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(A) Research publications:

Dr. Md Nayeem
Dept of Physics
KRK Govt College
Addanki-523201

S.No | Title of the article Name of the publisher//
Journal with ISBN / ISSN | Year
Number
1. Ultrasonic  Investigations  of | International Journal of | 2014
Molecular Interaction in Binary | Pharma Research &
Mixtures of Benzyl Benzoate | Review, Feb 2014; 3(2):65-
with Isomers of Butanol 78
2. Volumetric and viscometric study | Journal ~ of  Chemical, | 2014
of aqueous ethylene glycol in | Biological and Physical
butan-2-ol and propan-2-ol Sciences
Aug 2014 — Oct. 2014, Vol.
4, No. 4; 3092-3108; E-
ISSN: 2249 —1929
3. Ultrasonic  Investigations  of | Hindawi Publishing | 2014
Molecular Interaction in Binary | Corporation,
Mixtures of Cyclohexanone with | Journal of Applied
Isomers of Butanol Chemistry
Volume 2014, Article ID
741795,http://dx.doi.org/10.
1155/2014/741795
4. Thermoacoustic, Volumetric, and | Hindawi Publishing | 2014
Viscometric  Investigations in | Corporation
Binary Liquid System of | Journal of Thermodynamics
Cyclohexanone with  Benzyl | Volume 2014, Article 1D
Benzoate at T = 308.15, 313.15, | 487403,
and 318.15K http://dx.doi.org/10.1155/20
14/487403
5. Ultrasonic and volumetric study | Journal of Chemical and | 2014
of  aqueous  solution of | Pharmaceutical  Research,
ethyleneglycol, propylene glycol | 2014, 6(4):1243-1258;
in iso-propanol ISSN : 0975-7384;
CODEN(USA) : JCPRC5
6. Volumetric and viscometric study | International ~Journal of | 2014
of aqueous solution of ethylene | Pharmaceutical, Chemical
glycol, propylene glycol in iso-  and Biological Sciences;

propanol

[JPCBS 2014, 4(3), 691-
705; ISSN: 2249-9504



http://dx.doi.org/10.1155/2014/487403
http://dx.doi.org/10.1155/2014/487403

Densities, viscosities, and excess
properties for binary mixtures of
ethylene glycol with amides at
308.15 K

SPRINGER;

Journal of Thermal
Analysis and Calorimetry;
DOl 10.1007/s10973-014-
4019-5;

ISSN 1388-6150

2014

Study of some thermodynamic
and acoustic properties in the
solutions of acrylamide with
equimolar mixture of ethanol and
isopropyl alcohol/isobutyl
alcohol/isoamylalcohol;

National Conference on
Advanced Functional
Materials and Computer
Applications in Materials
Technology  (CAMCAT-
2014)

Indian Journal of Research
in Pharmacy and
Biotechnology ISSN: 2320-
3471 (Online); 2321-5674
(Print)

2014

Ultrasonic,  Volumetric  and
Viscometric Study of

Aqueous - Electrolyte Solutions

Journal of Chemical,
Biological and Physical
Sciences; MAY 2014 -
JULY 2014, Vol. 4, No. 3;
2401-2415; E- ISSN: 2249
-1929

2014

10.

Comparative study of molecular
interactions in aromatic, cyclic
and aliphatic ketones with 1-
octanol at 308.15 K: An insight
from ultrasonic velocity and
density

ELSEVIER;

Journal of Molecular
Liquids 207 (2015) 286-—
293

2015

11.

Acoustic and volumetric
investigations in aromatic, cyclic
and aliphatic  ketones  with
dimethyl sulphoxide at 308.15 K

ELSEVIER;
Arabian
Chemistry,
http://dx.doi.org/10.1016/j.a
rabjc.2015.08.005

Journal of

2015

12.

Experimental and Theoretical
Investigations  of  Ultrasonic
Speed in Binary Liquid Mixtures
of Benzyl Benzoate with Isomers
of Butanol at T=308.15K;

Journal of Chemical and
Pharmaceutical  Sciences;
ISSN: 0974-2115

2015

13.

