT within 80 fs. 
Moreover, the occurrence of ESIPT process are strongly dependent with reaction energy 
and activation energy, in which the H-bond molecules with thermodynamically and 
kinetically favorable characters always provide the ESIPT. Therefore, the type of proton 
donor and proton acceptor of H-bond molecules is very important to hinder or 
effectively facilitate ESIPT process. 

 
Figure 1.  Thermodynamics and kinetics correlations for N-H type and O-H type 
for all compounds.  Note that the potential energy curves drawn for the ESIPT 
reactions are only qualitative. 
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INTRODUCTION 

Two-dimensional covalent organic frameworks (COFs) form extended, porous 
molecular architectures which can be adapted for solar energy conversion applications 
by constructing the linker segments out of chromophores.1,2 These structures, when 
vertically stacked and photoexcited, can facilitate the splitting of singlet excitons into 
two triplet excitons, a process called singlet fission.3 We recently showed that the 
possibility of singlet fission occurring in these materials is strongly influenced by the 
angle between each layer’s chromophore.4 Designing a functionalized chromophore that 
reduces the linkers' range of rotation closer to an optimum angle is critical. In this work, 
we propose and implement a high-throughput virtual screening strategy for COF 
chromophore design based on a simple steric model of chromophore-chromophore 
interactions. 

 
PROPOSED APPROACH 

We explore the space of chemical substitutions for promising chromophore orientations 
between COF layers through the construction of contact profiles for a library of acene 
linker derivatives. Contact profiles are a graphical representation of the minimum 
distance between linkers in adjacent layers of the COF as one linker rotates with respect 
to the other. In this work, a combinatorially generated library of acene derivative linkers 
is generated using the SmiLib tool,5 and contact profiles for these linkers are produced 
to identify linkers that are sterically locked at angles that produce greater electronic 
couplings between the chromophores. These electronic couplings, which govern the rate 
of singlet fission, are evaluated via constrained density functional theory (DFT). 

 
RESULTS 

Analysis of a library of procedurally generated functionalized linkers indicate that the 
orientations can be controlled by functionalization. The contact profiles demonstrate 
how asymmetric substitution of acenes affects the most favorable interchromophoric 
orientations. We have also established a proof-of-concept that electronic couplings 
along this same orientational degree of freedom can be correlated against the contact 
profiles to further optimize the chromophore design. Computational screening of COF 
linkers using this simple model can guide the identification, synthesis, and 
characterization of COFs supporting singlet fission. 
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Figure 1. Steric clash of acene-COF linkers 
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INTRODUCTION 

The excited state intramolecular single proton transfer (ESIntraSPT) is extensively 
investigated both experimental and theoretical studies due to its fundamental and important 
processes in chemistry and biology. The pre-requisite for ESIntraSPT is the presence of an 
intramolecular hydrogen bond between a proton donor and a proton acceptor in close 
proximity within a molecule. Besides molecules with ESIntraSPT, molecules having two 
proton donor sites and either with one or two proton acceptor sites connected by 
intramolecular hydrogen bond have emerged as a new interesting compound for undergoing 
the excited state intramolecular double proton transfer (ESIntraDPT) because of their dual 
emission with large Stokes shift. The applications of ESIntraSPT and ESIntraDPT molecules 
include laser dyes, uorescence sensors, and molecular switches.  

 

 
 

Figure 1. Ground-state optimized structures of HBA, HNA, DHNA, and their      
derivatives   computed at B3LYP/TZVP level. 
 
In this study, we investigate the ESIntraSPT in 2-hydroxybenzaldehyde, 1-hydroxy-2-
naphthaldehyde and their derivatives, and ESIntraDPT in 1,8-dihydroxy-2-naphthaldehyde 
and its derivatives (shown in Figure 1) using density functional theory (DFT) and its time-
dependent DFT (TD-DFT) at Becke’s three-parameter hybrid functional and correlation 
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functional of Lee-Yang-Parr (B3LYP) with TZVP basis set. Our results based on 
B3LYP/TZVP level are in good agreement with experiment data. 

 
PROPOSED APPROACH 

The ground state (S0) geometries of all structures were optimized using DFT at B3LYP with 
TZVP basis set with constrained Cs symmetry in gas phase. The geometries of the excited 
state (S1) were performed using TD-DFT at TD-B3LYP with the same basis set as in the S0 
state. All optimized structures were confirmed to be global minimum without an imaginary 
frequency. Further, vertical excitation energy calculations were carried out on the optimized 
S0 and S1 states. Frontier molecular orbitals (MOs), absorption spectra, and emission spectra 
as well as Infrared (IR) vibrational spectra were analyzed. Moreover, the S0 and S1 PECs 
involving PT coordinates were scanned by constrained optimizations with fixed O H̶ distance 
0.05 Å in step.  

 
RESULTS 

The results show that the ESIntraDPT molecules provide dual emission with large Stokes 
shift compared to those molecules having ESIntraSPT (Figure 2). Calculated absorption and 
emission spectra of ESIntraDPT molecules as depicted in Figure 3 are blue-shift when 
compared with those of the ESIntraSPT molecules. Moreover, when substituting −CH3 and 
−OCH3 to carbonyl group (C=O), the absorption spectra of both ESIntraSPT and 
ESIntraDPT molecules are red-shift because the resonance capacity of substituent increases 
compared with the molecules without substituent.  
 

 

 
 
 

Figure 2. Calculated absorption (─) and emission (---) spectra of HBA, HNA and their 
derivative. 
 

 

 
 
 

Figure 3. Calculated normal absorption (─), emission (---) of NTN form, and emission 
(∙∙∙) of TNN form spectra of DHNA and its derivative. 
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INTRODUCTION 

The issue environmental pollution and the consumption of the fossil fuels becoming 
the major point for sustainable development, so it has developed a new energy 
alternatives that are environmentally friendly. Dye-sensitized solar cells (DSSCs) have 
attracted much attention due to the advantages of low cost materials, low toxicity, 
simple fabrication procedure and relatively high efficiency. In this work, we used 
computational density function theory (DFT) and time- dependent density function 
theory (TD-DFT) to study the structure, absorption and electronic transition of 
porphyrin derivatives in dye-sensitized solar cell.   

 
PROPOSED APPROACH 

The geometries and electronic structures of porphyrin sensitizer were theoretical 
studied based on Kohn-Sham density functional theory (DFT). Beck’s three parameter 
gradient-corrected hybrid functional and Lee-Yang-Parr correlation functional 
(B3LYP) with a 6-31G (d,p) basis set were used for fully geometry optimization The 
vertical excitation energies were investigated using time-dependent density functional 
theory (TD-DFT) on PBE0 functional. The solvent effect as well as the electrostatic 
solute-solvent interactions in dichloromethane (CH2Cl2) solvent was evaluated using 
conductor-like polarized continuum model (C-PCM) framework. All DFT and TD-
DFT calculations were carried out using Gaussian09 program package. Moreover the 
electron injection mechanism from porphyrin dyes to the semiconductor was obtained 
by (TiO2)38 cluster model employing PBE functional with DNP basis set. 

 
RESULTS 

The absorption spectra of A0 displays an intensity B band at 427 nm and Q band at 687 
nm and A1 displays an intense B band at 426 nm and red shift Q band to 698 nm. 
Moreover, the electron injection mechanism from porphyrin dyes to the semiconductor 
was obtained by using TD-CAM-B3LYP with the 6-31G(d,p) basis set, we found 
that two dyes binding to (TiO2)38 clusters,the HOMO of A0 and A1 are mostly 
distributed in the dye molecules while LUMO+21, LUMO+22 and LUMO+23 are 
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mainly located on the (TiO2)38 clusters. The electron transfer from electron acceptor to 
the titaniumdioxide clusters, imply to the electron distributions in dyes 

     
Figure 1. Molecular orbital spatial distributions of A0 and A1 after binding to 
(TiO2)9  
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INTRODUCTION 

Dye-sensitized solar cells (DSSCs) have received great research attention in particular 
with the development of organic dyes as sensitizers for DSSCs. In the design of organic 
dyes, the common structure of organic dyes is composed of donor-π bridge-acceptor 
(D-π-A). In terms of dye development, organic sensitizers containing a D-A-π-A 
configuration have drawn special attention, in which being the role of an auxiliary 
acceptor. Recently, the newly synthesized organic dye RK1 (see Fig. 1), which is new 
D-π-A-π-A based type organic sensitizer, showed a record of power conversion 
efficiency of 10.20%, which is the first time that exceeds the efficiency of 10.19% 
based on the standard N719 dye under the same condition. This outstanding record for 
an organic based champion cell inspires us to find out newly potential candidates which 
can perform significantly better than RK1 for further improvement of the power 
conversion efficiency. Therefore, this work provides a feasible strategy of molecular 
engineering by modifying the structure of the auxiliary acceptor units.  

 
 

Figure 1. The molecular structures of RK1 and the newly designed dyes  
 
PROPOSED APPROACH 

The geometry structures of these newly designed dyes were fully optimized at the 
B3LYP level with 6-31G(d,p) basis set. The vertical excitation energy, electronic 
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B3LYP level with 6-31G(d,p) basis set. The vertical excitation energy, electronic 
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properties and optical absorption spectra were calculated by different XC functions, 
including CAM-B3LYP, in TDDFT calculations as implemented in Gaussian 09 
program. The adsorption of dyes on a titanium dioxide surface was studied through 
using periodic DFT at the PBE functional with the DNP basis set as implemented in 
Dmol3 module in Material Studio program package.    

 
RESULTS 

The calculated ground- state geometries of dyes showed that carbazole donor in RK1 
dye are non-planar, which can prevent the intermolecular aggregation. In addition, the 
dihedral angle between π - conjugated linker, auxiliary acceptor and electron 
withdrawing group display obvious co- planarity indicating the fast intramolecular 
charge transfer ( ICT) .  Furthermore, replacing benzothiazole with different auxiliary 
acceptor had affected on co-planarity between adjacent π-conjugated units, especially 
Aux3 and Aux4, which hamper the ICT.  The simulated absorption spectra are shown 
in Fig.2. It is obvious that Aux3 and Aux4 cover the entire visible region with reduced 
intensity.  It has been reported that low intensity leads to a decreasing LHE parameter. 
The maximum absorption peak of Aux1 and Aux2 are 495 and 489 nm, respectively, 
which exhibit a large redshift of 28 and 22 nm compared to RK1 ( 467 nm) .  The 
calculated results of charge density difference (Δρ) and charge transfer distance (dCT) 
were also confirmed a great ICT property for Aux1 and Aux2 dyes.  After binding on 
TiO2 surface, the calculated adsorption energies are in the range of -15. 23 to -19.51 
kcal mol−1, indicating strong interactions between the dyes and the TiO2.  Finally, the 
electron injection process was evaluated, and showed the electrons delocalized 
predominantly from anchoring group to TiO2 surface of Aux2- (TiO2) 38 adsorption 
complex, which may improve the photo current as well as the conversion efficiency of 
the DSSCs cells.  Considering the calculated results, the newly introduced auxiliary 
acceptor dye Aux2 is promising candidate sensitizer for D-π -A-π-A organic dyes for 
DSSCs. 

 
 

Figure 2.  The calculated UV-Visible absorption spectra of all dyes by TD-CAM-
B3LYP/6-31G(d,p) in CH2Cl2 
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INTRODUCTION 

In areas of modern chemistry and physics, the electronic and optical properties of organic 
conjugated polymers (CPs) have been interested. CPs are a film of electroluminescent 
layer in device as organic light-emitting diodes (OLEDs). OLEDs are used to create 
many application such as digital display in television screens, computer monitors and 
mobile phones. The operation principle of OLEDs is shown in Figure 1 in which the two 
electrodes as function anode and cathode have been well developed. However, the 
suitable organic dyes as the emitting layer having hole-transporting and electron injection 
ability are still challenging research for OLEDs technology.    
 

 
Figure 1. Operation principles of OLEDs. 
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In this work, the electronic and optical properties of the proposed molecules for being 
used as emitting layer possessing heterocyclic ring with different heavy atom such S-
series, O-series and N-series (Figure 2) will be investigated using theoretical calculations 
with density functional theory (DFT) and time-dependent density functional theory (TD-
DFT). 
 

PROPOSED APPROACH 
To first select the best method to investigate the electronic and optical properties, five 
different DFTs with various exchange-correlation functions (B3LYP, M06-2X, LC-
BLYP, CAM-B3LYP, and ωB97X-D) with 6-311+G (d) basis set were performed and 
compared with available experimental data. The best suitable method in term of 
reproducing experimental data will be chosen to further study electronic and optical 
properties of S-series, O-series, and N-series. In addition, HOMO-LUMO gaps or energy 
gaps (Egap), ionization potentials (IPs) and electron affinities (EAs), and electronic 
spectra (absorption and emission) for all series were calculated. All calculations were 
performed using the Gaussian09 program package. 
 
 

 
 

Figure 2. Geometric structure of S-series, O-series, and N-series 

 
RESULTS 

For overall performance of DFTs, in two hybrid functionals, the B3LYP (20% HF) 
method gave the best suitable Egap close to experiment data than the M06-2X (54% HF) 
method. Whereas three long-rang-corrected functionals (LC-BLYP, CAM-B3LYP, and 
ωB97X-D) failed to reproduce the experimental data (Figure 3). Consequently, the 
B3LYP method with 6-311+G (d) basis set was chosen for investigating the electronic 
and optical properties of all studied molecules. 
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Figure 3.   The theoretical energy gaps, eV (Egap)  by several DFT method such as 
B3LYP, M06-2X, LC-BLYP, CAM-B3LYP, and ωB97X-D with 6-311+G (d)  and 
experimental energy gaps, eV (Egap) of PTh and PTbT. 
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INTRODUCTION 

Cyanine dyes present typical optical properties and act as the most important organic 
functional dyes in many processes of technological interest like sensitizers in 
photography, optical recording materials in laser disks, sensitizers in solar cells. A very 
attractive additional feature of cyanine dyes is the affinity for biological structures, 
especially DNA, which are characterized by large molar extinction coefficient, high 
fluorescence efficiency, large tunable range of maximum absorption wavelength, ease 
of synthesis and relatively high stability. Fluorescence technology is the most sensitive 
and easily available method to study intermolecular interactions and the transcriptional 
dynamics of the cell nucleus.  Therefore, these dyes are suggested to be used as 
fluorescent probes of DNA, as exhibiting, a dramatic enhancement in fluorescence 
intensity upon binding to DNA1. The objective of this research is to design and develop 
new cyanine dyes as fluorescent dyes for DNA detection using the theoretical 
approaches.  Structural, electronic, absorption and fluorescence properties of the 
cyanine dyes will be investigated using the DFT and TD-DFT levels of theory and 
examined the relationships between the experimental and theoretical data. 

 

PROPOSED APPROACH 
The series of sixteen new asymmetric monomethine cyanine dyes were synthesized and 
their spectral characteristics and interaction with double stranded DNA were 
investigated2. These cyanine dyes absorb in the region 453-519 nm and have high molar 
absorptivity in the range 37,900-93,100 L mol-1cm-1.  It was found that four of the 
cyanine dyes (D9, D10, D12 and D16) were recommended as the most sensitive DNA 
labels.  In this work, the cyanine dyes as fluorescent dyes for DNA detection were 
selected are showed in Table 1.  The main computational efforts to simulate the 
absorption and fluorescence energy have been based on quantum chemistry 
calculations such as density functional theory ( DFT)  and a combination of time-
dependent density functional theory (TD-DFT)  with the B3LYP/6-311G(d,p)  and 
polarizable continuum model (PCM) consisting of methanol3. The structures of cyanine 
dyes with/without ion were considered. Ground state and first-excited properties were 
calculated in order to investigate the absorption and fluorescence energy.  All 
calculations will be performed using the Gaussian 09 suite of programs. 
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Figure 3.   The theoretical energy gaps, eV (Egap)  by several DFT method such as 
B3LYP, M06-2X, LC-BLYP, CAM-B3LYP, and ωB97X-D with 6-311+G (d)  and 
experimental energy gaps, eV (Egap) of PTh and PTbT. 
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cyanine dyes will be investigated using the DFT and TD-DFT levels of theory and 
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PROPOSED APPROACH 
The series of sixteen new asymmetric monomethine cyanine dyes were synthesized and 
their spectral characteristics and interaction with double stranded DNA were 
investigated2. These cyanine dyes absorb in the region 453-519 nm and have high molar 
absorptivity in the range 37,900-93,100 L mol-1cm-1.  It was found that four of the 
cyanine dyes (D9, D10, D12 and D16) were recommended as the most sensitive DNA 
labels.  In this work, the cyanine dyes as fluorescent dyes for DNA detection were 
selected are showed in Table 1.  The main computational efforts to simulate the 
absorption and fluorescence energy have been based on quantum chemistry 
calculations such as density functional theory ( DFT)  and a combination of time-
dependent density functional theory (TD-DFT)  with the B3LYP/6-311G(d,p)  and 
polarizable continuum model (PCM) consisting of methanol3. The structures of cyanine 
dyes with/without ion were considered. Ground state and first-excited properties were 
calculated in order to investigate the absorption and fluorescence energy.  All 
calculations will be performed using the Gaussian 09 suite of programs. 
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RESULTS 
The molecular structure of four cyanine dyes with the experimental absorption maxima 
(λmax) and extinction coefficients (ε) in methanol as fluorescent dyes for DNA detection 
are reported in Table 1. All structures were evaluated using an B3LYP/6-311G(d,p) 
method with a PCM solvent model consisting of methanol. As the results, cyanine dyes 
showed the corresponding results with the experimental absorption and fluorescence 
wavelength. D16 dye with the substitution groups as fluorobenzene and thiolane show 
the best absorption and fluorescence properties. This expect that this dye is suitable for 
use as non-covalent fluorescent DNA probes.     

 

Table 1 The molecular structure of four cyanine dyes (D9, D10, D12 and D16)  with 
the experimental absorption maxima (λmax) and extinction coefficients (ε) in methanol. 

 

Structure λmax (nm) / ε (L mol-1cm-1) 

D9 

 

519 / 75,300 

D10 

 

519 / 93,100 

D12 

 

519 / 85,600 

D16 

 

517 / 58,600 

 
 

 

REFERENCES 
1.          Okoshi, M., Saparpakorn, P., Takada, Y., Hannongbua, S., and Nakai; H., Bull. Chem. 

Soc. Jpn., 2014, 87, 267-273. 
2.            Kaloyanova, S., Trusova, V., M.; Gorbenko, G. P., and Deligeorgiev, T., J. Photochem. 

Photobiol. A, 2011, 217, 147-156. 
3.          Promkatkaew, M., Suramitr, S., Karpkird, T., Ehara, M., and Hannongbua, S., Int.       

J. Quan. Chem., 2013, 113, 542-554. 

224



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

RESULTS 
The molecular structure of four cyanine dyes with the experimental absorption maxima 
(λmax) and extinction coefficients (ε) in methanol as fluorescent dyes for DNA detection 
are reported in Table 1. All structures were evaluated using an B3LYP/6-311G(d,p) 
method with a PCM solvent model consisting of methanol. As the results, cyanine dyes 
showed the corresponding results with the experimental absorption and fluorescence 
wavelength. D16 dye with the substitution groups as fluorobenzene and thiolane show 
the best absorption and fluorescence properties. This expect that this dye is suitable for 
use as non-covalent fluorescent DNA probes.     

