


Open access

Latest issue All issues Submit your article

Christian Schulz

Elizabeth Hancock

Marion Thibaudeau

Chris Russell

Charles Booty

Journal info

Aims and scope Editorial board

Lead Editor

Assistant Editors

Senior Editorial Assistant

Editorial Assistants

 ↗

Search in this journal

https://www.elsevier.com/about/open-science/open-access/open-access-journals
https://www.sciencedirect.com/journal/heliyon
https://www.sciencedirect.com/journal/heliyon/vol/6/issue/3
https://www.sciencedirect.com/journal/heliyon/issues
https://www.editorialmanager.com/heliyon/default.aspx
https://www.sciencedirect.com/


Poppy Craig

Ailish Cronin

Zoe Gooden

On Ching Lo

Harry Mcgee

James Morgan

Dimitri Pantelli

Laura Salisbury

Elizabeth Wetherell

Professor Jinrong Min
University of Toronto, Toronto, Ontario, Canada

Professor Nicola Zambrano
University of Naples Federico II Department of Molecular Medicine and Medical Biotechnology, Naples,
Italy

Dr. Anna-Lena Ackfeldt
Aston University, Birmingham, United Kingdom

Assoc. Professor Gholamreza Amin
University of New Brunswick, Fredericton, New Brunswick, Canada

Dr. Alessio Emanuele Biondo
University of Catania, Catania, Italy

Dr. Joanne Connell
University of Exeter Department of Management Studies, Exeter, United Kingdom

Section Editors

Associate Editors



Assoc. Professor Pavlos Delias
Eastern Macedonia and Trace Institute of Technology, Kavala, Greece

Dr. Eugene Ezebilo
Papua New Guinea National Research Institute, Boroko, Papua New Guinea

Dr. Bernard Njindan Iyke
Deakin Graduate School of Business, Burwood, Australia

Dr. Eleonora Pantano
University of Bristol, Bristol, United Kingdom

Dr. Rudra Pradhan
Indian Institute of Technology Kharagpur, Kharagpur, India

Professor Ernesto Santibanez Gonzalez
University of Talca, Department of Industrial Engineering, Maule, Chile

Dr. Serje Schmidt
FEEVALE University, NOVO HAMBURGO, Brazil

Professor Alfonso Sousa-Poza
University of Hohenheim, Stuttgart, Germany

Assoc. Professor Carlos Javier Alméciga Díaz
Pontifical Javeriana University Institute of Inborn Errors of Metabolism, Bogotá, Colombia

Dr. Timo Kuosmanen
Aalto University, Aalto, Finland

Ben Marshall

Vesa Puhakka

Martin Falk

S. Mostafa Rasoolimanesh

Associate Editors

Advisory Board Members- Business & Economic



Gianpaolo Iazzolino

Margaret Raviro Mabugu

Ming-Long Lee

Lincoln C. Wood

Giray Gozgor

Fabio Nonino

Encarnación Cordón Lagares

Paolo Pin

Ulrich Berger

Dr. Francesco Epifano

Dr. Anthony Curtis
Keele University, Newcastle, United Kingdom

Dr. Dario Donno
University of Turin, Torino, Italy

Dr. Serena Fiorito
Gabriele d'Annunzio University of Chieti and Pescara, Chieti, Italy

Dr. Ramesh L. Gardas
Indian Institute of Technology Madras Department of Chemistry, Chennai, Tamil Nadu, India

Dr. Salvatore Genovese
Gabriele d'Annunzio University of Chieti and Pescara, Chieti, Italy

Dr. Boris-Marko Kukovec
University of Split, Split, Croatia

Section Editors

Associate Editors



Dr. Károly Lázár
MTA Centre for Energy Research

Dr. Gianfranco Pasut
University of Padua, Padova, Italy

Prof. Dr. Yolanda Picó
University of Valencia Faculty of Pharmacy, Burjassot, Spain

Professor Ming Hua Xu
Shanghai Institute of Materia Medica Chinese Academy of Sciences, Shanghai, China

Jussara Miranda
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Nitin Chattopadhyay
Jadavpur University, Kolkata, India

Makoto Tsunoda
The University of Tokyo, Bunkyo-Ku, Tokyo, Japan

Anjanapura Venkataramanaiah Raghu
Jain University, Bangalore, India

Praveen Nekkar Rao
University of Waterloo, Waterloo, Ontario, Canada

Jorge Masini
University of Sao Paulo, São Paulo, Brazil

Pellegrino Musto
National Research Council of Italy, Bari, Italy

Silvia Antonia Brandán
National University of Tucuman, San Miguel De Tucuman, Argentina

Wojciech Domagala
Silesian University of Technology, Gliwice, Poland

Advisory Board Member - Chemistry



Agostinho Almeida
University of Porto, Porto, Portugal

K. Miraz Rahman
King's College London, London, United Kingdom

Zhaoyan Sun
Chinese Academy of Sciences, Beijing, China

Hakan Arslan
Mersin University, Mersin, Turkey

Peter Kusch
University of Applied Sciences Bonn-Rhein-Sieg Department of Natural Sciences, Rheinbach, Germany

Maria Grazia Francesconi
University of Hull, Hull, United Kingdom

Luiz Fernando Cappa De Oliveira
Federal University of Juiz de Fora, JUIZ DE FORA, Brazil

Andrei Kovalevsky
University of Aveiro, Aveiro, Portugal

Dr. Gary Adams
University of Nottingham, Nottingham, United Kingdom

Dr. Carolyn Mackintosh-Franklin
The University of Manchester, Manchester, United Kingdom

Dr. Seraphim Alvanides
GESIS Institute of Social Sciences Cologne Branch, Koln, Germany

Professor Barbara Canlon
Karolinska Institute, Stockholm, Sweden

Dr. Manoj Das

Section Editors

Associate Editors



The INCLEN Trust International, New Delhi, India

Dr. Richard Gillis
University of Nottingham, Nottingham, United Kingdom

Dr. Philemon Gyasi-Antwi
University of Nottingham, Nottingham, United Kingdom

Professor Kenji Hashimoto
Chiba University, Chiba, Japan

Dr. Marina Ivanisevic
ProNatal Polyclinic, Zagreb, Croatia

Dr. Shahwar Imran Jiwani
University of Nottingham, Nottingham, United Kingdom

Dr. Devika Kapuria
University of New Mexico, Albuquerque, New Mexico, United States

Dr. Avril Mansfield
University Health Network, Toronto, Ontario, Canada

Dr. Giuseppe Musumeci
University of Catania, Catania, Italy

Professor Graham Pawelec
Eberhard Karls University Tübingen, Tubingen, Germany

Dr. Salvatore Pepe
Murdoch Childrens Research Institute, Parkville, Australia

Dr. Ferdinand Schweser
University at Buffalo - The State University of New York, Buffalo, New York, United States

Dr. Ekaterina Silina
I M Sechenov First Moscow State Medical University, Moskva, Russian Federation

Dr. Sushma Sonale
Thai Moogambigai Dental College and Hospital, Chennai, India

Assist. Prof. Georgios Tsoulfas



Aristotle University of Thessaloniki, Thessaloniki, Greece

Dr. Corinna Walsh
University of the Free State, Bloemfontein, South Africa

Dr. Jonathan Chan
King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Dr. Gong Cheng
Northwestern Polytechnical University, Xian, China

Dr. Joana Dias
University of Coimbra, Coimbra, Portugal

Assist. Prof. Shang Gao
Swedish Business School at Orebro University, Örebro, Sweden

Dr. Byung-Gyu Kim
Sookmyung Women's University, Yongsan-gu, Korea, Republic of

Dr. Daniel Lemire
University of Quebec in Montreal, Montreal, Quebec, Canada

Dr. Eugenia Mee Wah Ng
Lingnan University, New Territories, Hong Kong

Dr. Tuan Pham
Linköping University, Linköping, Sweden

Dr. Socrates Kaplanis

Section Editors

Associate Editors

Section Editors

Associate Editors



Dr. Stefano Cordiner
University of Rome Tor Vergata, Roma, Italy

Professor Michele Dassisti
Polytechnic University of Bari, Bari, Italy

Dr. Eleni Kaplani
University of East Anglia, Norwich, United Kingdom

Dr. António Cardoso Marques
University of Beira Interior, Covilha, Portugal

Dr. Tingzhen Ming
Wuhan University of Technology, Wuhan, China

Assoc. Professor Yongheng Yang
Aalborg University, Aalborg, Denmark

Dr. Andrea F. Morabito
University of Reggio Calabria, Reggio Calabria, Italy

Dr. Mohammad Mehdi Rashidi
Bu Ali Sina University, Hamedan, Iran, Islamic Republic of

Professor Serge Abrate
Southern Illinois University Carbondale, Carbondale, Illinois, United States

Dr. Aires Camões
University of Minho Department of Civil Engineering, Guimaraes, Portugal

Dr. Pablo Gomez
Western Michigan University, Kalamazoo, Michigan, United States

Dr. Mark Jermy
University of Canterbury, Christchurch, New Zealand

Dr. Xian Fang Li

Engineering

Associate Editors



Central South University School of Civil Engineering, Changsha, China

Susana Lopez-Querol
University College London, London, United Kingdom

Dr. Oronzio Manca
University of Campania Luigi Vanvitelli Department of Industrial Engineering and Information Technology,
Aversa, Italy

Professor Yogendra K. Mishra
University of Southern Denmark, Mads Clausen Institute, NanoSYD, Sønderborg, Denmark

Dr. Togay Ozbakkaloglu
Texas State University, San Marcos, Texas, United States

Prof. Dr. Fatih Sen
Kutahya Dumlupinar University Department of Biochemistry, Kütahya, Turkey

Professor Bart Van der Bruggen
KU Leuven Science and Technology Group Department of Chemical Engineering, Heverlee, Belgium

Professor Frederic Coulon
Cranfield University, Cranfield, Bedford, United Kingdom

Professor Christian Sonne
Aarhus University Department of Environmental Science, Roskilde, Denmark

Dr. Julian Blasco
Institute of Marine Science of Andalucia, Puerto Real, Spain

Dr. Jianmin Chen
Fudan University Department of Environmental Science and Engineering, Shanghai, China

Professor Hefa Cheng
Peking University, Beijing, China

Assoc. Professor Pavlos Delias

Section Editors

Associate Editors



Eastern Macedonia and Trace Institute of Technology, Kavala, Greece

Professor Xinbin Feng
Institute of Geochemistry Chinese Academy of Sciences, Guiyang, China

Professor Ashantha Goonetilleke
Queensland University of Technology, Brisbane, Queensland, Australia

Dr. Jun Huang
Tsinghua University, Beijing, China

Dr. Olga-Ioanna Kalantzi
University of the Aegean Department of Environment, Mytilini, Greece

Professor Tsair-Fuh Lin
National Cheng Kung University, Tainan, Taiwan

Dr. Keith Maruya
Southern California Coastal Water Research Project, Costa Mesa, California, United States

Professor Huu Hao Ngo
University of Technology Sydney School of Civil and Environmental Engineering, Broadway, Australia

Professor Yong Sik Ok
Korea University Division of Environmental Science and Ecological Engineering, Seoul, Korea, Republic of

Dr. Patryk Oleszczuk
Maria Curie-Sklodowska University, Lublin, Poland

Professor Wei Ouyang
Beijing Normal University, Beijing, China

Thomas Panagopoulos
University of the Algarve Faculty of Science and Technology, Faro, Portugal

Prof. Dr. Paulo Alexandre da Silva Pereira
Mykolas Romeris University, Institute of Public Administration, Vilnius, Lithuania

Prof. Dr. Yolanda Picó
University of Valencia Faculty of Pharmacy, Burjassot, Spain

Prof. Dr. Jörg Rinklebe



University of Wuppertal, Wuppertal, Germany

Dr. Admir Créso Targino
Federal Technological University of Parana Department of Physics, Londrina, Brazil

Assoc. Professor Daniel Tsang
The Hong Kong Polytechnic University Department of Civil and Environmental Engineering, Hong Kong,
Hong Kong

Dr. Daniel A. Wunderlin
National University of Cordoba, Cordoba, Argentina

Assoc. Professor Yeomin Yoon
University of South Carolina Department of Civil & Environmental Engineering, Columbia, South Carolina,
United States

Professor Shuzhen Zhang
Chinese Academy of Sciences, Beijing, China

Dr. Lilian Mariutti
State University of Campinas Faculty of Food Engineering, Campinas, São Paulo, Brazil

Dr. Cinthia Betim
State University of Campinas, Campinas, São Paulo, Brazil

Professor Nour-Eddine Es-Safi
Mohammed V University of Rabat, Rabat, Morocco

Dr. Ana Luisa Fernando
New University of Lisbon Department of Engineering and Environmental Sciences, Caparica, Portugal

Assist. Prof. Efstathios (Stathis) Giaouris
University of the Aegean, Food Science and Nutrition, Lemnos, Greece

Dr. Angela Meireles
State University of Campinas Faculty of Food Engineering, Campinas, São Paulo, Brazil

Section Editors

Associate Editors



Dr. Donatella Restuccia
University of Calabria, Cosenza, Italy

Dr. Apollinaire Tsopmo
Carleton University, Ottawa, Ontario, Canada

Professor Luis M. Gandía

Professor Saibal Basu
Homi Bhabha National Institute, Mumbai, India

Professor Yingchao Dong
Dalian University of Technology School of Environmental Science and Technology, Dalian, China