Comparative analysis of molecul
ar interactions between drugs of
aqueous propylene glycol with
certain alcohols at 308.15K: an
insight from density and viscosity
studies

International Journal of
Pharmaceutical Sciences
and Research, 2015; Vol.
6(9): 3961-3974. E-ISSN:
0975-8232; P-ISSN: 2320-
5148

2015

14.

Experimental and theoretical

Journal of Chemical and

2015



http://dx.doi.org/10.1016/j.arabjc.2015.08.005
http://dx.doi.org/10.1016/j.arabjc.2015.08.005

investigations of ultrasonic speed
in binary liquid mixtures of
ascabin with isomers of butanol
at T=313.15K;

Pharmaceutical
ISSN: 0974-2115.

Sciences;

15. | Thermoacoustic, volumetric, and | SPRINGER; 2015
viscometric investigations in the | Journal of Thermal
binary mixtures of 1,4-dioxane | Analysis and Calorimetry;
with n-hexane or n-heptane or n- | DOl  10.1007/s10973-015-
octane 4994-1

16. | Viscometric Study of Molecular | Journal of Thermodynamics | 2016
Interactions in Dimethyl | & Catalysis; J Thermodyn
Carbonate +n-Alkoxyethanol | Catal 2016,
Mixtures at Different | 7:4; DOI: 10.4172/2157-
Temperatures 7544.1000177; ISSN: 2160-

7544

17. | Investigation ~ of  molecular | ELSEVIER; 2016
interactions in binary mixture | Journal  of  Molecular
(benzyl benzoate + ethyl acetate) | Liquids 218 (2016) 676—
at T = (308.15, 313.15, and 685
318.15) K: An insight from
ultrasonic speed of sound and
density

18. The study of solute-solvent | SPRINGER; 2016
interactions in 1-ethyl-3- | Journal of Thermal
methylimidazolium Analysis and Calorimetry;
tetrafluoroborate + 2- DOl 10.1007/s10973-015-
ethoxyethanol ~ from  density,  5205-9
speed of sound, and refractive
index measurements

19. Excess Thermodynamic | SPRINGER; 2016
Properties for Binary Mixtures of | Journal of Solution
lonic Liquid 1-Ethyl-3- | Chemistry;
methylimidazolium Ethyl Sulfate | DOl 10.1007/s10953-016-
and 2-Methoxyethanol from T= | 0465-y
(298.15 to 328.15) K at
Atmospheric Pressure

20. | Computation of  (i)activity | National seminar GDC(A), | 2016
coefficients (ii) excess chemical | Guntur;
potential  (iii) excess molar | Full length Proceedings
enthalpy by prigogine-flory- | ISBN:978-93-85132-12-4.
patterson theory for binary liquid
system at T=308.15K;

21. Study of molecular interactions in | ELSEVIER; 2016

binary liquid mixtures
of[Emim][BF4] with 2-
methoxyethanol using thermo

Thermochimica Acta 630
(2016) 3749




acoustic,volumetric and optical

properties

22. | The study of solute—solvent ELSEVIER; 2016
interactions in 1-ethyl-3- | Journal  of  Molecular
methylimidazolium ethylsulfate + | Liquids 218 (2016) 8394
2-ethoxyethanol from density,
speed of sound and refractive
index measurements

23. Molecular interaction studies in | Taylor & Francis; 2017
the binary Physics and Chemistry of
mixture of 1-ethyl-3- | Liquids
methylimidazolium ISSN: 0031-9104
trifluoromethanesulphonate+1-
butanol from
density, speed of sound and
refractive index measurements

24. | Steric and electronic effects to SPRINGER; 2017
interpret non-covalent Journal of Thermal
interactions in binary Analysis and Calorimetry;
mixtures of dimethyl carbonate ISSN 1388-6150
and isomeric cresols through
thermophysical, acoustic and
spectroscopic studies

25. Investigation of molecular | ELSEVIER; 2017
interactions & prediction of | Karbala International
calorimetric potentials of a binary | Journal of Modern Science,
liquid system at T = 308.15 K: | ISSN: 2405-609X
An insight from physicochemical
parameters