 

Table 1 The molecular structure of four cyanine dyes (D9, D10, D12 and D16)  with 
the experimental absorption maxima (λmax) and extinction coefficients (ε) in methanol. 

 

Structure λmax (nm) / ε (L mol-1cm-1) 

D9 

 

519 / 75,300 

D10 

 

519 / 93,100 

D12 

 

519 / 85,600 

D16 

 

517 / 58,600 

 
 

 

REFERENCES 
1.          Okoshi, M., Saparpakorn, P., Takada, Y., Hannongbua, S., and Nakai; H., Bull. Chem. 

Soc. Jpn., 2014, 87, 267-273. 
2.            Kaloyanova, S., Trusova, V., M.; Gorbenko, G. P., and Deligeorgiev, T., J. Photochem. 

Photobiol. A, 2011, 217, 147-156. 
3.          Promkatkaew, M., Suramitr, S., Karpkird, T., Ehara, M., and Hannongbua, S., Int.       

J. Quan. Chem., 2013, 113, 542-554. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CHE 
-P- 
8 

Time-Dependent Density Functional Theory (TDDFT) 
Investigation on Electronic and  Photophysical 
Properties of Derivatives of 3-Hydroxyflavone 

 
Rusrina Salaeh1, Chanchai Sattayanon 1, and Nawee Kungwan 1,C 

1 Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand 

 

C E-mail: naweekung@gmail.com; Tel. +66 8 48283641 
 

 EXTENDED ABSTRACT 
 

Keywords: Electronic properties; 3-hydroxyflavone (3HF); Density functional theory (DFT); Time-
dependent density functional theory (TDDFT) 
 
INTRODUCTION 

Excited state intramolecular proton transfer (ESIPT) plays an important role in a wide range of 
phenomena from biological to material science applications. Fluorophores containing ESIPT 
moieties can be potentially used in fluorescent probes because of their large Stokes shifts and 
four-level photocycle (Figure 1) to achieve population inversion. ESIPT processes occur in 
molecules featuring a strong intramolecular hydrogen bond between the proton donor (D) and 
the proton acceptor (A) moiety. 

 

Figure 1. Four-level photocycle. 

In this context, computational chemistry methods are valuable tools to explore the properties of 
these sensors providing the theoretical grounds to modify their structure. One of promising 
ESIPT probes is 3-hydroxylflavone. 3HF belongs to a group of flavonoids, which are responsible 
for the yellow color of petals. 3HF and its derivatives have been widely used in fluorescent 
probes. In this study, we systematically compared the effect of substitution on spectral 
characteristics of 3HF and its derivatives using theoretical calculations with density function 
theory (DFT) and its time-dependent DFT (TD-DFT). The following substituents placed to two 
positions (R1, R2) of 3HF to give 3HF derivatives as depicted in figure 2. 
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Figure 2. Structure of 3HF and its derivative (R1 and R2 are substituent group) 
 

PROPOSED APPROACH 
The enol absorption spectra of 3-hydroxyflavone (3HF) was computed by five different DFTs 
with various exchange-correlation functions (B3LYP, PBE0, LC-BLYP, CAM-B3LYP and 
ωB97XD) with 6-311+G(d, p) basis set to obtain the best suitable method compared with 
experimental data. After that the most suitable method will be utilized to study the effect of 
electron donating and withdrawing groups on the absorption properties of 3HF derivatives. All 
calculations were performed using Gaussian09 program package. 
 

RESULTS 
For all DFT functionals, hybrid functional PBE0 gave a better agreement to experiment data than 
B3LYP. For long-range-corrected hybrids, LC-BLYP provided a good agreement to experiment 
data whereas CAM-B3LYP and ωB97XD failed because their predicted wavelengths disagree 
with experimental results. From the results, LC-BLYP and PBE0 are suitable method, however, 
only one functional should be used due to cost-effective screening tool. Therefore, LC-BLYP 
and TD-LC-BLYP will be used to investigate electronic and photophysical properties of the 3HF 
derivatives. In addition, the nature of the excited state, the orbital transition from the highest 
occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) 
(HOMO→LUMO) is corresponded to π to π* transition. 

 
Figure 3. The maximum wavelengths (λmax) of absorption spectra from the experimental 
data are shown in dashed lines. 
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INTRODUCTION 

Aldol condensation, which is an important reaction to form a carbon-carbon bond in 
organic synthesis, can be readily catalyzed by acids or bases. Several heterogeneous 
catalysts were used to study the aldol condensation reaction. The aldol condensation of 
benzaldehyde and acetophenone produces chalcone product. Chalcone is a versatile 
chemical which has several biological activities including anti-diabetic and anti-
oxidant. This reaction has been demonstrated in the university laboratory as the 
chalcone in solid form is easy to be separated from the reaction solution.  
 

Metal-organic Frameworks (MOFs) have been used in many applications such as gas 
storage, gas separation and catalysis. Several studies have demonstrated the potential 
uses of MOFs for heterogeneous catalysis. Zr-based MOFs [Zr6O4(OH)4(O2C-C6H4-
CO2)6] (UiO-66) has pore dimension of in the range of  6-11 Å in its crystal structure. 
UiO-66 can be synthesized from ZrCl4 and terephthalic acid by solvothermal method. 
Recently, we focus on the design of UiO-66 derivatives by functionalized the aromatic 
parts with several acidic groups to enhance the catalytic performance on the aldol 
condensation of acetone.  
 

In this work, the reaction mechanism of the aldol condensation reaction of 
benzaldehyde and acetophenone on UiO-66-SO3H catalysts (Scheme 1) has been 
calculated by density functional theory with the M06-L functional. The knowledge 
obtained from this study would be useful for further development of MOF-based 
catalysts for the condensation reaction and other acid- catalyzed organic 
transformations. 
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INTRODUCTION 

Aldol condensation, which is an important reaction to form a carbon-carbon bond in 
organic synthesis, can be readily catalyzed by acids or bases. Several heterogeneous 
catalysts were used to study the aldol condensation reaction. The aldol condensation of 
benzaldehyde and acetophenone produces chalcone product. Chalcone is a versatile 
chemical which has several biological activities including anti-diabetic and anti-
oxidant. This reaction has been demonstrated in the university laboratory as the 
chalcone in solid form is easy to be separated from the reaction solution.  
 

Metal-organic Frameworks (MOFs) have been used in many applications such as gas 
storage, gas separation and catalysis. Several studies have demonstrated the potential 
uses of MOFs for heterogeneous catalysis. Zr-based MOFs [Zr6O4(OH)4(O2C-C6H4-
CO2)6] (UiO-66) has pore dimension of in the range of  6-11 Å in its crystal structure. 
UiO-66 can be synthesized from ZrCl4 and terephthalic acid by solvothermal method. 
Recently, we focus on the design of UiO-66 derivatives by functionalized the aromatic 
parts with several acidic groups to enhance the catalytic performance on the aldol 
condensation of acetone.  
 

In this work, the reaction mechanism of the aldol condensation reaction of 
benzaldehyde and acetophenone on UiO-66-SO3H catalysts (Scheme 1) has been 
calculated by density functional theory with the M06-L functional. The knowledge 
obtained from this study would be useful for further development of MOF-based 
catalysts for the condensation reaction and other acid- catalyzed organic 
transformations. 
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Scheme 1. The aldol condensation of benzaldehyde and acetophenoneon UiO-66-
SO3H catalysts. 

 
PROPOSED APPROACH 

The density functional theory has been used to study the reaction mechanism of the 
aldol condensation of benzaldehyde and acetophenone on UiO-66-SO3H catalysts. The 
C162H122O67SZr12 cluster, which is the model representing the entire structure of UiO-
66-SO3H, has been calculated with ONIOM (M06-L:PM6) approach. Only the organic 
linker with a sulfonic acid group and adsorbed molecules was specifically calculated 
with the higher level of theory as the functionalized linkers act as active sites in the 
reaction. The remaining framework was treated with the lower level of theory to 
achieve reliable results with a reasonable computational time. The single point 
calculation at the M06-L functional for the whole cluster was used (M06-
L//ONIOM(M06-L:PM6)) to obtain the accurate energy values. The C, H, O and S 
atoms were optimized with 6-31G(d,p) basis set and the Zr atoms were calculated with 
LANL2DZ. All calculations were performed with Gaussian 09 program.  

   
RESULTS 

The aldol condensation of benzaldehyde and acetophenone on UiO-66-SO3H catalysts 
calculated with M06-L//ONIOM(M06-L:PM6) method was shown in Fig 1. The 
optimized transition states are shown in Fig 2. The first reaction step is the 
tautomerization of acetophenone to an enol product. As shown in Fig 2a, the reaction 
is a double-proton transfer. This step required activation energy of 14.9 kcal/mol. The 
required energy is lower than zeolite catalysts (16.6-24.9 kcal/mol). The second step is 
the aldol condensation with the activation energy of 3.7 kcal/mol with the C-C bond 
formation as shown in Fig 2b. The last step is the dehydration step. The transition state 
shows the C-H bond and C-O bond breaking (Fig 2c) with the activation energy of 30.8 
kcal/mol. Chalcone and water are the products of this reaction.  

 

 
 
Fig 1.  Energy pathway for the aldol condensation of benzaldehyde and 
acetophenone on UiO-66-SO3H catalysts. Energies are in kcal/mol. 
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Fig 2. Optimized structures of the transition state complexes for the aldol condensation of 
benzaldehyde and acetophenone (a) TS1, (b) TS2 and (c) TS3. Distances are in Å. 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

CO gas can case harmful health when breathe much CO gas that oxygen in the blood 
is displaced effects by oxygen delivery to the heart and brain. To avoid the release of 
carbon monoxide into the atmosphere, CO is normally converted into carbon dioxide 
(CO2). Although CO2 is a greenhouse gas, which is responsible for global warming, 
however CO2 is not hazardous for human health. Therefore the catalytic oxidation of 
CO became one of applications as control of environmentally-harmful pollutants.  

 
PROPOSED APPROACH 

The calculations were performed with the DMol3 in the Materials Studio 5.5. The 
Perdew−Burke−Ernzerhof (PBE) function within determination of the generalized 
gradient approximation (GGA) manages the exchang and correlations. The ionelectron 
interaction is employed effective core potentials and the doule numerical plus 
polarization (DNP). The Self-consistent field (SCF) calculation was carried on a convergence 
criterion of 10-6 au on the total energy, and the real space cutoff radius was 4.1 Å. A 
hexagonal 5x5 supercell were built 50 boron nitride units, including 25 B and 25 N 
atoms and and the Brillouin zone was sampled with 7x7x1 k-point grid in geometric 
optimization and search for the transition state (TS). 

 
RESULTS 

In summary, we investigate the possible reaction mechanism for CO oxidation on  
C-doped BN. The calculation results indicate that C-doped BN are investigated by 
replacement of B atom (CBBN) that the interaction between C atom and associated N 
atoms is strongly couple with the 2p state of C and 2p state of N. The C-doped BN 
affect decrease of energy band gap (4.20 eV for CNBN and 1.08 eV of CBBN) smaller 
than h-BN surface (4.79 eV). Therefore, the small energy gap brings increased 
adsorption. As a result, the reaction of CO oxidation is considered following the Eley-
Rideal (ER) pathway and the calculated energy barrier for CO + O2 → CO2 + O is 0.16 
eV. The second reaction steps of CO + O → CO2 is 0.18 eV. From results of calculated 
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the energy barrier, indicating it is much lower than that on the traditional noble metal 
catalysts. 

 

 
 

Figure 1. The adsorption sites are considered on CNBN and CBBN surface. 
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INTRODUCTION 

Zeolite is one among the most important heterogeneous catalysts. Many types of  
zeolite possess strong Brønsted acidity that enhances the catalytic activity. Well 
defined microporous structure makes zeolite the shape-selective catalyst for many 
reactions such as hydrocarbon cracking, isomerization and dehydration. The 
confinement effect of zeolite framework was originally introduced by Derouane and 
has been confirmed to have a prime effect on the adsorption and reaction occurring 
inside its framework.  
 

Biomass energy is a novel renewable resource and has been increasing interested due 
to the environmental concern. D-glucose, which is the main component of cellulose, 
can be used to produce chemical substances such as levulinic acid via the dehydration 
reaction. Zeolite has been previously reported to be an effective catalyst for the 
dehydration reaction of glucose with high performance.  
 

In this study, the adsorption of glucose, hydroxymethylfurfural and levulinic acid on 
on acidic zeolites (H-ZSM-5, H-MOR and H-BEA) were theoretically studied using 
the ONIOM (our own n-layered integrated molecular orbital and molecular mechanics) 
method. Understanding the zeolite framework effect in molecular level is the stepping 
stone to applications in biomass technology process.  

 
PROPOSED APPROACH 

Three 34T quantum clusters representing H-ZSM-5, H-MOR and H-BEA zeolites have 
been taken from their X-ray structures to cover the intersection cavity of the zeolites. 
Each model cluster was divided into two sub-regions according to the ONIOM method. 
The 5T high-level cluster representing the active region was treated with MP2 
calculation while the 34T cluster representing the extended framework was calculated 
by density functional theory with M06-2X functional. All atoms were described by 6-
31G(d,p) basis set.  During the optimization only the 5T active region and the probe 
molecule were allowed to relax while the rest was kept fixed with its crystal structure. 
All calculations were performed using Gaussian 09 program.  
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RESULTS 
The adsorption of glucose, hydroxymethylfurfural and levulinic acid on various proton 
zeolites (H-ZSM-5, H-MOR and H-BEA) were calculated with ONIOM 5T:34T 
(MP2:M06-2X) approach. Figs 1 shows the optimized structures of glucose on acidic 
zeolites. The adsorption energies were calculated and showed in table 1.  

 

  
 

(a) (b) (c) 
 
Fig 1.  Glucose adsorbed on H-ZSM-5 (a) , H-MOR(b)  and H-BEA (c)  zeolites 
(distances are in Å) 
 
Table 1. The adsorption energies of Acetone, glucose (GLU), hydroxymethylfurural 
(HMF) and levulinic acid(LVA) (kcal/mol) 

 
 MP2:M06-2X High level Low level 
H-ZSM-5    
 Acetone -29.1 -19.0 -10.1 
 Glucose -43.3 -18.1 -25.2 
 HMF -37.7 -20.4 -17.3 
 LVA -34.1 -22.4 -11.7 
H-MOR    
 Acetone -27.7 -19.3 -8.4 
 Glucose -35.6 -11.1 -24.5 
 HMF -36.1 -18.4 -17.7 
 LVA -26.0 -9.8 -16.2 
H-BEA    
 Acetone -25.2 -18.5 -6.7 
 Glucose -33.4 -16.2 -17.2 
 HMF -26.0 -9.8 -37.8 
 LVA -27.0 -21.5 -5.5 
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INTRODUCTION 

The excited-state intramolecular proton transfer (ESIPT) is one of the fundamental 
processes in chemistry and biochemistry due to its photophysical properties. The 
applications of ESIPT are found in many applications such as organic light emitting 
diodes, luminescent materials, and fluorescent probes. Most of the ESIPT processes 
occur in molecules having a strong intramolecular hydrogen bond between the acidic 
proton and the basic moiety and the suitable geometry such as 2,5-bis(2'-
benzoxazolyl)hydroquinone (BBHQ). To provide more complete pictures of ultrafast 
PT of BBHQ, dynamics calculations are required to investigate whether PT occurs 
through single or double proton transfer as well as the potential energy surfaces.  

 
PROPOSED APPROACH 

All possible structures of BBHQ and its solvent clusters such as water were optimized 
at the using B3LYP/SVP level. These calculations were carried out using 
TURBOMOLE. Then, selected optimized geometries were used as initial geometries in 
dynamics photoexcitation using Newton-X interfaced with TURBOMOLE at TD-
B3LYP/SVP level. Twenty-five trajectories as a representative set for each system were 
simulated using a time step of 1 fs with maximal duration of 500 fs. Furthermore, details 
of dynamics simulations were described by a statistical analysis.   

 
RESULTS 

The dynamics simulations of ESIPT of BBHQ and its solvent clusters have been 
performed on their lowest energy structures using time-dependent density functional 
theory (TDDFT) at TD-B3LYP/SVP level.  
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Figure 1. Optimized geometry of 2,5-bis(2'-benzoxazolyl) hydroquinone computed 
at B3LYP/SVP level. (i) isolated BBHQ and (ii) BBHQ with one water molecule 
 
Our dynamics simulations showed that the intramolecular hydrogen bond N···H−O is 
strengthened in the excited state, which triggers driving force to effectively facilitate the 
proton transfer process through an intrinsic intramolecular hydrogen bond. There are two 
possible mechanisms of the ESIPT processes: a) single proton transfer and b) double 
proton transfer. The ESIPT mechanism of BBHQ systems elucidates that single proton 
transfer is more likely to take place in comparison with the double proton transfer 
reaction. Moreover, the competition between the formations of intermolecular and 
intramolecular hydrogen bons of water and BBHQ plays a role in lower the reaction.  
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INTRODUCTION 

The poisonous gases that are produced during fuel combustion, transportation, and 
industrial processes are of concern for both health and environmental reasons. Among 
those gases are nitrous oxide (N2O) and carbon monoxide (CO). These gases are among 
the most harmful gases emitted by automobile exhaust systems. The problems with 
N2O are twofold: the gas is a significant contributor to global warming, with a global 
warming potential (GWP) that is 300 times greater than that of carbon dioxide (CO2). 
It is also a precursor to NO, which is a major catalyst for stratospheric ozone depletion. 
The chemical transformations of N2O and CO to the non-harmful gases N2 and CO2 
are thermodynamically favorable. However, the non-catalyzed reactions have high 
activation energies, which render them kinetically unfavorable. 

 
PROPOSED APPROACH 

Despite many contributions from experimental and theoretical studies on CO 
adsorption on varying Ag-Au clusters, the elementary reaction steps for reaction of 
N2O with CO on the Ag7Au6 cluster have not yet been elucidated. Thus, a description 
of detailed reaction mechanisms at the atomic level is needed. On the basis of previous 
work, herein we present the results of DFT calculations performed to investigate the 
reaction mechanisms of CO oxidation by N2O over the Ag7Au6 cluster following the 
two aforementioned steps, (N2O → N2 + O*) the reduction of N2O to N2 and (O* + CO 
→ CO2) the oxidation of CO to CO2. We have studied the elementary reactions in detail 
and determined the influence of each atom in the cluster on the reactions. The 
understanding gained in the current study might be helpful in the development of active 
catalysts for N2O and CO removal from automotive and other exhaust streams.  

 
RESULTS 

The Ag7Au6 structure (shown in Figure 1a) has C3v symmetry and an Au surface-
segregated hollow structure. The NBO analysis of Ag7Au6 cluster predicts atomic NPA 
charges as follow: +0.017e on the edge Au atoms, +0.230e on edge Ag atoms and 
−0.412e on the center Ag atom. This result indicates that the electron density on the 
edge Ag and Au atoms transfers to the center Ag atom. For the HOMO, the electron 
density is localized on the corner Au atoms, which suggests that these are active sites 
for adsorbing electrophile probe molecules (Figure 1b). On the other hand, the electron 

           COMPUTATIONAL SCIENCE & BIG DATA
FOR SUSTAINABLE AND INNOVATIVE FUTURE 237



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

density of the LUMO is localized on the edge Ag atoms (Figure 1c). This indicates that 
these edge Ag atoms are actives site for the adsorption of nucleophilic probe molecules.  