Professor Pierre Dumont
Computer Science Laboratory for Image Processing and Information Systems, Villeurbanne, France

Dr. Fabien Grasset
Université de Rennes I, UMR CNRS 6226, Rennes cedex, France

Assoc. Professor Changdong Gu
Zhejiang University School of Materials Science and Engineering, Hangzhou, China

Dr. Aloysius F. Hepp
NASA John H Glenn Research Center, Cleveland, Ohio, United States

Assoc. Professor Rui Miranda Guedes
University of Porto, Porto, Portugal

Dr. Alessandro Polini
Institute of Nanotechnology, Monteroni di Lecce, Italy

Professor Rafael José Rodríguez Trías
University of Navarra, Navarra, Spain

Dr. Oleksandr Stroyuk
Research Centre Jülich, Julich, Germany

Section Editors

Associate Editors



Dr. Dragana (Dana) Stanley
Central Queensland University, Rockhampton, Australia

Professor Cristobal Aguilar
Autonomous University of Coahuila, Saltillo, Mexico

Dr. Uffe Christian Braae
State Serum Institute, København, Denmark

Professor Marina Eremeeva
Georgia Southern University Jiann-Ping Hsu College of Public Health, Statesboro, Georgia, United States

Dr. Volker Gurtler
RMIT University School of Applied Sciences- Bundoora Campus, Bundoora, Victoria, Australia

Assoc. Professor Florian Krammer
Icahn School of Medicine at Mount Sinai, New York, New York, United States

Dr. Xiaobo Liu
University of Hong Kong, Pokfulam, Hong Kong

Dr. Alexander Pasternak
University of Amsterdam, Amsterdam, Netherlands

Professor Jacob Raber
Oregon Health & Science University, Portland, Oregon, United States

Dr. Ilan Dar-Nimrod
The University of Sydney, Sydney, New South Wales, Australia

Dr. Charlotte D’Mello
University of Calgary, Calgary, Alberta, Canada

Section Editors

Associate Editors

Section Editors

Associate Editors



Dr. Kioko Guzmán-Ramos
Metropolitan Autonomous University Lerma Campus, Lerma de Villada, Mexico State, Mexico

Dr. Andreas Löw
Helmut-Schmidt-University / University of the Armed Forces Hamburg, Hamburg, Germany

Dr. Julian Macoveanu
Copenhagen University Hospital, København, Denmark

Dr. Michael Noll-Hussong
Saarland University Hospital Department of Psychiatry and Psychotherapy, Homburg, Germany

Dr. Janice Pluth
University of Nevada Las Vegas, Las Vegas, Nevada, United States

Dr. Ladislao Salmerón
University of Valencia, Valencia, Spain

Dr. Paul Sauseng
Ludwig Maximilians University Munich, Munich, Germany

Dr. Stefan Sütterlin
Oslo University Hospital, Oslo, Norway

Dr. Mario Tiberi
Ottawa Hospital Research Institute, Ottawa, Ontario, Canada

Dr. Mitchell Turker
Oregon Health & Science University, Portland, Oregon, United States

Professor Emilio Clementi
University of Milan, Milano, Italy

Dr. Martin Leonard
Toxicology Department,Centre for Radiation, Chemical and Environmental Hazards,Public Health England,
Oxfordshire, United Kingdom

Section Editors

Associate Editors



Dr. Jorge Bernardino de la Serna
Imperial College London Faculty of Medicine, London, United Kingdom

Dr. Nicolas Clere
University of Angers, Angers, France

Dr. Maxime Culot
Artois University Blood Brain Barrier Laboratory, Lens, France

Dr. Dimitrios Lamprou
Queen's University Belfast, Belfast, United Kingdom

Dr. Gerald Cleaver
Baylor University, Waco, Texas, United States

Dr. Sebastian Brauchi
University of Southern Chile, Valdivia, Chile

Dr. Saurya Das
University of Lethbridge, Lethbridge, Alberta, Canada

Dr. Jordi Faraudo
Institute of Materials Science of Barcelona, Barcelona, Spain

Dr. Suhairul Hashim
Universiti Teknologi Malaysia, Johor, Malaysia

Dr. Gunar Schnell
University of the Basque Country, Bilbao, Spain

Dr. Jun-Jun Xiao
Harbin University of Science and Technology, Haerbin, China

Dr. Mercedes Regadío

Section Editors

Associate Editors

Associate Editor



The University of Sheffield, Sheffield, United Kingdom

Professor Sergio Llana Fúnez
University of Oviedo, Oviedo, Spain

Dr. Andrea De Martino
University of Rome La Sapienza, Roma, Italy

Section Editor

ISSN: 2405-8440

Copyright © 2020 Elsevier Ltd.

About ScienceDirect

Remote access

Shopping cart

Advertise

Contact and support

Terms and conditions

Privacy policy

We use cookies to help provide and enhance our service and tailor content and ads. By continuing you agree to the use of cookies.
Copyright © 2020 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.
ScienceDirect ® is a registered trademark of Elsevier B.V.

https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/ci/pta/login/redirect/contact/supporthub/sciencedirect/p_li/linwxolGZ8ZcOQOBVwrd9x9lNh7n_dG4BV55qXY_mVLxlEWQH~1wuPE~k1oM~4kUe33WjACf7TbRh6e4tDtWFhUOvEidaYokoICKQyVITHzfDqubHhMhNcga_mpGKYhXLvPYSSNRz4fpy8TRPoSfu2CwI7IlyuUFFTZCLSliiMK~QSvbHjO_gv0uJGw6gX5v6HSPf9J_aJ6s88uIzmyaRsrrLqLyufnSCqWbbdsoQgZDDrtSqIQRQ6RRyP9sRQj_j_cOeo0~Yfm4ULT6N_WdasAcreq2twSYB3z8q3YUWm0n9CD_tcnnjUgUMOzqK_iwPdiV20aktNBJKckdXfHtPXm9a_qi0h_v8Zn~8xT3KzE*
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.sciencedirect.com/legal/use-of-cookies
https://www.relx.com/


Open access

Latest issue All issues Submit your article

Volume 5, Issue 9
September 2019

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Sign in to set up alerts

Research article Open access

S(-) and R(+) species derived from antihistaminic promethazine agent: structural and
vibrational studies
María Eugenia Manzur, Silvia Antonia Brandán
Article e02322

Download PDF Article preview

Research article Open access

 ↗

Search in this journal

https://www.sciencedirect.com/journal/heliyon
https://www.elsevier.com/about/open-science/open-access/open-access-journals
https://www.sciencedirect.com/journal/heliyon/vol/6/issue/4
https://www.sciencedirect.com/journal/heliyon/issues
https://www.editorialmanager.com/heliyon/default.aspx
https://www.sciencedirect.com/journal/heliyon/vol/5/issue/8
https://www.sciencedirect.com/journal/heliyon/vol/5/issue/10
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Fheliyon%2Fvol%2F5%2Fissue%2F9%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S2405844019359821
https://www.sciencedirect.com/science/article/pii/S2405844019359821/pdfft?md5=a49a34f73a3a554f68c1835d5a41f861&pid=1-s2.0-S2405844019359821-main.pdf
https://www.sciencedirect.com/


Minimally-Invasive midline posterior interbody fusion with cortical bone trajectory
screws compares favorably to traditional open transforaminal interbody fusion
Charles H. Crawford, Roger K. Owens, Mladen Djurasovic, Jeffrey L. Gum, ... Leah Y. Carreon
Article e02423

Download PDF Article preview

Research article Open access

Screening of bacteriocin associated genes of Streptococcus uberis strains
Mirta Lasagno, María de los Angeles Navarro, Melina Moliva, Elina Reinoso
Article e02393

Download PDF Article preview

Research article Open access

Concerns about the pathology job market dominate a popular online pathology forum
and likely deterred American medical students from pursuing pathology residency
Ryan Philip Jajosky, Mara Banks, Audrey N. Jajosky
Article e02400

Download PDF Article preview

Research article Open access

Silver/quartz nanocomposite as an adsorbent for removal of mercury (II) ions from
aqueous solutions
Rasha S. El-Tawil, Shaimaa T. El-Wakeel, Ashraf E. Abdel-Ghany, Hanaa A.M. Abuzeid, ... Ahmed M.
Hashem
Article e02415

Download PDF Article preview

Research article Open access

Motivation and E-Learning English as a foreign language: A qualitative study
Fredy Geovanni Escobar Fandiño, Luz Dary Muñoz, Angela Juliette Silva Velandia
Article e02394

Download PDF Article preview

Research article Open access

The transition state conformational effect on the activation energy of ethyl acetate
neutral hydrolysis

https://www.sciencedirect.com/science/article/pii/S2405844019360839
https://www.sciencedirect.com/science/article/pii/S2405844019360839/pdfft?md5=620287d66fc45362962c67de31448368&pid=1-s2.0-S2405844019360839-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360530
https://www.sciencedirect.com/science/article/pii/S2405844019360530/pdfft?md5=687a24ff1d4e2f9940302e28366d3382&pid=1-s2.0-S2405844019360530-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360608
https://www.sciencedirect.com/science/article/pii/S2405844019360608/pdfft?md5=0557451033a6d7f229897c6798765644&pid=1-s2.0-S2405844019360608-main.pdf
https://www.sciencedirect.com/science/article/pii/S240584401936075X
https://www.sciencedirect.com/science/article/pii/S240584401936075X/pdfft?md5=879610f6bd9d060bbb102358f4b547f6&pid=1-s2.0-S240584401936075X-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360542
https://www.sciencedirect.com/science/article/pii/S2405844019360542/pdfft?md5=90c5e150120b8cce5f7f55d99a4eef16&pid=1-s2.0-S2405844019360542-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360694


Febdian Rusydi, Nufida D. Aisyah, Rizka N. Fadilla, Hermawan K. Dipojono, ... Andrivo Rusydi
Article e02409

Download PDF Article preview

Research article Open access

The impact of culture and product on the subjective importance of user experience
aspects
Harry B. Santoso, Martin Schrepp
Article e02434

Download PDF Article preview

Research article Open access

Sensor-based occupancy detection using neutrosophic features fusion
N.S. Fayed, Mervat Abu-Elkheir, E.M. El-Daydamony, A. Atwan
Article e02450

Download PDF Article preview

Research article Open access

Contrast enhancement of surface layers with fast middle-infrared scanning
Tim Kümmel, Tobias Teumer, Patrick Dörnhofer, Frank-Jürgen Methner, ... Matthias Rädle
Article e02442

Download PDF Article preview

Research article Open access

Structural, electronic and magnetic properties of M Pt , (M= Co, Ni and V) binary
alloys
A.M. Alsaad, A.A. Ahmad, Hamzah A. Qattous
Article e02433

Download PDF Article preview

Research article Open access

Peptidylglycine monooxygenase activity of monomeric species of growth hormone
John Donlon, Patrick Ryan
Article e02436

Download PDF Article preview

x 1-X

https://www.sciencedirect.com/science/article/pii/S2405844019360694/pdfft?md5=89107d5b369c68fcef516a025e391ed6&pid=1-s2.0-S2405844019360694-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360943
https://www.sciencedirect.com/science/article/pii/S2405844019360943/pdfft?md5=adc5f0e878c71f283e532c80ef28ff27&pid=1-s2.0-S2405844019360943-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019361109
https://www.sciencedirect.com/science/article/pii/S2405844019361109/pdfft?md5=013477c335eaebe819da0fc6e8b46c2e&pid=1-s2.0-S2405844019361109-main.pdf
https://www.sciencedirect.com/science/article/pii/S240584401936102X
https://www.sciencedirect.com/science/article/pii/S240584401936102X/pdfft?md5=f976342ab8daa3fca1cc9176bc820672&pid=1-s2.0-S240584401936102X-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360931
https://www.sciencedirect.com/science/article/pii/S2405844019360931/pdfft?md5=4dc601b36b41ca15d07aa2eb4f542c82&pid=1-s2.0-S2405844019360931-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360967
https://www.sciencedirect.com/science/article/pii/S2405844019360967/pdfft?md5=7b26d4132d8dd06042a98a068ca9457a&pid=1-s2.0-S2405844019360967-main.pdf


Research article Open access

Study of novel triazolo-benzodiazepine analogues as antidepressants targeting by
molecular docking and ADMET properties prediction
Assia Belhassan, Hanane Zaki, Mohamed Benlyas, Tahar Lakhlifi, Mohammed Bouachrine
Article e02446

Download PDF Article preview

Research article Open access

Pyroprocessing and the optimum mix ratio of rice husks, broken bricks and spent
bleaching earth to make pozzolanic cement
Protus Nalobile, Jackson Muthengia Wachira, Joseph Karanja Thiong'o, Joseph Mwiti Marangu
Article e02443

Download PDF Article preview

Research article Open access

Supersymmetric approach to coherent states for nonlinear oscillator with spatially
dependent effective mass
M. Tchoffo, F.B. Migueu, M. Vubangsi, L.C. Fai
Article e02395

Download PDF Article preview

Research article Open access

Investigation effects of extracted compounds from shell and cluster of pistachio nut on
the inactivation of free radicals
Morteza Mohammadi, Mohammad Ghorbani, Adel Beigbabaei, Samira Yeganehzad, Alireza Sadeghi-
Mahoonak
Article e02438

