
Journal of Polymer Research

Journal home  Volumes and issues  Volume 28, issue 2

Search within journal

Volume 28, issue 2,
February 2021
43 articles in this issue

For authors

Submission guidelines

Ethics & disclosures

Open Access fees and funding

Contact the journal

Explore

Volumes and issues

Collections

Academic Edition  Corporate EditionOver 10 million scientific documents at your fingertips

Home  Impressum  Legal information  Privacy statement  California Privacy Statement  How we use cookies
Manage cookies/Do not sell my data  Accessibility  FAQ  Contact us  Affiliate program

Not logged in - 36.81.118.118
Not affiliated

© 2022 Springer Nature Switzerland AG. Part of Springer Nature.

Search Log in

Electrospun egg white/polyvinyl
alcohol fiber dressing to accelerate
wound healing
Tao Lu, Qiang Zou ... Chuan Ye

ORIGINAL PAPER

Published: 29 January 2021 Article: 67

Influence of pineapple leaf
particulate on mechanical, thermal
and biodegradation characteristics
of pineapple leaf fiber reinforced
polymer composite
Abir Saha, Santosh Kumar & Avinash Kumar

ORIGINAL PAPER

Published: 29 January 2021 Article: 66

Retraction Note to: Synthesis and characterization of a
novel locally high dense sulfonated poly (aryl ether
ketone sulfone) for DMFCs applications
Chengyun Yuan & Yinghan Wang

Retraction Note Published: 29 January 2021 Article: 65

Influence of polystyrene ligand
length on the spatial arrangement
of quantum dots within PS-b-PEO
micelles
Wei Liu & Xiangling Ji

ORIGINAL PAPER

Published: 28 January 2021 Article: 64

Dielectric and optical properties of
alumina and silica nanoparticles
dispersed poly(methyl
methacrylate) matrix-based
nanocomposites for advanced
polymer technologies
Priyanka Dhatarwal, Shobhna Choudhary &
R. J. Sengwa

ORIGINAL PAPER

Published: 27 January 2021 Article: 63

Corrosion properties of organic
polymer coating reinforced two-
dimensional nitride nanostructures:
a comprehensive review
Majid Mirzaee, Alimorad Rashidi ... Majid
Rezaei Abadchi

REVIEW PAPER

Published: 27 January 2021 Article: 62

Wound dressings based on
chitosan and gelatin containing
starch, sesame oil and banana peel
powder for the treatment of skin
burn wounds
Zhaleh Alborzi, Hossein Izadi-Vasafi &
Faezeh Ghayoumi

ORIGINAL PAPER

Published: 26 January 2021 Article: 61

The degradation of thin
poly(methyl methacrylate) films
subjected to different destructive
treatments
A. D. Berdie, A. A. Berdie & S. Jitian

REVIEW PAPER

Published: 26 January 2021 Article: 60

Pectin-based self-healing hydrogel
with NaHCO  degradability for
drug loading and release
Danyang Chen, Limin Chang ... Jianglei Qin

ORIGINAL PAPER

Published: 25 January 2021 Article: 59

3

Generation of a pH-blind/pH-
sensitive alternating surface on a
hydrophobic resin by mussel-
inspired chemistry and
investigating the effect of surface
modification on the adsorption
dynamics of some anionic colorants
Orhan Gezici & Abdullah Taner Bişgin

ORIGINAL PAPER

Published: 25 January 2021 Article: 58

A water stable Zn(II)-MOF for
luminescent detection of Fe  ion
and clinic nursing values on the
anaphylactic shock by up-
regulating the α receptor
expression
Yin-Er Yao, Bo Yang & Lei Wang

ORIGINAL PAPER

Published: 24 January 2021 Article: 57

3+

Fabrication of polystyrene-
acrylic/ZnO nanocomposite films
for effective removal of methylene
blue dye from water
Mariia Pasichnyk, Miroslava Václavíková &
Inna Melnyk

ORIGINAL PAPER

Published: 21 January 2021 Article: 56

Nano-cavitation structure
toughness mechanism and optical
properties of amphiphilic acrylate
block copolymer modified epoxy
system
Ankang Yang, Lusi Zou ... Rong Guan

ORIGINAL PAPER

Published: 21 January 2021 Article: 55

Lignin addition to polyacrylonitrile
copolymer solution and its effect
on the properties of carbon fiber
precursor
P. Porkodi, Abhilash J.K. ... Ashok Kumar

ORIGINAL PAPER

Published: 20 January 2021 Article: 54

Treatment of hemp fibres for use in
rotational moulding
Maria A. S. Oliveira, Kim L. Pickering ...
Richard J. T. Lin

ORIGINAL PAPER

Published: 20 January 2021 Article: 53

Co O  and MnO  as inexpensive
catalysts for the ring-opening
polymerization of cyclic esters
Mrinmay Mandal & Debashis Chakraborty

ORIGINAL PAPER

Published: 18 January 2021 Article: 52

2 3 2

Exploring the effect of the spacer
structure in the heterocyclic ring-
fused isoindigo-based conjugated
polymer on the charge-
transporting property
Jian-Sian Li, Yen-Wen Huang ... Chu-Chen
Chueh

ORIGINAL PAPER

Published: 16 January 2021 Article: 51

Design and in vivo evaluation of
alginate-based pH-sensing
electrospun wound dressing
containing anthocyanins
Ayben Pakolpakçıl, Bilgen Osman ... Esra
Karaca

ORIGINAL PAPER

Published: 15 January 2021 Article: 50

Starch-graft-polyacrylamide
copolymer /Fe3O4 /graphene oxide
nanocomposite: synthesis,
characterization, and application as
a low-cost adsorbent for Ni (II)
from aqueous solutions
Sh. H. Hegazy & S. K. Mohamed

ORIGINAL PAPER

Published: 15 January 2021 Article: 49

Correction to: Alginate‑chitosan/MWCNTs
nanocomposite: a novel approach for sustained release of
Ibuprofen 
Azeem Bibi, Sadiq‑ur‑Rehman ... Muhammad Imran Shahzad