 

 
Figure 1 The structure and frontier molecular orbitals of the Ag7Au6 cluster: (a) 
the most stable configuration, (b) HOMO, and (c) LUMO of Ag7Au6 cluster.  
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INTRODUCTION 

To reduce the amount of N2O concentration in the atmosphere, there are four types of 
several after-treatment technologies; (i) thermal decomposition, (ii) non-selective 
catalytic reduction, (iii) selective catalytic reduction, and (iv) direct catalytic 
decomposition (deN2O).1-4 The N2O catalytic decomposition is one of the most 
promising methods for control of N2O emissions, due to its simplicity, high efficiency, 
and low energy requirements. For this reason, significant research efforts have been 
lately focused on the development of novel catalytic materials for N2O abatement.  

 
PROPOSED APPROACH 

In this project, we will systemically perform the theoretical calculations for N2O direct 
decomposition reaction processes with CO catalyzed by the oxotitanium-porphyrin 
(TiO-por). The model of TiO-por was constructed and then optimized by using the 
density functional theory (DFT) based on the M06L functional5,6 without any 
restrictions. The 6-31G(d,p) basis set was assigned to carbon, oxygen, nitrogen and 
hydrogen atoms and Dunning-Hay-Wadt with LANL2DZ was assigned to Ti transition 
metal. All calculations were carried out by using the Gaussian09 program package 
revision B01.7 

 

RESULTS 
We performed the DFT to investigate the N2O reduction with CO agent catalyzed by 
TiO-por. There are two possible pathways: (1) Adsorption of N2O followed by CO and 
(2) Adsorption of CO followed by N2O. The N2O was more likely to adsorb on TiO-
por (Path A). In Path B, the higher barrier energy would limit the reaction to react. 
Therefore, the N2O molecule was first decomposed on the TiO-por site yielding the N2 
and TiO2-por, which was more active species for the CO oxidation (Path A1) than the 
2ndN2O (Path A2). So, in alternatively, the CO oxidizing agent played important role 
on catalyst regeneration step and its reaction was exothermic process.   
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density of the LUMO is localized on the edge Ag atoms (Figure 1c). This indicates that 
these edge Ag atoms are actives site for the adsorption of nucleophilic probe molecules.  

 

 
Figure 1 The structure and frontier molecular orbitals of the Ag7Au6 cluster: (a) 
the most stable configuration, (b) HOMO, and (c) LUMO of Ag7Au6 cluster.  
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decomposition reaction processes with CO catalyzed by the oxotitanium-porphyrin 
(TiO-por). The model of TiO-por was constructed and then optimized by using the 
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hydrogen atoms and Dunning-Hay-Wadt with LANL2DZ was assigned to Ti transition 
metal. All calculations were carried out by using the Gaussian09 program package 
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RESULTS 
We performed the DFT to investigate the N2O reduction with CO agent catalyzed by 
TiO-por. There are two possible pathways: (1) Adsorption of N2O followed by CO and 
(2) Adsorption of CO followed by N2O. The N2O was more likely to adsorb on TiO-
por (Path A). In Path B, the higher barrier energy would limit the reaction to react. 
Therefore, the N2O molecule was first decomposed on the TiO-por site yielding the N2 
and TiO2-por, which was more active species for the CO oxidation (Path A1) than the 
2ndN2O (Path A2). So, in alternatively, the CO oxidizing agent played important role 
on catalyst regeneration step and its reaction was exothermic process.   
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Path Main Reaction Step Energy (kcal/mol) 
A TiO-por + 1st N2O Adsorption -4.64 
  Transition state 48.29 
  Product -3.01 
  Desorption N2 2.44 
B TiO-por + CO Adsorption -3.07 
  Transition state >70** 
  Product 23.26 
  Desorption N2 12.74 
A1 TiO2-Por +CO Adsorption -3.14 
  Transition state 16.08 
  Product -89.12 
  Desorption CO2 5.16 
A2 TiO2-por + 2nd N2O Adsorption -5.22 
  Transition state 47.49 
  Product 9.87 
  Desorption N2 4.72 
** the transition state is not convergence 
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INTRODUCTION 

Biomass has become an interesting research issues due to the environmental concern. 
Bio-ethanol produced by fermentation of biomass product such as sugar and wood-
wastes is one of the most important renewable energy sources.  Thailand, which is the 
top-three sugar-export country, has a stimulus package to increase value of sugar by 
converting it to ethanol fuel. Nevertheless, ethanol can be catalytic converted to much 
more valuable products for chemical industrial. The most important product would be 
ethylene, which is currently used as raw materials for the polyvinyl chloride (PVC) 
production. The dehydration reaction of ethanol to ethylene is shown below:  
 

  C2H5OH  →  C2H4 + H2O   ---(1) 
 

Several catalysts can be used in this dehydration reaction.  The acidic catalysts such as 
sulfuric acid and phosphoric acid have been widely used in the production of ethylene. 
At low temperature, the side reaction is possible as shown below: 
 

  2 C2H5OH  →  (C2H5)2O + H2O  ---(2) 
 

In this study the dehydration of ethanol to ethylene was studied at molecular level. The 
proposed mechanism was examined by Density functional theory with the hybrid M06-
2X functional. The Natural Bond Orbital (NBO) analysis was applied to the adsorption 
step.  

  
PROPOSED APPROACH 

The dehydration reaction has been studied by computational chemistry. Effect of 
sulfuric concentration has been determined by vary ethanol: sulfuric ratio from 1 to 3. 
Structures of all related species were optimized by DFT methodology with M06-2X 
functional and 6-31G(d,p) basis set. Transition states were located by using the Berny 
algorithm and each optimized TS was confirmed by its single imaginary frequency that 
corresponded to the reaction pathway. The adsorption structures were analyzed by 
NBO method.  All calculations were performed using Gaussian 09 program.   
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RESULTS 
The dehydration reaction of ethanol to ethylene catalyzed by sulfuric acid was 
examined by M06-2X functional. The calculated energy pathway was shown in figure 
1. The transition state with some selected distances are shown in figure 2. Activation 
energies for the reaction with the ethanol: sulfuric ratio varied from 1 to 3 were 53.1, 
51.3 and 55.2 kcal/mol, respectively. For the interaction of one- and two ethanol 
molecules with the sulfuric acid, electron transfer from the lone pair electron of oxygen 
of ethanol to the antibonding of O-H bond of sulfuric acid was found to be important 
(E2 = 50.0 and 100.2 kcal/mol, respectively). In case of 3 ethanol molecules, the 
protonated form of ethanol was found and electron transfer from the lone pair of oxygen 
atoms to the antibonding of O-H bond  was even more important (E2 = 98.2 and 87.3 
kcal/mol).  

 

 
 

Fig 1.  Energy profiles for the dehydration of ethanol to ethylene with different 
number of ethanol molecules determined by M06-2X/6-31G(d,p)  level of theory. 
Energies are in kcal/mol. 

 

   

(a) (b) (c) 
 

Fig 2. Optimized structures of the transition state complexes over sulfuric acid for 
(a) one ethanol molecule, (b) two ethanol molecules and (c) three ethanol molecules 
at M06-2X/6-31G(d,p) level of theory. Distances are in Å. 
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(a) (b) (c) 
 

Fig 3.  The Natural Bond Orbital Analysis of adsorption complexes over sulfuric 
acid for (a) one ethanol molecule, (b) two ethanol molecules and (c) three ethanol 
molecules at M06-2X/6-31G(d,p) level of theory. 
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INTRODUCTION 

With continuously lessening reserves of crude oil, natural gas, which consists primarily 
of methane, is attracting increasing attention as an important source of clean fossil 
energy and as a feedstock for chemicals.  As a feedstock, methane can be converted to 
chemicals by an indirect route which involves multiple steps via the formation of 
synthesis gas (a mixture of CO and H2) .  From syngas, a variety of products can be 
obtained directly via the Fischer-Tropsch synthesis.  Alternatively, syngas can also be 
converted first to methanol and then from methanol to chemicals using technologies 
such as methanol- to- olefin, methanol- to- gasoline.  However, the synthesis gas 
production is strongly endothermic and requires a lot of thermal energy. As a result, the 
most expensive step in process is synthesis gas generation, which accounts for 60%  of 
the capital cost of the process.  The direct oxidation of methane to methanol at the low 
temperature would therefore be a highly attractive industrial process.  The process 
chemistry of direct methane to methanol conversion have been proposed continuously. 
The ion-exchanged Cu/ZSM-5 zeolite is found to be an efficient catalyst that is able to 
catalyze the partial oxidation of methane. 1 The unique reactivity of Cu/ ZSM-5 zeolite 
in CH4 oxidation to CH3OH has been related to extra- framework binuclear oxygen-
containing Cu complexes. 2,3 Despite the large number of studies, a clear connection 
between the local structure of zeolite and the active  Cu-O-Cu species in C-H bond 
activation has not been unambiguously established. In this work, the conversion of 
methane to methanol over the [Cu-O-Cu] 2+/ZSM-5 zeolite was studied by means of 
density functional theory calculations.  

 
PROPOSED APPROACH 

The 12T ZSM-5 zeolite cluster model was used in this study.  The geometry of this 
cluster was taken from the crystal structure of ZSM-5.  The Si atoms at the edge of the 
cluster were terminated by the H atoms with the Si– H bond length of 1. 47 Å along the 
direction of the crystallographic Si– O bonds.  Two silicon atoms were substituted with 
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two aluminium atoms at T12 and T9 positions. 4 The modelled active site of Cu- ion-
exchanged ZSM-5 zeolite as shown on Fig.  1, was composed by a positive  di-cupper 
center [Cu-O-Cu]2+ inserted in part of the zeolite framework (Z2-). During the geometry 
optimization, all atoms of the 12T cluster, with the [Cu-O-Cu] 2+  and the adsorbing 
molecules were allowed to relax.  The terminated H atoms of the structure were kept 
fixed.  The M06-L meta-GGA functional was used since it has been shown to give 
accurate results in the literatures.  Basis set at the 6-31G(d,p)  was used for non-metal 
atoms and the LANL2DZ effective core potential ( ECP)  was used the Cu atom. 
Transition state structures were confirmed by normal mode analysis, revealing one 
imaginary frequency that corresponds to the reaction coordinate.  All calculations were 
carried out using the Gaussian 09 package. 

 
 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 1. The optimized structure and the selected geometry parameters of the [Cu-
O-Cu]2+/12T-ZSM-5 cluster (triplet spin state) viewed from (a) side view and (b) 
top view. Bond distances are in Å. 

 
RESULTS 

In this work, the electronic structure of the [Cu-O-Cu]/Z catalyst is the triplet spin state 
which is more stable than the singlet spin state by 15.22 kcal/mol. The conversion of 
methane to methanol consists of two elementary steps. The first step of the reaction is 
the methane activation. First, the methane adsorbs on the [Cu-O-Cu]2+ active center of 
Cu-exchanged ZSM-5 with the adsorption energy of -5.51 kcal/mol. From these studies, 
the calculated barrier, when referring to the adsorption complex, is 20.65 kcal mol−1 for 
the first C−H bond activation of CH4. Proton transfer from the activated C-H bond of 
the adsorbed methane to the bridging O atom of the extra framework copper cluster 
results in the formation of [CH3-Cu-HO-Cu] intermediate. Two-state reactivity (TSR) is 
involved in this step. The electronic state of the system is changed from the triplet spin 
state to the singlet spin state. Subsequently, a methanol molecule is formed via the 
recombination of two ligands bound on the copper active center. The activation energy 
for this step is predicted to be 16.71 kcal/mol. The formed methanol molecule is 
desorbed from the zeolite surface, resulting in a final complex [2Cu]2+/Z + CH3OH. The 
bridging O atom is regenerated by the decomposition of an oxidant.  
 

 

    

    
(a)     (b) 
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catalyze the partial oxidation of methane. 1 The unique reactivity of Cu/ZSM-5 zeolite 
in CH4 oxidation to CH3OH has been related to extra- framework binuclear oxygen-
containing Cu complexes. 2,3 Despite the large number of studies, a clear connection 
between the local structure of zeolite and the active  Cu-O-Cu species in C-H bond 
activation has not been unambiguously established. In this work, the conversion of 
methane to methanol over the [Cu-O-Cu] 2+/ZSM-5 zeolite was studied by means of 
density functional theory calculations.  
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cluster was taken from the crystal structure of ZSM-5.  The Si atoms at the edge of the 
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RESULTS 

In this work, the electronic structure of the [Cu-O-Cu]/Z catalyst is the triplet spin state 
which is more stable than the singlet spin state by 15.22 kcal/mol. The conversion of 
methane to methanol consists of two elementary steps. The first step of the reaction is 
the methane activation. First, the methane adsorbs on the [Cu-O-Cu]2+ active center of 
Cu-exchanged ZSM-5 with the adsorption energy of -5.51 kcal/mol. From these studies, 
the calculated barrier, when referring to the adsorption complex, is 20.65 kcal mol−1 for 
the first C−H bond activation of CH4. Proton transfer from the activated C-H bond of 
the adsorbed methane to the bridging O atom of the extra framework copper cluster 
results in the formation of [CH3-Cu-HO-Cu] intermediate. Two-state reactivity (TSR) is 
involved in this step. The electronic state of the system is changed from the triplet spin 
state to the singlet spin state. Subsequently, a methanol molecule is formed via the 
recombination of two ligands bound on the copper active center. The activation energy 
for this step is predicted to be 16.71 kcal/mol. The formed methanol molecule is 
desorbed from the zeolite surface, resulting in a final complex [2Cu]2+/Z + CH3OH. The 
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INTRODUCTION 

Effective gas sensing particularly for the detection of toxic gasses is of great importance 
for human health, biomedicine, agricultural production and environmental protection. 
For these reasons, gas sensors that are efficient in terms of energy consumption, cost, 
and reversibility are extremely needed. In general, the gas sensors that are made of 
semiconducting metal oxide nanowires are widely used on gas detection. However, the 
band gap is one of the most important factors for gas sensing materials. By comparison 
with the zero-band gap materials such as graphene, MoS2 as a typically two-dimensional 
material has more potential value in the field of gas sensing application due to the 
suitable band gap of 1.3-1.8 eV and low price. Recently, two-dimensional metal 
embedded-MoS2 have been reported as potential materials as gas sensing however the 
efficiency in term of gas adsorption of these metal embedded-MoS2 is not systematically 
assessed. Therefore, in this study, the pristine molybdenum disulfide (MoS2) and MoS2 
embedded (M-MoS2; M=Co, Cu, Fe, Ni, Pd, and Pt) have been theoretically investigated 
to adsorb small gas molecules such as CO, NO, O2, HCN and NH3. 

 
PROPOSED APPROACH 

To investigate the small gas adsorption on pristine MoS2 and metal-embedded MoS2 

(shown in Figure 1), the periodic density functional theory (DFT) has been performed 
to calculate the geometric, energetic, and electronic properties of gas adsorption on those 
materials using Vienna Ab initio Simulation Package (VASP). The adsorption energy, 
energy band gap and density of states will be analyzed to assess the possibility of metal-
doped MoS2 as gas sensors. 

 
RESULTS 

From the DFT calculations, we found that reactivity of MoS2 is substantially improved 
by embedded metals. All small gas molecules prefer to adsorb on metal embedded-MoS2 
than pristine MoS2 indicated by stronger adsorption energy. Especially, we found that 
NO (-2.94 eV) and CO (-1.71 eV) gases are strongly adsorbed on Co-embedded MoS2 
(CoMoS), while O2 is weakly adsorbed (-1.61 eV). There is a correlation between 
adsorption energy and amount of charge transfer (between gas and surface). In case of 
distance, the shorter distance between gas and surface results in stronger adsorption 

246



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

REFERENCES 
1. M. H. Groothaert, P. J. Smeets, B. F. Sels, P. A. Jacobs and R. A. Schoonheydt, J. Am. 

Chem. Soc., 2005, 127, 1394-1395. 
2. P. Vanelderen, R. G. Hadt, P. J. Smeets, E. I. Solomon, R. A. Schoonheydt and B. F. 

Sels, J. Catal., 2011, 284, 157-164. 
3. J. S. Woertink, P. J. Smeets, M. H. Groothaert, M. A. Vance, B. F. Sels, R. A. 

Schoonheydt and E. I. Solomon, Proc. Natl. Acad. Sci., 2009, 106, 18908-18913. 
4. E. Kurnaz, M. F. Fellah and I. Onal, MICROPOR MESOPOR MAT, 2011, 138, 68-74. 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CHE 
-P- 
17 

The Effect of Small Gas Detection on Metal-
Embedded Mos2: DFT Study 

 
Chanchai Sattayanon1, Jittima Meeprasert2, Chattarika Sukpattanacharoen1, 

Nawee Kungwan1,C, and Supawadee Namuangruk2,C 

1Department of Chemistry, Faculty of Science, Chiang Mai University, 
Chiang Mai , 50200, Thailand 

2National Nanotechnology Center (NANOTEC), National Science and Technology Development 
Agency (NSTDA), Pathum Thani, 12120, Thailand 

 
C E-mail: naweekung@gmail.com, supawadee@nanotec.or.th; Tel. +66 8 4828 3641 

 
 EXTENDED ABSTRACT 

 
Keywords: DFT; Gas adsorption; MoS2 monolayer; Metal-doped; Sensor.  
 
INTRODUCTION 

Effective gas sensing particularly for the detection of toxic gasses is of great importance 
for human health, biomedicine, agricultural production and environmental protection. 
For these reasons, gas sensors that are efficient in terms of energy consumption, cost, 
and reversibility are extremely needed. In general, the gas sensors that are made of 
semiconducting metal oxide nanowires are widely used on gas detection. However, the 
band gap is one of the most important factors for gas sensing materials. By comparison 
with the zero-band gap materials such as graphene, MoS2 as a typically two-dimensional 
material has more potential value in the field of gas sensing application due to the 
suitable band gap of 1.3-1.8 eV and low price. Recently, two-dimensional metal 
embedded-MoS2 have been reported as potential materials as gas sensing however the 
efficiency in term of gas adsorption of these metal embedded-MoS2 is not systematically 
assessed. Therefore, in this study, the pristine molybdenum disulfide (MoS2) and MoS2 
embedded (M-MoS2; M=Co, Cu, Fe, Ni, Pd, and Pt) have been theoretically investigated 
to adsorb small gas molecules such as CO, NO, O2, HCN and NH3. 

 
PROPOSED APPROACH 

To investigate the small gas adsorption on pristine MoS2 and metal-embedded MoS2 

(shown in Figure 1), the periodic density functional theory (DFT) has been performed 
to calculate the geometric, energetic, and electronic properties of gas adsorption on those 
materials using Vienna Ab initio Simulation Package (VASP). The adsorption energy, 
energy band gap and density of states will be analyzed to assess the possibility of metal-
doped MoS2 as gas sensors. 

 
RESULTS 

From the DFT calculations, we found that reactivity of MoS2 is substantially improved 
by embedded metals. All small gas molecules prefer to adsorb on metal embedded-MoS2 
than pristine MoS2 indicated by stronger adsorption energy. Especially, we found that 
NO (-2.94 eV) and CO (-1.71 eV) gases are strongly adsorbed on Co-embedded MoS2 
(CoMoS), while O2 is weakly adsorbed (-1.61 eV). There is a correlation between 
adsorption energy and amount of charge transfer (between gas and surface). In case of 
distance, the shorter distance between gas and surface results in stronger adsorption 
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energy. The density of state, charge transfer, conductivity changes and electronic 
property induced by the gas adsorption will be presented. Finally, this study should 
provide the suitable embedded metals for improving the performance of MoS2-based 
gas detection.  