Download PDF Article preview

Research article Open access

Unsteady computational fluid dynamics analysis of the hydrodynamic instabilities in a
reversible Francis turbine used in a storage plant
S. Mauro, R. Lanzafame, S. Brusca, M. Messina
Article e02441

Download PDF Article preview

https://www.sciencedirect.com/science/article/pii/S2405844019361067
https://www.sciencedirect.com/science/article/pii/S2405844019361067/pdfft?md5=3bc9e92ef074d3ae37b05d81171a9b9e&pid=1-s2.0-S2405844019361067-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019361031
https://www.sciencedirect.com/science/article/pii/S2405844019361031/pdfft?md5=bd36b8af54d2b67f1db88503ce54d49d&pid=1-s2.0-S2405844019361031-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360554
https://www.sciencedirect.com/science/article/pii/S2405844019360554/pdfft?md5=15f74fd3e2a1eba1ee0ecc786180dc96&pid=1-s2.0-S2405844019360554-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360980
https://www.sciencedirect.com/science/article/pii/S2405844019360980/pdfft?md5=281cdcf297c97b0ba8f407297b98cfed&pid=1-s2.0-S2405844019360980-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019361018
https://www.sciencedirect.com/science/article/pii/S2405844019361018/pdfft?md5=dde8441196ba4fb2c9ca3a9f7812e798&pid=1-s2.0-S2405844019361018-main.pdf


Research article Open access

Preparation and evaluation of ZnO nanoparticles by thermal decomposition of MOF-5
Shirin Hajiashrafi, Negar Motakef Kazemi
Article e02152

Download PDF Article preview

Research article Open access

Polypropylene and tire powder composite for use in automotive industry
Kelly C. de Lira Lixandrão, Fabio F. Ferreira
Article e02405

Download PDF Article preview

Research article Open access

Effect of Mo on the catalytic activity of Ni-based self-organizing catalysts for processing
of dichloroethane into segmented carbon nanomaterials
Yury I. Bauman, Yulia V. Rudneva, Ilya V. Mishakov, Pavel E. Plyusnin, ... Roman A. Buyanov
Article e02428

Download PDF Article preview

Research article Open access

Coverage, quality, and correlates of childhood immunization in slums under national
immunization program of India: A cross-sectional study
Sanjeev Singh, Damodar Sahu, Ashish Agrawal, Lakshmanan Jeyaseelan, ... Meeta Dhaval Vashi
Article e02403

Download PDF Article preview

Review article Open access

A systematic review of behavioral health interventions for suicidal and self-harming
individuals in prisons and jails
Natalie Winicov
Article e02379

Download PDF Article preview

Research article Open access

Numerical integration strategies of PFR dynamic models with axial dispersion and
variable superficial velocity: the case of CO  capture by a solid sorbent2

https://www.sciencedirect.com/science/article/pii/S2405844019358128
https://www.sciencedirect.com/science/article/pii/S2405844019358128/pdfft?md5=2103f2278d9a7cb3a1f4dc8c6cbb3f09&pid=1-s2.0-S2405844019358128-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360657
https://www.sciencedirect.com/science/article/pii/S2405844019360657/pdfft?md5=0d887ceef3469073d490fc65a72349fc&pid=1-s2.0-S2405844019360657-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360888
https://www.sciencedirect.com/science/article/pii/S2405844019360888/pdfft?md5=0192cb7d3bc2ebafb0e8fe6abc25a3e4&pid=1-s2.0-S2405844019360888-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360633
https://www.sciencedirect.com/science/article/pii/S2405844019360633/pdfft?md5=a4f7b15ee56f10d6f03a7d4815d606a2&pid=1-s2.0-S2405844019360633-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360396
https://www.sciencedirect.com/science/article/pii/S2405844019360396/pdfft?md5=cd5a48830936d2506b58dc3c5b5177f2&pid=1-s2.0-S2405844019360396-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019357007


A. Di Giuliano, E. Pellegrino
Article e02040

Download PDF Article preview

Review article Open access

A meta-analysis of suprapatellar versus infrapatellar intramedullary nailing for the
treatment of tibial shaft fractures
Heng Xu, Fushun Gu, Jindang Xin, Chengguang Tian, Fei Chen
Article e02199

Download PDF Article preview

Research article Open access

Semi-synthesis of β-keto-1,2,3-triazole derivatives from ethinylestradiol and evaluation
of the cytotoxic activity
Thayane M. Queiroz, Erika V.M. Orozco, Valdenizia R. Silva, Luciano S. Santos, ... André L.M. Porto
Article e02408

Download PDF Article preview

Erratum Open access

Corrigendum to “CFC delta-beta is related with mixed features and response to
treatment in bipolar II depression” [Heliyon 5 (6) (June 2019) e01898]
Sermin Kesebir, Rüştü Murat Demirer, Nevzat Tarhan
Article e02286

Download PDF

Research article Open access

Predicting the degradation potential of Acid blue 113 by different oxidants using
quantum chemical analysis
Anam Asghar, Mustapha Mohammed Bello, Abdul Aziz Abdul Raman, Wan Mohd Ashri Wan Daud, ...
Sharifuddin Bin Md Zain
Article e02396

Download PDF Article preview

Research article Open access

Opsonic monoclonal antibodies enhance phagocytic killing activity and clearance of
Mycobacterium tuberculosis from blood in a quantitative qPCR mouse model

https://www.sciencedirect.com/science/article/pii/S2405844019357007/pdfft?md5=71cb2af24ec992a2150078cccd287b37&pid=1-s2.0-S2405844019357007-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019358591
https://www.sciencedirect.com/science/article/pii/S2405844019358591/pdfft?md5=64cdb68613a58655fe7562e0ddbac307&pid=1-s2.0-S2405844019358591-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360682
https://www.sciencedirect.com/science/article/pii/S2405844019360682/pdfft?md5=17b0d5392d4816c10be6d2f23a6fd8b5&pid=1-s2.0-S2405844019360682-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019359468
https://www.sciencedirect.com/science/article/pii/S2405844019359468/pdfft?md5=78e65e4d59251ca1e9320c08a73b605d&pid=1-s2.0-S2405844019359468-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360566
https://www.sciencedirect.com/science/article/pii/S2405844019360566/pdfft?md5=35ecf761b822bcc48fb5b1ab58c9176a&pid=1-s2.0-S2405844019360566-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019359201


Clara J. Sei, Bong-Akee Shey, Richard F. Schuman, Nimisha Rikhi, ... Gerald W. Fischer
Article e02260

Download PDF Article preview

Research article Open access

Biodiversity, Leishmania genetic typing and host identification of phlebotomine species
in endemic foci of southeastern Iran
Ismail Amiri Ghannat Saman, Mohammad Saaid Dayer, Majid Pirestani
Article e02369

Download PDF Article preview

Research article Open access

Interlayer structure and magnetic field-induced orientation of modified nanoclays in
polymer aqueous solution
Min Kwan Kang, Eun Jung Cha, Hyun Hoon Song, Yang Ho Na
Article e02421

Download PDF Article preview

Research article Open access

Paclitaxel-loaded sodium deoxycholate-stabilized zein nanoparticles: characterization
and in vitro cytotoxicity
Agnese Gagliardi, Sonia Bonacci, Donatella Paolino, Christian Celia, ... Donato Cosco
Article e02422

Download PDF Article preview

Research article Open access

Disruptions in the female reproductive system on consumption of calcium carbide
ripened fruit in mouse models
Enitome E. Bafor, Emmanuella Greg-Egor, Osemelomen Omoruyi, Ejiroghene Ochoyama, Glory U.
Omogiade
Article e02397

Download PDF Article preview

Review article Open access

The phytochemical and pharmacological actions of Entada africana Guill. & Perr.
A.J. Yusuf, M.I. Abdullahi

https://www.sciencedirect.com/science/article/pii/S2405844019359201/pdfft?md5=dfafcd316d82831c500c3c5365ac1e47&pid=1-s2.0-S2405844019359201-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360293
https://www.sciencedirect.com/science/article/pii/S2405844019360293/pdfft?md5=57e77c5df107b8d9e878dc11aa773268&pid=1-s2.0-S2405844019360293-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360815
https://www.sciencedirect.com/science/article/pii/S2405844019360815/pdfft?md5=235bc8a5a40e4ba6059deb1bdedbf90f&pid=1-s2.0-S2405844019360815-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360827
https://www.sciencedirect.com/science/article/pii/S2405844019360827/pdfft?md5=6969c286e5a89785d6164eda718286f9&pid=1-s2.0-S2405844019360827-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360578
https://www.sciencedirect.com/science/article/pii/S2405844019360578/pdfft?md5=51d334da8cc08c066ccd59dd8fde4f19&pid=1-s2.0-S2405844019360578-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019359924


Article e02332

Download PDF Article preview

Review article Open access

Optimization of quercetin extraction method in Dendrobium officinale by response
surface methodology
Yingpeng Zhu, Jiangliu Yu, Chunyan Jiao, Jinfeng Tong, ... Yongping Cai
Article e02374

Download PDF Article preview

Research article Open access

Cyclic β-(1, 2)-glucan blended poly DL lactic co glycolic acid (PLGA 10:90) nanoparticles
for drug delivery
Geetha Venkatachalam, Nandakumar Venkatesan, Ganesan Suresh, Mukesh Doble
Article e02289

Download PDF Article preview

Research article Open access

Assessment of fluoride intake from groundwater and intake reduction from delivering
bottled water in Chiang Mai Province, Thailand
Benyapa Sawangjang, Takashi Hashimoto, Aunnop Wongrueng, Suraphong Wattanachira, Satoshi
Takizawa
Article e02391

Download PDF Article preview

Research article Open access

Effect of gabapentin on fetal rat brain and its amelioration by ginger
Gamal M. Badawy, Marwa N. Atallah, Saber A. Sakr
Article e02387

Download PDF Article preview

Research article Open access

Low weight, socioeconomics and behavioral issues: examining a population in the
Northeast of Brazil
Maria de Jesus Torres Pacheco, Fernanda T. Orsati, Paulo Guirro Laurence, Héron Máximo da Cunha
Gonçalves, ... Elizeu Coutinho Macedo

https://www.sciencedirect.com/science/article/pii/S2405844019359924/pdfft?md5=a2ea841ce1ba6760aba9c8608087350d&pid=1-s2.0-S2405844019359924-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360347
https://www.sciencedirect.com/science/article/pii/S2405844019360347/pdfft?md5=220eb63aefe87be9fc466fbebab9893f&pid=1-s2.0-S2405844019360347-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019359493
https://www.sciencedirect.com/science/article/pii/S2405844019359493/pdfft?md5=dc2b4b5474c0ad7d7daf31831808df39&pid=1-s2.0-S2405844019359493-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360517
https://www.sciencedirect.com/science/article/pii/S2405844019360517/pdfft?md5=530677a8058e846d440e64d3f2923660&pid=1-s2.0-S2405844019360517-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360475
https://www.sciencedirect.com/science/article/pii/S2405844019360475/pdfft?md5=2bb7acf7a3b3ed7a4d7124a7be68ee4a&pid=1-s2.0-S2405844019360475-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360591


Article e02399

Download PDF Article preview

Research article Open access

Comparison between gelatin/carboxymethyl cellulose and gelatin/carboxymethyl
nanocellulose in tramadol drug loaded capsule
Ghada Kadry
Article e02404

Download PDF Article preview

Research article Open access

Microglia are both a source and target of extracellular cyclophilin A
Gurkiran Kaur Flora, Ryan S. Anderton, Bruno P. Meloni, Gilles J. Guillemin, ... Sherif Boulos
Article e02390

Download PDF Article preview

Research article Open access

Adsorption of heavy metal ions (Cu , Ni , Co  and Fe ) from aqueous solutions by
natural zeolite
T.P. Belova
Article e02320

Download PDF Article preview

Research article Open access

Oedometer based estimation of vertical shrinkage of expansive soil in a large
instrumeted soil column
Rajitha Shehan Udukumburage, Chaminda Gallage, Les Dawes
Article e02380

Download PDF Article preview

Research article Open access

Hemp to limit diffusion of difenoconazole in vegetable garden soils
Clothilde Léchenault-Bergerot, Nadia Morin-Crini, Steffi Rocchi, Eric Lichtfouse, ... Grégorio Crini
Article e02392

Download PDF Article preview

2+ 2+ 2+ 2+

https://www.sciencedirect.com/science/article/pii/S2405844019360591/pdfft?md5=eb5225d200940ab04c3402c77d9e0db4&pid=1-s2.0-S2405844019360591-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360645
https://www.sciencedirect.com/science/article/pii/S2405844019360645/pdfft?md5=9c24104513a4621fe6dd646baf98d486&pid=1-s2.0-S2405844019360645-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360505
https://www.sciencedirect.com/science/article/pii/S2405844019360505/pdfft?md5=7b45840d4740b611c56d941209561c46&pid=1-s2.0-S2405844019360505-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019359808
https://www.sciencedirect.com/science/article/pii/S2405844019359808/pdfft?md5=684e53d0b869aacb1e40ce3030a8b3c7&pid=1-s2.0-S2405844019359808-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360402
https://www.sciencedirect.com/science/article/pii/S2405844019360402/pdfft?md5=41cd19fef68c79a20ef6517ed65cfbab&pid=1-s2.0-S2405844019360402-main.pdf
https://www.sciencedirect.com/science/article/pii/S2405844019360529
https://www.sciencedirect.com/science/article/pii/S2405844019360529/pdfft?md5=43deaa2bef2804e77f21db3f54c3a513&pid=1-s2.0-S2405844019360529-main.pdf


Research article Open access

Dynamic ecological system analysis: A holistic analysis of compartmental systems
Huseyin Coskun
Article e02347

Download PDF Article preview

Research article Open access

Multi-objective future rule curves using conditional tabu search algorithm and
conditional genetic algorithm for reservoir operation
Teerawat Thongwan, Anongrit Kangrang, Haris Prasanchum
Article e02401

Download PDF Article preview

Previous vol/issue Next vol/issue

ISSN: 2405-8440

Copyright © 2020 Elsevier Ltd.