Correction Published: 15 January 2021 Article: 48

The effects of the van der Waals
potential energy on the Young’s
modulus of a polymer: comparison
between molecular dynamics
simulation and experiment
Iwan H Sahputra & Andreas Echtermeyer

ORIGINAL PAPER

Published: 14 January 2021 Article: 47

Tensile strength and fracture mode
I toughness of photocurable
carbon fiber/polyether-
polythioether composites
Ricardo Acosta Ortiz, José de Jesus Ku
Herrera ... Gustavo Soria Arguello

ORIGINAL PAPER

Published: 13 January 2021 Article: 46

Progress in MgCl  supported
Ziegler-Natta catalyzed polyolefin
products and applications
Parthiv M Trivedi & Virendra Kumar Gupta

REVIEW PAPER

Published: 13 January 2021 Article: 45

2

Stepwise behavior of surface
properties caused by phase
inversion in a polymer blend filled
with dispersed iron
Yevgen Mamunya, Andrii Misiura ... Maria
Omastova

ORIGINAL PAPER

Published: 12 January 2021 Article: 44

Facile fabrication of non-spherical
thiol-functionalized organosilica
particles and their adsorption of
Ag(I)
Yanling Pan, Xin Lu ... Zhong Xin

ORIGINAL PAPER

Published: 12 January 2021 Article: 43

Fabrication of highly thermal
conductive PA6/hBN composites
via in-situ polymerization process
He-xin Zhang, Do Hyun Seo ... Keun-Byoung
Yoon

ORIGINAL PAPER

Published: 11 January 2021 Article: 42

Improvement of mechanical
properties for epoxy composites
with modified titanate whiskers via
dopamine self-oxidation
Tao Wang, Renfeng Song ... Xiaoyan Yuan

ORIGINAL PAPER

Published: 11 January 2021 Article: 41

Synthesis and evaluation of hybrid
molecularly imprinted polymers for
selective extraction of saccharin in
aqueous medium
Camila Santos Dourado, Fabiana Casarin ...
Ana Cristi Basile Dias

ORIGINAL PAPER

Published: 11 January 2021 Article: 40

Electrosynthesis of silver metal
nanocomposites in a copolymer
matrix of 1-vinyl-1,2,4-triazole and
acrylic acid
S. H. Sargsyan, A. S. Sargsyan ... K. S.
Margaryan

ORIGINAL PAPER

Published: 11 January 2021 Article: 39

X-ray diffraction and Raman study
of pressure-assisted
photopolymerization in the
ferrocene-doped C  crystals
K. P. Meletov, A. V. Kuzmin ... D. V. Konarev

ORIGINAL PAPER

Published: 11 January 2021 Article: 38

60

Structural features of functional
polysiloxanes radical and
ionic photo-curing for
laser printing applications
Pavel M. Talianov, Sergey S. Rzhevskii ... Alina
A. Manshina

ORIGINAL PAPER

Published: 08 January 2021 Article: 37

Functional nanocomposites and
their potential applications: A
review
Tufail Hassan, Abdul Salam ... Ick Soo Kim

REVIEW PAPER

Published: 08 January 2021 Article: 36

Sonochemical synthesis and
swelling behavior of Fe O
nanocomposite based on
poly(acrylamide-co-acrylic acid)
hydrogel for drug delivery
application
Rajabali Ebrahimi & Ghasem Rezanejade
Bardajee

ORIGINAL PAPER

Published: 06 January 2021 Article: 35

3 4

The effect of dynamic vulcanization
systems on the mechanical
properties and phase morphology
of PLA/NR reactive blends
Peerapong Chanthot, Nittaya
Kaeophimmueang ... Cattaleeya
Pattamaprom

ORIGINAL PAPER

Published: 06 January 2021 Article: 34

Synthesis, characterization and
environmental application of an
original adsorbent: polyaniline-
coated luffa cylindrica
Awatef Dali, Imed Eddine Boulguemh ...
Chabane Mouats

OriginalPaper Published: 06 January 2021

Article: 33

Antibacterial gauze based on the
synergistic antibacterial mechanism
of antimicrobial peptides and silver
nanoparticles
Li Chen, Jianyang Ai ... Fangying Dai

ORIGINAL PAPER

Published: 06 January 2021 Article: 32

Synthesis, gas barrier and
molecular simulation of intrinsic
high-barrier polyimide bearing
carbazole and amide
Yi-Wu Liu, Ao Tang ... Hai-Liang Zhang

ORIGINAL PAPER

Published: 06 January 2021 Article: 31

Synthesis and characterization of
poly(α-methyl β-alanine)-poly(ε-
caprolactone) tri arm star polymer
by hydrogen transfer
polymerization, ring-opening
polymerization and "click"
chemistry
Bedrettin Savaş, Efkan Çatıker ... Ergül
Meyvacı

ORIGINAL PAPER

Published: 06 January 2021 Article: 30

Effect of surface coupling agents
on the mechanical behaviour of
polypropylene/silica composites: a
molecular dynamics study
Qing-Xiang Pei, Viacheslav Sorkin ... Yong-
Wei Zhang

ORIGINAL PAPER

Published: 06 January 2021 Article: 29

Synthesis and characterization of
liquid crystalline epoxy resins to
study the effect of mesogenic
length on the physical properties
Yi-Sheng Lin, Steve Lien-Chung Hsu ... Yu-
Hsiang Hsiao

ORIGINAL PAPER

Published: 06 January 2021 Article: 28

Clickable perfluorocyclobutyl aryl
ether polymers bearing azido
groups: synthesis and post-
functionalization
Shining Li, Jianrong Wu & Yuanqin Zhu

ORIGINAL PAPER

Published: 06 January 2021 Article: 27

PLLA and cassava thermoplastic
starch blends: crystalinity,
mechanical properties, and UV
degradation
César López, Kiryl Medina ... Rose Mary
Michell

ORIGINAL PAPER

Published: 06 January 2021 Article: 26

Effect of mandrel rotation speed on
morphology and mechanical
properties of polypropylene pipes
produced by rotational shear
Junjun Wu, Zexiang Xie ... Xueqin Gao

