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ABSTRACT

We analyze a mean-field model for mixtures involving biaxial nematogens and dipolar nanoparticles, taking into account not only orientational and isotropic
pair interactions between nematogens but also orientational nematogen-nanoparticle interactions. We determine bulk equilibrium phase diagrams for a wide
range of interaction strengths, identifying in each case the effect of the nanoparticles on the stability of nematic phases and on the appearance of multicritical
points. Special attention is given to the limit of a low concentration of nanoparticles, in which their effect on the temperatures of both the first-order uniaxial-
isotropic and the continuous biaxial-uniaxial transitions is investigated in detail.

9 More

DOI: https://doi.org/10.1103/PhysRevE.109.054701



©2024 American Physical Society

Physics Subject Headings (PhySH)

Research Areas

12/08/2024, 18:37 Phys. Rev. E 109, 054701 (2024) - Mean-field model for a mixture of biaxial nematogens and dipolar nanoparticles

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.054701 1/4

https://www.aps.org/
https://journals.aps.org/pre/highlights
https://journals.aps.org/pre/recent
https://journals.aps.org/pre/accepted
https://journals.aps.org/pre/collections
https://journals.aps.org/pre/authors
https://journals.aps.org/pre/referees
https://journals.aps.org/search
https://journals.aps.org/press
https://journals.aps.org/pre/about
https://journals.aps.org/pre/staff
https://journals.aps.org/feeds
https://journals.aps.org/pre/
https://journals.aps.org/pre/
https://journals.aps.org/pre/pdf/10.1103/PhysRevE.109.054701
https://journals.aps.org/pre/export/10.1103/PhysRevE.109.054701
https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%221f768dc4-f406-4a68-ac8e-7a957c3fd741%5C%22%2C%5C%22label%5C%22%3A%5C%22Liquid-liquid%20phase%20transition%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20


Biaxial liquid crystals (/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5
793a09459b61%5C%22%2C%5C%22label%5C%22%3A%5C%22Biaxial%20liquid%20crystals%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operato

Equilibrium lattice models (/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%2
41e9cc76aa4b%5C%22%2C%5C%22label%5C%22%3A%5C%22Equilibrium%20lattice%20models%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operato

Thermal & statistical models (/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C
bb25295fda85%5C%22%2C%5C%22label%5C%22%3A%5C%22Thermal%20%26%20statistical%20models%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%2

Physical Systems

Techniques

Polymers & Soft Matter

AUTHORS & AFFILIATIONS

William G. C. Oropesa (/search/field/author/William%20G%20C%20Oropesa) (https://orcid.org/0000-0001-5210-1151) , Eduardo S. Nascimento

(/search/field/author/Eduardo%20S%20Nascimento) (https://orcid.org/0000-0001-9657-0398) , and André P. Vieira

(/search/field/author/André%20P%20Vieira) (https://orcid.org/0000-0002-5244-301X)

Universidade de São Paulo, Instituto de Fisica, Rua do Matao, 1371, 05508-090 São Paulo, SP, Brazil
ICTP South American Institute for Fundamental Research, Instituto de Física Teórica, UNESP—Universidade Estadual Paulista, Rua Doutor Bento

Teobaldo Ferraz 271, 01140-070 São Paulo, SP, Brazil
Departamento de Física, PUC-Rio, Rua Marquês de São Vicente 225, 22453-900 Rio de Janeiro, Rio de Janeiro, Brazil

carreras@if.usp.br
Present address: IFCE - Campus Cedro, Alameda José Aquino, S/N, 63400-000, Prado, Cedro, CE, Brazil; eduardo.nascimento@ifce.edu.br
apvieira@if.usp.br



1,2,*

3,†

1,‡

1

2

3

*

†

‡

ARTICLE TEXT (SUBSCRIPTION REQUIRED)
CLICK TO EXPAND



REFERENCES (SUBSCRIPTION REQUIRED)
CLICK TO EXPAND



Issue

Vol. 109, Iss. 5 — May 2024 (/pre/issues/109/5)

Reuse & Permissions (https://powerxeditor.aptaracorp.com/sciprisaps/RnPRequest/submit?Arti
field+model+for+a+mixture+of+biaxial+nematogens+and+dipolar+nanoparticles&AuthorName=William+G.+C.+Oropesa%2C+Eduardo+S.+Nascimento%2C+and+Andr%

Access Options

Buy Article » (/cart/add/10.1103/PhysRevE.109.054701)

Log in with individual APS Journal Account » (https://journals.aps.org/login)

Log in with a username/password provided by your institution » (/login_inst_user?
rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.054701)