 
 

Figure 1.  Graphical abstract of small gas detection on Metal-embedded MoS2 in 
this study. 
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INTRODUCTION 

Understanding the influence of metal nanoparticles and nanoaggregation is a great deal 
of current interest. Particularly, the catalytic activity of supported metal nanoparticles 
depends on the metal–support interaction and metal size. From previous works, it has 
been suggested that the silver nanoparticles on metal oxides support, e.g. TiO2, SiO2 and 
Al2O3, perform highly selective catalytic hydrogenation of crotonaldehyde to the desired 
unsaturated alcohol products as well as the various types of reactions [1-5]. However, 
single-walled carbon nanotubes (SWNTs) have also been widely used as a metal 
supporter in many recent fields due to the great unique properties. The goal of the present 
work is to identify the interactions of CO molecules on the various sizes of silver 
nanocluster supported on SWNTs, Ag atom to Ag4 tetramer. This study is of particular 
interest as the hybrid metal-SWNTs materials are able to use as gases sensor at low 
concentration and as a highly efficient catalyst [4-7].  

 
PROPOSED APPROACH 

In this work, we used the armchair (5,5) SWNTs as a silver supporter (Ag-Ag4) for 
investigating the adsorption of CO molecules. A quantum cluster model consisting of 
99 carbon atoms of the SWNTs were applied to represent the bulk nanotube structure. 
All calculations were performed based on the density functional theory (DFT), 
employing Becke’s three-parameter hybrid exchange functional combined with the Lee, 
Yang, and Parr correlation functional (B3LYP) [8] implemented in a Gaussian 03 
program [9]. The basis sets used in the calculation were 6-31G(d) for C, N, O, S and H 
atoms. The relativistic effective core pseudopotential of Hay and Wadt functional was 
employed for Ag atom [10]. 

 
RESULTS 

In this study, we focus on the energetic and structural properties of CO adsorption on 
the Agn-C99H20 cluster models which n = 1-4. Therefore, we have studied the adsorptions 
of CO molecules in the direction of on-top site of all Agn-C99H20 complexes. The 
optimized structures are shown in Figure 1. From our calculated adsorption energies, we 
found the interaction of CO molecule decreases sharply with increasing the Ag cluster 
size from 1 to 4 atoms. The corresponding adsorption energies of CO molecules are -
18.9, -16.5, -4.8 and -5.8 kcal/mol for Ag-, Ag2-, Ag3- and Ag4-C99H20 complexes, 
respectively. This result is in agreement with the structural property of the adsorption 
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energy. The density of state, charge transfer, conductivity changes and electronic 
property induced by the gas adsorption will be presented. Finally, this study should 
provide the suitable embedded metals for improving the performance of MoS2-based 
gas detection.  

 
 

Figure 1.  Graphical abstract of small gas detection on Metal-embedded MoS2 in 
this study. 
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99 carbon atoms of the SWNTs were applied to represent the bulk nanotube structure. 
All calculations were performed based on the density functional theory (DFT), 
employing Becke’s three-parameter hybrid exchange functional combined with the Lee, 
Yang, and Parr correlation functional (B3LYP) [8] implemented in a Gaussian 03 
program [9]. The basis sets used in the calculation were 6-31G(d) for C, N, O, S and H 
atoms. The relativistic effective core pseudopotential of Hay and Wadt functional was 
employed for Ag atom [10]. 

 
RESULTS 

In this study, we focus on the energetic and structural properties of CO adsorption on 
the Agn-C99H20 cluster models which n = 1-4. Therefore, we have studied the adsorptions 
of CO molecules in the direction of on-top site of all Agn-C99H20 complexes. The 
optimized structures are shown in Figure 1. From our calculated adsorption energies, we 
found the interaction of CO molecule decreases sharply with increasing the Ag cluster 
size from 1 to 4 atoms. The corresponding adsorption energies of CO molecules are -
18.9, -16.5, -4.8 and -5.8 kcal/mol for Ag-, Ag2-, Ag3- and Ag4-C99H20 complexes, 
respectively. This result is in agreement with the structural property of the adsorption 
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complexes. The Ag-CO distances of those complexes lengthen from 209 pm (Ag-
C99H20) to 245 pm (Ag4-C99H20) while the C-O bond length shorten slightly, 114.2 pm 
to 113.7 pm. This result can be explained by the transfer of electron between the 
adsorbated species and Agn-SWNTs, counteracted by the Pauli repulsion. As one can 
see from the results, the strong metal-metal interaction within the Ag3 trimer and Ag4 
tetramer causes the weak adsorption of CO molecule. Consequently, the longer Ag-CO 
distances are observed for the Ag3-C99H20 and Ag4-C99H20 complexes. This interaction 
mainly contributes to the adsorption energy as well as the most stable geometry. 
Furthermore, the most stable adsorption complex relevant to other possible sites on the 
silver metal clusters is being investigated.  

 
 

Figure 1.  Sketches of the adsorption complexes concerning the CO molecules 
adsobed on the Agn- C99H20 cluster model:  ( a)  CO· · · Ag- C99H20 complex, ( b) 
CO···Ag2-C79H20 complex, (c) CO···Ag3-C99H20 complex, (d) CO···Ag4-C99H20 
complex. 
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 ABSTRACT 
 

Density functional theory calculations have been performed to investigate the reaction 
mechanisms of the aerobic oxidation of benzyl alcohol to benzaldehyde catalyzed by 
Au20 and Au16Pd42. Two consecutive reaction mechanisms have been carefully 
examined: (1) the oxidation of benzyl alcohol with non-dissociated O2 towards the 
formation of benzaldehyde and H2O2 (2) the formation of benzaldehyde occurred 
through the reaction between dissociated O2 and benzyl alcohol. Our calculations show 
that the aerobic oxidation of benzyl alcohol is energetically preferred to proceed via the 
latter mechanism which is in agreement with the experimental observations. It is 
demonstrated that the role of Au involves the activation of molecular oxygen to 
peroxide-like species which is capable of the H–abstraction of benzyl alcohol. The roles 
of Pd are directly related in the enhancement of the electron distribution to neighbor 
gold atoms that facilitates the activation of O2 as well as significantly enhance the 
stability of adsorption complex and transition states by the interaction between 
positively charged Pd atoms of Au16Pd4 and π-bond of benzyl alcohol yielding as a 
consequence the lower activation barriers than those of Au20.  
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INTRODUCTION 

Nowadays, the emission of poisonous gases from the combustion of fuel, vehicles, and 
industrial processes is considered to be the big environmental issues that must be 
resolved urgently. Among the poisonous gases, nitrogen oxide (NO) is one of the most 
prominent pollutants because it has many devastating effects on the atmosphere, 
ecosystems and human health.1 Therefore, it is of great importance to reduce or remove 
NO molecules from the atmosphere. Presently, noble transition metal catalytic 
materials (such as Pt, Ag, Ru, Rh, Pd, and Au) are the one of most effective and 
commonly used for NO reduction with high efficiency. However, in term of the high 
cost, toxicity (from heavy metals) and limited supply about these metals are limited 
their application uses to some extent. Considering these problems, metal-free catalysts 
for NO reduction was emerged. Among the metal-free catalysts, hexagonal boron 
nitride nanosheets (h-BNs) is the one of most commonly used, which exhibits excellent 
mechanical properties and high thermal conductivity like graphene but with different 
chemical and physical properties due to the different electronegativity of B and N 
atoms. For these reasons lead to h-BN structure has more ionic properties, strongly 
interaction and charge transfer with deposited atoms than graphene.2 Hence, in this 
work, we would carry out density functional theory (DFT) calculations to investigate 
the possible mechanism of NO reduction reaction on CBNs in term of kinetically and 
thermodynamically favorable via (NO)2 dimer mechanism pathway following 
equation: 2NO → N2O + O*. To the best of our knowledge, all of these possible 
mechanisms will be study, which may be helpful to fabricate novel and metal-free NO 
reduction catalysts. 
 

PROPOSED APPROACH 
The DFT calculations were performed using the DMol3 program with the exchange and 
correlation interactions of PBE functional and DNP basis set to explore the carbon-
doped boron nitride nanosheets (CBNs) for NO reduction reaction. On the adsorption 
part, we have try all possible adsorption site and possible mechanism of NO reduction 
on CBBNs and CNBNs following equation: 2NO → N2O + O*. Form this study, we 
found 5 possible structures namely D1 to D5. In addition, we have studied the influence 
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of charge transfer and adsorption energy of each structure. This current study might be 
helpful in the development of the new generation of metal-free catalyst for NO 
reduction with high efficiency, low cost and environmental friendly. 

 
RESULTS 

From the results show that all five pathways are exothermic and possible to reduction 
NO into N2O gas via dimer mechanism by using a CBNs as a metal-free catalyst. From 
the comparisons of the five pathways on rate-determining step, we predicted that the 
mechanism of NO reduction on CBNs will occur via D5 pathway (see Figure 1.) with 
the smallest of rate-determining step of 0.59 eV and high exothermicity with total 
reaction energies (ΔEr) of -1.16 eV. Moreover, our results show that the p-type 
semiconductor material as a CNBNs show a more excellent efficiency toward catalytic 
behavior for NO reduction than n-type semiconductor material. Hence, we presented 
here suggest that CNBNs can be a metal-free material in NO removal, which will reduce 
NO into green products with kinetically and thermodynamically.  
 

 

 

 

 

 

 
 

 

Figure 1. The potential energy profile of NO reduction mechanism on CBNs of 
D5 systems. 
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their application uses to some extent. Considering these problems, metal-free catalysts 
for NO reduction was emerged. Among the metal-free catalysts, hexagonal boron 
nitride nanosheets (h-BNs) is the one of most commonly used, which exhibits excellent 
mechanical properties and high thermal conductivity like graphene but with different 
chemical and physical properties due to the different electronegativity of B and N 
atoms. For these reasons lead to h-BN structure has more ionic properties, strongly 
interaction and charge transfer with deposited atoms than graphene.2 Hence, in this 
work, we would carry out density functional theory (DFT) calculations to investigate 
the possible mechanism of NO reduction reaction on CBNs in term of kinetically and 
thermodynamically favorable via (NO)2 dimer mechanism pathway following 
equation: 2NO → N2O + O*. To the best of our knowledge, all of these possible 
mechanisms will be study, which may be helpful to fabricate novel and metal-free NO 
reduction catalysts. 
 

PROPOSED APPROACH 
The DFT calculations were performed using the DMol3 program with the exchange and 
correlation interactions of PBE functional and DNP basis set to explore the carbon-
doped boron nitride nanosheets (CBNs) for NO reduction reaction. On the adsorption 
part, we have try all possible adsorption site and possible mechanism of NO reduction 
on CBBNs and CNBNs following equation: 2NO → N2O + O*. Form this study, we 
found 5 possible structures namely D1 to D5. In addition, we have studied the influence 
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of charge transfer and adsorption energy of each structure. This current study might be 
helpful in the development of the new generation of metal-free catalyst for NO 
reduction with high efficiency, low cost and environmental friendly. 

 
RESULTS 

From the results show that all five pathways are exothermic and possible to reduction 
NO into N2O gas via dimer mechanism by using a CBNs as a metal-free catalyst. From 
the comparisons of the five pathways on rate-determining step, we predicted that the 
mechanism of NO reduction on CBNs will occur via D5 pathway (see Figure 1.) with 
the smallest of rate-determining step of 0.59 eV and high exothermicity with total 
reaction energies (ΔEr) of -1.16 eV. Moreover, our results show that the p-type 
semiconductor material as a CNBNs show a more excellent efficiency toward catalytic 
behavior for NO reduction than n-type semiconductor material. Hence, we presented 
here suggest that CNBNs can be a metal-free material in NO removal, which will reduce 
NO into green products with kinetically and thermodynamically.  
 

 

 

 

 

 

 
 

 

Figure 1. The potential energy profile of NO reduction mechanism on CBNs of 
D5 systems. 
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INTRODUCTION 

In olefin polymerization process, the catalysts exhibiting remarkable activities with 
better comonomer incorporations are desired. Half-titanocenes are among the group of 
catalysts that provide this property. In resent computational work, it was showed that 
comonomer incorporations can be predicted using relative energy barrier of insertion 
between ethylene and alpha-olefin monomer using a high level method for energy 
evaluation [1]. However there is no straightforward prediction for the activity term. For 
nonbridged half-titanocenes, ligand modification is very important to achieve high 
activities. It was observed that substituents in the 2,6-position of aryloxo ligand are 
necessary for exhibiting the high activity as well as the Cp* ligand [2]. In this study, our 
goal is to rationalize the changes in activity for the systems with different ligand 
structures.  

 
PROPOSED APPROACH 

In order to study the effect of ligand, systems differ in ligand structures were set up to 
calculate the energy barrier of the insertion step, a key step in polymerization that might 
be RDS.  And also the evaluation of conformers’  energy after insertion was performed 
to see the effect of aryloxo ligand.  M06- 2X hybrid functional, reported to be 
appropriated for the energy barrier calculation with early transition meal complexes [3], 
was used in this DFT study. All the DFT calculations were performed with Gaussian 09 
software package using M06-2X/6-311+G(2d,p)/LANL2TZ(f)//M06-2X/ 
6-31G(d,p)/LANL2DZ level of theory. 

 
RESULTS 

The optimized geometries and energies of different conformation in ethylene binding 
state were obtained. The free energy barrier of insertion was calculated from the 
insertion transition state energy and the energy of the most stable ethylene binding 
conformation. The result showed that the complex with Cp* ligand gives 2.0 kcal/mol 
lower in energy barrier than one with Cp ligand (2.2 kcal/mol calculated from 
experiment [4]). While the unwanted beta-hydrogen transfer pathway has relatively 
much higher energy barrier in both cases. Moreover, the energetic study of models 
representing the structures after the insertion step gives irrelevant trend to the activity. 
The calculation result shows that the complexes with no substituent on 2,6-position, 
which exhibits low activity, give even more stable open conformation than ones having 
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the substituents. This result implied that alkyl chain rotation has minor effect to activity 
comparing to the insertion barrier. 

 
 

         

 
Figure 1. Free energy profiles for the ethylene polymerization using half-
titanocenes. 
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INTRODUCTION 
The environmental concerns regarding hazardous gases (NO and NO2) released mainly 
from various human sources such as vehicles, fossil fuel combustion, and industrial 
processes  have drawn much attention from scientists around the globe. These harmful 
gases have caused many serious problems to both mankind and environment such as 
effects on forming tropospheric ozone ( ozone in the ambient air that we breathe) , 
powerful greenhouse gas leading to a global warming, environmental damage as acid 
rain and harmful to the respiratory system of human being.  The prevention and 
sequestration as well as reduction of these gases from releasing into our atmosphere 
have attracted our concerns. Therefore, it is urgent to develop more effective catalysts 
for NOx removal.  Different kinds of catalytic materials for NOx removal have been 
developed [1] .  These include the selective catalytic reduction with ammonia (NH3-
SCR)  which has been currently used in industry on NOx emission control.  However, 
the NH3-SCR technology has a drawback which requires the additional ammonia from 
urea to the catalytic converting system from an external source, introducing a high cost 
into the system. One of the most efficient catalysts for NO decomposition is rare metal 
catalysts, for example, Pt, Ir, Pd, Ag, Au. Through these metals are very active for NO 
oxidation with low activation energy, the cost of these metals certainly limit their large-
scale applications.  Among new developed materials, In year 2013, Nature Chemistry 
[2] has reported an interesting work regarding the synthesis of a warped nanographene 
(C80H30), which has opened an exciting and new avenue for carbonaceous nanomaterial 
research. The structure of nanographene serves as a model for defects in graphene with 
distinct electronic and optical properties from carbon nanotubes and a planar graphene 
sheet [3] .  Moreover, Dai et al.  used DFT method to study the adsorption of small 
molecules such as O2, H2, CO, NO, NH3, HCHO and SO2 on C80H30 [4] .  They found 
C80H30 can physically absorb NO but, O2 strongly absorbed on C80H30 which is found 
in dissociative forms on the C80H30 resulting in the dramatically change the electronic 
properties of C80H30.  The high reactivity of C80H30 to O2 molecule and the electronic 
change of C80H30 after O2 dissociative adsorption inspired us to investigate the catalytic 
properties of this warped C80H30 nanographene for NO oxidation after O2 molecule 
dissociative adsorption on it. 
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The environmental concerns regarding hazardous gases (NO and NO2) released mainly 
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processes  have drawn much attention from scientists around the globe. These harmful 
gases have caused many serious problems to both mankind and environment such as 
effects on forming tropospheric ozone ( ozone in the ambient air that we breathe) , 
powerful greenhouse gas leading to a global warming, environmental damage as acid 
rain and harmful to the respiratory system of human being.  The prevention and 
sequestration as well as reduction of these gases from releasing into our atmosphere 
have attracted our concerns. Therefore, it is urgent to develop more effective catalysts 
for NOx removal.  Different kinds of catalytic materials for NOx removal have been 
developed [1] .  These include the selective catalytic reduction with ammonia (NH3-
SCR)  which has been currently used in industry on NOx emission control.  However, 
the NH3-SCR technology has a drawback which requires the additional ammonia from 
urea to the catalytic converting system from an external source, introducing a high cost 
into the system. One of the most efficient catalysts for NO decomposition is rare metal 
catalysts, for example, Pt, Ir, Pd, Ag, Au. Through these metals are very active for NO 
oxidation with low activation energy, the cost of these metals certainly limit their large-
scale applications.  Among new developed materials, In year 2013, Nature Chemistry 
[2] has reported an interesting work regarding the synthesis of a warped nanographene 
(C80H30), which has opened an exciting and new avenue for carbonaceous nanomaterial 
research. The structure of nanographene serves as a model for defects in graphene with 
distinct electronic and optical properties from carbon nanotubes and a planar graphene 
sheet [3] .  Moreover, Dai et al.  used DFT method to study the adsorption of small 
molecules such as O2, H2, CO, NO, NH3, HCHO and SO2 on C80H30 [4] .  They found 
C80H30 can physically absorb NO but, O2 strongly absorbed on C80H30 which is found 
in dissociative forms on the C80H30 resulting in the dramatically change the electronic 
properties of C80H30.  The high reactivity of C80H30 to O2 molecule and the electronic 
change of C80H30 after O2 dissociative adsorption inspired us to investigate the catalytic 
properties of this warped C80H30 nanographene for NO oxidation after O2 molecule 
dissociative adsorption on it. 
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PROPOSED APPROACH 

All calculations were performed by Gaussian 09 program package.  The density 
functional theory (DFT) method was applied using B3LYP functional at the 6-31G(d) 
basis set on all atoms for optimization of the structures of NO, O2, C80H30 as well as the 
corresponding intermediates and transition states in the reactions.  The adsorption 
energy (Eads)  of gas molecules on the (C80H30)  surface were calculated based on the 
following expression:  

 
 

 
where  , , and   are the total 
energy of the C80H30-gas adsorption complex, the total energy of C80H30 and the total 
energy of isolated gas molecule, respectively. 