ORIGINAL PAPER

Published: 06 January 2021 Article: 25

Submit manuscript

Sign up for alerts

https://link.springer.com/journal/10965/
https://link.springer.com/journal/10965
https://link.springer.com/journal/10965/volumes-and-issues
https://www.springer.com/journal/10965/submission-guidelines
https://www.springer.com/journal/10965/ethics-and-disclosures
https://www.springer.com/journal/10965/how-to-publish-with-us#Fees%20and%20Funding
https://www.springer.com/journal/10965/contact-the-journal
https://link.springer.com/journal/10965/volumes-and-issues
https://link.springer.com/journal/volumesAndIssues/10965?tabName=topicalCollections
https://link.springer.com/siteEdition/link
https://link.springer.com/siteEdition/rd
https://link.springer.com/
https://link.springer.com/impressum
https://link.springer.com/termsandconditions
https://link.springer.com/privacystatement
https://www.springernature.com/ccpa
https://link.springer.com/cookiepolicy
javascript:void(0);
https://link.springer.com/accessibility
https://support.springer.com/en/support/home
https://support.springer.com/en/support/solutions/articles/6000206179-contacting-us
https://www.springer.com/gp/shop/promo/affiliate/springer-nature
https://www.springernature.com/
https://www.springernature.com/
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fjournal%2F10965%2Fvolumes-and-issues%2F28-2
https://link.springer.com/article/10.1007/s10965-021-02422-3
https://link.springer.com/article/10.1007/s10965-021-02435-y
https://link.springer.com/article/10.1007/s10965-021-02421-4
https://link.springer.com/article/10.1007/s10965-021-02425-0
https://link.springer.com/article/10.1007/s10965-020-02406-9
https://link.springer.com/article/10.1007/s10965-021-02434-z
https://link.springer.com/article/10.1007/s10965-021-02427-y
https://link.springer.com/article/10.1007/s10965-020-02390-0
https://link.springer.com/article/10.1007/s10965-021-02430-3
https://link.springer.com/article/10.1007/s10965-021-02428-x
https://link.springer.com/article/10.1007/s10965-020-02407-8
https://link.springer.com/article/10.1007/s10965-021-02418-z
https://link.springer.com/article/10.1007/s10965-021-02424-1
https://link.springer.com/article/10.1007/s10965-021-02420-5
https://link.springer.com/article/10.1007/s10965-021-02414-3
https://link.springer.com/article/10.1007/s10965-020-02381-1
https://link.springer.com/article/10.1007/s10965-021-02417-0
https://link.springer.com/article/10.1007/s10965-020-02400-1
https://link.springer.com/article/10.1007/s10965-020-02275-2
https://link.springer.com/article/10.1007/s10965-020-02388-8
https://link.springer.com/article/10.1007/s10965-021-02413-4
https://link.springer.com/article/10.1007/s10965-020-02374-0
https://link.springer.com/article/10.1007/s10965-021-02412-5
https://link.springer.com/article/10.1007/s10965-021-02410-7
https://link.springer.com/article/10.1007/s10965-020-02403-y
https://link.springer.com/article/10.1007/s10965-020-02378-w
https://link.springer.com/article/10.1007/s10965-020-02405-w
https://link.springer.com/article/10.1007/s10965-020-02402-z
https://link.springer.com/article/10.1007/s10965-020-02401-0
https://link.springer.com/article/10.1007/s10965-021-02411-6
https://link.springer.com/article/10.1007/s10965-021-02409-0
https://link.springer.com/article/10.1007/s10965-021-02408-1
https://link.springer.com/article/10.1007/s10965-020-02382-0
https://link.springer.com/article/10.1007/s10965-020-02364-2
https://link.springer.com/article/10.1007/s10965-020-02365-1
https://link.springer.com/article/10.1007/s10965-020-02363-3
https://link.springer.com/article/10.1007/s10965-020-02394-w
https://link.springer.com/article/10.1007/s10965-020-02367-z
https://link.springer.com/article/10.1007/s10965-020-02371-3
https://link.springer.com/article/10.1007/s10965-020-02370-4
https://link.springer.com/article/10.1007/s10965-020-02369-x
https://link.springer.com/article/10.1007/s10965-020-02368-y
https://link.springer.com/article/10.1007/s10965-020-02366-0
https://www.editorialmanager.com/jpol/
https://www.springer.com/alerts-frontend/subscribe?journalNo=10965
BAU
Highlight



Journal of Polymer Research

Journal home  Editors

Editors

Editor-in-Chief:
Show-An Chen
Chemical Engineering Dept., National Tsing-Hua University, Taiwan,
ROC

Senior Editors:
Wen-Yen Chiu, National Taiwan University, Taipei, Taiwan
Hsin-Lung Chen, National Tsing Hua University, Hsinchu, Taiwan
Eamor M. Woo, National Cheng-Kung University, Tainan, Taiwan

Associate Editors:
Yung Chang, Chung Yuan Christian University,Taoyuan City, Taiwan
Hsin-Lung Chen, National Tsing Hua University, Hsinchu, Taiwan
Yen-Ju Cheng, National Chiao Tung University, Hsinchu, Taiwan
Chorng-Shyan Chern, National Taiwan University of Science and
Technology, Taipei, Taiwan 
Wen-Yen Chiu, National Taiwan University, Taipei, Taiwan
Shan-Hui Hsu, National Taiwan University. Taipei, Taiwan
Jing-Cherng Tsai, National  Chung Cheng University, Chia-Yi,
Taiwan
Kung-Hwa Wei, National Chiao Tung University, Hsinchu, Taiwan
Eamor M. Woo, National Cheng-Kung University, Tainan, Taiwan