26. | Investigation of solute-solvent | ELSEVIER;The Journal of | 2017
interactions  in  {1-butyl-3- | Chemical Thermodynamics;
methylimidazoliumBis(trifluoro | Volume 115, December
methylsulfonyl)imide + dimethy | 2017, Pages 133-147
Icarbonate}  mixture  using
physicochemical properties

27. | Investigation of  molecular | Proceedings of the | 2017
interaction in binary system | Intemational Seminar on
through activity coefficients and | Physics and Chemistry of
application of prigogine-flory- | Materials and Applications
patterson theory to evaluate | (ISPCMA-2017) - SPMH
excess molar enthalpy at | Kalasala, Machilipatnam.
T=308.15K ISBN:978-93 -82570

28. | Exploring molecular interactions | ELSEVIER; 2017
of binary mixture (dimethyl Journal of  Molecular

carbonate + benzyl benzoate):
Measurements and correlation

Liquids; 249 (2018) 1183—
1194



http://www.sciencedirect.com/science/article/pii/S0021961417302380?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0021961417302380?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0021961417302380?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0021961417302380?via%3Dihub
http://www.sciencedirect.com/science/journal/00219614
http://www.sciencedirect.com/science/journal/00219614
http://www.sciencedirect.com/science/journal/00219614/115/supp/C

29.

Thermophysical  investigations
and prediction of calorimetric
potentials in binary mixture of 1-
butyl-3-methylimidazolium
trifluoromethanesulfonate with 1-
pentanol

SPRINGER;

Journal of Thermal
Analysis and
Calorimetry;https://doi.org/
10.1007/s10973-017-6887-y

2017

30.

A new approach- investigation of
molecular interactions in binary
liquid system: an insight from
activity coefficients and excess
chemical potentials;

National seminar
Proceedings of GDC(A),
Kadapa.
ISBN:978-93-86251-45-9

2017

31.

Thermo-physicochemical
investigation ~ of  molecular
interactions in binary
combination (dimethyl carbonate
+ methyl benzoate)
Measurements and correlation

SPRINGER;
Journal of Thermal
Analysis and Calorimetry

2017

32.

Acoustic and volumetric
investigations in aromatic,

cyclic and aliphatic ketones with
dimethyl

sulphoxide at 308.15 K

Elsevier;

Arabian Journal of
Chemistry (2019) 12, 3129-
3140
http://dx.doi.org/10.1016/j.a
rabjc.2015.08.005

2019

33.

Binary mixtures of 2-
methylcyclohexanone with
various functional groups (m-
cresol, p-cresol and o-
chlorophenol)

Elsevier;Chemical Data
Collections

Chemical Data Collections
28 (2020) 100386
https://doi.org/10.1016/j.cdc.

2020.100386

2020

34.

Computational and theoretical
exploration for clinical suitability
of Remdesivir drug to SARS-
CoV-2

Elsevier;European Journal
of Pharmacology;
https://doi.org/10.1016/j.ejp
har.2020.173642

2020

35.

A molecular interactions study
between 1-butyl-3-
methylimidazolium
hexa-fluorophosphate
(IBmim][PF6]) and N-
methylpyrrolidone

Elsevier: The Journal of
Chemical Thermodynamics;
https://doi.org/10.1016/j.jct.
2020.106330

2021

36.

Target SARS-CoV-2:
computation of binding energies
with drugs of
dexamethasone/umifenovir by
molecular dynamics using OPLS-

Springer:  Research  on
Biomedical Engineering
https://doi.org/10.1007/s426
00-020-00119-y

2021



http://dx.doi.org/10.1016/j.arabjc.2015.08.005
http://dx.doi.org/10.1016/j.arabjc.2015.08.005
https://doi.org/10.1016/j.cdc.2020.100386
https://doi.org/10.1016/j.cdc.2020.100386
https://doi.org/10.1016/j.ejphar.2020.173642
https://doi.org/10.1016/j.ejphar.2020.173642
https://doi.org/10.1016/j.jct.2020.106330
https://doi.org/10.1016/j.jct.2020.106330
https://doi.org/10.1007/s42600-020-00119-y
https://doi.org/10.1007/s42600-020-00119-y

AA force field

37.