 
RESULTS 

The oxygen molecules adsorbed on warped nanographene C80H30 is very reactive for 
NO oxidation in low temperatures suggested by low activation barrier at the rate-
limiting step and highly exothermic reaction process. The reaction mechanism consists 
of three elementary steps; O2 dissociation, first NO oxidation and second NO oxidation. 
The O2 prefers to be dissociated at the central pentagon site of nanographene with the 
activation energy barrier 26.6 kcal/mol, which is considered as the rate-limiting step of 
the overall reaction pathway.  The charge analysis reveals that charge transfers from 
nanographene to the dissociated O atoms make them very active to upcoming NO 
molecules by ER mechanism resulting in the low activation energies for the first NO 
(barrierless) and second NO (14-16 kcal/mol) oxidations. Desorption of NO2 product 
which is the rate- limiting step of NO oxidation in some catalysts, is easily occurred in 
this nanographene (less than 2 kcal/mol) indicating the prevention of catalyst poisoning 
for NO removal. This opens a new avenue of using non-metal and non-poising catalyst 
in air purification technology. 

 
 

Figure 1. NO oxidation by O2 dissociation on C80H30. 
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INTRODUCTION 

CorA is Mg2+-dependent gating channels which are primarily found in prokaryotes. It is 
a homopentameric channel which selectively binds Mg2+ and allow its conduction across 
the membrane [1]. Studies of CorA showed that the channel undergoes conformational 
transition from the closed to open states upon removal of Mg2+ from the divalent-cation-
sensor binding site located at the cytoplasmic domain of CorA. Recent, cryo-electron 
microscopy experiment of CorA reconstituted in lipoprotein nanodisc revealed the 
asymmetric open conformation, suggesting a break in the symmetry arrangement upon 
gating. The observation has been supported by chemical cross-linking experiments and 
electron paramagnetic spectroscopy of spin-labeled CorA [2]. 
 

PROPOSED APPROACH 
In this study, our goal is to explore structural insight into the conformational 
rearrangement of CorA underlying gating using molecular dynamics (MD) simulation. 
For this work, we report a coarse-grained (CG) MD study of CorA magnesium channel 
to observe a large conformational changes. The structure of the CorA protein in the 
closed conformation was encapsulated by a lipoprotein nanodisc, a discoidal 
phospholipid bilayer surrounded by two molecules of membrane scaffold proteins 
(MSP) [3]. The CG-MD simulations of a nanoparticle assembly have been performed in 
solution using the NAMD program with the Martini force field. 
 

RESULTS 
The CG-MD simulations of Mg2+-free CorA in a MSP nanodisc have been performed 
up to 3 µs. In the absence of Mg2+, conformational changes of the closed conformation 
have been observed from the simulation. It appears that one of the five subunits move 
further away from the central axis of the symmetry while at least the other two subunits 
move closer to each other. The results suggest an asymmetry in the motion of the 
pentamer, supporting the gating mechanism model of CorA. 
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Figure. The MD snapshots of CorA magnesium channel lipoprotein nanodisc (A) 
at initial time and (B) at t = 2µs 
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INTRODUCTION 

Alzheimer’s disease (AD) is a major problem in aging society. Lack of acetylcholine 
(ACh) in the brain is the main hypotheses for the pathogenesis of AD. 
Acetylcholinesterase inhibitors (AChEIs) have been used for elevating ACh level in the 
brain of AD patients and alleviate the symtomps but they cannot stop the progress of the 
disease. Therefore, new anti-AD drug candidates are still needed. Butyrylcholinesterase 
(BChE) is another cholinesterase found in the peripheral tissues. Inhibition of BChE 
might result in increased AChE level in the peripheral and subsequently side effects such 
as nausea and vomitting. Donepezil is a potent and selective AChEI widely used in the 
clinic. Therefore it is interesting to evaluate selectivity of new AChEIs and study 
interactions of these ligands with the enzymes in details. Compound 1 is a new, 
moderately potent AChEI developed in our group [1-3]. In contrast to donepezil, it 
exhibited less selectivity to AChE as compared to BChE. The IC50 values and selectivity 
index are summarized in Table 1. To obtain indept information about interactions 
between these ligands and the enzymes, which reflects the difference in potency and 
seletivity of the compounds, computational docking was employed in this study. 
 
 
 
 
 
 
 
 
 
 

Table 1. Acetylcholinesterase and Butyrylcholinesterase inhibitory activities   
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Compound  IC50 ± SEM 
(EeAChE) 

IC50 ± SEM 
(eqBChE) 

Selectivity* 
index 

 
1 

3.22 ± 0.12 20.59 ± 1.04 6.39 

 
Donepezil 

 
 

0.006 ± 0.001 
 
 

1.06 ± 0.01 176.67 

 

* Selectivity index  = IC50 of eqBChE/IC50 of EeAChE 
 

PROPOSED APPROACH 
 Structures of TcAChE and HuBChE (PDB ID: 1EVE and 4BDS) were retrieved from  

protein data bank.  The enzyme was prepared under the protein preparation protocol 
implemented in Discovery Studio 2.5. PROPKA was used to assign protonation states 
at pH 7 while the ligands were optimized using density functional theory at B3LYP/6-
311G(d,p) level.  Molecular docking with AutoDockVina [4] was performed towards 
the catalytic anionic site (CAS) and peripheral anionic site (PAS) of the enzymes. The 
residue interaction energy of the docked structure were then analyzed using the 
Discovery Studio 2.5 with CHARMM force field. 

 
RESULTS 

Computational docking revealed that both compounds acted as dual binding site 
inhibitors which had interactions with various amino acid residues both in the catalytic 
anionic site (CAS) and peripheral anionic site (PAS) of the enzymes. Compound 1 
showed higher total interaction energy than donepezil which indicated that donepezil 
has a stronger interaction with both enzymes. These findings correlated well with the 
biological assay results. Total interaction energy values and key interactions between 
the ligands and the enzymes are summarized in Table 2. However from the structural 
analysis and interaction with the specific residues in CAS and PAS pockets, compound 
1 could bind to both sites with comparable interaction energy towards AChE and BChE 
and it has less selectivity to AChE as compared to donepezil. This information is 
valuable for further development of new AChEIs with higher potency and selectivity.   
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Table 2. Total interaction energy and key enzyme-ligand interactions 
 

Compound 

Torpedo califonica 
Acetylcholinesterase 

(TcAChE)  
PDB ID : 1EVE 

Human  
Butyrycholinesterase 

(HuBChE)  
PDB ID : 4BDS 

Type of 
interaction  
(amino acid 

residue) 

Total 
interaction 

energy  
(kcal/mol) 

Type of 
interaction 
(amino acid 

residue) 

Total 
interaction 

energy 
(kcal/mol) 

1 

π-π (Trp278),  
cation-π 

(Phe329), 
Hydrophobic 

(Phe330) 
 

-98.79 

Hydrogen 
bond  

(Ser195, 
His433) 

-72.40 

Donepezil 

π-π (Trp83),  
π-π (Trp278),  

Cation-π 
(Phe329), 

Hydrophobic 
(Phe330) 

-119.63 
π-π (Trp79),  
Hydrophobic 

(Tyr329) 
-102.80 
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interaction 
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(kcal/mol) 
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π-π (Trp278),  
cation-π 
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Hydrophobic 

(Phe330) 
 

-98.79 

Hydrogen 
bond  
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His433) 

-72.40 

Donepezil 

π-π (Trp83),  
π-π (Trp278),  

Cation-π 
(Phe329), 

Hydrophobic 
(Phe330) 

-119.63 
π-π (Trp79),  
Hydrophobic 

(Tyr329) 
-102.80 
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INTRODUCTION 

Voltage-gated proton-selective channel (Hv1) is a protein that allows protons (H+) 
transport across cell membranes. Hv1 has known as a homodimer molecule buried in 
phospholipid bilayer1. C-terminal domain of Hv1, which is coiled-coil helix structure, is 
believed that may relate to structural stability and dimer assembly2. Here, we examined 
the contribution of the salt bridge pairs (E235 and K230) on C terminus affected dimer 
stabilization using MD simulations in a variation of pH and temperature.  

 
PROPOSED APPROACH 

MD simulations were performed with NAMD using the CHARMM27 force field. C-
terminal domain of mHv1cc crystal structure was used. Simulation systems were 
prepared with VMD. Ionization states of side chains were assigned based on pKa using 
PROKA software. The protein was embedded in 100 mM NaCl solutions with TIP3P 
for water.  Harmonic constraints were applied to I214 residues to maintain the dimer 
structure. Cut-off range of 12 Å was used for both of electrostatic interactions and van 
der Waals interactions. Langevin dynamics was employed for constant temperature. 

 
RESULTS 

At 298 K, salt bridge pairs of C-terminal domain (Figure 1.) showed the movements 
which may stabilize dimer structure and two subunits still held even at higher 
temperature (353 K). However, the structure is more energetically favorable at pH 4 
than 7 form total solvation energy profiles. The helix-helix interactions of C-terminal 
domains are temperature- and pH-dependent manners. 
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Figure 1.  Dimer structure of mHv1cc C- terminal domain and salt bridge 
movements.  Conformation states of salt bridge pairs are labeled as follows: 
non- interacting pairs (ν) , single- interacting pairs (σ,σ* )  and double- interacting 
pairs (δ) .  Each can change to other as indicated with the solid arrows and the 
dash arrows denote the interacting pair of salt bridges. 
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INTRODUCTION 

Alpha-mangostin (αMGS), a traditional Thai medicine, is commonly used to treat skin 
inflections, diarrhea, and chronic wounds1,2. Its low solubility and stability lead to 
limitations in its pharmaceutical applications. Inclusion complexes with cyclodextrins 
(CDs) are well-known to enhance properties of hydrophobic compound3,4. In this study, 
both theoretical and experimental studies were applied to investigate the inclusion 
complexes between αMGS and beta-cyclodextrin (βCD) as well as its derivatives: 2,6-
dimethyl-βCD (2,6-DMβCD), 2-hydroxypropyl-βCD (2-HPβCD), 6-hydroxypropyl-
βCD (6-HPβCD), and 2,6-dihydroxypropyl-βCD (2,6-DHPβCD). The structural 
orientation, host-guest interaction and binding affinity of αMGS in the hydrophobic 
cavity of CDs as well as the solubility of inclusion complexes were focused upon in 
this work. 

PROPOSED APPROACH 
The starting conformations of αMGS were prepared by ab initio calculation using 
HF/6-31(d) in the Gaussian09 program. To predict the inclusion complex with CDs and 
its derivatives, each conformation of αMGS as a guest molecule was docked with 500 
independent structures using the CDOCKER module in Accelys Discovery Studio 
Visualizer 3.0 program. Molecular dynamics (MDs) simulations were performed by 
the Amber 12 software package with the Glycam-06 bimolecular force field. The 
solubilities of the inclusion complexes were described by the Higuchi and Connors 
method. 
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RESULTS 
From the MM-PBSA/GBSA calculations, it can be suggested that the van der Waals 
interaction is the main driving force of the inclusion complexes. The binding free 
energies of all inclusion complexes were ordered as 2,6-DHPβCD > 6-HPβCD > 2,6-
DMβCD > 2-HPβCD > βCD, respectively. These results are in good agreement with 
the phase-solubility study that suggested that the complex formation between αMGS 
and DMβCD were more favorable than HPβCD and native βCD. From both theoretical 
and experimental results, the predicted binding free energy indicated that the βCD-
derivatives (methyl and hydroxypropyl groups) can promote the stability of the 
inclusion complexes.  
 

 
 
 
 
 
 
 
 

Figure 1.  The chemical structure of (a) alpha-mangostin (αMGS) and (b) beta-
cyclodextrin (βCD) 
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INTRODUCTION 

The M2 channel from influenza A virus is pH-gated proton channels found in the viral 
lipid envelope. The M2 channel plays an essential role in the viral life cycle. The 
channel is a homotetramer with 97-amino-acid residues per subunit. Each chain 
consists of an extracellular N-terminal domain, a single transmembrane segment and 
an intracellular C-terminal domain. Studies of M2 showed the channel exhibits various 
conformations depending on the use of different membrane models, including 
detergent micelles and membrane bilayers. Here, we examined the conformation of the 
M2 protein channel using MD simulation with different phospholipid models.  
 

PROPOSED APPROACH 
Simulation systems were prepared by following a standard protocol for membrane 
protein tutorial with the VMD program. Initially, the formation of M2 tetramer was 
constructed using the NMR solution structure, solvated in a hydrated phospholipid 
bilayer and neutralized with 0.1M NaCl solution. In this study we used two 
phosphocholine lipids with different acyl chain length that are 1-palmitoyl-2-oleoyl-
sn-glycero-3-phosphocholine (POPC) and 1,2-dilauroyl-sn-glycero-3-phosphocholine 
(DLPC). MD simulations were performed by NAMD using the CHARMM27 force 
field in 100 ns with Cut-off range 12 angstroms. 
 

RESULTS 
The MD simulation of M2 in POPC bilayer showed the stability of the channel. During 
the course of the simulation, the arrangement of the tetramer structure remained 
significantly unchanged with respect to the starting structure.  On the other hand, a 
significant change in the orientation of transmembrane helices of M2 has been observed 
from the MD simulation of M2 in DLPC bilayer, a lipid with a shorter acyl chain.  In 
this simulated system, the effect of hydrophobic mismatch is clearly seen by a large tilt 
of transmembrane helices.  The results are consistent with a reduction of spin- spin 
coupling observed from an EPR study of spin-labeled M2.  
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(a.) POPC                       (b.) DLPC 

Figure 1. Conformation of M2 protein channel in POPC and DLPC 
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INTRODUCTION 

Cyclophilin A is member of the Cyclophilin family of peptidyl-prolyl isomerases which 
catalyzes the cis-trans isomerization of proline peptide bond. Previous biophysical 
studies have suggested that the CypA wild type (WT) active site interconverts between 
a ‘major’ catalytically active conformation and a ‘minor’ catalytically impaired 
conformation on millisecond timescales.1 A serine to threonine (S99T) mutation distal 
(ca. 10 Å away) from the active site was devised to stabilize this minor conformation of 
CypA, leading to a dramatic 70 fold drop in catalytic turnover, similar in magnitude to 
activity changes upon mutation of key residues that make direct contacts with the 
substrate.2 Although such example is frequently cited in support of the importance of 
millisecond dynamics for enzymatic function, the details of how the S99T mutation 
reduces catalytic activity are still unclear.   

 
PROPOSED APPROACH 

One way to obtain the free energy profile is to calculate the probability of state sampled 
during the MD simulation. However, classical MD simulation can only sample the 
configuration around local minimum and rarely sample at higher energy or other local 
minimum with high energy barrier. Therefore, the accelerated sampling methods have 
been applied to obtain free energy profile for all region of reaction coordinate. Umbrella 
sampling is the biased molecular dynamics for enhanced sampling of rare states to obtain 
free energy along a reaction coordinate. 
 

In this research, molecular dynamic (MD) and biased MD simulations were carried out 
to investigate the link between conformational changes and catalysis in the WT and 
S99T mutant forms of CypA. 

 
RESULTS 

In the present study, we observe conformational changes between the proposed ‘major’ 
and ‘minor’ active site conformations on nanosecond timescales. Yet in agreement with 
previous experimental data, free energy profiles from our simulations showed that the 
S99T CypA-catalyzed amide isomerization reaction has a larger activation barrier than 
in WT CypA. Further analysis indicates that this is a result of weakened hydrogen 
bonding interactions between Asn102 and the transition state. Additional simulations 
established that weakened transition state stabilisation is caused by an overall increase 
in fast (nanosecond) dynamics of active site residues due to poorer side-chains packing 
in the S99T mutant.  
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RESULTS 
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previous experimental data, free energy profiles from our simulations showed that the 
S99T CypA-catalyzed amide isomerization reaction has a larger activation barrier than 
in WT CypA. Further analysis indicates that this is a result of weakened hydrogen 
bonding interactions between Asn102 and the transition state. Additional simulations 
established that weakened transition state stabilisation is caused by an overall increase 
in fast (nanosecond) dynamics of active site residues due to poorer side-chains packing 
in the S99T mutant.  
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In summary, our study disputes literature claims of a link between slow (millisecond) 
protein dynamics and catalysis,1 and suggests instead that changes in fast (nanosecond) 
dynamics are sufficient to explain the reduced catalytic power of the S99T Cyclophilin 
A mutant. 
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INTRODUCTION 
Squamocin (C37H66O7) and nicotine (C10H14N2), two natural insecticides, which mainly 
extracted from the custard apple seeds and tobacco, respectively, are reported to be effective in 
controlling some tick parasites [1-2]. The main problem is these two compounds have very low 
environmental persistence. Therefore, we would like to use the encapsulation techniques to 
preserve the quality of them, enhance shelf lifetime as well as stability improvement without 
changing their chemical properties. In order to find the compatibility host molecule for 
Squamocin and Nicotine to form the host-guest inclusion complexes, quantum chemistry and 
molecular docking calculations are used to establish the molecular model between Squamocin 
and Nicotine (guests) and some common host molecules such as cyclotriveratrylene [3], 
calixarenes [4], and cyclodextrins [5]. Thermodynamics properties and molecular interactions 
are discussed in detail for further development the formulation of inclusion complexes of these 
two natural insecticides. 

 
PROPOSED APPROCHED 

The molecular docking is used to predict the compatibility of Squamocin and Nicotine with the 
hosts in order to make host-guest interaction or the inclusion complexes. Five common hosts 
have been used in this study: (i) Beta-cyclodextrin or BCD, (ii) Gamma-cyclodextrin or GCD, 
(iii) Cyclotriveratrylene or CTV, (iv) Calix[6]arene, and (v) Calix[8]arene. The ratio used 
between host and guest is 1:1 the method used for calculating the complexes’ binding energy 
is semi-empirical PM3. 

 
RESULTS 

The binding energy of Squamocin and Nicotine inclusion complexes with five host molecules 
are calculated by the following equation: 
 

ΔE = Einclusion – (Ehost + Eguest) 
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where   ΔE  is Binding energy, 
 Einclusion is Energy of inclusion complex,  
 Ehost is Energy of host molecule, 
 Eguest is Energy of guest molecule. 

 
As shown in Table 1, Squamocin and Nicotine have the most compatibility with BCD due to 
the lowest binding energy. The conformations and the host-guest molecular interactions in each 
of inclusion complex systems are further discussed in detail. 
 
Table.1 The binding energy results from PM3 calculations. 
 

Host-Guest Complex ΔE (kcal/mol) 
BCD/Squamocin -21.55 
GCD/Squamocin 7.44 
CTV/Squamocin -23.44 
Calix[6]arene/Squamocin -5.31 
Calix[8]arene/Squamocin -14.41 
BCD/Nicotine -13.48 
GCD/Nicotine 24.32 
CTV/Nicotine -6.32 
Calix[6]arene/Nicotine 3.72 
Calix[8]arene/Nicotine -3.31 
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the lowest binding energy. The conformations and the host-guest molecular interactions in each 
of inclusion complex systems are further discussed in detail. 
 
Table.1 The binding energy results from PM3 calculations. 
 