Advisory Board:
Chuh-Yung Chen, National Cheng-Kung University, Tainan, Taiwan;
Wen-Chang Chen, National Taiwan University, Taipei, Taiwan;
Stephen Z.D. Cheng, University of Akron, USA;
Emo Chiellini, University of Pisa, Italy;
Charles C. Han, National Institute of Standards and Technology,
Gaithersburg, USA;
Benjamin S. Hsiao, Stony Brook University, Stony Brook, USA;
Chain-Shu Hsu, National Chiao Tung University, Hsinchu, Taiwan;
Shinzaburo Ito, Kyoto University, Japan;
Jung-Il Jin, Korea University, Seoul, Korea;
En-Tang Kang, National University of Singapore, Republic of
Singapore;
Alexei Removich Khokhlov, Lomonosov Moscow State University,
Moscow, Russia
Chung Yup Kim, Korea Institute of Science and Technology, Seoul,
Korea;
Juin-Yih Lai, Chung Yuan Christian University , Chung Li, Taiwan;
Yu-Der Lee, National Tsing Hua University, Hsinchu, Taiwan;
Bernard Lotz, CNRS, Institute of Charles Sadron, Strasbourg, France;
Chen-Chi Ma, National Tsing-Hua University, Hsinchu, Taiwan;
Lon J. Mathias, University of Southern Mississippi, Hattiesburg, USA;
Janis Matisons, Flinders University, Adelaide, Australia;
Ray Ottenbrite, Virginia Commonwealth University, Richmond, USA;
Helmut Ritter, Heinrich Heine University, Düsseldorf, Germany

For authors

Submission guidelines

Ethics & disclosures

Open Access fees and funding

Contact the journal

Explore

Volumes and issues

Collections

Publish with us

Authors & Editors

Journal authors

Publishing ethics

Open Access &
Springer

Discover content

SpringerLink

Books A-Z

Journals A-Z

Video

Other services

Instructors

Librarians (Springer
Nature)

Societies and
Publishing Partners

Advertisers

Shop on
Springer.com

About Springer

About us

Help & Support

Contact us

Press releases

Impressum

Legal

General term &
conditions

California Privacy
Statement

Rights & permissions

Privacy

How we use cookies

Manage cookies/Do
not sell my data

Accessibility

Not logged in - 36.81.118.118
Not affiliated

© 2022 Springer Nature Switzerland AG. Part of Springer Nature.

Search Authors & Editors Log in

Submit manuscript

Sign up for alerts

https://www.springer.com/journal/10965/
https://www.springer.com/journal/10965
https://www.springer.com/journal/10965/submission-guidelines
https://www.springer.com/journal/10965/ethics-and-disclosures
https://www.springer.com/journal/10965/how-to-publish-with-us#Fees%20and%20Funding
https://www.springer.com/journal/10965/contact-the-journal
https://link.springer.com/journal/10965/volumes-and-issues
https://link.springer.com/journal/volumesAndIssues/10965?tabName=topicalCollections
https://www.springer.com/gp/authors-editors
https://www.springer.com/gp/authors-editors/journal-author
https://www.springer.com/gp/authors-editors/journal-author/journal-author-helpdesk/publishing-ethics/14214
https://www.springer.com/gp/open-access
https://link.springer.com/
https://link.springer.com/books/a/1
https://link.springer.com/journals/a/1
https://link.springer.com/video
https://www.springer.com/gp/instructors
https://www.springernature.com/gp/librarians
https://www.springer.com/gp/partners
https://www.springer.com/gp/advertisers
https://www.springer.com/gp/shop
https://www.springer.com/gp/about-springer
https://www.springer.com/gp/help
https://www.springer.com/gp/help/contact
https://www.springer.com/gp/about-springer/media/press-releases
https://www.springer.com/gp/imprint/610056
https://www.springer.com/gp/standard-terms-and-conditions-of-business
https://www.springernature.com/ccpa
https://www.springer.com/gp/rights-permissions
https://www.springer.com/gp/privacy-policy
https://link.springer.com/cookiepolicy
javascript:void(0);
https://link.springer.com/accessibility
https://www.springernature.com/
https://www.springer.com/
https://link.springer.com/search?query=&search-within=Journal&facet-journal-id=10965
https://www.springer.com/authors-editors
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Fwww.springer.com%2Fjournal%2F10965%2Feditors
https://www.editorialmanager.com/jpol/
https://www.springer.com/alerts-frontend/subscribe?journalNo=10965


also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Journal of Polymer Research

COUNTRY

Netherlands

SUBJECT AREA AND CATEGORY

Chemistry

Materials Science

PUBLISHER

Springer Netherlands

H-INDEX

60
PUBLICATION TYPE

Journals

ISSN

10229760, 15728935

COVERAGE

1994-2021

INFORMATION

Homepage

How to publish in this journal

SCOPE

Journal of Polymer Research provides a forum for the prompt publication of articles concerning the fundamental and applied research of
polymers. Its great feature lies in the diversity of content which it encompasses, drawing together results from all aspects of polymer science
and technology. As polymer research is rapidly growing around the globe, the aim of this journal is to establish itself as a signi�cant
information tool not only for the international polymer researchers in academia but also for those working in industry. The scope of the journal
covers a wide range of the highly interdisciplinary �eld of polymer science and technology, including: polymer synthesis; polymer reactions;
polymerization kinetics; polymer physics; morphology; structure-property relationships; polymer analysis and characterization; physical and
mechanical properties; electrical and optical properties; polymer processing and rheology; application of polymers; supramolecular science of
polymers; polymer composites.

Join the conversation about this journal

Metrics based on Scopus® data as of April 2022

Leave a comment

Name  

Email
(will not be published)

 

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:

 

Powered by:

Follow us on @ScimagoJR

Scimago Lab, Copyright 2007-2022. Data Source: Scopus®

Edit Cookie Consent

Enter Journal Title, ISSN or Publisher Name  

Universities and research
institutions in Netherlands

Organic Chemistry

Materials Chemistry
Polymers and Plastics

Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Materials Chemistry 1999 Q2
Materials Chemistry 2000 Q3
Materials Chemistry 2001 Q2

FIND SIMILAR JOURNALS options 

1
Polymer International

GBR

75%
similarity

2
Polymer Bulletin

DEU

75%
similarity

3
Journal of Applied Polymer
Science
USA

74%
similarity

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It measures
the scienti�c in�uence of the average article in a journal,
it expresses how central to the global scienti�c

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable and
non citable documents.