Target SARS-CoV-2: theoretical
exploration on clinical suitability
of certain drugs

Taylor & Francis: Journal of
Biomolecular Structure and
Dynamics

https://doi.org/10.1080/0739

1102.2021.1924262

2021

(B) Conferences/Seminars Attended

KR RK. Govt.

Title of the paper

Year

Study of some thermodynamic and acoustic properties in the
solutions of acrylamide with equimolar mixture of ethanol
and isopropylalcohol/isobutyl  alcohol/isoamylalcohol;
ISSN: 2320-3471.

2014

Thermo-acoustical and excess thermodynamic investigations
in certain ketones with DMSO at 308.15 K

2014

Volumetric and Viscometric studies in aqueous Ethylene
Glycol in certain alkanols

2014

Experimental and theoretical investigations of ultrasonic
speed in binary liquid mixtures of ascabin with isomers of
butanol at T=313.15K; Journal of Chemical and
Pharmaceutical Sciences; ISSN: 0974-2115.

2015

Experimental and Theoretical Investigations of Ultrasonic
Speed in Binary Liquid Mixtures of Benzyl Benzoate with
Isomers of Butanol at T=308.15K; Journal of Chemical and
Pharmaceutical Sciences; ISSN: 0974-2115

2015

Computation of (i)activity coefficients (ii) excess chemical
potential (iii) excess molar enthalpy by prigogine-flory-
patterson theory for binary liquid system at T=308.15K;
ISBN:978-93-85132-12-4.

2016

Investigation of molecular interaction in binary system
through activity coefficients and application of prigogine-
flory-patterson theory to evaluate excess molar enthalpy at
T=308.15K

2017

A new approach- investigation of molecular interactions in
binary liquid system: an insight from activity coefficients and
excess chemical potentials;

ISBN:978-93-86251-45-9

2017

Rare earth phosphors — significances

2017

Prediction of Density from SRK/PR Cubic EoS for a binary
liquid-SRR

2017
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https://doi.org/10.1080/07391102.2021.1924262
https://doi.org/10.1080/07391102.2021.1924262

1.7 an application of computational study: Prediction of density

from SRK and PR Cubic Equation of State for a binary 2017

liquid at T=308.15K
12. Applied Physics and Materials Science (APMS-2018)- 2018
13. Higher Edn System in the Light of Reorganization of the

states: Trends, Opportunities and Challenges 2018
14. 1 Fundamentals  of  Instrumental Analysis-Theory and

Practical Training programm on NMR & HPLC-JKC 2019
15. | Recent Developments and Applications of Physico-

Chemical Characterization Techniques-JKC 2019
16.
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(C) Invited talks delivered at Conferences / Seminars / Colleges :

S. Title of the Conference /

No Seminar with duration Title of the talk Year

1. | Recent trends in Chemistry/2 | Volumetric and | 2014
days Viscometric studies in
aqueous Ethylene Glycol
in certain alkanols

2. | Recent trends in Applied | Experimental and | 2015
Physics/2 days Theoretical Investigations
of Ultrasonic Speed in
Binary Liquid Mixtures of
Benzyl Benzoate with
Isomers of Butanol at
T=308.15K; Journal of
Chemical and
Pharmaceutical Sciences;
ISSN: 0974-2115

3. Awareness on Human Health/ | Got Balance? 2016
1 day

4. | Advanced trends in material | A new approach- | 2017
science/1 day Investigation of molecular
interactions in  binary
liquid system: an insight
from activity coefficients
and excess chemical
potentials; 1SBN:978-93-
86251-45-9

(D) Research Publications (Books, chapters in books, other than referred journal
articles)
Chapter Contribution:

2017-18; December | Chapter in  knowledge based | Published by
-Cellulose- volumes in International publishers | ELSEVIER (WP)
Reinforced with ISBN numbers ISBN:978-0-08-
Nanofibre ISBN:978-0-08-100957-4 100957-4
composites-