About ScienceDirect

Remote access

Shopping cart

Advertise

Contact and support

Terms and conditions

Privacy policy

We use cookies to help provide and enhance our service and tailor content and ads. By continuing you agree to the use of cookies.
Copyright © 2020 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.
ScienceDirect ® is a registered trademark of Elsevier B.V.

page 2 of 2

https://www.sciencedirect.com/science/article/pii/S2405844019360074
https://www.sciencedirect.com/science/article/pii/S2405844019360074/pdfft?md5=7f9c87dda32e2622612fa9185146acda&pid=1-s2.0-S2405844019360074-main.pdf
https://www.sciencedirect.com/science/article/pii/S240584401936061X
https://www.sciencedirect.com/science/article/pii/S240584401936061X/pdfft?md5=ca163f4d3734df648fcbbb16e9e6dded&pid=1-s2.0-S240584401936061X-main.pdf
https://www.sciencedirect.com/journal/heliyon/vol/5/issue/8
https://www.sciencedirect.com/journal/heliyon/vol/5/issue/10
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.sciencedirect.com/legal/use-of-cookies


ScienceDirect  is a registered trademark of Elsevier B.V.

https://www.relx.com/


Heliyon 5 (2019) e02409

Contents lists available at ScienceDirect

Heliyon

www.elsevier.com/locate/heliyon

The transition state conformational effect on the activation energy of ethyl 
acetate neutral hydrolysis

Febdian Rusydi a,b,c,∗, Nufida D. Aisyah b,d, Rizka N. Fadilla b,d, Hermawan K. Dipojono d, 
Faozan Ahmad e, Mudasir f , Ira Puspitasari b,g, Andrivo Rusydi h

a Department of Physics, Faculty of Science and Technology, Universitas Airlangga, Jl. Mulyorejo, Surabaya 60115, Indonesia
b Research Center for Quantum Engineering Design, Faculty of Science and Technology, Universitas Airlangga, Jl. Mulyorejo, Surabaya 60115, Indonesia
c Visiting Researcher at Precision Sciences & Technology and Applied Physics, Graduate School of Engineering, Osaka University, Suita 565-0871, Japan
d Department of Engineering Physics, Faculty of Industrial Engineering, Institut Teknologi Bandung, Bandung 40132, Indonesia
e Department of Physics, Faculty of Mathematics and Science, Institut Pertanian Bogor, Bogor 16680, Indonesia
f Department of Chemistry, Faculty of Mathematics and Science, Universitas Gadjah Mada, Yogyakarta 55281, Indonesia
g Information System Study Program, Faculty of Science and Technology, Universitas Airlangga, Jl. Mulyorejo, Surabaya 60115, Indonesia
h Department of Physics, Faculty of Science, National University of Singapore, Singapore 117542, Singapore

A R T I C L E I N F O A B S T R A C T

Keywords:

Organic chemistry
Physical chemistry
Theoretical chemistry
Long-range correction
First-principles calculations
Neutral hydrolysis
Ester
Density functional theory
Ethyl acetate
Activation energy
Conformational effect

We report a first-principles study on ethyl acetate neutral hydrolysis in which we focus on the activation energy 
variation resulting from the conformational effect in the transition state. We use the conformers of ethyl formate, 
ethyl acetate, ethyl fluoroacetate, and ethyl chloroacetate as the ester models and one water molecule with a 
one-step reaction mechanism. We also consider the long-range interaction and the surrounding water in the form 
of PCM. Our results show that the various conformers yield a significant range of activation energy. Moreover, 
the gauche conformer has lower activation energy than the trans conformer. The activation energy in its own 
right is lowered by the halogen atoms. Finally, we remark that the long-range correction and PCM stabilize the 
transition state geometry but raise the activation energy.

1. Introduction

It is commonly known that neutral hydrolysis of an ester is generally 
slow. For instance, the rate constants (in 1/s) of methyl acetate and 
ethyl acetate are an order of 10−9 [1] and 10−10 [2] respectively. An 
ester (R CO2 R′) with a long chain also has low rate constant such 
as achetylcholine [R=CH3, R′=C2H4N+(CH3)3] with a rate constant of 
an order of 10−9 [3]. The rate constant is higher when halogenated 
substitution is introduced to the ester. For instance, the alkyl- and aryl-
substituted trifluoroacetates (with R′=CnH2n+1, 𝑛 = 3, 4, and 5) has an 
order of 10−6 [4], chloromethyl chloroacetate has an order of 10−5 [5], 
while ethyl trifluorothiolacetate (CF3COSC2H5) has a rate constant with 
an order of 10−3 [6].

Even though it is slow, the neutral hydrolysis is part of the measured 
rate constant. The measured rate constant, 𝑘m, is

* Corresponding author at: Department of Physics, Faculty of Science and Technology, Universitas Airlangga, Jl. Mulyorejo, Surabaya 60115, Indonesia.
E-mail address: rusydi@fst.unair.ac.id (F. Rusydi).

𝑘m = 𝑘0 + 𝑘a + 𝑘b

where the first term is the rate constant of neutral hydrolysis and the 
last two terms are the rate constant of the acid- and base-induced hy-
drolysis, respectively. Since 𝑘0 is experimentally difficult to obtain, it is 
common to apply some extrapolation technique [7]. Following an ar-
gument presented by Wolfenden and Yuan [3], neutral hydrolysis of 
an ester might emerge as the predominant factor at an elevated tem-
perature. If it is the case, neutral hydrolysis cannot be ignored and 
becomes important, especially when one is interested to study biochem-
istry based on the achetylcholine hydrolysis.

However, the mechanism of neutral hydrolysis of an ester is not fully 
understood [8] and its theoretical study is very limited [9]. One way to 
respond to this challenge is by using a computational approach where 
a reaction is modeled and studied under first-principles calculations. 
A common modeling approach is to involve water molecules that act as 
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(i) Isolated reactant is state 1a; Transition State (TS) is state 1b; isolated product is state 1c.
(ii) Abbreviation Et, W, and Ca are used as molecule names throughout the manuscript.

Scheme 1. The one-step reaction model in this study.

Table 1

Selected ester models based on Scheme 1. The R′-group is always C2H5.
R Ester (Label) Reaction product

H Ethyl formate (Et1) Ca1 + Ethanol
CH3 Ethyl acetate (Et2) Ca2 + Ethanol
CH2F Ethyl fluoroacetate (Et3) Ca3 + Ethanol
CH2Cl Ethyl chloroacetate (Et4) Ca4 + Ethanol

a bifunctional acid-base catalyst [10, 11, 12, 13], to model the aqueous 
as a reaction field [14, 15], or to combine both methods [8, 16].

The study of neutral hydrolysis of an ester becomes interesting. It 
can be a model for acomputational study of the cholinergic hypothesis. 
The hypothesis involves the depletion of acetylcholine molecules that 
may lead to Alzheimer’s disease [17, 18]. Acetylcholine belongs to the 
ester family and has conformers [19, 20, 21, 22, 23]. The conformation 
affects its stability and activity [24, 25, 26, 27].

In this article, we report our finding on the conformational effect 
of the ester neutral hydrolysis. All aforementioned theoretical studies 
showed the importance of a transition state, but none has explored the 
different arrangement of atoms in the transition states. It is because 
most theoretical studies so far concern on the methyl acetate family 
as the ester models, hence no conformer in the transition state. A con-
former is likely to exist in an ester with an R or R′ group that has two 
or more C atoms, such as ethyl acetate. There are two previous works 
on ethyl acetate (the trans conformer) neutral hydrolysis, which are 
reported by Schmeer and Sturm [12] and Yamabe et al. [14]. The for-
mer used two H2O molecules, one of which served as the nucleophilic 
reagent and the other as the acid-base catalyst, and was calculated with 
Hatree-Fock method. The later used one H2O molecule and considered 
Onsager’s model as the water surrounding and was calculated with den-
sity functional theory method. However, no conformational effect has 
been reported. To see the variation of conformational effect, we study 
conformers of four molecule from the ethyl acetate family: ethyl for-
mate, ethyl acetate, ethyl fluoroacetate, and ethyl chloroacetate as the 
ester models. We also consider the long-range interaction and surround-
ing water as solvent effect.

2. Methods

Reaction model.We carry out the one-step mechanism to model the neu-
tral hydrolysis as shown in Scheme 1. We use four ester models as listed 
in Table 1 and notations in Table 2.

The one-step mechanism is argued by Shi et al. [9] as favored if 
tetrahedal intermediates have a short lifetime and do not interconvert 
prior to breakdown. The one-step mechanism ensures one saddle point 
between an initial state (1a) and a final state (1c) since our concern is 
on the conformational effect at the saddle point (transition state, 1b). 
As da Silva et al. [8] reported, the usual method for searching state 1b
may not work for this kind of study; therefore, we take a great care in 
ensuring that the saddle point is computationally correct.

DFT calculations. We perform the ground state calculation routines 
on the basis of density functional theory (DFT) [28, 29] and 6-
311++G(d,p) basis set that are integrated into the Gaussian 09 software 

Table 2

List of notations used throughout the manuscript.
Notation Meaning

XC1g B3LYP (gas phase)
XC2g CAM-B3LYP (gas phase)
XC1s B3LYP coupled with PCM (solvent)
XC2s CAM-B3LYP coupled with PCM (solvent)
R(X,Y) Bond length between X and Y atom (in Å)
A(X, Y, Z) ∠𝑋𝑌𝑍 (in degree)
Expr. Experimental value in gas phase
err.𝑛0 (XC𝑛g − Expr.)/Expr. (in %)
err.𝑛sg (XC𝑛s − XC𝑛g)/XC𝑛g (in %), 𝑛 = 1,2
err.21 (XC2g − XC1g)/XC1g (in %)
Δ21 XC2g − XC1g
Δsg XC𝑛s − XC𝑛g, 𝑛 = 1,2
range maximum − minimum value
rat.21 XC2g/XC1g
rat.𝑛sg XC𝑛s/XC𝑛g, 𝑛 = 1,2
rat.𝑘 ratio of maximum and minimum 𝑘(𝑇 )

[30]. For the exchange-correlation functional, we employ B3LYP [31]
and CAM-B3LYP [32] which have been integrated into the software as 
well. The former has provided good prediction in our previous studies 
on molecular orbital interaction problems [33, 34, 35, 36], excitation 
in solvent problems [37, 38], and reaction path coordinate to calculate 
the tunneling probability [39, 40, 41]. Meanwhile, the latter is needed 
to consider the correction of the long-range interaction in states 1a, 1b, 
and 1c. We consider the surrounding water as a perturbation to the sys-
tems of interest such that we can couple the DFT calculation with the 
polarized continuum model (PCM) calculation [42], which is also inte-
grated into the software. We use notations in Table 2 to simplify the 
writing of the exchange-correlation functionals and PCM coupling cal-
culations.

The Transition State Searching. We set up four steps, with the first three 
aiming to determine the correct geometry of [Et–W] complex in the 
transition state (state 1b in Scheme 1). Step one is to determine the 
electrophilic site where the water molecule may attack. We analyze the 
charge population by using NBO program [43] which is integrated into 
the Gaussian 09 software. Step two is to calculate the potential energy 
surface (PES) in the plane where the electrophilic site lies (see Fig. 1a). 
This is done by using partial optimization calculations where the dis-
tance of oxygen atom of water and the electrophilic site is fixed. The 
PES result provides a guide to construct the geometry of TS which be-
comes the input for step three: to perform TS optimization to predict 
the geometry of 1b, which is then followed by the intrinsic reaction 
coordinate (IRC) calculations. The correct TS geometries require one 
imaginary frequency to indicate that they are in the saddle point. Step 
four is to optimize the geometries at two minima predicted by IRC cal-
culations to confirm the molecular geometry in state 1a and 1c.

We perform the first three steps with XC1g. Once the geometry of 
transition state is determined (see Fig. 1b), we repeat step 3 and 4 with 
XC2g, XC1s, and XC2s.

Possible Transition State Conformers. Fig. 1–3 show the nomenclature we 
use throughout the manuscript. There are two configurations to form 
a conformer. First is the R′ part of the ester: C3 position with respect 
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Fig. 1. Molecular model of [Et – W] complex: (a) Initial position of H2O for the potential energy surface calculation to form the complex , C1–O3 distance is 3.00 Å. 
(b) The typical optimized geometry of the complex in the transition state. Atom C3 may be positioned at (1) trans or (2) gauche.