Year Documents
1999 32
2000 32
2001 32

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.458
Cites / Doc. (4 years) 2000 0.273
Cites / Doc. (4 years) 2001 0.383
Cites / Doc. (4 years) 2002 0.336
Cites / Doc. (4 years) 2003 0.326
Cites / Doc. (4 years) 2004 0.533
Cites / Doc. (4 years) 2005 0.659
Cites / Doc. (4 years) 2006 0.819

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 12.50

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those not
cited during the following year.

Documents Year Value
Uncited documents 1999 73
Uncited documents 2000 82
Uncited documents 2001 69

← Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.

   SCImago GraphicaSCImago GraphicaSCImago Graphica

Explore, visuallyExplore, visuallyExplore, visually
communicate and makecommunicate and makecommunicate and make
sense of data with oursense of data with oursense of data with our
new data visualizationnew data visualizationnew data visualization
tooltooltool...

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

Materials Chemistry

Organic Chemistry

Polymers and Plastics

1999 2002 2005 2008 2011 2014 2017 2020

0

0.3

0.6

0.9

1999 2002 2005 2008 2011 2014 2017 2020

0

250

500

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

1999 2002 2005 2008 2011 2014 2017 2020

0

0.6

1.2

1.8

2.4

3

1999 2002 2005 2008 2011 2014 2017 2020

0

2k

4k

1999 2002 2005 2008 2011 2014 2017 2020

0

2

4

1999 2002 2005 2008 2011 2014 2017 2020

0

20

40

1999 2002 2005 2008 2011 2014 2017 2020

0

500

1k

1999 2002 2005 2008 2011 2014 2017 2020

0

500

1k

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=NL
https://www.scimagojr.com/journalrank.php?area=1600
https://www.scimagojr.com/journalrank.php?area=2500
https://www.scimagojr.com/journalsearch.php?q=Springer%20Netherlands&tip=pub
https://www.springer.com/journal/10965
https://www.editorialmanager.com/jpol/default.aspx
http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/
https://www.scimagoir.com/rankings.php?country=NLD
https://www.scimagojr.com/journalrank.php?category=1605
https://www.scimagojr.com/journalrank.php?category=2505
https://www.scimagojr.com/journalrank.php?category=2507
https://www.scimagojr.com/journalsearch.php?q=14456&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21445&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=13554&tip=sid&clean=0
https://www.graphica.app/
Iwan Halim Sahputra
Rectangle

Iwan Halim Sahputra
Rectangle



Your Submission JPOL-D-20-01149R1 - [EMID:fad7898c53ed8668]

From: Journal of Polymer Research (em@editorialmanager.com)

To: halimits@yahoo.com

Date: Friday, January 8, 2021 at 11:14 AM GMT+7

CC: "Andreas Echtermeyer" andreas.echtermeyer@ntnu.no

Dear Mr. Sahputra,

We are pleased to inform you that your manuscript,
"The effects of the van der Waals potential energy on the Young’s modulus of a polymer: comparison between
molecular dynamics simulation and experiment", has been accepted for publication in
the Journal of Polymer Research.

Please remember to quote the manuscript number, JPOL-D-20-01149R1, whenever inquiring about your
manuscript.

With best regards,

Show-An Chen
Editor-in-Chief
Journal of Polymer Research

===========================================================

Reviewer #1: The paper is ready for publication

Please note that this journal is a Transformative Journal (TJ). Authors may publish their research through the
traditional subscription access route or make their paper open access through payment of an article-processing
charge (APC). <a href= https://www.springernature.com/gp/open-research/transformative-journals> Find out more
about Transformative Journals</a>

**Our flexible approach during the COVID-19 pandemic**

If you need more time at any stage of the peer-review process, please do let us know. While our systems will
continue to remind you of the original timelines, we aim to be as flexible as possible during the current pandemic.

This letter contains confidential information, is for your own use, and should not be forwarded to third parties.

Recipients of this email are registered users within the Editorial Manager database for this journal. We will keep your
information on file to use in the process of submitting, evaluating and publishing a manuscript. For more information
on how we use your personal details please see our privacy policy at https://www.springernature.com/production-
privacy-policy. If you no longer wish to receive messages from this journal or you have questions regarding
database management, please contact the Publication Office at the link below.

__________________________________________________
In compliance with data protection regulations, you may request that we remove your personal registration details at
any time.  (Use the following URL: https://www.editorialmanager.com/jpol/login.asp?a=r). Please contact the
publication office if you have any questions.

mailto:andreas.echtermeyer@ntnu.no
https://www.springernature.com/gp/open-research/transformative-journals
https://www.springernature.com/production-privacy-policy.
https://www.editorialmanager.com/jpol/login.asp?a=r


Vol.:(0123456789)1 3

https://doi.org/10.1007/s10965-021-02413-4

ORIGINAL PAPER

The effects of the van der Waals potential energy on the Young’s 
modulus of a polymer: comparison between molecular dynamics 
simulation and experiment

Iwan H Sahputra1,2   · Andreas Echtermeyer1

Received: 16 October 2020 / Accepted: 7 January 2021 
© The Polymer Society, Taipei 2021

Abstract
Molecular dynamics simulation were employed to investigate the effect of changing the potential energies describing primary 
and secondary bonds on the Young’s modulus of a polymer. The energies were changed by arbitrarily modifying the param-
eters of the potential energy model function. The parameters influence the structure of the polymer and its global energy, 
eventually causing changes to the Young’s modulus. The van der Waals energy describing secondary bonds gives the most 
significant contribution to the changes. Increasing the energy increases the density and Young’s modulus. The trends are in 
agreement with experimental data.

Keywords  Van der Waals energy · Young’s modulus · Polymer · Molecular dynamics simulation

Introduction

Stiffness is one of the interesting mechanical properties 
of polymers in many applications. In most engineering 
applications, materials should not deform beyond the 
required tolerances. It is generally accepted that a material 
exposed to a certain load, has a stiffness related to the second 
derivative of the material´s potential energy and the potential 
energy of a material is related to the interactions between 
atoms.