(E) Life member of INDIAN THERMODYNAMIC SOCIETY



(F) RC/OC/FDP/Trainings/MOOCS certificate courses completed:

S- Title Place Year
No
1. Disaster Management -11-07- UGC HRDC-SVU, Tirupathi 2016
2016 to 30-07-2016:(108 hrs)--
RC
2. 42 nd OC : 02-02-2015 TO 28- UGC-JNTUH, Hyderabad 2015
02-2015 ---OC
3. Research Methodology: 20July- Delhi 2021
03 August: Ministry of
Education, TLC-RC, University
of Delhi--FDP
4, Chemistry for Societal KLU, APKS, Amaravathi 2021
Advancements: 26-07-2021 to
31-07-2021---FDP
5. | Five Day e-Workshop on LaTeX- Gitam, Bangalore 2021
5-07-2021 to 9-07-2021
6. NLW on RT & O in Physics VIT-AP, 2021
(Online)-10-05-2021 to 17-05-
2021- Workshop
7. Material Characterization Bhavan'sVivekanda College, 2021
Techniques--5 day FDP: 2-03-21 Secunderabad
to 6-03-2021
8. 5 day APCCE-US FDP on New APCCE, Vijayawada 2020
Knowledge & Energy...6-07-20 to
10-07-20
9. 2 day FDP " Advances in RGMCET, Nandyal 2020
Photonics"- 06-07-20 to 07-07-20
10. | Open source Tools for Research-1 | MHRD, TLC-RC, University of 2020
week FDP: 8-06-20 to 14-06-20 Delhi
11. | Technology Assisted Teaching & | SBVR Degree College, Badvel, 2020
Virtual Learning through ICT Kadapa
Tools--1 week International Level
FDP: 25-05-20 to 30-05-20
12, SWAYAM- ARPIT : [T, Bombay 2020
13. Electronic Theory of Solids: 12 1T, KHARAGPUR 2020
week course: NPTEL
14. Non-conventional Energy IIT, Madras 2020
Resources: NPTEL (12 week
Course)
15. IYPT 2019 International Short- IARC/ CENTRE FOR United 2019
Term Cerificate Course Nations, Mumbai
16. FDP: NPTEL-AICTE: Jul-Oct IIT Madras 2019
2019 (12 weeks)
17. Physics of Materials: NPTEL IIT Madras 2019




Certificate Course (12 week)

18.

Nanomaterials: Experimental
Design & Theoretical Modelling:
40 hr FDP

NIT Warangal, 11T Kurnool

2021

19.

Computational Chemistry and

lassical Molecular Dynamics:

NPTEL.: Certificate Course (8
weeks)

1T Bombay

2018

20.

Experimental Physics-1; NPTEL
(12 Weeks course)

IIT Kharagpur

2019

21

Computer Aided Drug Design to
SARS-CoV-2

IIT Madras

2022
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Dr. Sk. Md Nayeem

Al
Assistant Professor of Physics, Citations 292
Government Degree College, Affiliated 1o h-index 1
ANUniversity i10-index 12
Binary liquids _
Acourgticqs 2 articles
Volumetric
Viscometric not available

Thermodynamics

TITLE

The study of solute—solvent interactions in 1-ethyl-3—methy|imidazolium
tetrafluoroborate+ 2-ethoxyethanol from density, speed of sound, and
refractive index measurements

M Srinivasa Reddy, S Nayeem, K Raju, B Hari Babu
Journal of Thermal Analysis and Calorimetry 124 (2), 959-971

Comparative study of molecular interactions in aromatic, cyclic and
aliphatic ketones with 1-octanol at 308.15 K: an insight from ultrasonic
velocity and density

SM Nayeem, M Kondaiah, K Sreekanth, DK Rao
Journal of Molecular Liquids 207, 286-293

Thermoacoustic, Volumetric, and Viscometric Investigations in Binary
Liquid System of Cyclohexanone with Benzyl Benzoate at T = 308.15,

313.15, and 318.15K
DKR Sk.Md Nayeem, M. Kondaiah, K. Sreekanth
Journal of Thermodynamics 2014, 13

Excess thermodynamic properties for binary mixtures of ionic liquid
1-ethyl-3-methylimidazolium ethyl sulfate and 2-methoxyethanol from
T=(298.15 to 328.15) K at atmospheric ...