Host-Guest Complex ΔE (kcal/mol) 
BCD/Squamocin -21.55 
GCD/Squamocin 7.44 
CTV/Squamocin -23.44 
Calix[6]arene/Squamocin -5.31 
Calix[8]arene/Squamocin -14.41 
BCD/Nicotine -13.48 
GCD/Nicotine 24.32 
CTV/Nicotine -6.32 
Calix[6]arene/Nicotine 3.72 
Calix[8]arene/Nicotine -3.31 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Tuberculosis (TB) is a disease which mostly caused by M. tuberculosis. Patients who 
are infected with TB need a prescribed medical treatment. However, estimated 9 million 
new TB cases had occurred globally, and more than 480,000 cases of multidrug-resistant 
(MDR) occur every year which 9% of them are affected by extensively drug-resistant 
(XDR) in 2015. Therefore, the development of new drug is urgently needed. 
Dihydrofolate reductase (DHFR) is an enzyme that reduces dihydofolate to 
tetrahydofate. The derivatives of tetrahydofate are essential for the cell proliferation and 
cell growth. According to the function of DHFR, it is reasonable to presume that DHFR 
of pathogenic organism could be a good target for drug. Hence, M. tuberculosis 
dihydrofolate reductase (mtbDHFR) is the selected drug target for this study. In this 
work, molecular modelling approach is used to investigate the interaction between 
mtbDHFR and WR99210 analogues. Molecular docking is applied to dock all analogues 
into the active site of mtbDHFR. The results are summarized to provide the 
characteristic of effective inhibitors for mtbDHFR, which leads to the development of 
new anti-tuberculosis drug. 

 

PROPOSED APPROACH 
The WR99210 analogues were used to inhibit mtbDHFR. The binding energy was used 
to determine the effectiveness of inhibitors. The initial structures of WR99210 analogues 
[1] against the M. tuberculosis were built using GaussView 5.0.8 and the geometry 
optimizations were performed using Gaussian 09 program at HF/6-31G (d,p) level of 
calculations. The crystal structure of mtbDHFR (PDB code 1DG7) [2] complexes with 
NADPH and 4-bromo WR99210 is provided in RCSB protein data bank. Discovery 
Studio Visualizer 4.0 was applied to remove ligands and water molecules from the 
crystal structure. Finally, the hydrogen atoms were added to the mtbDHFR enzyme. 
Molecular docking of 1DG7 mtbDHFR with inhibitors was performed using Autodock 
4.2.6 software package. The protein was fixed as a rigid molecule (protein) while the 
rotatable bonds within the inhibitors molecules (ligand) were allowed to be flexible 
during the docking simulation. One-hundred runs of docking were performed by using 
the Lamarckian Genetic Algorithm. The centre of grid box on the binding pocket located 
at the same binding site of 4-bromo WR99210 in crystal structure with a grid spacing of 
0.375 Å. The number of points was set as 46 points in each of three dimensions. The 
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conformation with lowest binding energy and highest frequency from molecular 
docking calculations were chosen for further analysis. 
 

 

RESULTS 
Table 1. Structures and relative potencies of the WR99210 series of compounds 
against the M. tuberculosis dfrA gene tested in yeast [1]. Binding energy (B.E.) and 
inhibition constant (Ki) from molecular docking calculations. 

 
 
 
 
 
 

No. R X n Potency B.E. 
(kcal/mol) Ki (nM) 

1 2,4,5-Trichlorophenyl (WR99210) O 3 + + -9.20 180.16 
2 2,4-Dichlorophenyl O 3 + +  -9.35 139.86 
3 1-Naphthyl O 3 + + -9.30 152.18 
4 4-Bromophenyl O 3 + + -9.44 120.15 
5 3,4-Dichlorophenyl O 3 + + -9.40 128.54 
6 1-(4-Chloronapthyl) O 3 + + -9.88 57.17 
7 4-t-Butylphenyl O 3 + + -9.66 82.88 
8 2-(6-Bromonapthyl) O 3 + -10.07 41.48 
9 4-Methoxyphenyl O 3 + -8.85 325.27 
10 4-Chlorophenyl O 3 + -9.27 160.08 
11 2-Naphthyl O 3 + -9.79 66.55 
12 4-Nitrophenyl O 3 - -8.73 398.30 
13 4-Chlorophenyl CH2 3 - -9.43 122.19 
14 4-Fluorophenyl S 3 - -8.71 411.97 
15 2,4,5-Trichlorophenyl O 2 - -9.03 240.04 
16 4-Chlorophenyl SO2 3 - -8.35 756.45 
17 4-Fluorophenyl O 3 - - 8.58 513.06 
18 4-Chlorophenyl O 4 - - 9.02 244.13 
19 3,4-Dichlorophenyl CH2 0 - - 8.73 398.30 

 
 

As shown in Table 1, the B.E. and the Ki values obtained from molecular docking are 
relatively consistent with the previous experimental results from the laboratory [1]. Our 
approach can classify the WR99210 series of compounds to be the effective compounds 
(No.1-8, 10-11, and 13) with Ki lower than 181 nM and non-effective compounds 
(No.9, 12, and 14-19) with Ki greater than 181 nM. However, there have a small differ 
due to the experiment potency data obtain from an engineered strain of the budding 
yeast but our docking calculation we used the crystal structure of mtbDHFR. The lower 
in B.E., the fewer of Ki values indicate the stronger binding affinity of compound on 
mtbDHFR. Our results indicate compound No.8 is the most effective inhibitor with Ki 
41.48 nM. This molecule composes of 2-(6-Bromonapthyl) group at R position, three 
carbon atoms at the carbon linkage chain, and oxygen atom at X position. The detail of 
protein-ligand interactions have been also identified. 
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INTRODUCTION 

Tuberculosis (TB), caused by Mycobacterium tuberculosis (M. tuberculosis), remains a 
major global health problem. In 2016, an estimated 9.6 million people developed TB 
and 1.8 million died from the disease [1]. The clinical efficacy of fluoroquinolone drugs 
demonstrated over the past 20-30 years has validated DNA gyrase as a target in the area 
of broad-spectrum antibacterials [2]. Gyrase A subunit has been facing a major hurdle 
of their resistance developed by M. tuberculosis which makes gyrase B subunit a drug 
able target for discovery of potent anti-tuberculosis agents. DNA gyrase B subunit is 
involved in the process of ATP hydrolysis which in turn provides energy to gyrase A 
subunit for maintaining the DNA topological state [3]. So, GyrB has been genetically 
demonstrated to be a bactericidal drug target in M. tuberculosis, but there have not been 
any effective therapeutics developed against this target for TB [4]. Recently 4-
aminoquinoline derivatives have been developed as anti-tuberculosis agents with 
moderate biological activities against M. tuberculosis and XDR M. tuberculosis [5]. 
Therefore, MD simulations approaches have been used to understand dynamic be 
heavier and the structural requirements of these derivatives. The obtained results showed 
aid to design new and more potent anti-tuberculosis agents. 

 
PROPOSED APPROACH 

The chemical structures and their experimental biological activities of 4-aminoquinoline 
derivatives were selected from the literature [5]. The biological activities of these 
compounds were expressed in terms of MsmGyrB assay (IC50 in μM) values. The 
chemical structures of these inhibitors were constructed using the standard tools 
available in GaussView 3.07 program and were then fully optimized using the HF/6-
31G* method implemented in Gaussian 09 program. The initial coordinates for MD 
simulations of the complexes was obtained from molecular docking calculations using 
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Autodock 3.05 program. MD simulations were performed to predict the inhibitors in the 
GyrB binding pocket (PDB Code: 4B6C). TIP3P water model and Na+ were chosen to 
represent water for salvation and ions for neutralize system. The root-mean square 
deviations (RMSDs) of the GyrB enzyme and the inhibitors, binding interactions were 
analyzed based on the equilibrium state obtained. The binding free energies were 
calculated to evaluate the binding affinities of inhibitors in GyrB binding pocket using 
the Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) [6-9] and 
Normal-mode [10] methods. 
 

RESULTS 
In order to determine structural stability during MD simulation of the highest active 
compound in GyrB binding pocket, the RMSDs for all atoms of solute species relative 
to the initial structure over the 15 ns of simulation times were calculated and plotted in 
Figure 1 (a). The plateau characteristic of the RMSD plot over the simulation time is the 
criteria to indicate the equilibrium state of each solute species. Convergent RMSD plots 
indicate that the equilibrium state of the highest active compound was reached after 6 
ns. The binding mode of the highest active compound is presented in Figure 1 (b). The 
hydrogen bond interaction between oxygen atom of methoxyl ( -OCH3)  with Asn16 of 
DNA gyrase B subunit. Moreover, hydrophobic interactions with Arg46, Gly47, Val63 
and Ile115 of DNA gyrase B.  To gain quantitative insights into the affinity for binding 
of 4-aminoquinoline inhibitors in the GyrB binding site, the binding free energies of 4-
aminoquinoline/GyrB complexed were calculated by the MM-PBSA method is -8.400 
kcal/mol.  It is notable that the calculated free binding energies of inhibitor are in the 
correct order as compared with the IC50 values.  The obtained results could be 
successfully used to validate the MD procedure in this study. 
 
 

 
 

Figure 1. RMSD plots of compound with GyrB (a) and binding mode of compound 
in GyrB binding pocket derived from MD simulations (b). 
 

 

REFERENCES 
1.       World Health Organization, Global tuberculosis report 2016, http://www.who.int 

/tb/publications/global_report/gtbr16_main_text.pdf  
2.       MaxwellA.1997. DNA gyrase as a drug target. Trends Microbiol.5:102-109. 

http://dx.doi.org/10.1016/S0966-842X(96)10085-8.  
3.       Lewis R.J., Singh O.M., Smith C.V., Skarzynski T., Maxwell A., Wonacott A.J.,  

Wigley D.B., J.EMBO., 1996, 15, 1412-1420. 
4.       Kaur P., Agarwal S., Datta S., PLoS One 2009, 4, 5923.  
5.       Medapi B., Suryadevara P., Renuka J., Sridevi J. P., Yogeeswari P., Sriram D., 

J.Med.Chem., 2015, 103,1-16.  
6.       Homeyer N., Gohlke H., Mol. Inf., 2012, 31, 114–122. 

  

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

7.       Wang J., Hou T., Xu X., Curr Comput Aided Drug Des, 2006, 2, 95-103.  
8.       Wang J., Morin P., Wang W., Kollman P.A., J. Am Chem Soc., 2001, 123, 5221-5230. 
9.        Hou  T., Wang  J., Li Y., Wang W., J. Chem Inf Model, 2011, 51, 69–82.  
10.      Kaledin  M., Brown  A., Kaledin  A.L., Bowman  J.M.,  J. Chem Phys, 2004, 121,  

5646-5653. 
 
 

276



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

Autodock 3.05 program. MD simulations were performed to predict the inhibitors in the 
GyrB binding pocket (PDB Code: 4B6C). TIP3P water model and Na+ were chosen to 
represent water for salvation and ions for neutralize system. The root-mean square 
deviations (RMSDs) of the GyrB enzyme and the inhibitors, binding interactions were 
analyzed based on the equilibrium state obtained. The binding free energies were 
calculated to evaluate the binding affinities of inhibitors in GyrB binding pocket using 
the Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) [6-9] and 
Normal-mode [10] methods. 
 

RESULTS 
In order to determine structural stability during MD simulation of the highest active 
compound in GyrB binding pocket, the RMSDs for all atoms of solute species relative 
to the initial structure over the 15 ns of simulation times were calculated and plotted in 
Figure 1 (a). The plateau characteristic of the RMSD plot over the simulation time is the 
criteria to indicate the equilibrium state of each solute species. Convergent RMSD plots 
indicate that the equilibrium state of the highest active compound was reached after 6 
ns. The binding mode of the highest active compound is presented in Figure 1 (b). The 
hydrogen bond interaction between oxygen atom of methoxyl ( -OCH3)  with Asn16 of 
DNA gyrase B subunit. Moreover, hydrophobic interactions with Arg46, Gly47, Val63 
and Ile115 of DNA gyrase B.  To gain quantitative insights into the affinity for binding 
of 4-aminoquinoline inhibitors in the GyrB binding site, the binding free energies of 4-
aminoquinoline/GyrB complexed were calculated by the MM-PBSA method is -8.400 
kcal/mol.  It is notable that the calculated free binding energies of inhibitor are in the 
correct order as compared with the IC50 values.  The obtained results could be 
successfully used to validate the MD procedure in this study. 
 
 

 
 

Figure 1. RMSD plots of compound with GyrB (a) and binding mode of compound 
in GyrB binding pocket derived from MD simulations (b). 
 

 

REFERENCES 
1.       World Health Organization, Global tuberculosis report 2016, http://www.who.int 

/tb/publications/global_report/gtbr16_main_text.pdf  
2.       MaxwellA.1997. DNA gyrase as a drug target. Trends Microbiol.5:102-109. 

http://dx.doi.org/10.1016/S0966-842X(96)10085-8.  
3.       Lewis R.J., Singh O.M., Smith C.V., Skarzynski T., Maxwell A., Wonacott A.J.,  

Wigley D.B., J.EMBO., 1996, 15, 1412-1420. 
4.       Kaur P., Agarwal S., Datta S., PLoS One 2009, 4, 5923.  
5.       Medapi B., Suryadevara P., Renuka J., Sridevi J. P., Yogeeswari P., Sriram D., 

J.Med.Chem., 2015, 103,1-16.  
6.       Homeyer N., Gohlke H., Mol. Inf., 2012, 31, 114–122. 

  

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

7.       Wang J., Hou T., Xu X., Curr Comput Aided Drug Des, 2006, 2, 95-103.  
8.       Wang J., Morin P., Wang W., Kollman P.A., J. Am Chem Soc., 2001, 123, 5221-5230. 
9.        Hou  T., Wang  J., Li Y., Wang W., J. Chem Inf Model, 2011, 51, 69–82.  
10.      Kaledin  M., Brown  A., Kaledin  A.L., Bowman  J.M.,  J. Chem Phys, 2004, 121,  

5646-5653. 
 
 

           COMPUTATIONAL SCIENCE & BIG DATA
FOR SUSTAINABLE AND INNOVATIVE FUTURE 277



ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
CHE 
-P- 
32 

A Data Mining Approach to Determine the 
Hindered Internal Rotational Frequency for 

Chemical Species 
 

Triet H. M. Le1, Tung T. Tran1, and Lam K. Huynh2,C 

1 School of Computer Science and Engineering, International University – 
Vietnam National University, Ho Chi Minh City, Vietnam, 

Quarter 6, Linh Trung Ward, Thu Duc District, HCMC, Viet Nam, 700000 
2 School of Biotechnology, International University – Vietnam National University, Ho Chi Minh City, 

Vietnam, Quarter 6, Linh Trung Ward, Thu Duc District, HCMC, Viet Nam, 700000 

 

C E-mail: hklam@hcmiu.edu.vn, lamhuynh.us@gmail.com; Fax: (84-8) 3724.4271;  
Tel. (84-8) 2211.4046 (Ext. 3233) 

 
 EXTENDED ABSTRACT 

 
Keywords: Computational Chemistry, Data Mining, Machine Learning, Classification, 
Hindered Internal Rotation 
 
INTRODUCTION 

In order to obtain reliable thermodynamic properties for chemical species, special 
treatments beyond the harmonic vibrational approximation for the possible internal 
rotors are needed. A rigorous treatment for the internal rotors was proposed by Mai and 
co-workers [1]. Such an approach requires detailed information about the rotor namely 
rotational axis, group, frequency, symmetry and hindrance potential. However, it is 
complicated and troublesome for chemists, even experts, to obtain those parameters 
correctly. Recently, there has been an effort to help the chemists with this tedious 
process [2]. In this work, one of the most significant contributions is the algorithm to 
assign the correct rotational frequency to the rotors. Apparently, it has been 
demonstrated to work well for simple cases. However, due to its dependence on some 
predefined rules, the algorithm had difficulty handling more complex species. 
Furthermore, the most optimal frequencies are to select from a list of all possible 
vibrational modes of a molecule, which can be categorized as a binary classification 
problem.  Therefore, in this study, we propose a more flexible approach to work with 
a wider range of cases thanks to the support of data mining. Such idea is possible thanks 
to adaptive learning pattern unveiled from regularly updated data. We conducted some 
experiments with the pre-processed dataset using several machine learning algorithms. 
The results were found to be promising for different types of chemical systems. This 
study also sheds light on the usefulness of data mining in other fields of computational 
science. 

 
PROPOSED APPROACH 

The essence of our approach is the use of data mining which allows evolutionary 
capability (cf. Figure 1). Firstly, our proposed solution preprocesses the electronic 
structure calculation data of the chemical species produced by an electronic structure 
program (e.g., GAUSSIAN). More specifically, based on both domain knowledge and 
expert’s experience, the system extracts requisite raw data features for the detection of 
the rotational frequency. We then clean, integrate and transform the raw data to prepare 
the dataset for the subsequent classification process. After that, we select the most 
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optimal classification algorithms based on the pre-defined training dataset and 10-fold 
cross-validation technique. Such model is used to automatically predict the best choices 
of rotational frequency for each rotor. Finally, the result is provided to the 
chemists/users in MSMC-GUI (i.e., Graphical User Interface of Multi-Species Multi-
Channel [3]) to support the thermodynamic calculations. More significantly, the 
chemists/scientists can collaborate with each other to add sufficiently verified data of 
new species to the existing dataset. By this way, the algorithm can evolve and adapt to 
more general cases over time. 

 
Figure 1.  Overall workflow of the data mining approach to detect the rotational 
frequency of hindered internal rotation. 

 
RESULTS 

The electronic structure calculation data used for the experiment were mostly adapted 
from [2]. The selected features were then extracted to build the dataset. Subsequently, 
three well-known machine learning algorithms of the scikit-learn library in Python [4] 
(i.e., logistic regression, support vector machines) were trained and then validated 
using 10-fold cross-validation on the dataset. For each round, Accuracy, Precision, 
Recall and F-Score following the equations in [5] of each algorithm were calculated as 
follows 

 
 

,  

 

 
  Prediction result 
  Positive Negative 

Actual 
value 

True 
True positives 

(TP) 
False 

negatives 
(FN) 

False 
False positives 

(FP) 
True 

negatives 
(TN) 

 
Finally, the average values along with standard deviations of the aforementioned 
metrics of each algorithm were recorded in Table 1 to demonstrate their performance. 
It was found that the proposed method worked well for various types of species, ranging 
from simple hydrocarbons to more complex compounds with multiple bonds, ring, and 
even complicated transition states. Compared to rule-based methods, our approach can 
adapt to the emergence of new species thanks to its ability to recognize new general 
patterns from the updated data. In the next step, we will try to reduce the number of 
features to decrease drastically the complexity of our models. In the meantime, we can 
evaluate the impact of each feature on the output. The optimal model will be integrated 
into MSMC-GUI (https://sites.google.com/site/msmccode/manual/gui-1) to enhance 
the robustness of the determination of hindered internal rotation parameters. 
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assign the correct rotational frequency to the rotors. Apparently, it has been 
demonstrated to work well for simple cases. However, due to its dependence on some 
predefined rules, the algorithm had difficulty handling more complex species. 
Furthermore, the most optimal frequencies are to select from a list of all possible 
vibrational modes of a molecule, which can be categorized as a binary classification 
problem.  Therefore, in this study, we propose a more flexible approach to work with 
a wider range of cases thanks to the support of data mining. Such idea is possible thanks 
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The results were found to be promising for different types of chemical systems. This 
study also sheds light on the usefulness of data mining in other fields of computational 
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PROPOSED APPROACH 

The essence of our approach is the use of data mining which allows evolutionary 
capability (cf. Figure 1). Firstly, our proposed solution preprocesses the electronic 
structure calculation data of the chemical species produced by an electronic structure 
program (e.g., GAUSSIAN). More specifically, based on both domain knowledge and 
expert’s experience, the system extracts requisite raw data features for the detection of 
the rotational frequency. We then clean, integrate and transform the raw data to prepare 
the dataset for the subsequent classification process. After that, we select the most 
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optimal classification algorithms based on the pre-defined training dataset and 10-fold 
cross-validation technique. Such model is used to automatically predict the best choices 
of rotational frequency for each rotor. Finally, the result is provided to the 
chemists/users in MSMC-GUI (i.e., Graphical User Interface of Multi-Species Multi-
Channel [3]) to support the thermodynamic calculations. More significantly, the 
chemists/scientists can collaborate with each other to add sufficiently verified data of 
new species to the existing dataset. By this way, the algorithm can evolve and adapt to 
more general cases over time. 