Some research showed that the stiffness of polymers is 
related to the intermolecular forces of the polymer chains. 
For instance, Rackley et al. [1] presented that the Young´s 
modulus of a densified polystyrene was higher than for the 
original material due to effects of intermolecular forces. 
The original polystyrene had a density of 1.049 g.ml−1 
and a Young’s modulus of 3.55 GN.m−2 (average of 3 
experiments) while the densified polystyrene had a density 

of 1.055 g.ml−1 and a Young’s modulus of 3.82 GN.m−2 
(average of 4 experiments). The densification was done 
by heating the polystyrene under high pressure to above 
the glass transition temperature (high-temperature high-
pressure, HT/HP polymerization), and cooling down slowly 
to room temperature before the pressure was released. 
The densification process did not lead to forming a new 
network of the polymer chains. Thus, the authors concluded 
that this is an indication that the intermolecular forces 
largely determine the elastic properties. Moreover, HT/
HP polymerization has been reported to produce urethane 
dimethacrylate (UDMA) [2] and polymer-based composites 
[3] with improved flexural strength and density.

Holliday and White [4] reported a relationship between 
the elastic modulus perpendicular to the chain axis direction 
and the cohesive energy density for various polymers. The 
elastic moduli were measured using an X-ray approach 
that can measure the modulus of the crystalline region on 
a molecular scale. As shown in Fig. 1, the elastic modulus 
increases with cohesive energy density. In addition, Seitz 
[5] developed a semi-empirical relationship between bulk 
modulus and cohesive energy of a polymer showing that the 
modulus increases with the cohesive energy.

Cohesive energy density is the energy required to break 
all intermolecular physical links in a unit volume of the 
material. Practically, cohesive energy density is defined as 
the ratio of the energy of vaporization to the molar volume 
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both at the same temperature. However, the experimental 
determination of cohesive energy for polymers is not 
straightforward, since polymers do not evaporate. The 
cohesive energy data of polymers are usually calculated 
indirectly from dissolution or swelling measurements of 
polymers in a variety of solvents [6]. Unfortunately, the 
experimental data of cohesive energy for some polymers 
show large variations.

Molecular dynamics (MD) simulations can predict material 
properties based on the atomistic forces between atoms. 
Mechanical properties of polymers, such as Young’s modulus 
and Poisson’s ratio, obtained from the MD simulations, have 
been found to be similar to experimental measurements 
[7–15]. This means that MD simulations are a potential tool 
to simulate and study properties of new imaginary polymeric 
materials by modifying the interactions between atoms. 
Such simulations can give a better understanding on how the 
physics of polymers and work and they can potentially guide 
the development of new polymers.

Generally, interactions between atoms in the polymer 
system are represented in MD simulations by their potential 
energies, as follows:

The interactions include bonded interactions between 
atoms connected by chemical bonds and non-bonded 
interactions between atoms belonging to different chains 
or the same chain but not chemically bonded. The potential 
energies of bonded interactions are associated with the 
deviation of bond lengths, angles and rotations away from 
their equilibrium values (Ebond, Eangle and Edihedral). They 
are much stronger than the non-bonded interaction.

(1)E = Ebond + Eangle + Edihedral + Evan der Waals

The van der Waals (vdW) interactions are used to represent 
non-bonded interactions between atoms. The interactions 
include attractive and repulsive forces, due to dispersive forces 
during the fluctuations in the electronic clouds and due to 
electrons with the same spin respectively. The vdW energy 
calculated in MD simulations, thus, corresponds to cohesive 
energy measured experimentally. The Lennard–Jones 12–6 
function is typically used to describe the vdW interactions, 
which takes the following form:

where σ is the collision diameter, ε is the well depth 
constant, and r is the distance between two atoms. By 
increasing the ε parameter of a polymer, a new imaginary 
simulated type of the polymer with higher vdW energy will be 
created. Theoretically, one can keep increasing or decreasing 
the ε parameter and study its effect on the mechanical 
properties. Previous MD simulations have been performed 
to investigate the effect of ε parameter on thermodynamics 
properties of polymers melts [16] and changes in the collective 
molecular motion that accompany the observed changes in the 
properties [17].

A short time simulation of a united atom model of 
Polyethylene under cyclic loading using a standard ε 
parameter and an arbitrary higher ε parameter was performed 
by the authors of this study [14]. The simulations were done 
for cycling in load control with a constant maximum load 
for each cycle. The simulated cyclic mean strain was lower 
for the polymer with a higher ε parameter compared to 
the polymer with standard ε parameter. Further, the mean 
strain did not seem to increase with the number of cycles, 
indicating that creep was reduced. This study extends 
the work to the Young’s modulus of Polycarbonate (PC) 
using the previously developed model for PC [18]. PC 
is an amorphous polymer, which is widely used in many 
engineering applications. Various values of the ε parameter 
were chosen to investigate their effect on the vdW energy 
and the Young’s modulus was calculated at low strain 
deformation using MD simulations. In order to see how 
changing the primary bond characteristics would influence 
the results, the case of stronger bonded potentials (Ebond, 
Eangle and Edihedral) was also investigated.

Methods

System preparation

The initial structure of polycarbonate PC (C16H14O3) was 
built in the MD model using the Polymer and Amorphous 

(2)Vij = 4�
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−
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]

Fig. 1   Young’s modulus vs. cohesive energy density. Data from refer-
ence [4]
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Builder function of MAPS software [19], containing 9902 
atoms. The Dreiding potential energy parameters [20] 
were used as standard values of bonded and nonbonded 
interactions. The accuracy of the Dreiding force field has 
been tested by comparing measured and determined crystal 
structures of organic compounds, rotational barriers of a 
number of molecules and relative conformational energies 
and barriers of a number of molecules [20]. In the force 
field, charges are ignored except for peptides and nucleic 
acids systems.

MAPS creates the initial structure based on the Monte 
Carlo method combined with the recoil growth technique. 
Table 1 shows how equilibrium was approached in this 
work. An MD program designed for parallel computers, 
LAMMPS [21], was employed to perform MD simulations. 
All simulations were performed on the supercomputer at 
NTNU.