Get access through a U.S. public or high school library » (/free-access-for-us-public-and-high-school-libraries)

12/08/2024, 18:37 Phys. Rev. E 109, 054701 (2024) - Mean-field model for a mixture of biaxial nematogens and dipolar nanoparticles

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.054701 2/4

https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%227e4f22e5-2958-4e9f-8810-793a09459b61%5C%22%2C%5C%22label%5C%22%3A%5C%22Biaxial%20liquid%20crystals%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%22c8cff238-7425-4c03-996c-41e9cc76aa4b%5C%22%2C%5C%22label%5C%22%3A%5C%22Equilibrium%20lattice%20models%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%22e4482ea2-2cf0-451a-9152-bb25295fda85%5C%22%2C%5C%22label%5C%22%3A%5C%22Thermal%20%26%20statistical%20models%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/field/author/William%20G%20C%20Oropesa
https://journals.aps.org/search/field/author/William%20G%20C%20Oropesa
https://journals.aps.org/search/field/author/Eduardo%20S%20Nascimento
https://journals.aps.org/search/field/author/Eduardo%20S%20Nascimento
https://journals.aps.org/search/field/author/Andr%C3%A9%20P%20Vieira
https://journals.aps.org/search/field/author/Andr%C3%A9%20P%20Vieira
https://orcid.org/0000-0001-5210-1151
https://orcid.org/0000-0001-9657-0398
https://orcid.org/0000-0002-5244-301X
https://journals.aps.org/pre/issues/109/5
https://journals.aps.org/pre/issues/109/5
https://powerxeditor.aptaracorp.com/sciprisaps/RnPRequest/submit?ArticleTitle=Mean-field+model+for+a+mixture+of+biaxial+nematogens+and+dipolar+nanoparticles&AuthorName=William+G.+C.+Oropesa%2C+Eduardo+S.+Nascimento%2C+and+Andr%C3%A9+P.+Vieira&JournalCode=PRE&contentid=10.1103%2FPhysRevE.109.054701
https://journals.aps.org/cart/add/10.1103/PhysRevE.109.054701
https://journals.aps.org/cart/add/10.1103/PhysRevE.109.054701
https://journals.aps.org/login
https://journals.aps.org/login
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.054701
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.054701
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.054701
https://journals.aps.org/free-access-for-us-public-and-high-school-libraries
https://journals.aps.org/free-access-for-us-public-and-high-school-libraries


AUTHORS

General Information (/pre/authors)

Submit a Manuscript (https://authors.aps.org/Submissions/)

Publication Rights (/pub_rights.html)

REFEREES

General Information (/pre/referees)

Submit a Report (http://referees.aps.org/)

Update Your Information (http://referees.aps.org/)

 (/prxlife/?

utm_source=pre&utm_medium=web&utm_campaign=prxlife)

 (/prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy)

 (https://authorservices.aps.org/?utm_source=physicalreviewjournals&utm_medium=referral)

Sign up to receive regular email alerts from Physical Review E

 (https://info.aps.org/journals-emails)Sign up

APS (https://www.aps.org/) Current Issue (/pre/issues/current) Earlier Issues (/pre/issues) News & Announcements (/pre/edannounce)
About this Journal (/pre/about) Editorial Team (/pre/staff) About the Journals (/about) Join APS (https://www.aps.org/membership/join.cfm)

(https://twitter.com/APSphysics)(https://www.facebook.com/apsphysics)

12/08/2024, 18:37 Phys. Rev. E 109, 054701 (2024) - Mean-field model for a mixture of biaxial nematogens and dipolar nanoparticles

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.054701 3/4

https://journals.aps.org/pre/authors
https://journals.aps.org/pre/authors
https://authors.aps.org/Submissions/
https://authors.aps.org/Submissions/
https://journals.aps.org/pub_rights.html
https://journals.aps.org/pub_rights.html
https://journals.aps.org/pre/referees
https://journals.aps.org/pre/referees
http://referees.aps.org/
http://referees.aps.org/
http://referees.aps.org/
http://referees.aps.org/
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy
https://journals.aps.org/prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy
https://authorservices.aps.org/?utm_source=physicalreviewjournals&utm_medium=referral
https://authorservices.aps.org/?utm_source=physicalreviewjournals&utm_medium=referral
https://info.aps.org/journals-emails
https://info.aps.org/journals-emails
https://info.aps.org/journals-emails
https://www.aps.org/
https://journals.aps.org/pre/issues/current
https://journals.aps.org/pre/issues
https://journals.aps.org/pre/edannounce
https://journals.aps.org/pre/about
https://journals.aps.org/pre/staff
https://journals.aps.org/about
https://www.aps.org/membership/join.cfm
https://twitter.com/APSphysics
https://www.facebook.com/apsphysics