 
Figure 1.  Overall workflow of the data mining approach to detect the rotational 
frequency of hindered internal rotation. 

 
RESULTS 

The electronic structure calculation data used for the experiment were mostly adapted 
from [2]. The selected features were then extracted to build the dataset. Subsequently, 
three well-known machine learning algorithms of the scikit-learn library in Python [4] 
(i.e., logistic regression, support vector machines) were trained and then validated 
using 10-fold cross-validation on the dataset. For each round, Accuracy, Precision, 
Recall and F-Score following the equations in [5] of each algorithm were calculated as 
follows 
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Finally, the average values along with standard deviations of the aforementioned 
metrics of each algorithm were recorded in Table 1 to demonstrate their performance. 
It was found that the proposed method worked well for various types of species, ranging 
from simple hydrocarbons to more complex compounds with multiple bonds, ring, and 
even complicated transition states. Compared to rule-based methods, our approach can 
adapt to the emergence of new species thanks to its ability to recognize new general 
patterns from the updated data. In the next step, we will try to reduce the number of 
features to decrease drastically the complexity of our models. In the meantime, we can 
evaluate the impact of each feature on the output. The optimal model will be integrated 
into MSMC-GUI (https://sites.google.com/site/msmccode/manual/gui-1) to enhance 
the robustness of the determination of hindered internal rotation parameters. 
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Table 1.  Performance comparison among several machine learning algorithms using 
Accuracy, Precision, Recall, F-score and their corresponding Standard Deviations (Std.) 
Notes: Support Vector Machine (SVM), Radial Basis Function (RBF) 

Algorithm Accuracy Accuracy 
Std. Precision Precision 

Std. Recall Recall 
Std. F-Score F-Score 

Std. 
RBF SVM 0.968 0.029 0.940 0.074 0.882 0.150 0.900 0.101 

Linear SVM 0.972 0.025 0.916 0.101 0.936 0.068 0.922 0.064 
Logistic 
Regression 0.971 0.025 0.920 0.097 0.927 0.089 0.918 0.066 
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             47(9), 564-75. 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Carbon nanotube (CNT) is a tube-shape material with diameter in nanometer scale and 
length up to several centimeters, high curvature, and extra-large surface area. CNTs are 
composed of carbon atoms linked in hexagonal shapes, with each carbon atom covalent 
bonded to three other carbon atoms. CNTs have attracted great research interests due 
to their unique properties such as high electrical and thermal conductivity, excellent 
stiffness against bending, high tensile strength, highly flexible, low mass density, very 
elastic, and good electron field emitters. Their various applications are thermal 
conductivity, field emission, energy storage, conductive adhesive and biomedical 
applications. However, the serious problems is aggregation of CNT. To solve such 
problem, the surface modification by the covalent functionalization or non-covalent 
functionalized with some polymers or biopolymers has been applied. In this work, the 
amylose wrapped around CNT was studied by molecular dynamics simulation.  

 
PROPOSED APPROACH 

The initial structure of single-walled carbon nanotube ((10, 0) zigzag SWNT) and 
amylose was shown in Figure 1.  The Glycam and AMBER ff14SB force fields were 
applied for amylose and SWNT, respectively.  The system was simulated in the vacuum 
model for 100 ns by AMBER 16 software package at room temperature.  

 
RESULTS 

Molecular dynamics simulation indicated how amylose wrapped around SWNT in 
aqueous solution. Amylose can well bind with CNT on the outer surface by non-
covalent interaction. This simulated structure of amylose wrapped around SWNT will 
be further used for modelling the amylose and polypropylene wrapped on SWNT in 
order to prevent agglomeration of CNT. 
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INTRODUCTION 

Carbon nanotube (CNT) is a tube-shape material with diameter in nanometer scale and 
length up to several centimeters, high curvature, and extra-large surface area. CNTs are 
composed of carbon atoms linked in hexagonal shapes, with each carbon atom covalent 
bonded to three other carbon atoms. CNTs have attracted great research interests due 
to their unique properties such as high electrical and thermal conductivity, excellent 
stiffness against bending, high tensile strength, highly flexible, low mass density, very 
elastic, and good electron field emitters. Their various applications are thermal 
conductivity, field emission, energy storage, conductive adhesive and biomedical 
applications. However, the serious problems is aggregation of CNT. To solve such 
problem, the surface modification by the covalent functionalization or non-covalent 
functionalized with some polymers or biopolymers has been applied. In this work, the 
amylose wrapped around CNT was studied by molecular dynamics simulation.  

 
PROPOSED APPROACH 

The initial structure of single-walled carbon nanotube ((10, 0) zigzag SWNT) and 
amylose was shown in Figure 1.  The Glycam and AMBER ff14SB force fields were 
applied for amylose and SWNT, respectively.  The system was simulated in the vacuum 
model for 100 ns by AMBER 16 software package at room temperature.  

 
RESULTS 

Molecular dynamics simulation indicated how amylose wrapped around SWNT in 
aqueous solution. Amylose can well bind with CNT on the outer surface by non-
covalent interaction. This simulated structure of amylose wrapped around SWNT will 
be further used for modelling the amylose and polypropylene wrapped on SWNT in 
order to prevent agglomeration of CNT. 
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Figure 1. The initial structure of amylose wrapped around SWNT. 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Cancer is one of the leading causes of death worldwide ranked only behind the heart 
disease1. Chemotherapeutic drugs are designed to target not only rapidly dividing cells 
but also normal cells.  Cancer targeted therapies use the drugs or other substances to 
interact with specific molecules involved in tumorigenesis.  DNA topoisomerase IIα 
( TopoIIα)  is an important enzyme that regulates the DNA topology for promoting 
replication, transcription, and cell division2.  TopoIIα is up- regulated in the rapidly 
proliferating cells and radically peaks at G2/ M phase of cell cycle, making it as an 
important target for cancer targeted therapy3. Quinone-containing compounds showing 
the great cytotoxicity against various cancer cell lines and TopoIIα was the primary 
target for quinones4.  Mansonone G ( MG) , an ortho-naphthoquinone-containing 
compound, exhibits the various biological activities including antitumor potential.  In 
the present study, MG and its 18 synthesized derivatives were screened to find the 
potent compounds against TopoIIα using molecular docking, classical molecular 
dynamics (MD) simulations, and MM/PB(GB)SA binding free energy calculations.  
 
 

PROPOSED APPROACH 
The initial structures of Human DNA topoisomerase II were obtained from Protein 
Data Bank (PDB), whereas the starting structures of ligands were built and fully 
optimized using HF/6-31(d) basis set. The CDOCKER module in the Accelrys 
Discovery Studio 3.0Accelrys Inc was used to prepare the ligand-protein complexes with 
100-independent docking runs (rigid condition). The potent docked complexes were 
then studied by molecular dynamics (MD) simulations using AMBER 14 packages for 
80-ns and binding free energy calculations based on MM/PB(GB)SA approaches. 

 
RESULTS 

Based on docking results, the entire series of MGs specifically target to the ATPase 
domain rather than the etoposide pocket and the central domain. The eight compounds 
(MG4, MG5, MG6, MG12, MG13, MG14, MG15, and MG17) that showed the lower 
interaction energy than that of the ATP-competitive inhibitor, salvicine, were selected 
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dynamics (MD) simulations, and MM/PB(GB)SA binding free energy calculations.  
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Data Bank (PDB), whereas the starting structures of ligands were built and fully 
optimized using HF/6-31(d) basis set. The CDOCKER module in the Accelrys 
Discovery Studio 3.0Accelrys Inc was used to prepare the ligand-protein complexes with 
100-independent docking runs (rigid condition). The potent docked complexes were 
then studied by molecular dynamics (MD) simulations using AMBER 14 packages for 
80-ns and binding free energy calculations based on MM/PB(GB)SA approaches. 

 
RESULTS 

Based on docking results, the entire series of MGs specifically target to the ATPase 
domain rather than the etoposide pocket and the central domain. The eight compounds 
(MG4, MG5, MG6, MG12, MG13, MG14, MG15, and MG17) that showed the lower 
interaction energy than that of the ATP-competitive inhibitor, salvicine, were selected 
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for MD study. The decomposition free energy data revealed that the key binding amino 
acids involved in ligand binding were residues 87-88, 91, 94-95, 98, 125, 141-142, 148-
149, 160-161, 164-168, 215, and 217 located in the ATP-binding pocket of ATPase 
domain. The vdW interactions played a crucial role for stabilizing protein-ligand 
complexes rather than electrostatic and H-bond interactions. Based on MM/PB(GB)SA 
binding free energy calculations, the best three MGs will be further explored. 

 

  
Figure 1. Docked complex of salvicine and MGs with TopoIIα ATPase domain. 
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Epidermal growth factor receptor (EGFR) is a transmembrane tyrosine kinase receptor 
that can stimulate mitosis, cell proliferation and inhibition of apoptosis. EGFR consists 
of three domains: (1) extracellular domain (2) transmembrane domain and (3) tyrosine 
kinase (TK) domain. Mutations in EGFR TK domain can lead to an abnormal growth 
of cells which ultimately can be the cause of cancers. L858R is one of the major 
mutations that normally found in Asian cancer patients, especially non-small cell lung 
cancer (NSCLC). In targeted cancer therapy, erolotinib is the tyrosine kinase inhibitor 
(TKI) that binds to EGFR TK domain leading to a decrease in cancer cell growth. The 
secondary mutation, T790M, causes the erlotinib-resistance.  
 

PROPOSED APPROACH 
Ligand structure was obtained from crystallographic coordinates. Consequently, ligand 
was optimized the geometry, computed the single point energies and charges with 
HF/6-31G* theory. Quantum mechanical computations were performed by Gaussian09 
and antechamber module in AMBER 14. The generalized amber force field (GAFF) 
was used for erlotinib. The AMBER ff14SB force field was used for protein. The 
simulation was performed without restraint until 100 ns by the PMEMD module in 
AMBER. 

 
RESULTS 

Based on the MM/PBSA and MM/GBSA methods, the binding affinity of erlotinib to 
these two forms were not significantly different, while van der Waals force was the 
main contribution in binding with the targeted protein likely through the side chains of 
surrounding residues. In addition, the residues M793 and C797 formed hydrogen bonds 
with drug in both forms. Although, the mutated residue M790 in both active and 
inactive forms contributed to the erlotinib binding, the active form significantly 
exhibited higher amplitude of motion than the other form in particular at the activation 
loop close to the drug binding site. 
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Figure 1. EGFR TK domain complexed with erlotinib.   
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INTRODUCTION 

T-cell receptor (TCR) molecule recognizing antigenic peptide laid on human leukocyte 
antigen presenter (pHLA) is the first step in the T cell-mediated immune responses [1]. 
A T-cell can recognize over a million different antigenic peptides [2]. Normally, the 
immune system detects “foreign” –antigens such as viral or bacterial peptides, whilst 
“self” –antigens are misrecognized by immunity causing autoimmune diseases [3]. 
Autoimmune is the system of immune responses an organism against its own healthy 
cells and/or tissues. Many theories suggested autoimmune triggers involving 
environmental and chemical irritants, drugs and biological invader [4]. Limitations of 
immune response to take against an antigenic peptide if i) this peptide is not detected 
by HLAs or ii) pHLA does not recognized by TCR [1]. In this work, we modeled T 
cell-mediated autoimmune responsibility from factors risk to be autoimmunity, which 
represented in Behçet's disease (BD). Based on the previous reports, genetic markers 
with BD-association are revealed HLA-B*51:01 protein and MICA peptide (especially, 
a sequence of AAAAAIFVI) cohesion [5, 6]. HLA-B*51:01 is wildly known a strong 
BD association as well as a resistant HIV infection [7]. The self-autoantigen 
recognition by TCR, physical properties and binding interaction with viral infected 
system were studied by molecular dynamics simulation. Followed by our hypothesis, 
the autoimmune system might show the binding orientation and energy quite similar 
into the infection system. 

 
PROPOSED APPROACH 

The immune recognition on diversity cases were investigated in protein complex of 
TCRpHLA with different peptides (p).a) Autoimmune system: MICA peptide (9 amino 
acids length of AAAAAIFVI) b) Infected system: HIV peptide (8 amino acids length 
of TAFTIPSI) The TCR/HIV peptide/HLA-B*51:01 was obtained from the crystal 
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structure in Protein Data Bank under PDB code 4MJI. For the autoimmune system, the 
original HIV-peptide was changed to the MICA sequence through mutagenesis 
technique using the Discovery studio 3.0 (Accelrys, Inc.) program. The LEaP module 
in Assisted Model Building with Energy Refinement (AMBER) version 14 was used 
to add all missing atoms in the starting structures with the ff03.r1 force field. Protein 
complexes were soaked in TIP3P water model. Counter ions were added to neutralize 
protein charge. Then, the SANDER module of AMBER 14 was applied to minimize all 
water molecules and protein complexes, consecutively. Atoms of protein were fixed 
with a weak force of 60.0 kcal∙mol-1∙Å2 for 100-ps simulation, and the system was 
heated up to 298 K at atmospheric pressure. The fully MD simulations were performed 
until 150 ns. The trajectories extracted from 40-150 ns were accumulated to resolve 
into elements.  

 
RESULTS 

To investigate TCRpHLA binding, the MM/PBSA method was applied over the 200 
frames on the steady state. TCR mainly interacted pHLA by van der Waals force. 
Relative MM/PBSA binding energy was separately calculated in part of HLA/p and 
TCR/p. HLA had similar binding energy value with MICA (-33.48 kcal/mol) and HIV 
(-34.68 kcal/mol) peptides. On the other side, MICA and HIV peptides were attracted 
by TCR at -19.85 and -10.97 kcal/mol, respectively. Two peptides prefer to bind into 
HLA groove than TCR, because HLA had larger surface to interact. From the relative 
binding, MICA peptide, self-antigen, was recognized at the least values of HIV peptide 
on either HLA or TCR side. Not only binding affinity was demonstrated but also 
binding orientation. Because of immune responded by signal transduction, binding 
location on ternary complex was studied by inter-pairwise residue contact. Amino acids 
were closely located can connect within 7 Å cutoff of chemical interactions. The 
distance between the Cα atoms of pairwise residue was measured and recorded. Basic 
interfaces in MICA system was appeared like HIV contact lists, additionally increasing 
of HLA―TCR interface. It was preliminarily implied as immune can response MICA 
peptide similar to infection lead to autoimmune production. Our findings may be more 
understanding autoimmunity on fundamental immune and be treated autoimmune 
disease in the next step.   
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INTRODUCTION 

Epstein–Barr Virus (EBV) is the herpesvirus 4 discovered by using electron 
microscopy of cells cultured from Burkitt’s lymphoma tissue by Epstein, Achong, and 
Barr. EBV has infected more than 90% of people worldwide and persisted for the 
lifetime of the person. EBV has induced changes to the cell and best known as the cause 
of infectious mononucleosis and long-term EBV infections are associated with higher 
risk of lymphoma, ovarian cancer, stomach cancer and other types of cancer. After 
infection, this virus establishes a lifelong latency in infected cells. During latent 
infection, EBV does express a limited set of viral gene products that promote host-cell 
survival and proliferation. The maintenance of the latent viral genome depends on the 
functions of the Epstein-Barr Nuclear Antigen 1 protein (EBNA1), which is the only 
viral protein that is consistently expressed in all forms of latency, essential for viral 
genome maintenance and for infected-cell survival. However, there are not widespread 
vaccine or therapeutic drugs for controlling EBV infection. Due to its important role, 
Epstein-Barr Nuclear Antigen 1 protein (EBNA1) is an attractive target protein for drug 
design of anti-EBV agents. In this study, we aimed to screen chalcones, which can 
exhibit several biological activities including anticancer activity, in order to disrupt 
EBNA1-DNA binding. 

 
PROPOSED APPROACH 

The EBNA1 structure was prepared from X-ray crystal structure in protein data bank 
(PDB), entry code 1VHI. Ligand-protein interactions was investigated using 
CHARMM based docking software (CDOCKER) of the Discovery Studio 3 (Accelrys 
Inc., San Diego, CA, USA) suite of program, and CDOCKER protocol was used to 
prepare the protein and ligand as inputs. The algorithm offers flexible ligand docking 
and protein was held rigid during the entire process. 
 

RESULTS 
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Based on the CDOCKER interaction energy values obtained from the profiles of 47 
chalcones (Figure 1) with the target protein EBNA1, the compound 33d, 33f and 44l 
(Figure 2) have the lowest interaction energy. Their orientations in the ligand binding 
pocket of EBNA1 were likely similar as shown in Figure 1. In addition, H-bonding 
interaction between SER513, LYS586, LYS477 of EBNA1 and chalcones was 
observed by mean of molecular docking approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Interaction energy between 47 chalcones and EBNA1 protein.  

 

 

Figure 2. The complex structures of EBNA1 (gray) with compound 33d 
(blue), compound 33f (green) and compound 44l (pink) bound from 
docking procedure 
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Based on the CDOCKER interaction energy values obtained from the profiles of 47 
chalcones (Figure 1) with the target protein EBNA1, the compound 33d, 33f and 44l 
(Figure 2) have the lowest interaction energy. Their orientations in the ligand binding 
pocket of EBNA1 were likely similar as shown in Figure 1. In addition, H-bonding 
interaction between SER513, LYS586, LYS477 of EBNA1 and chalcones was 
observed by mean of molecular docking approach. 
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INTRODUCTION 

Cancer is related to a condition where cells in a specific part of the body grow and 
reproduce uncontrollably. The cancerous cells can invade and destroy surrounding 
healthy tissue, including organs. Infection with specific subtypes of Human 
papillomavirus (HPV) has been strongly implicated in cervical carcinogenesis. 
Hepatitis B is a potentially life-threatening liver infection caused by hepatitis B virus 
(HBV). It can cause chronic infection and puts people at high risk of death from 
cirrhosis and liver cancer. Hepatitis C is a liver disease caused by the hepatitis C virus 
(HCV). This virus can cause both acute and chronic hepatitis, ranging in severity from 
a mild illness lasting a few weeks to a serious, lifelong illness. The last one, Epstein–
Barr nuclear antigen 1 (EBNA1) is the only nuclear Epstein-Barr virus (EBV) protein 
expressed in both latent and lytic modes of infection. Infection with EBV is associated 
with lymphoproliferative disorders, especially in immunocompromised hosts, and with 
various tumors, including nasopharyngeal carcinoma and Burkitt lymphoma. In this 
research, the mansonone G (MG) compounds were used to search for the cancer protein 
targets in order to further anticancer drug development.    

 
 

PROPOSED APPROACH 
The 3D structures of HPV E6 (4XR8.pdb), HPV E7 (2B9D.pdb), and EBV EBNA1 
(1VHI.pdb) proteins were obtained from Protein Data Bank (PDB), whereas the 
SWISSMODEL server was used to prepare the HBV polymerase and HCV protease 
from 1IUD.pdb and 3P8N.pdb, respectively. The 20 MG derivatives were docked into 
the drug/inhibitor binding site of each protein for 100 independent docking runs (rigid 
condition) using CDOCKER module in the Discovery Studio 3 (Accelrys Inc., San 
Diego, CA, USA). The ligand-protein interaction energies of all MGs were ranked and 
compared with the known drugs and/or inhibitors.  