Stage 1 was done to speed up the relaxation of high 
potential energy created during the generation of the initial 
structure. Stage 2 and 3 used a temperature of 500  K, 
close to the melting temperature of PC [22]. In stage 4, the 
temperature was cooled down to room temperature (300 K). 
In stage 2–6, the time-reversible measure-preserving Verlet 
and rESPA integrators were used to integrate the equation 
of motion. Periodic boundary conditions were applied to all 
directions of the simulation box, simulating a bulk system. 
The quality of the equilibrium was checked by monitoring 
the fluctuations of energy, pressure and dimension of the 
simulation box.

Tensile testing simulations

Deformation was simulated by changing the simulation box 
in one longitudinal direction during a dynamic run. The 
other two transverse directions of the box were set to zero 
pressures, allowing the box to contract sideways. The change 

in longitudinal dimension was set at a constant engineering 
strain rate (108 s−1). The tensile strain is unitless and is defined 
as the length change divided by the original simulation box 
length.

Various values of the vdW potential´s energy parameter 
ε (see Eq. 2) were applied to investigate their effect on the 
Young’s modulus, as shown in Table  2—simulation A. 
The Dreiding ε parameters of the vdW potential for C, O, 
and H atoms were 0.0951, 0.0957, and 0.0152 kcal.mol−1 
respectively. Therefore, for instance, in the case of the 
normalized ε parameters of 2, the Dreiding ε parameters for 
C, O, and H atoms will be 0.1902, 0.1914, and 0.0304 kcal.
mol−1 respectively. Each value was set up at the beginning of 
the system preparation, i.e. stage 1.

The Young’s modulus was obtained from the slope of 
the stress–strain curve at low strain (2%). Three simulations 
were performed to calculate the Young’s modulus. In each 
simulation, the simulation box was elongated in the X, Y or Z 
direction respectively and the obtained Young’s moduli were 
averaged. Similar to real polymers, this approach investigates 
slightly different molecular structures in each case, giving 
statistically representative values of the polymer properties. 
According to the ASTM D638 (Standard Test Method for 

Table 1   Methods employed 
to reach equilibrium of the 
polymer configuration

Stage Method/technique

1 Energy minimization, using Polak–Ribiere Conjugate Gradient algorithm
Energy stopping tolerance: 10–8

2 NVT ensemble, using Langevin thermostat
Temperature: 500 K

3 NPT ensemble, using Noose-Hoover thermostat and barostat
Temperature: 500 K
Pressure: 0 atm

4 NPT ensemble, using Noose-Hoover thermostat and barostat
Temperature: 500 K to 300 K
Pressure: 0 atm

5 NVT ensemble, using Langevin thermostat
Temperature: 300 K

6 NPT ensembles, using Noose-Hoover thermostat and barostat
Temperature: 300 K
Pressure: 0 atm

Table 2   Factors applied to the parameters of standard bonds

Parameter Simulation

A B C

Bond 1 10 10
Angle 1 10 10
Dihedral 1 1 10
Van der Waals (ε) 0.5, 0.75, 1, 

1.25,
1.5, 1.75, 2, 

5, 10

0.5, 1, 2, 5, 10 0.5, 1, 2, 5, 10
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Tensile Properties of Plastics), several test specimens are 
needed for obtaining properties of isotropic polymers. The 
properties should not vary significantly from one orientation 
to the other. For anisotropic polymers, several series of 
specimens are needed to be tested normal to and parallel 
to the principle axis of anisotropy. For each series of tests, 
the arithmetic mean of all measured values is calculated and 
reported as the “average value” for the particular property in 
question.

The effect of the ε parameter of the vdW potential on the 
Young’s modulus was initially investigated for standard PC. 
The other bonding energies describing the primary bonds 
along the chain´s backbone (Ebond, Eangle and Edihedral) had 
the typical values for PC. In order to see how changing the 
primary bond characteristics would influence the results, 
the cases of stronger bonding potentials (Ebond, Eangle 
and Edihedral) were also investigated, as shown in Table 2 
– simulations B and C.

In addition to room temperature (300 K), the effect of the 
ε parameters of the vdW potential on the Young’s modulus 
was also investigated at very low temperature. The previous 
system at 300 K was used and cooled down to 0.1 K. The 
next stage was done within the NVT ensemble at 0.1 K. The 
final stage was carried out within the NPT ensemble.

Results and discussion

Young´s modulus vs. local van der Waals potential 
energy

This study set out investigating the effect of the potential 
depth parameter (ε) of the van der Waals (vdW) potential on 
the Young´s modulus of an amorphous polymer resembling 
poly carbonate PC. The ε parameter controls the depth of the 
local vdW potential energy acting between polymer chains.

Figure 2 presents the effect of the ε parameter on the 
predicted Young’s modulus from simulations at 300 K and 
at 0.1 K. The error bars refer to the standard error of the 
Young’s modulus calculated by the following equation:

where σ is standard deviation and n is number of 
measurement.

Increasing the ε parameter increases the calculated 
Young’s modulus. It can be seen that there is a linear 
relationship between the ε parameter value and the calculated 
Young’s modulus. A higher ε parameter causes stronger 
vdW interactions and more energy is needed to move the 
atoms from their initial positions, therefore, polymer chains 
are getting more difficult to slide against each other. This 
indicates that the ease of sliding chains against each other 
dominates the stiffness characteristics of the polymer.

For a very low ε parameter, the polymer chains move 
like a liquid under tensile deformation. With a normalized 
ε parameter of 0.5 (normalized against the standard values 
for PC), the calculated Young’s modulus is almost zero. The 
Young’s modulus calculated with a normalized ε parameter 
of 10 is about ten times higher than calculated with a 
normalized ε parameter of 1. For a very high ε parameter, 
the chains may become tightly attached to each other and 
form a kind of crystal structure. The primary forces of bonds 
along the polymer chain may eventually become negligible. 
This extreme case would be very unrealistic, though.