Fig. 2. Illustration of (a) ester, (b) carboxylic acid, and (c) alcohol for nomenclature used throughout the manuscript. Label (1) is for trans and (2) is for gauche 
conformation with respect to the position of C3. One H atom bound to C2 and three H atoms bound to C4 are shown to give the illustration the correct perspective.

Fig. 3. (a) Newman projection along C1–C4 bond. The “X” is the position of H 
atom in Et2 and of halogen atom in Et3 and Et4. (b) The eclipse conformation 
is defined when “X” is at “a”, “b”, or “c”; while in staggered ones are at “d”, 
“e”, or “f”.

to C2–O1–C1 plane, which are (1) trans and (2) gauche (Fig. 1 and 2). 
Second is the R part of the ester: Orientation of “X” with respect to O 
(Fig. 3) which gives eclipsed (“a”, “b”, or “c”) and staggered (“d”, “e”, 
or “f”). Based on these two configurations, we construct conformers of 
[Et–W] complex at state 1b, along with their corresponding molecules 
at state 1a and 1c.

For simplicity, we use the following notation “molecule label(R′ – 
R configuration)”. For examples: Et2(1-a) is ethyl acetate with a trans 
R′ and a staggered R conformation; Ct2(2) is acetic acid with a gauche 
conformation , Et3(2-d) is ethyl fluoroacetate with a gauche R′ and an 
eclipsed R conformation where F atom is at “d”.

Chemical Kinetic Calculations. Our interest quantity is the activation en-
ergy. The activation energy is expressed in term of the standard Gibbs 
activation energy, Δ‡𝐺◦ that is the total energy difference between state
1b and 1a. The total energy of a state is the total electronic energy with 
a correction from Gibbs free energy. The former is the results of DFT 
calculations while the latter is the results of force constant calculations 
which is integrated into the software. We extend the usefulness of Δ‡𝐺◦

to calculate the rate constant 𝑘(𝑇 ) based on the transition-state theory 
[44],

𝑘(𝑇 ) =
𝑘𝐵 𝑇

ℎ𝑐◦
exp

[
Δ‡𝐺◦

𝑅𝑇

]
(1)

with 𝑘𝐵, ℎ, 𝑅 are the constant of Boltzmann, Planck, and molar gas, 𝑐◦ is 
the molecule’s concentration from the reactant to the transition state 
(which we assume to be 1), and 𝑇 is the temperature (which we assume 
to be the room temperature, 298.15 K).

3. Results and discussion

3.1. On the ground state structures

The effect of long-range correction. We use Et2(1-a), W, Ca2(1), and 
ethanol to investigate the effect of the long-range correction on their 
ground state structures. The reason is that these molecules are experi-
mentally well studied.

Table 3 resumes geometrical parameters from the experiment and 
our DFT calculations (gas phase). The important value here is the per-
centage error with respect to the experimental value (err.). The error in 
general is about less than 1% which corresponds to an order of 10−3 Å 
or 0.1◦. This implies both exchange-correlation functionals are excellent 
to study the ground state structures of the molecules of interest.

Table 4 lists the charge population at some selected atoms. The num-
ber of charges does not change significantly after the long-range correc-
tion is applied to the calculation. Since the charge population is directly 
related to the electronic structures of the molecule, the long-range cor-
rection does not significantly change the geometrical and electronic 
structures of the molecule of interest. Therefore, we can conclude that 
the electrophilic site clearly is at C1 for all exchange correlation func-
tional cases. A water molecule, which has a nucleophilic site at its O3 
atom, favorably attacks C1 atom. This makes the starting point of the 
hydrolysis mechanism shares similarity with that of base-induced es-
ter hydrolysis (Fig. 1a). This analysis becomes our bases on selecting 
the PES calculation, which we carry in 𝑦𝑧-plane where O1, C1, and O3 
atoms lie. Fig. 4 shows the PES calculations where the expected en-
trance of water molecule is at (𝑧, 𝑦) = (1.0, 0.0) and it has the highest 
barrier.

We also present the charge population at C1 and C4 for all esters in 
Table 5. These two atoms are close to halogen atom in Et3 and Et4. The 
long-range correction does not change significantly for the charge pop-
ulation at C4, but it does at C1 in Et3 molecules. The Δ21(C1) average 
is 0.033 e hence it makes the trend linear: the heavier halogen atom at 
C4, the more negative the C1 and the more positive the C4. This trend 
is understandable by considering that (1) the electronegativity of F and 
Cl (Et3 and Et4, respectively) is higher than C (Et2) and (2) the valence 
electrons of F is 2p while those of Cl is 3p.

The significant difference between XC1g and XC2g is the calculated 
total electronic energy (𝐸). Fig. 5 shows the energy level diagram of 
four molecules in Table 3. The diagrams clearly show that the long-
range correction consistently increases 𝐸. Except water (Fig. 5b), 𝐸
increases more than 2 eV; it is almost 4 eV in the case of Et2 (Fig. 5a). 
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Table 3

Selected geometrical parameters of ethyl acetate, water, acetic acid, and ethanol in the ground state.
Parameter Expr. DFT DFT + PCM

XC1g err.10 XC2g err.20 XC1s err.sg XC2s err.sg

(a) Ethyl acetate, Et2(1-a) (Expr. from [46])
R(C1,C4) 1.508 1.508 0.0 1.501 −0.5 1.505 −0.2 1.498 −0.2
R(C1,O1) 1.203 1.207 0.3 1.203 0.0 1.214 0.6 1.210 0.6
R(C1,O2) 1.345 1.351 0.5 1.343 0.2 1.343 −0.6 1.335 −0.6
R(C2,C3) 1.515 1.515 0.0 1.509 0.4 1.514 −0.1 1.508 −0.1
R(O2,C2) 1.448 1.450 0.1 1.440 −0.6 1.456 0.4 1.445 0.4
A(O1,C1,C4) 125.4 125.5 0.1 125.5 0.1 125.3 −0.2 125.3 −0.2
A(C4,C1,O2) 110.8 111.0 0.2 111.3 0.4 111.5 0.4 111.7 0.4
A(C3,C2,O2) 123.8 123.4 −0.3 123.2 −0.5 123.3 −0.1 123.0 −0.1
A(O2,C2,C3) 108.2 107.6 −0.5 107.6 −0.6 107.6 0.0 107.6 0.0
A(C1,O2,C2) 117.3 116.6 −0.6 116.5 −0.7 117.4 0.7 117.3 0.7

(b) Water (Expr. from [45])
R(O3,H) 0.958 0.962 0.5 0.960 0.3 0.964 0.2 0.962 0.2
A(H1,O3,H2) 104.5 105.0 0.5 105.5 0.9 104.5 −0.5 104.9 −0.6

(c) Acetic acid, Ca2(1) (Expr. from [45])
R(C1,C4) 1.520 1.504 −1.1 1.498 −1.5 1.501 −0.2 1.495 −0.2
R(C1,O3) 1.214 1.205 −0.7 1.200 −1.1 1.212 0.5 1.207 0.6
R(C1,O1) 1.364 1.359 −0.4 1.350 −1.0 1.351 −0.6 1.343 −0.5
R(C4,H) 1.100 1.088 −1.1 1.087 −1.2 1.087 0.0 1.086 0.0
A(C4,C1,O3) 126.6 126.2 −0.3 126.2 −0.4 125.9 −0.2 125.9 −0.2
A(C4,C1,O1) 110.6 111.5 0.8 111.7 1.0 111.9 0.4 112.1 0.4

(d) Ethanol (Expr. from [45])
R(C2,C3) 1.512 1.517 0.3 1.511 −0.1 1.517 0.0 1.511 0.0
R(C3,H) 1.090 1.093 0.2 1.091 0.1 1.093 0.0 1.092 0.1
R(C2,H) 1.100 1.099 −0.1 1.097 −0.3 1.097 −0.2 1.095 −0.2
R(C2,O2) 1.431 1.431 0.0 1.422 −0.6 1.438 0.5 1.430 0.5
R(O2,H1) 0.971 0.962 −1.0 0.960 −1.2 0.963 0.2 0.962 0.2
A(C2,C3,H) 110.0 110.5 0.5 110.4 0.4 110.8 0.3 110.7 0.3
A(C3,C2,H) 111.0 110.1 −0.8 110.2 −0.8 110.4 0.2 110.4 0.2
A(C3,C2,O2) 107.8 108.0 0.2 107.9 0.1 108.4 −0.4 108.3 0.4

Table 4

The charge population (in unit e) at selected atoms in ground state from NBO calculations.
Atom DFT DFT + PCM

XC1g XC2g Δ21 XC1s Δsg XC2b Δsg
(a) Ethyl acetate, Et2(1-abc)
O1 −0.600 −0.609 −0.009 −0.650 −0.050 −0.659 −0.009
O2 −0.575 −0.580 −0.005 −0.571 0.004 −0.576 −0.005
C1 0.809 0.822 0.013 0.826 0.017 0.840 0.014
C2 −0.034 −0.039 −0.005 −0.034 0.000 −0.039 −0.005
C3 −0.590 −0.598 −0.008 −0.593 −0.003 −0.602 −0.009
C4 −0.668 −0.677 −0.009 −0.672 −0.004 −0.682 −0.010

(b) Water
H1 0.457 0.460 0.003 0.477 0.020 0.480 0.020
O3 −0.913 −0.920 −0.007 −0.953 −0.040 −0.960 −0.040

(c) Acetic acid, Ca2(1)
O1 −0.696 −0.703 −0.007 −0.697 −0.001 −0.704 −0.001
O3 −0.595 −0.604 −0.009 −0.643 −0.048 −0.652 −0.048
C1 0.799 0.811 0.012 0.817 0.018 0.830 0.019
C4 −0.679 −0.688 −0.009 −0.682 −0.003 −0.693 −0.005

(d) Ethanol
H1 0.455 0.459 0.004 0.473 0.018 0.477 0.018
O2 −0.743 −0.748 −0.005 −0.776 −0.033 −0.781 −0.033
C2 −0.023 −0.027 −0.004 −0.024 −0.001 −0.029 −0.002
C3 −0.592 −0.600 −0.008 −0.596 −0.004 −0.605 −0.005

While our results show the dominance of the long-range interaction 
in the individual molecule, the increasing 𝐸 compensates each other, 
hence the net energy of the product and the reactant (reaction energy) is 
relatively constant. The reaction energy is +0.08 eV and +0.10 eV from 
XC1g and XC2g calculations, respectively. The long-range correction 
insignificantly raises the value by 0.02 eV.

The effect of surrounding water. We also provide the results of DFT cou-
pled with PCM in Table 3 (geometry), Table 4 (charge population), and 
Fig. 5 (level energy diagram). The geometry does not change (most val-

ues of err. are less than 0.5%) with respect to the calculation in the 
gas phase. The number of charge changes at some atoms by an order 
of 10−2 e and this is significantly changes the frontier molecular orbital 
wave functions as we have encountered in our previous studies [37, 
38]. The perturbation from surrounding waters stabilizes the individ-
ual molecule in such a way that the net energy does not change. The 
reaction energy is 0.10 eV and 0.12 eV with XC1s and XC2s, respec-
tively. The long-range correction improves the value by 0.02 eV, which 
is exactly the same value in the gas phase case.
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Table 5

Charge population from NBO calculation at C1 and C4 of the conformers in the ground state.
Conformer C1 C4

XC1g XC2g Δ21 XC1g XC2g Δ21

Et1(1) 0.664 0.673 0.009 0.116 0.120 0.004
Et1(2) 0.661 0.670 0.009 0.117 0.122 0.005

Et2(1-a) 0.809 0.822 0.013 −0.668 −0.677 −0.009
Et2(2-a) 0.808 0.821 0.013 −0.668 −0.677 −0.009

Et3(1-a) 0.769 0.805 0.036 −0.447 −0.458 −0.011
Et3(1-b) 0.770 0.801 0.031 −0.421 −0.436 −0.015
Et3(1-c) 0.770 0.801 0.031 −0.421 −0.436 −0.015
Et3(2-a) 0.768 0.804 0.036 −0.447 −0.459 −0.012
Et3(2-b) 0.769 0.801 0.032 −0.422 −0.437 −0.015
Et3(2-c) 0.769 0.800 0.031 −0.421 −0.435 −0.014

Et4(1-a) 0.792 0.781 −0.011 0.006 0.002 −0.004
Et4(1-b) 0.786 0.783 −0.003 0.006 0.002 −0.004
Et4(1-c) 0.786 0.783 −0.003 0.006 0.002 −0.004
Et4(2-a) 0.791 0.781 −0.010 0.006 0.001 −0.005
Et4(2-b) 0.786 0.782 −0.004 0.006 0.002 −0.004
Et4(2-c) 0.785 0.782 −0.003 0.006 0.002 −0.004

Fig. 4. Potential energy surface of water molecule attacking the electrophilic 
site of ethyl acetate according to Fig. 1a scenario.

3.2. On the transition state structure

The typical optimized geometry of [Et–W] complex at the saddle 
point is presented in Fig. 1b. All results have one imaginary frequency 
as it is required for a TS structure. All imaginary frequencies belong to 
the normal mode involving the motion of H1 between O2 and O3. The 
geometry provides us some possible conformers of the [Et–W] complex. 
Our calculations determine more than one optimized conformer of each 
[Et–W] complex: two for [Et1–W] and [Et2–W] and three for [Et3–W] 
and [Et4–W]. Optimization calculations always end up with water in 
the positive 𝑧-axis in the gauche conformation and orientate CH3 at C4 
to either the (a) staggered or (d) eclipsed conformation.