Open Access (/open_access.html)

Policies & Practices (/authors/editorial-policies)

Tips for Authors (/authors/tips-authors-physical-review-physical-review-letters)

Professional Conduct (/authors/professional-conduct-ethics)

Policies & Practices (/authors/editorial-policies)

Referee FAQ (/referees/faq.html)

Guidelines for Referees (/pre/referees/advice-referees-physical-review)

Outstanding Referees (/OutstandingReferees)

LIBRARIANS

General Information (https://librarians.aps.org/)

Subscriptions (https://librarians.aps.org/subscriptions)

Online License Agreement (https://librarians.aps.org/sitelicense.pdf)

Usage Statistics (https://librarians.aps.org/login)

Your Account (https://librarians.aps.org/account)

STUDENTS

Physics (https://physics.aps.org)

PhysicsCentral (http://www.physicscentral.com/)

Student Membership (https://www.aps.org/membership/student.cfm)

APS MEMBERS

Subscriptions (https://www.aps.org/membership/aps-publications.cfm)

Article Packs (https://journals.aps.org/article-packs)

Membership (https://www.aps.org/membership/index.cfm)

FAQ (https://www.aps.org/membership/faq.cfm)

APS News (https://www.aps.org/publications/apsnews/index.cfm)

Meetings & Events (https://www.aps.org/meetings/index.cfm)

Privacy (https://www.aps.org/about/webpolicies.cfm#privacy) Policies (/policies) Contact Information (/contact.html) Feedback (mailto:feedback@aps.org)

ISSN 2470-0053 (online), 2470-0045 (print). ©2024 American Physical Society. (https://www.aps.org/) All rights reserved. Physical Review E™ is a trademark of the American Physical Society, registered
in the United States, Canada, European Union, and Japan. The APS Physics logo and Physics logo are trademarks of the American Physical Society. Information about registration may be found here
(/legal). Use of the American Physical Society websites and journals implies that the user has read and agrees to our Terms and Conditions (/info/terms.html) and any applicable Subscription Agreement
(https://librarians.aps.org/sitelicense.pdf).

12/08/2024, 18:37 Phys. Rev. E 109, 054701 (2024) - Mean-field model for a mixture of biaxial nematogens and dipolar nanoparticles

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.054701 4/4

https://journals.aps.org/open_access.html
https://journals.aps.org/open_access.html
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/tips-authors-physical-review-physical-review-letters
https://journals.aps.org/authors/tips-authors-physical-review-physical-review-letters
https://journals.aps.org/authors/professional-conduct-ethics
https://journals.aps.org/authors/professional-conduct-ethics
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/referees/faq.html
https://journals.aps.org/referees/faq.html
https://journals.aps.org/pre/referees/advice-referees-physical-review
https://journals.aps.org/pre/referees/advice-referees-physical-review
https://journals.aps.org/OutstandingReferees
https://journals.aps.org/OutstandingReferees
https://librarians.aps.org/
https://librarians.aps.org/
https://librarians.aps.org/subscriptions
https://librarians.aps.org/subscriptions
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/login
https://librarians.aps.org/login
https://librarians.aps.org/account
https://librarians.aps.org/account
https://physics.aps.org/
https://physics.aps.org/
http://www.physicscentral.com/
http://www.physicscentral.com/
https://www.aps.org/membership/student.cfm
https://www.aps.org/membership/student.cfm
https://www.aps.org/membership/aps-publications.cfm
https://www.aps.org/membership/aps-publications.cfm
https://journals.aps.org/article-packs
https://journals.aps.org/article-packs
https://www.aps.org/membership/index.cfm
https://www.aps.org/membership/index.cfm
https://www.aps.org/membership/faq.cfm
https://www.aps.org/membership/faq.cfm
https://www.aps.org/publications/apsnews/index.cfm
https://www.aps.org/publications/apsnews/index.cfm
https://www.aps.org/meetings/index.cfm
https://www.aps.org/meetings/index.cfm
https://www.aps.org/about/webpolicies.cfm#privacy
https://journals.aps.org/policies
https://journals.aps.org/contact.html
mailto:feedback@aps.org
https://www.aps.org/
https://www.aps.org/
https://journals.aps.org/legal
https://journals.aps.org/legal
https://journals.aps.org/info/terms.html
https://journals.aps.org/info/terms.html
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/sitelicense.pdf