The temperature significantly affects the predicted 
Young’s modulus. Lower temperature produces a higher 
Young’s modulus since the sections of the polymer chain 
have less kinetic energy due to low temperature reducing 
their ability to slide past each other. This is in agreement with 
most experimental data and was also shown by molecular 

(3)Standard error =
�

√

n

Fig. 2   Effect of the ε parameter on the predicted Young’s modulus, comparison between simulations at 300 K (simulation A) and 0.1 K. The plot 
on the left is an enlarged plot for ε parameters between 0.5—2
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dynamics simulations [13, 15, 23]. Moreover, the linear 
increase of modulus with the ε parameter is observed for 
both temperatures analyzed here, as presented in Fig. 2.

Figure 3 presents the comparison between simulations A, 
B, and C (see Table 2). The potentials of the primary bonds 
were increased in simulations B and C. The bond stretch 
and bond angle potential parameters were increased by a 
factor 10 in the simulation B, compared to the standard case 
in simulation A. In addition to that, in the simulation C, the 
dihedral angle potential parameter was increased by a factor 
of 10. Increasing of bond stretch, bond angle, and dihedral 
angle potential parameters does not give a significant 
increase of the Young’s modulus. The main increase is 
still caused by the ε parameter. The increase also remains 
linear with ε in all cases. The small effect of changing the 
primary bonds (bond length, angle, dihedral) parameters of 
the polymer chain on the modulus strengthens the statement 
that the vdW depth parameter ε is the most important one.

Young´s modulus vs. global van der Waals potential 
energy

A different vdW depth parameter (ε) causes different molecular 
arrangements when the polymer is brought to equilibrium. 
This means the global vdW energy of the entire polymer body 
is not only affected by the parameter, but also by how the 
molecules arrange themselves. Figure 4 presents that not only 
the ε parameter influences the global vdW potential energy of 
the system, but also the bonded potential parameters (Ebond, 
Eangle and Edihedral). All parameters of the potentials influence 
the structure of polymer during the equilibration processes and 
eventually, the polymer´s global vdW energy. However, the ε 
parameter gives the most significant contribution to the global 
vdW energy of the polymer.

The arrangements of chains are also affected by the 
primary bonded potential parameters. Stronger primary 
potentials create a structure having lower vdW energy. 
This can be seen from simulation C having the lowest vdW 
energy, although its primary bonded potential parameters 
are 10 times higher than in simulation A. However, it was 
found that for each simulation, the global vdW energy, 
being the integrated value of the entire polymer´s local vdW 
potentials, is linearly correlated to the vdW depth parameter.

Figure 5 shows that in each simulation, increasing vdW 
energy increases the Young’s modulus. However, it should 
be noted that considering the overall simulation results, the 
relationship is not simply linear. This indicates that, in addi-
tion to the vdW energy, there are contributions from bonded 
potential energies to the stiffness property of the polymer. 

Fig. 3   Effect of the ε parameter on the predicted Young’s modulus, comparison between simulations A, B, and C (Table 2) at 300 K. The plot on 
the left side is an enlarged plot for ε parameters between 0.5—2

Fig. 4   Effect of ε parameter on the absolute global vdW energy
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But, a fairly linear relationship between vdW energy and 
Young’s modulus can still be observed for each simulation.

The vdW energy in the MD simulation is represented 
by the Lennard–Jones 12–6 function, which includes the 
attractive and repulsive interactions between two atoms. 
The attractive contribution is due to dispersive forces 
because of the instantaneous dipoles, which arise during 
the fluctuations in the electronic clouds. The repulsive 
interaction is based on quantum mechanics principles, that 
two electrons cannot have the same quantum numbers; they 
cannot occupy the same region. The vdW energy calculated 
in MD simulations, thus, corresponds to cohesive energy 
measured experimentally.

The relationship between the Young’s modulus and the 
vdW energy predicted by MD simulations agrees with 
the experimental relationship between the elastic modulus 
perpendicular to the chain axis direction and cohesive 
energy density measured experimentally by Holliday and 
White [4]. Since they measured the experimental modulus 
using an X-ray method for the crystalline region, the 
intermolecular forces (represented by cohesive energy) 
should have a more significant role in governing the 
modulus perpendicular to the chain axis direction than the 
modulus parallel to the chain axis direction. In the later 
case, the contribution of intramolecular forces (primary 
bonds) would be more significant and the modulus should 
be higher.

Experimental data also show a relation between 
intermolecular forces, density and stiffness of a polymer 
[1]. Figure  6-left presents the relation between the 
density vs. global vdW energy (which represents the 
intermolecular forces) calculated from the simulations. 
The density increases as the global vdW energy increases. 
Increasing the global vdW energy makes closer molecular 
packing. The increase in the primary bonded potentials 
(stretch, angle and dihedral) also contributes to the change 
of density. However, the increased primary bonded 
potentials make the density increase less than when 
only the vdW energy increases. Figure 6-right presents 
the density vs. Young’s modulus. For each simulation, 
increasing the density increases the Young’s modulus, 
which is in agreement with the experimental data [1]. 
However, it should be noted that not only the change in 
density influences the Young’s modulus but the interplay 
between changes in bonded and non-bonded potentials.

Fig. 5   Effect of the global vdW energy on the predicted Young’s 
modulus

Fig. 6   Density vs vdW energy (left) and density vs. Young’s modulus (right) calculated from the MD simulations

Journal of Polymer Research (2021) 28: 4747 Page 6 of 7
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Conclusions

It was shown by using MD simulations that there is a linear 
relationship between the van der Waals (vdW) depth param-
eter and the Young’s modulus. Increasing the parameter 
increases global vdW energy, density and Young’s modulus 
of the simulated polymer. Primary bond and vdW potential 
energy parameters influence the structure of the polymer and 
its global vdW energy, which eventually changes the Young’s 
modulus. However, the vdW depth parameter gives the most 
significant contribution to the changes. The MD simula-
tions have shown relationships between global vdW energy 
vs Young’s modulus and global vdW energy vs density, in 
agreement with experimental data. Young’s modulus and den-
sity increase along with vdW energy. These findings provide 
enhanced insights into the structure–property relationship of 
a polymer.

Data availability  Data available on request from the authors.
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