The IRC calculations ensure the optimized geometries of [Et–W] are 
at the correct transition state according to Scheme 1. Fig. 6 shows the 
IRC calculation results (only two extreme cases plotted for [Et3–W] and 
[Et4–W]). All transition state geometries lead exactly to state 1a and
1c. Therefore, Fig. 1b is indeed the typical geometry at state 1b.

Table 6, 7, 8, and 9 display four important geometrical parameters 
of [Et–W] in the transition state. They are the distance of C1–O2 (𝑅1), 
O3–H1 (𝑅2), C1–O3 (𝑅3), and O2–H1 (𝑅4), respectively. The favorable 
condition for hydrolysis is the elongation of 𝑅1 and 𝑅2 with respect to 
the state 1a and a short distance of 𝑅3 and 𝑅4. In case of Et2, using 
XC1g, 𝑅1 and 𝑅2 significantly elongate to 33.2% and 27.8%, respec-
tively. 𝑅1 and 𝑅2 in all [Et–W] complexes are 1.73 Å and 1.19 Å on 
average, respectively. Since C O in gas phase experimentally 1.48 Å 
[45], all [Et–W] complexes show a tendency to cleavage Et forming Ca 
and ethanol. Meanwhile, 𝑅3 and 𝑅4 determine the stability of transi-
tion state geometry: the shorter the values, the stronger the interaction 

between Et and W in [Et–W] complexes, which implies more stable ge-
ometry. In that sense, the most stable conformation is gauche (in case of 
[Et1–W] and [Et2–W]) and eclipsed with a halogen atom at “e” position 
(in case of [Et3–W] and [Et2–W]).

The effect of long-range correction and surrounding water. The value of 
err.21 and err.sg in Table 6, 7, 8, and 9 show the effect of the long-
range correction and the surrounding water. Overall, the effect is more 
significant in [Et–W] complex (state 1b) than in individual molecules of 
Et and W (state 1a) and Ca and alcohol (state 1c). The significant effect 
of the long-range correction is on 𝑅1 and 𝑅3. Both parameters involve 
C O bond. When we consider the ground state analysis (Fig. 5), the 
results show a tendency of XC1s significantly affecting molecules with 
C O bond. It explains qualitatively as to how XC1s raises 𝐸 of ethyl 
acetate almost twice as much as the acetic acid and ethanol (see Fig. 5): 
ethyl acetate has two C O bonds, acetic acid has one O C O, and 
ethanol only has one C O.

We extend the discussion on [Et2–W] geometry in the transition 
state. Our results are comparable with the work of Yamabe et al. [14]. 
Table 10 resumes the comparison between these two works. Overall, 
our results are far from the results of [14]. In the water surrounding 
model, it is clear that PCM and Onsager’s model yields a significant 
difference in geometry. The difference can be understood as follows. 
Both PCM and Onsager’s model create a cavity to simulate the reaction 
field, but the method to make the cavity is completely different.

3.3. On the conformational effect

We evaluate the conformational effect on geometry based on the 
value of range in Table 6, 7, 8, and 9. The wider the range means the 
more significant the conformer variation of the complex. In our case, 
the overall range is in an order of 10−2 Å. Furthermore, we find two 
trends. First, the range is wider in the presence of a halogen atom (Et3 
and Et4). Second, the long-range correction and the surrounding water 
significantly affect the ranges of 𝑅1 and 𝑅2 of [Et1–W] and [Et2–W]. 
These two trends imply that the conformer of ethyl acetate has a signif-
icant effect when it is forming a complex with water in the transition 
state. Accordingly, the figure 10−2 Å is a significant range for this study.

The difference in geometry directly affects the activation energy 
(Δ‡𝐺◦) as displayed in Table 11. We highlight three points from the 
table as follows.

First of all, there is a general trend of Δ‡𝐺◦ in the presence of the 
halogen atom in esters. This result is consistent with the charge pop-
ulation at C1 of ester in the ground state (Table 5) and 𝑅3 (Table 6). 
Charge population at C1 is more negative in the presence of halogen 
atom (Et2 versus Et3 and Et4), so it provides more charges to form a 
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Fig. 5. Energy level diagram of molecules in Table 3, for (a) ethyl acetate, (b) water, (c) acetic acid, and (d) ethanol. The calculated energy by XC1g is set to be the 
reference.

Fig. 6. Reaction path calculations based on the optimized geometry of [Et–W] complexes for the case of (a) Et1, (b) Et2, (c) Et3, and (d) Et4 with the conformations 
are shown in the legend. The peak of path is the saddle point which is the transition state (1b), to the left is the initial state (1a) and to the right is the final state 
(1c). The energy reference is the 1a of each system, so the height corresponds to the energy barrier of each reaction with 𝑑 as the difference in energy barrier 
between two different conformers. (Table 11 lists the complete value of energy barrier for all reactions of interest.)

covalent bond with O3 from H2O (shorter 𝑅3). The elongation of 𝑅1
(Table 6) supports the C1–O3 bonding formation and directly deter-
mines the value of Δ‡𝐺◦. There is an exception in “d” conformation, 
where 𝑅1 is shorter, making the Δ‡𝐺◦ higher than the other confor-
mations. However, the overall trend is the presence of a halogen atom 
lowers Δ‡𝐺◦, which corresponds to the higher 𝑘(𝑇 ). This is in line with 
other esters [4, 5, 6] as mentioned in the introduction. Furthermore, 
a heavier halogen atom raises 𝑘(𝑇 ) which agrees with the result by 

Schmeer and Sturm [12]. This part of results is important in our study 
because it justifies our calculation method.

Secondly, a comparison among results in the table shows the effect 
of the long-range correction and the surrounding water. The former’s 
effect alone (err.21) is less than 1% on average, while the latter’s effect 
(err.sg) is more than 7% on average. Even though err.21 in this work 
is insignificant, the exchange-correlation functional is still an impor-
tant factor. As we see in Schmeer and Sturm [12], the use of Hatree-
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Table 6

Distance of C1–O2 in the transition state (𝑅1 , in Å).
Conformer DFT DFT + PCM

XC1g XC2g err.21 XC1s err.sg XC2b err.sg

(1) [Et1–W]
(1) 1.715 1.663 −3.0 1.664 −3.0 1.615 −2.9
(2) 1.720 1.668 −3.0 1.677 −2.5 1.626 −2.5

range 0.004 0.005 0.013 0.012

(2) [Et2–W]
(1-a) 1.791 1.727 −3.6 1.746 −2.5 1.668 −3.4
(2-d) 1.793 1.726 −3.7 1.759 −1.9 1.680 −2.7

range 0.001 0.001 0.012 0.012

(3) [Et3–W]
(1-f) 1.764 1.703 −3.5 1.677 −4.9 1.619 −5.0
(1-d) 1.695 1.640 −3.2 1.654 −2.4 1.602 −2.3
(1-e) 1.712 1.654 −3.4 1.659 −3.1 1.607 −2.8
(2-f) 1.764 1.701 −3.6 1.690 −4.2 1.630 −4.1
(2-d) 1.699 1.644 −3.2 1.665 −2.0 1.612 −2.0
(2-e) 1.713 1.654 −3.4 1.671 −2.5 1.617 −2.3

range 0.069 0.063 0.035 0.028

(4) [Et4–W]
(1-f) 1.771 1.706 −3.7 1.692 −4.5 1.627 −4.6
(1-d) 1.687 1.636 −3.0 1.642 −2.6 1.595 −2.5
(1-e) 1.712 1.654 −3.4 1.657 −3.2 1.607 −2.8
(2-f) 1.771 1.704 −3.8 1.705 −3.7 1.639 −3.8
(2-d) 1.690 1.637 −3.1 1.653 −2.2 1.604 −2.0
(2-e) 1.717 1.659 −3.4 1.673 −2.6 1.619 −2.4

range 0.084 0.070 0.062 0.044

Table 7

Distance of O3–H1 in the transition state (𝑅2 , in Å).
Conformer DFT DFT + PCM

XC1g XC2g err.21 XC1s err.sg XC2b err.sg

(1) [Et1–W]
(1) 1.236 1.232 −0.3 1.263 2.2 1.245 1.1
(2) 1.227 1.221 −0.4 1.248 1.8 1.231 0.7

range 0.009 0.010 0.015 0.014

(2) [Et2–W]
(1-a) 1.228 1.224 −0.4 1.268 3.2 1.257 2.6
(2-d) 1.225 1.223 −0.2 1.258 2.7 1.245 1.8

range 0.004 0.001 0.011 0.011

(3) [Et3–W]
(1-f) 1.210 1.203 −0.6 1.251 3.4 1.237 2.8
(1-d) 1.234 1.229 −0.4 1.252 1.5 1.235 0.5
(1-e) 1.261 1.256 −0.4 1.267 0.5 1.247 −0.7
(2-f) 1.208 1.205 −0.3 1.238 2.5 1.226 1.7
(2-d) 1.227 1.221 −0.5 1.241 1.2 1.225 0.4
(2-e) 1.256 1.250 −0.5 1.256 0.0 1.236 −1.1

range 0.053 0.052 0.029 0.021

(3) [Et4–W]
(1-f) 1.203 1.200 −0.2 1.238 2.9 1.231 2.6
(1-d) 1.231 1.223 −0.6 1.248 1.4 1.231 0.6
(1-e) 1.268 1.258 −0.8 1.280 1.0 1.252 −0.5
(2-f) 1.201 1.201 0.0 1.226 2.1 1.219 1.5
(2-d) 1.227 1.221 −0.5 1.239 1.0 1.224 0.2
(2-e) 1.261 1.252 −0.7 1.267 0.5 1.243 −0.7

range 0.066 0.058 0.054 0.033

Fock method resulted in 58.74 kcal/mol and 64.47 kcal/mol of Δ‡𝐺◦.1

Furthermore, the method to model the water surrounding is also im-
portant. The use of Onsager’s model by Yamabe et al. [14] resulted in 

1 Schmeer and Sturm [12] used two waters and has one intermediate state 
and two transition states in the reaction path. The calculations were in the gas 
phase.

47.90 kcal/mol. The difference in Δ‡𝐺◦ is expected since the geometry 
is also different (see Table 10).

Lastly, the range of Δ‡𝐺◦ displays the effect of conformation. In 
XC1g, the range is 0.72, 1.07, 2.64, and 3.47 kcal/mol for Et1, Et2, Et3, 
and Et4 case, respectively. These figures give a significant ratio between 
the highest and the lowest 𝑘(𝑇 ) of each case. Since 𝑘(𝑇 ) is an expo-
nential function of negative Δ‡𝐺◦ [see Equation (1)], 0.72 kcal/mol 
(in gas phase) corresponds to 3 times increment of the rate con-
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Table 8

Distance of C1–O3 in the transition state (𝑅3 , in Å).
Conformer DFT DFT + PCM

XC1g XC2g err.21 XC1s err.sg XC2b err.sg

(1) [Et1–W]
(1) 1.780 1.731 −2.8 1.779 −0.1 1.711 −1.2
(2) 1.773 1.724 −2.8 1.771 −0.1 1.702 −1.3

range 0.007 0.008 0.008 0.009

(2) [Et2–W]
(1-a) 1.841 1.780 −3.3 1.859 1.0 1.776 −0.3
(2-d) 1.838 1.780 −3.2 1.859 1.1 1.775 −0.3

range 0.002 0.001 0.001 0.001

(3) [Et3–W]
(1-f) 1.775 1.714 −3.4 1.763 −0.7 1.692 −1.3
(1-d) 1.760 1.707 −3.0 1.756 −0.2 1.686 −1.2
(1-e) 1.829 1.771 −3.2 1.792 −2.0 1.717 −3.1
(2-f) 1.774 1.717 −3.2 1.757 −1.0 1.686 −1.8
(2-d) 1.755 1.701 −3.1 1.752 −0.2 1.681 −1.2
(2-e) 1.824 1.766 −3.2 1.789 −1.9 1.712 −3.1

range 0.074 0.070 0.040 0.035

(4) [Et4–W]
(1-f) 1.775 1.716 −3.3 1.759 −0.9 1.690 −1.5
(1-d) 1.749 1.695 −3.1 1.739 −0.5 1.671 −1.4
(1-e) 1.835 1.772 −3.4 1.808 −1.5 1.724 −2.7
(2-f) 1.774 1.718 −3.2 1.754 −1.2 1.687 −1.8
(2-d) 1.746 1.694 −3.0 1.736 −0.6 1.670 −1.4
(2-e) 1.832 1.773 −3.3 1.806 −1.4 1.726 −2.6

range 0.088 0.079 0.072 0.055

Table 9

Distance of O2–H1 in the transition state (𝑅4 , in Å).
Conformer DFT DFT + PCM

XC1g XC2g Δ21 XC1s Δsg XC2b Δsg
(1) [Et1–W]
(1) 1.187 1.185 −0.2 1.169 −1.6 1.181 −0.3
(2) 1.195 1.194 −0.1 1.180 −1.2 1.192 −0.1

range 0.008 0.009 0.011 0.012

(2) [Et2–W]
(1-a) 1.190 1.187 −0.3 1.158 −2.7 1.163 −2.0
(2-d) 1.192 1.187 −0.4 1.165 −2.3 1.171 −1.3

range 0.002 0.000 0.007 0.008

(3) [Et3–W]
(1-f) 1.212 1.213 0.1 1.181 −2.5 1.191 −1.8
(1-d) 1.193 1.192 −0.1 1.180 −1.1 1.193 0.0
(1-e) 1.167 1.166 −0.1 1.167 0.1 1.182 1.4
(2-f) 1.213 1.210 −0.2 1.175 −3.1 1.200 −0.9
(2-d) 1.199 1.199 0.0 1.199 0.0 1.200 0.1
(2-e) 1.170 1.170 −0.0 1.170 −0.0 1.190 1.7

range 0.046 0.048 0.032 0.018

(4) [Et4–W]
(1-f) 1.218 1.215 −0.2 1.191 −2.2 1.195 −1.7
(1-d) 1.197 1.199 0.2 1.186 −0.9 1.199 −0.0
(1-e) 1.160 1.163 0.2 1.156 −0.4 1.176 1.1
(2-f) 1.218 1.213 −0.5 1.200 −1.5 1.204 −0.7
(2-d) 1.200 1.201 0.1 1.193 −0.6 1.204 0.3
(2-e) 1.164 1.166 0.1 1.164 0.0 1.181 1.3

range 0.058 0.053 0.044 0.028

Table 10

Result comparison on [Et2–W] in the transition state.
Parameter Ref. [14] XC1s err. XC2s err.