 
RESULTS 

The interaction energies of all 20 MGs toward the selective proteins including HPV 
E6, HPV E7, HBV polymerase, HCV protease, and EBNA1 resulted from molecular 
docking were compared with the commercially available drugs or inhibitors.  The 
overall MGs with the lowest interaction energy for each protein were summarized in 
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Table 1.  From docking results, MG5 showed the better binding affinity against the 
HPV E6 and EBNA1 than that of the known active compounds. The hydrogen bond  
( H- bond)  formations between 3,5,7- trihydroxy - 2- ( 2,4,5- trihydroxyphenyl) -  4H- 
chromen- 4- one and MG5 within HPV E6’ s pocket were occurred at Glu381 and 
Glu382. Additionally, MG5 and chalcone could form H-bond interactions with Lys514 
residue of EBNA1. The interaction of MG12 (-34.89 kcal/mol) with HPV E7 protein 
was slightly stronger than that of podophyllotoxin (-33.22 kcal/mol) , by which His67 
and Arg71 were the key residues for H-bond formations. In case of HBV polymerase, 
MG13 (-57.90 kcal/mol) showed the greater binding efficiency than that of lamivudine 
(-46.01 kcal/mol)  but significantly lower than tenofovir (-167.81 kcal/mol) .  The H-
bond interactions were found at ( i)  Arg22 and Asn219, ( ii)  Asp64, and ( iii)  Ala67, 
Ala68, and Gln243 for MG13, lamivudine, and tenofovir, respectively. Altogether, the 
potent MGs against cancer protein targets shared the same binding site for each protein. 
Unfortunately, there are no MG analogs targeted toward the HCV protease. 

 
 

Table 1.  The screened MG compound with the lowest interaction energy with the 
protein target relative to the known drugs, inhibitors, and potent compounds 

 
Proteins Compounds Interaction energy 

(kcal/mol) 
HPV E6 3,5,7-Trihydroxy-2-(2,4,5-

trihydroxyphenyl)-4H-chromen-4-one 
-38.76 

 
 MG5 -55.09 
HPV E7 Podophyllotoxin -32.22 
 MG12 -34.89 
HBV 
polymerase 

Lamivudine -46.01 

 Tenofovir -167.81 
 MG13 -57.90 
HCV protease Boceprevir -59.97 
 Telaprevir -57.53 
 MG5 -43.71 
EBNA1 Chalcone -46.49 
 MG5 -52.28 

 
REFERENCES 
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 EXTENDED ABSTRACT 
  
Keywords: Molecular Dynamics Simulations, Tamarind Seed Xyloglucan, modified TSX 
 
INTRODUCTION 

Tamarind seed xyloglucan (TSX) can dissolve in water at high temperatures (ca. 60 ◦C) 
and has been widely used in drug delivery because of its non-toxicity and 
biocompatibility. The TSX has three types of repeating units including heptasaccharide 
(H, XXXG), octasaccharide (O1, XXLG or O2, XLXG), and nonasaccharide (N, 
XLLG) (where G, X, and L are glucose (Glu), xylose (Xyl) substituted glucose, and 
galactose (Gal) substituted xylose, respectively). Moreover, nonasaccharide unit has 
been reported to be the most abundant form of the TSX.   
 
Gelation of the modified TSX polymer has been of great interests for biomedical 
applications. A TSX solution cannot form a gel by itself, but it can become gel when 
the galactose molecules are partially removed by the β-galactosidase. It was believed 
that the lack of galactose residues might be able to promote the association of the β-
glucan main chains through the hydrophobic interactions and result in the gelation. 
Moreover, the sol-gel transition temperature decreases as the galactose removal ratio 
increases. For TSX with 50% of galactose removal ratio, its gelling temperature is 
around 10 ๐C. In this study, the possible structures of modified TSX have been designed 
and studied in the explicit water model using molecular dynamics (MD) simulation 
technique. Those designed TSX structures can provide the roles of galactose residue 
and the β-glucan main chain arrangements in association and aggregation of TSX as 
well as their intermolecular interactions between modified TSX chains. 

 
PROPOSED APPROACH 

Three modified TSX models were designed as two chains of O1 (model1), two chains 
of O2 (model2), and chains of O1 and O2 (model3). The O1 and O2 structures and 
example of double-chain TSX are shown in Figure. 1a and 1b, respectively.  
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Figure. 1 Two types (O1 and O2) of octasaccharide (a) and modified TSX double 
chain (b). 

 
All modified TSX models and a model of cellulose were built and solvated by the 
TIP5P water molecules in a triangular box. The GLYCAM_06j-1 parameters were 
applied to describe the molecular characteristics of TSX. Each model was performed 
in the same way using the NVT-MD simulation technique embedded in the AMBER16 
program. The non-bonded cutoff radius of 10 Å was applied. After steps of 
minimization, heating the system to 283 K for 50 ps and 1-ns dynamics, all modified 
TSX models were further simulated for 50 ns of dynamics for a trajectory collection.  

 
RESULTS 

The MD results of all modified TSX and cellulose models revealed that the main chains 
of all models were bent and twisted. For the cellulose model, the G main chain is in 
close contact and there is no gap formed between the two chains. Contrarily, each 
modified TSX model showed different structural feature. The model1 displayed that 
two main chains prefer to form in the parallel-like structure, even there is a small gap 
formed between these chains. The model2 and model3 have some association points 
formed from intermolecular hydrogen bonds (H-bonds) between the -OH groups of main 
chain and xylose and galactose side chains.  
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Colistin is one of the last resort antibiotics used in clinical treatment. It competitively replaces 
Mg2+ and Ca2+ ions from negative charged phosphate on the lipid A of bacterial membrane with 
a consequence of outer membrane disruption. MCR-1 catalyzes the phosphoethanolamine 
transfer reaction to lipid A on outer membrane of gram-negative bacteria in order to neutralize 
the negative charge with a reduction on colistin binding which cause the bacteria resistance to 
the colistin. 

 

PROPOSED APPROACH 

The starting geometry of the MCR-1 containing mono-zinc and di-zinc ions was taken from 
Protein data bank with entry codes: 5lrn and 5lrm. Protonation state of MCR-1 protein was 
predicted by propka server. Both systems were simulated in octahedral water box and were 
heated to 310K within 200-ps using with 2-fs time step. 100-ns MD simulation was performed 
at the same temperature. The Zinc coordination in these two systems was analyzed and compared 
by the distance measurement between Zn and surrounding residues as well as waters.  
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RESULTS 

Based on the 100-ns MD results of the MCR-1 containing mono-zinc and di-zinc ions, the 
catalytic Zn1 was likely more stable than the Zn2. In both systems, the coordinated ligands of 
Zn1 were D465, E246, H466, T285, and a water molecule (Figure 1). Interestingly, the Zn2 left 
out the catalytic site after 95-ns of simulation. The obtained information from this study 
suggested that the active conformation of MCR-1 may require only a single zinc ion.  

 

Figure 1.  Average distance between Zn ion and its coordinated ligands resulted from the 
simulation of MCR-1 containing di-zinc ions  
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 EXTENDED ABSTRACT 
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INTRODUCTION 

Lemon grass (Cymbopogon citratus Stapf)  is a widely used herb in Thailand and is 
extensively applied as an ingredient in Thai cuisine.  The broad biological activities of 
lemon grass oil have been reported, including anti- bacterial, anti- fungal, and 
insecticidal activities.  Citral has been reported to exhibit high antibacterial activity 
against gram-negative and gram-positive organisms. Due to their limitations on poorly 
water solubility, and sensitivity towards high temperature, oxygen and light 
consequently leading to a loss of therapeutic properties on oxidation, a stabilization 
process has become an imperative necessity. Among various encapsulation techniques, 
one of the interesting methods is the entrapment of such volatile compounds in a proper 
cavity of cyclodextrins (CDs) to increase their physicochemical properties. 

 
PROPOSED APPROACH 

The inclusion complexation of neral, a cis- isomer of citral found in lemon grass 
(Cymbopogon citratus Stapf) , and four different types of cyclodextrin, β-cyclodextrin 
(βCD) , 2,6-dimethyl-βCD (2,6DMβCD) , 2,6-dihydroxypropyl-βCD (2,6DHPβCD) , 
and 2-hydroxypropyl-βCD (2HPβCD), were investigated using molecular docking and 
molecular dynamics simulation approaches.  The simulations show that the neral/CD 
inclusion complex could be formed in aqueous solution with 1:1 ratio.  Three possible 
binding orientations were assessed for the encapsulation of neral ( 1neral, 7neral, and 
uneral)  inside the hydrophobic interior of the host molecule.  The uneral in which both 
aldehyde and alkyl terminals point outward the secondary rim of CD was observed as 
the most preferential conformation in all neral/ CD complexes.  The theoretical 
calculation of binding ability of host-guest inclusion complexes were agree well with 
the experimental data supporting that neral could bind inside the  hydrophobic cavity 
of all CDs with nearly the same potency.  

 
RESULTS 

To determine the system stability of all neral/ CD complexes, the 1D- RMSD and 
2DRMSD for all atoms of inclusion complexes with two different modes of ligand 
binding ( 1neral and 7neral)  along 70-ns simulation were plotted in Figure.  1.  The 
1DRMSD result suggested that all simulated systems had reached equilibrium at 50 ns 
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and thus the snapshots taken from the last 20-ns simulation were selected for further 
analysis. 

 
Figure 1. 1D-RMSD plots of all atoms for 1neral/CDs (black) and 7neral/CDs 
(gray) whereCDs are βCD, 2,6DMβCD, 2,6DHPβCD and 2HPβCD. 

 
Figure 2. 2D-RMSD plots of all atoms for 1neral and 7neral/CDs complexes where 
CDs are βCD, 2,6-DMβCD, 2,6-DHPβCD and 2-HPβCD 
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INTRODUCTION 

Zika virus (ZIKV), a mosquito-borne flavivirus, was first isolated from sentinel rhesus 
monkey in the Zika Forest of Uganda in 1947. Originally, it was not considered as a 
relevant human pathogen because the majority of its infections is asymptomatic until 
the large outbreak starting in Brazil in 2015. The virus is transmitted to humans by 
Aedes species mosquitoes. Nonetheless, there are now growing evidences showing that 
ZIKV infections might be related to fetal and newborn microcephaly with serious 
neurological complications particularly for Guillain–Barré syndrome. In addition, 
ZIKV can cross the placenta and results in microcephaly. The incidences of Guillain–
Barré syndrome and microcephaly associated with ZIKV infection have led the World 
Health Organization (WHO) to declare ZIKV infection as a global public health 
emergency in February of 2016. Unfortunately, there are no currently available vaccine 
or therapeutic drugs for preventing or controlling ZIKV infection; thus, drug design 
and development of anti-ZIKV agents with effective and safe properties have become 
an imperative necessity. One of the attractive drug targets for ZIKV treatment is the 
NS2B/NS3 serine protease, which plays a crucial role during viral replication process. 
Herein, classical molecular dynamics (MD) simulations and free energy calculation 
methods were employed to investigate the dynamics behaviors and binding affinities 
of the enzyme-inhibitor complex at the molecular level. 

 
PROPOSED APPROACH 

To obtain the initial structures, the NS2B/NS3 protease of ZIKV in complex with 
peptide-boronic acid inhibitor was prepared from crystal structure in protein data bank 
(PDB), entry code 5LC0. The partial atomic charges and empirical force field 
parameters for each ligand were developed in accordance with the standard procedure. 
Briefly, the atomic charges of each inhibitor were calculated using HF/6-31G(d) 
method with the Gaussian09 software. The electrostatic potential (ESP) charges were 
consequently computed with the same method. Afterward, the ESP charges of each 
inhibitor were fit into restrained ESP (RESP) charges using the ANTECHAMBER 
module in AMBER16. The atom types and the other molecular parameters of protein 
and ligand were assigned by the AMBER ff14SB force field and the generalized 
AMBER force field (GAFF), respectively. It should be noted that all classical MD 
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simulations of 50 ns were performed using AMBER16 software package. All structural 
analyses were computed by the cpptraj module, while the binding free energy was 
calculated using the MMPBSA.py module. 

 

RESULTS 
Theoretically, it was observed that there was conformational fluctuation of the RMSDs 
of all atoms relative to those of the initial structure versus the simulation time around 
0.25 Å from 10 ns till the end of simulation in both systems. Therefore, the snapshots 
from the last 20 ns of the trajectory were extracted for further analysis. The MM/PBSA 
method was applied in this study to estimate and compare the inhibitory efficiency of 
the two studied inhibitors against the ZIKV NS2B/NS3 protease in terms of the binding 
free energy (∆Gbind). Our results indicated that the favourable ∆Gbind from the 
MM/PBSA approach of peptidyl boronic acid Bz-[4-(CH2NH2)]Phe-Arg-B(OH)2 
(Figure 1A) was better than Bz-(4-NH2)Phe-Arg-B(OH)2 (Figure 1B), which was 
consistent with the experimental data. By including the solvation free energy, the vdW 
term (ΔGnonpolar,sol + ΔEvdW) is a favourable contribution to the total binding free 
energies of both NS2B/NS3 inhibitor complexes, which were opposed by the 
unfavourable electrostatic term (ΔGele,sol + ΔEele). This is due to relatively high positive 
values of polar solvation resulting from PB model. It indicated that the vdW interaction 
played a key role in the ZIKV NS2B/NS3 protease with inhibitors. Therefore, the 
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The HIV-1 (Human Immunodeficiency Virus type-1) and AIDS (Acquired Immunodeficiency 
Syndrome) epidemic have long been recognized as one of the world’s most serious health and 
development challenges. The Reverse transcriptase (RT) is potential drug target for anti-HIV 
therapy and a critical enzyme of the HIV life. The HIV type-1 RT is an asymmetric heterodimer 
composed of p66 and p51 subunits. The p66/p51 heterodimer contains a single DNA 
polymerization active site and one RNase H active site. Commonly, the NNRTIs (Non-
nucleoside reverse transcriptase inhibitors) have interfered with RT as non-competitive 
inhibitors which bind to a single site in the p66 subunit of the HIV-1 RT. The NNRTI binding 
pocket is 10Å from the polymerase active site1. The NNRTIs inhibit HIV-1 RT in a way that is 
distinct from the NRTIs2. Moreover, the important problem is the resistance of HIV-1 to the 
drugs by mutation of HIV-1 RT3, 4, 5, 6. About 8000 tripeptides7, 8  were screened against HIV-1 
RT by Gold docking program9, 10  . The screening criterion is based on Gold fitness scores. 
Interestingly, several peptides show Gold fitness scores higher than Rilpivirine11, 12 ,13, a third 
generation of HIV-1 drug. The top five tripeptides were selected for further analysis using 
molecular dynamics simulation. 
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INTRODUCTION 

The rising energy consumption has become one of the most important problems in 
modern world. It is known that more than 50% the energy is spent in cooling systems, 
both in industry and household. Therefore, there is a need, now more than ever, to 
develop a better energy-saving refrigerant alternative. Recently, cooling-system 
engineers and scientists have spurred into investigating magnetic refrigerators because 
of their efficiency; 20-30% improvement over those of current vapor-compression 
refrigerators. However, there is still a gap of knowledge on the interplay among 
magnetic work, thermal work, and fluid flow inside a magnetic refrigerator. Our work 
is aimed to develop a model of the heat exchanging among all those three main 
components. The developed numerical model allows experimentalists and engineers to 
optimize the cooling-system design, and predict the operating temperature span. Finite 
difference method is used in solving relevant heat equations. In order to determine 
temperature span for the highest cooling performance applicable for household usage, 
initial conditions are studied and various variables are identified 

 
PROPOSED APPROACH 

The simulations are performed using a Matlab program, designed to predict the    
coefficient of performance of a magnetic refrigerant system. Several physical 
parameters in the cooling system are identified and tuned to achieve the optimal 
efficiency. 

 
RESULTS 

The resultant coefficients of performance of the layered- bed design are shown against 
that of the layered-bed design at different temperature levels. 

 

ANSCSE21 Thailand Science Park, Pathum Thani, Thailand 
August 3-4, 2017 

 
 

Figure 1. Coefficients of performance of the layered- bed design non-layered- 
bed design 
 

 
 

Figure 2. Magnetic refrigerator system 
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INTRODUCTION 

Factories in Thailand mainly import machinery used in manufacturing to the use of 
force and to produce large quantities. Machinery used mainly made of metal, which is 
the component of steel and shaped characteristics vary according to use. And require 
regular maintenance. The problems encountered in the maintenance of the rust caused 
a lot of water vapor in the air condenses on the surface of the metal and the 
condensation reaction between iron and oxygen in the air. Rust stains are red or reddish 
brown on a surface of the metal. And the Condensation on the surface of the metal, 
machinery and equipment industry is another reason that causes rust. As a result, cause 
a short circuit of the electronics and cause damage. The dew point refers to the point at 
which condensation of water vapor occurs due to the amount of water vapor in the air 
is fully saturated and the air temperature drop causes the condensation water naturally. 
If we can control the condensation on the surface, especially in the machining of large 
industrial plants to prevent damage different. The aim of researchers are interested to 
learn how to control condensation on metal surfaces and cause condensation to occur 
by increasing the temperature to a metal surface. This method seems to control 
condensation and may be another way to reduce the damage of a mechanical device. 

 
THEORY AND RELATED WORKS 

The relative humidity (f) and the dewpoint temperature (TD) are two widely used 
indicators of the amount of moisture in air. The exact conversion from f to TD, as well 
as highly accurate approximations, are too complex to be done easily without the help 
of   a calculator or computer. However, there is a very simple rule of thumb that found 
to be quite useful for approximating the conversion for moist air.Relative humidity is 
commonly defined in one of two ways, either as the ratio of the actual water vapor 
pressure e to the equilibrium vapor pressure over a plane of water es (often called the 
“saturation” vapor pressure).Dew Point Equations Formulas CalculatorMeteorology 
Weather Water Vapor 

-  Solving for dew point temperature 
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EXPERIMENTAL 
1.  Preparation Materials. The materials for this study consist of as follows: 

       1.1  Aluminium plate with size width 7.62 cm, length 11.43 cm, thick 0.5 cm  
       1.2  Thermoelectric plate has the size 92 watts 12 volts.  
       1.3  Fin heat sink and the cooling fan with size 12 volts. 
       1.4  Thermocouple  
       1.5  Heater or resistance wire  
       1.6  The DHT-22 (also named as AM2302)  

2.  Preparation of Laboratory 
For preparation of laboratory, all materials are composed and designed circuit are made 
for studying the behavior of the water droplets on the specimen and controlling the 
occurrence of water droplets on Aluminium surface.  

3.  Method of Experiment 
12 volts DC power was fed through the semiconductor type: n-type and p-type, which 
is inside the thermoelectric plate. One of the thermoelectric plate sides would be cool 
and another side of the plate would be hot. Cool thermoelectric plate side would attach 
to Aluminium surface. This made the Aluminium surface cool and a cause of 
condensation to be the water droplets on the surface.  However, the controller could get 
rid of the water droplets on the surface. 

 
RESULTS 

This paper is found that in-house tests that control air conditions can remove droplets 
on the work surface and meet the intended purpose as shown in figure 1. 

 

 
 

Figure 1. Set point (18 degree) 
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