𝑅1 1.790 1.746 −2.4 1.668 −6.8
𝑅2 1.203 1.268 5.4 1.257 4.4
𝑅3 1.802 1.859 3.2 1.776 −1.5
𝑅4 1.221 1.158 −5.2 1.163 −4.7

Here err. is the error percentage with respect to the value from Ref. [14].
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Table 11

The standard Gibbs activation energy (in kcal/mol) from various [Et–W] conformers.
Conformer DFT DFT + PCM

XC1g XC2g err.21 XC1s err.1sg XC2b err.2sg

(1) Et1 + W → [Et1–W] → Ca1 + ethanol
(1) 52.93 53.29 0.7 56.77 7.3 56.78 6.5
(2) 52.21 52.44 0.4 55.67 6.6 55.81 6.4

range 0.72 0.85 1.10 0.96

(2) Et2 + W → [Et2–W] → Ca2 + ethanol
(1-a) 53.52 54.01 0.9 57.64 7.7 57.92 7.2
(2-d) 52.45 53.05 1.1 56.18 7.1 56.95 7.3

range 1.07 0.97 1.46 0.97

(3) Et3 + W → [Et3–W] → Ca3 + ethanol
(1-f) 53.42 53.89 0.9 57.93 8.4 57.72 7.1
(1-d) 54.86 54.35 −0.9 58.47 6.6 57.72 6.2
(1-e) 53.46 53.37 −0.2 57.80 8.1 57.13 7.0
(2-f) 52.80 53.02 0.4 56.90 7.8 56.87 7.3
(2-d) 53.67 53.53 −0.3 56.95 6.1 56.52 5.6
(2-e) 52.22 52.44 0.4 57.79 10.7 56.35 7.5

range 2.64 1.91 1.58 1.37

(4) Et4 + W → [Et4–W] → Ca4 + ethanol
(1-f) 53.10 53.57 0.9 57.57 8.4 57.28 6.9
(1-d) 55.28 54.91 −0.7 59.48 7.6 58.42 6.4
(1-e) 52.76 52.93 0.3 56.42 6.9 56.69 7.1
(2-f) 52.48 52.57 0.2 56.62 7.9 56.13 6.8
(2-d) 54.83 54.43 −0.7 58.12 6.0 57.43 5.5
(2-e) 51.81 51.96 0.3 55.83 7.8 56.19 8.1

range 3.47 2.96 3.66 2.29

Table 12

The rate constant at 298.15 K in natural logarithmic value.
Conformer DFT DFT + PCM

XC1g XC2g rat.21 XC1s rat.1sg XC2b rat.2sg

(1) Et1 + W → [Et1–W] → Ca1 + ethanol
(1) −59.88 −60.49 −0.61 −66.36 −6.48 −66.38 −5.89
(2) −58.66 −59.05 −0.39 −64.50 −5.84 −64.74 −5.69

rat.𝑘 3.37 4.20 6.40 5.14

(2) Et2 + W → [Et2–W] → Ca2 + ethanol
(1-a) −60.87 −61.70 −0.83 −67.83 −6.95 −68.30 −6.60
(2-d) −59.07 −60.08 −1.01 −65.36 −6.30 −66.66 −6.58

rat.𝑘 6.09 5.05 11.75 5.14

(3) Et3 + W → [Et3–W] → Ca3 + ethanol
(1-f) −60.71 −61.50 −0.79 −68.32 −7.61 −67.96 −6.46
(1-d) −63.14 −62.27 0.86 −69.23 −6.09 −67.96 −5.69
(1-e) −60.77 −60.62 0.15 −68.10 −7.33 −66.97 −6.35
(2-f) −59.66 −60.03 −0.37 −66.58 −6.92 −66.53 −6.50
(2-d) −61.13 −60.89 0.24 −66.66 −5.54 −65.94 −5.05
(2-e) −58.68 −59.05 −0.37 −68.08 −9.40 −65.65 −6.60

rat.𝑘 86.13 25.12 14.15 10.09

(3) Et4 + W → [Et4–W] → Ca4 + ethanol
(1-f) −60.17 −60.96 −0.79 −67.71 −7.54 −67.22 −6.26
(1-d) −63.84 −63.22 0.62 −70.93 −7.09 −69.14 −5.92
(1-e) −59.59 −59.88 −0.29 −65.77 −6.18 −66.22 −6.35
(2-f) −59.12 −59.27 −0.15 −66.11 −6.99 −65.28 −6.01
(2-d) −63.08 −62.41 0.68 −68.64 −5.55 −67.47 −5.06
(2-e) −57.99 −58.24 −0.25 −64.77 −6.79 −65.38 −7.14

rat.𝑘 349.57 145.33 473.66 47.71

stant (at 298.15 K), 1.07 kcal/mol corresponds to 6 times increment, 
2.64 kcal/mol corresponds to 86 times increment, and 3.47 kcal/mol 
corresponds to 350 times increment. Table 12 tabulates these results 
and clarifies the effect of conformation. Overall, the long-range correc-
tion and the surrounding water narrow the range, but the figures are 
still significant. Meanwhile, the gauche conformation has the highest 
𝑘(𝑇 ) and the halogen atom prefers in “e” position (staggered conforma-
tion, see Fig. 3).

4. Conclusion

We have reported the conformation in transition state significantly 
affects the activation energy of ethyl acetate neutral hydrolysis. The 
gauche conformers tend to have higher rate constant than the trans 
ones. This leads to the significant ratio between the lowest and the 
highest rate constant: from 3 to 350 times, or from 4 to 145 times after 
long-range correction (all in the gas phase). We argued that one must 

9



F. Rusydi et al. Heliyon 5 (2019) e02409

take the conformers into the consideration to study the ester neutral 
hydrolysis. Furthermore, the halogenated ethyl acetate has higher rate 
constant and the halogen atom prefers in the staggered conformation. 
The halogenation effect from our calculations is in agreement with ex-
perimental data for other ester variant. Finally, we also presented the 
long-range interaction and PCM to model the surrounding water stabi-
lize the transition state geometry but raise the activation energy from 
5.5% to 8.1%.

Declarations

Author contribution statement

Febdian Rusydi: Conceived and designed the experiments; Per-
formed the experiments; Analyzed and interpreted the data; Con-
tributed reagents, materials, analysis tools or data; Wrote the paper.

Nufida Dwi Aisyah, Rizka Fadilla: Conceived and designed the ex-
periments; Performed the experiments.

Hermawan Dipojono, Mudasir Mudasir, Andrivo Rusydi: Analyzed 
and interpreted the data.

Faozan Ahmad, Ira Puspitasari: Contributed reagents, materials, 
analysis tools or data.

Funding statement

This work was supported by Directorate General of Higher Educa-
tion, Research, and Technology Ministry, Republic of Indonesia through 
National Collaboration Research Grant number 563/UN3.14/LT/2018.

Competing interest statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

Authors thank to Lusia Silfia Pulo Boli (Research Center for Quan-
tum Engineering Design, Universitas Airlangga, Surabaya, Indonesia), 
Vera Khoirunisa (Engineering Physics Department, Institut Teknologi 
Sumatera, Lampung, Indonesia), Dr. Adhitiya Gandaryus Saputro and 
Dr. Muhammad Kemal Agusta (Engineering Physics Department, In-
stitut Teknologi Bandung, Bandung, Indonesia), Prof. Azizan Ahmad 
(Chemistry Department, Universiti Kebangsaan Malaysia, Malaysia), 
and Prof. Diño Wilson Agerico Tan and Prof. Yoshitada Morikawa (Pre-
cission Science & Technology and Applied Physics, Graduate School of 
Engineering, Osaka University, Japan) for their insight and valuable 
discussions. RNF particularly thanks to LPDP for the scholarship. All 
calculations using Gaussian 09 software are performed in the computer 
facility at the Osaka University.

References

[1] Y.H. Hsieh, N. Weinberg, S. Wolfe, The neutral hydrolysis of methyl acetate – Part 
1. Kinetic experiments, Can. J. Chem. 87 (2009) 539–543.

[2] A. Skrabal, A. Zahorka, Die Wasserverseifung des Athylazetats, Monatsh. Chem. 
53–54 (1929).

[3] R. Wolfenden, Y. Yuan, The “neutral” hydrolysis of simple carboxylic esters in water 
and the rate enhancements produced by acetylcholinesterase and other carboxylic 
acid esterases, J. Am. Chem. Soc. 133 (2011) 13821–13823.

[4] A. Moffat, H. Hunt, Solvent and chain length effects in the non-catalyzed hydrolysis 
of some alkyl and aryl trifluoroacetates, J. Am. Chem. Soc. 81 (1959) 2082–2086.

[5] E.K. Euranto, N.J. Cleve, Kinetics of the neutral hydrolysis of chloromethyl chloroac-
etate, Acta Chem. Scand. 17 (1963) 1584–1594.

[6] K.S. Venkatasubban, K.R. Davis, J.L. Hogg, Transition-state structure for the neu-
tral water-catalyzed hydrolysis of ethyl trifluorothiolacetate, J. Am. Chem. Soc. 100 
(1963) 6125–6128.

[7] J.F. Kirsch, W.P. Jencks, Nonlinear structure-reactivity correlations. The imidazole-
catalyzed hydrolysis of esters, J. Am. Chem. Soc. 86 (1964).

[8] P.L. da Silva, L. Guimarães, J.R.P. Jr., Revisiting the mechanism of neutral hydroly-
sis of esters: water autoionization mechanisms with acid or base initiation pathways, 
J. Phys. Chem. B 117 (2013) 6487–6497.

[9] Z. Shi, Y.H. Hsieh, N. Weinberg, S. Wolfe, The neutral hydrolysis of methyl acetate 
- Part 2. Is there a tetrahedral intermediate? Can. J. Chem. 87 (2009) 544–555.

[10] Y.-H. Hsieh, N. Weinberg, K. Yang, C.-K. Kim, Z. Shi, S. Wolfe, Hydration of the 
carbonyl group – acetic acid catalysis in the co-operative mechanism, Can. J. Chem. 
83 (2005) 769–785.

[11] X. Chen, C.-G. Zhan, Fundamental reaction pathways and free-energy barriers for 
ester hydrolysis of intracellular second-messenger 3–5–cyclic nucleotide, J. Phys. 
Chem. A 108 (2004) 3789–3797.

[12] G. Schmeer, P. Sturm, A quantum chemical approach to the water assisted neutral 
hydrolysis of ethyl acetate and its derivatives, Phys. Chem. Chem. Phys. 1 (1999) 
1025–1030.

[13] S. Wolfe, C.-K. Kim, K. Yang, N. Weinberg, Z. Shi, Hydration of the carbonyl group. 
A theoretical study of the cooperative mechanism, J. Am. Chem. Soc. 115 (1995) 
4240–4260.

[14] S. Yamabe, N. Tsuchida, Y. Hayashida, Reaction paths of the water-assisted neutral 
hydrolysis of ethyl acetate, J. Phys. Chem. A 109 (2005) 7216–7224.

[15] C.-G. Zhan, D.W. Landry, R.L. Ornstein, Energy barriers for alkaline hydrolysis of 
carboxylic acid esters in aqueous solution by reaction field calculations, J. Phys. 
Chem. A 104 (2000) 7672–7678.

[16] B. Kallies, R. Mitzner, Models of water-assisted hydrolyses of methyl formate, for-
mamide, and urea from combined DFT-SCRF calculations, J. Mol. Model. 4 (1998).

[17] R.T. Bartus, R.L. Dean, B. Beer, A.S. Lippa, The cholinergic hypothesis of geruatric 
memory dysfunction, Science 217 (1982) 408–417.

[18] P.T. Francis, A.M. Palmer, M. Snape, G.K. Wilcock, The cholinergic hypothesis of 
Alzheimer – disease: a review of progress, J. Neurol. Neurosurg. Psychiatry 66 
(1999) 137–147.

[19] T. Svinning, H. Sorum, A reinvestigation of the crystal structure of acetylcholine 
bromide, Acta Crystallogr., Sect. B 31 (1975) 1581–1585.

[20] M. Sax, M. Rodrigues, G. Blank, M.K. Wood, J. Pletcher, The conformation of acetyl-
choline and the crystal structure of 2, 2-dimethylbutyl 3, 5-dinitrobenzoate, Acta 
Crystallogr., Sect. B 32 (1976) 1953–1956.

[21] R.W. Behling, T. Yamane, G. Navon, L.W. Jelinski, Conformation of acetylcholine 
bound to the nicotinic acetylcholine receptor, Proc. Natl. Acad. Sci. 85 (1988) 
6721–6725.

[22] K.J. Wilson, P. Derreumaux, G. Vergoten, W.L. Peticolas, Conformational studies of 
neuroactive ligands 2. solution-state conformations of acetylcholine, J. Phys. Chem. 
93 (1989) 1351–1357.

[23] B. Hernández, P. Houzé, F. Pflëger, S.G. Kruglik, M. Ghomi, Raman scattering-based 
multiconformational analysis for probing the structural differences between acetyl-
choline and acetylthiocholine, J. Pharm. Biomed. Anal. 138 (2017) 54–62.

[24] H. Sorum, The crystal and molecular structure of acetyl choline bromide, Acta Chem. 
Scand. 13 (1959) 345–359.

[25] C. Chothia, P. Pauling, Conformation of cholinergic molecules relevant to acetyl-
cholinesterase, Nature 223 (1969) 919–921.

[26] C. Chothia, P. Pauling, The conformation of cholinergic molecules at nicotinic nerve 
receptors, Proc. Nat. Acad. Sci. 65 (1970) 477–482.

[27] T.L. Lemke, D.A. William, V.F. Roche, S.W. Zito (Eds.), Foye’s Principle of Medicinal 
Chemistry, 7th ed., Lippincott Williams & Wilkins, 2013.

[28] P. Hohenberg, W. Kohn, Inhomogeneous electron gas, Phys. Rev. 136 (1964) B864.
[29] W. Kohn, L.J. Sham, Self-consistent equations including exchange and correlation 

effects, Phys. Rev. A 140 (1965) A1133.
[30] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, J.R.C.M.A. Robb, G. Scal-

mani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.P. 
Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, 
K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. 
Nakai, T. Vreven, J.A. Montgomery Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. 
Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, T. Keith, R. Kobayashi, J. Normand, 
K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M. Cossi, N. Rega, 
J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, 
R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. 
Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, 
J.J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, 
J. Cioslowski, D.J. Fox, Gaussian 09, revision c. 01, 2010, “Gaussian Inc. Walling-
ford CT”.

[31] A.D. Becke, Density–functional thermochemistry. iii. The role of exact exchange, 
J. Chem. Phys. 98 (1993) 5648–5652.

[32] T. Yanaia, D.P. Tew, N.C. Handy, A new hybrid exchange–correlation functional 
using the coulomb-attenuating method (cam-b3lyp), Chem. Phys. Lett. 393 (2004) 
51–57.

[33] A.G. Saputro, F. Rusydi, M.K. Agusta, H. Kasai, H.K. Dipojono, Oxygen reduction 
reaction on cobalt-(6) pyrrol cluster: density functional theory study, J. Phys. Soc. 
Jpn. 81 (2012) 034703.

[34] F. Rusydi, M.K. Agusta, A.G. Saputro, H. Kasai, A first principle study on zinc por-
phyrin interaction with O2 in zinc porphyrin(oxygen) complex, J. Phys. Soc. Jpn. 81 
(2012) 124301.

10

http://refhub.elsevier.com/S2405-8440(19)36069-4/bibE8C1CFB238A5CF236FC74FD5E7D9BD6Bs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibE8C1CFB238A5CF236FC74FD5E7D9BD6Bs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB1EC5242D53E662188077D05C4117E54s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB1EC5242D53E662188077D05C4117E54s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0A240A7F4ACC6DFD91389D2536EB27A3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0A240A7F4ACC6DFD91389D2536EB27A3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0A240A7F4ACC6DFD91389D2536EB27A3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib2A76AAB4163A250BBCCE27F2D507C3CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib2A76AAB4163A250BBCCE27F2D507C3CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB575EAE84EAAFDDC4696449CE9EF3D16s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB575EAE84EAAFDDC4696449CE9EF3D16s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDE4E82FBDEAF93ECFD2FBE422539A437s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDE4E82FBDEAF93ECFD2FBE422539A437s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDE4E82FBDEAF93ECFD2FBE422539A437s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib58C04BC9CBC5E69FB5C5B264C16660CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib58C04BC9CBC5E69FB5C5B264C16660CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB91FD4AEEBE432C070D5B95821FCC4CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB91FD4AEEBE432C070D5B95821FCC4CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibB91FD4AEEBE432C070D5B95821FCC4CDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibD5242AF0C278BC546C1C9F698545B1F4s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibD5242AF0C278BC546C1C9F698545B1F4s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF69FC9DE25AA13579F0B61AF3F2C74F9s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF69FC9DE25AA13579F0B61AF3F2C74F9s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF69FC9DE25AA13579F0B61AF3F2C74F9s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB5E17D5FF936DE6138E4268C47C8DC7s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB5E17D5FF936DE6138E4268C47C8DC7s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB5E17D5FF936DE6138E4268C47C8DC7s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib69264247D6250BB01A14CF3F38E53BD6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib69264247D6250BB01A14CF3F38E53BD6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib69264247D6250BB01A14CF3F38E53BD6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib4A7B3A0A3F2503001F053410EF71A03Ds1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib4A7B3A0A3F2503001F053410EF71A03Ds1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib4A7B3A0A3F2503001F053410EF71A03Ds1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC2685BE799E7F32FB99C55F499C31546s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC2685BE799E7F32FB99C55F499C31546s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib634F35129CEC6A713A13743F33244ECDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib634F35129CEC6A713A13743F33244ECDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib634F35129CEC6A713A13743F33244ECDs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib73B0125115B4C0DDF94A555D327231FFs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib73B0125115B4C0DDF94A555D327231FFs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib070BD0B7BEBFB5BF3213631CAB55F431s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib070BD0B7BEBFB5BF3213631CAB55F431s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibAFC0A4B46C5A185185BA3BE8C21ECCDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibAFC0A4B46C5A185185BA3BE8C21ECCDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibAFC0A4B46C5A185185BA3BE8C21ECCDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDD28975E1C99544F640433E68998ECC6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDD28975E1C99544F640433E68998ECC6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib37FB26F65D75081C3A43DA2EB63966B2s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib37FB26F65D75081C3A43DA2EB63966B2s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib37FB26F65D75081C3A43DA2EB63966B2s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib75F8D4E2B683F8E68829D417ADAF0872s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib75F8D4E2B683F8E68829D417ADAF0872s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib75F8D4E2B683F8E68829D417ADAF0872s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0B5AA9110B9F579936E7EA5C4073FC93s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0B5AA9110B9F579936E7EA5C4073FC93s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib0B5AA9110B9F579936E7EA5C4073FC93s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib42B35580727B0EC5BC4786D3F7BF2901s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib42B35580727B0EC5BC4786D3F7BF2901s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib42B35580727B0EC5BC4786D3F7BF2901s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib7297D236121B1F80FDE5AFDA3C4E7A43s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib7297D236121B1F80FDE5AFDA3C4E7A43s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCDC94E3E13192597D2B12C583EFDD3BEs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCDC94E3E13192597D2B12C583EFDD3BEs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib707AF286F4F26DA50A005E5DA019F434s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib707AF286F4F26DA50A005E5DA019F434s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCC179BF93C3CBD294FE015F41A770678s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCC179BF93C3CBD294FE015F41A770678s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib599CC2A66616E4544172C96763658989s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib8E3B59B4F4AF732FC12FA5C7B26FE5FEs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib8E3B59B4F4AF732FC12FA5C7B26FE5FEs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib7B3BF4345663E6AC4CBD6109B4E6C153s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib7B3BF4345663E6AC4CBD6109B4E6C153s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3889BD78462BD7DDDC46158844D6E2D6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3889BD78462BD7DDDC46158844D6E2D6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3889BD78462BD7DDDC46158844D6E2D6s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC67CCD65D4132D0A411AC4518C7C827As1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC67CCD65D4132D0A411AC4518C7C827As1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC67CCD65D4132D0A411AC4518C7C827As1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF6B5E53981DEAD7A46775EC58D6DAF6Cs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF6B5E53981DEAD7A46775EC58D6DAF6Cs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibF6B5E53981DEAD7A46775EC58D6DAF6Cs1


F. Rusydi et al. Heliyon 5 (2019) e02409

[35] F. Rusydi, M.K. Agusta, A.G. Saputro, H. Kasai, A theoretical study of ligand effects 
on the electronic structures of ligated zinc porphyrin using density functional theory, 
J. Vac.Soc. Jpn. 57 (2014) 102–110.

[36] W.-F. Mark-Lee, F. Rusydi, L.J. Minggu, T. Kubo, M. Kassim, Bis(bipyridyl)-ru(ii)-
benzoyl-3-(pyridine-2-yl)-1h-pyrazile as potential photosensitiser: experimental and 
density functional theory study, J. Technol. 75 (2017) 117–123.

[37] F. Rusydi, A.G. Saputro, H. Kasai, A density-functional study on the change of q/b-
band intensity ratio of zinc tetraphenylporphyrin in solvents, J. Phys. Soc. Jpn. 83 
(2014) 084802.

[38] F. Rusydi, G. Shukri, A.G. Saputro, H.K. Dipojono, S. Suprijadi, Dipole strength cal-
culation based on two-level system approximation to study q/b-band intensity ratio 
of zntbp in solvent, J. Phys. Soc. Jpn. 86 (2017) 044706.

[39] R.N. Fadilla, N.D. Aisyah, H.K. Dipojono, F. Rusydi, A theoretical study of the 
rearranging trans-HCOH to H2CO via quantum tunneling with dft and wkb approx-
imation, Proc. Eng. 170 (2017) 113–118.

[40] N.D. Aisyah, R.N. Fadilla, H.K. Dipojono, F. Rusydi, A theoretical study of monodeu-
teriation effect on the rearrangement of trans-HCOH to H2CO via quantum tunneling 
with dft and wkb approximation, Proc. Eng. 170 (2017) 119–123.

[41] R.N. Fadilla, N.D. Aisyah, H.K. Dipojono, F. Rusydi, The first-principles study on the 
stability of trans-hcoh in various solvents, J. Phys. Conf. Ser. 853 (2017) 012031.

[42] A. Fortunnelli, J. Tomasi, The implementation of density functional theory within 
the polarizable continuum model for solvation, Chem. Phys. Lett. 231 (1994) 34–39.

[43] E.D. Glendening, A.E. Reed, J.E. Carpenter, F. Weinhold, NBO Version 3.1.
[44] D.A. McQuarrie, J.D. Simon, Physical Chemistry - A Molecular Approach, University 

Science Books, 1997.
[45] D.L. Lide, in: W.M. Haynes (Ed.), CRC Handbook of Chemistry and Physics, 96th 

ed., CRC Press/Taylor and Francis, Boca Raton FL, USA, 2015, pp. 9–48.
[46] K. Kuchitsu (Ed.), Structure of Free Polyatomic Molecules – Basic Data, Springer, 

Heidelberg NY, USA, 1998.

11

http://refhub.elsevier.com/S2405-8440(19)36069-4/bib72697E2AAD878882D9260D1B1544DAFFs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib72697E2AAD878882D9260D1B1544DAFFs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib72697E2AAD878882D9260D1B1544DAFFs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDABFA947369042BB60CD141F52E529B3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDABFA947369042BB60CD141F52E529B3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibDABFA947369042BB60CD141F52E529B3s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB4FD6E67A33CDA93216B032CE564D80s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB4FD6E67A33CDA93216B032CE564D80s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibCB4FD6E67A33CDA93216B032CE564D80s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3C2E044E8B2DC6DE630433C6A4388832s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3C2E044E8B2DC6DE630433C6A4388832s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib3C2E044E8B2DC6DE630433C6A4388832s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib92D33EC8838CF7A4C53D3A222836FDDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib92D33EC8838CF7A4C53D3A222836FDDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib92D33EC8838CF7A4C53D3A222836FDDCs1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC933D14E7C969B017CCC99FDC6ED21F4s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC933D14E7C969B017CCC99FDC6ED21F4s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibC933D14E7C969B017CCC99FDC6ED21F4s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib177927C57BC04C501B37889F42B63F12s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib177927C57BC04C501B37889F42B63F12s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibEC5C8103218F27AA6ECFD3F11E1A6B45s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibEC5C8103218F27AA6ECFD3F11E1A6B45s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibD7E917D2AA4FFDA855DFD9AE5E277D29s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bibD7E917D2AA4FFDA855DFD9AE5E277D29s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib9B947F6E0176A28B5E923512E82F9823s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib9B947F6E0176A28B5E923512E82F9823s1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib5F17FC6F16A250AA43692C64C30AA25Ds1
http://refhub.elsevier.com/S2405-8440(19)36069-4/bib5F17FC6F16A250AA43692C64C30AA25Ds1