MS Reddy, K Raju, S Nayeem, | Khan, KBM Krishana, BH Babu

Journal of Solution Chemistry 45 (5), 675-701

Investigation of molecular interactions in binary mixture (benzyl
benzoate+ ethyl acetate) at T=(308.19, 313.15, and 318.15) K: An
insight from ultrasonic speed of sound and ...

SM Nayeem, S Nyamathulla, | Khan, DK Rao
Journal of Molecular Liquids 218, 676-685

Study of molecular interactions in binary liquid mixtures of [Emim][BF4]
with 2-methoxyethanol using thermo acoustic, volumetric and optical
properties

MS Reddy, SM Nayeem, C Soumini, KTSS Raju, BH Babu

Thermochimica Acta 630, 37-49

Densities, viscosities, and excess properties for binary mixtures of
ethylene glycol with amides at 308.15 K

M Kondaiah, K Sreekanth, DS Kumar, S Nayeem, DK Rao

Journal of Thermal analysis and Calorimetry 118 (1), 475-483
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Density (p)/acoustic speed (u) of sound have been experimentaily measured over the complete mole fractionon
{dimethyl carbonate + diisopropyl ether) mixture at T = (308.15/313.15/318.15) K and atmospheric pressure.
Investigational data have been used to gauge excess maolar volume /partial molar volume fexcess partial molar
volume/excess values of intermolecular free length isentropic compressibility ‘acous tic impedance/isobaric ther-
mal expansion coefficient;isothermal compressibility/surface tension. Extended Langmuir model pertinent to
surface tension was applied o check the depth of penetration of molecular interactions between molecules.
The excess values were fined to Redlidi-Kister equation and subsequenty standard deviations are evaluated
from coefficients. The departures of computed excess properties were explored in terms of melecular interac-
tions. Experimental excess melar volume in the existing adventure was correlated by Prigogine-Flory—Fatteson
(PFP) theory/Soave-Redlich-Kwong { SRK) CEoS/Peng-Robinson (PR) CEpS at 308.15 K. Theoretial excess chemical
potentials are computed and correlated by Margules/Porter/ Wilson and Vanlaar models at 308.15K. Furthermare,
vital thermodynamical potential derivatives are worked out at all temperatures through physicochemial prop-
erties rather calorimetric experiments. Contemporary study also consists of estimation and correlation of cohe-
sive energy A4, Van der Wall's constants (a b), distance of closest approach (d) by Haronann-Balizar and

Balbbu non-linear equations at all cemperatres.

© 2018 Ekevier BV, All nghts reserved.

1. Intreduction

With the wide range of indispensable properties, binary and multi
component liquid mixtures rather than pure liquids are of great signifi-
cance in several chemical, industrial and biological processes. The study
and dependency of volume/acoustic properties of multi-component
mixtures on concentration/temperature is a usefulindicator in chemical
engineering estimations [ 1]. Further, thermodynamicsare essential for
prediction of the complicated molecular interactions and mechanisms
of the liquid mixtures [2]. The check of the obtainable empirical rela-
tions and the progress of new techniques for prediction of maolecolarin-
teractions/derivatives of potentials, have exacting implication because
theyare the only way to ensure predse results and are having imme nse
use in theoretical, practical considerations. Furthermore, the advantages
of informaton of physicochemical parameters aver calorimetric exper-
iment in Bquid systems have importance in both theoretical and inves-
tigational portions [1]. The conclusions of such study are frequently
used in diverse processes of chemical and industrial sectors.

In this paper we report excess properties and derivatives of thermody-
namic potentials for binary mixture of dimethyl carbonate (DMC) +

E-muail gddress; shalkrmahammadnayeem@gmail com.

hittps:/dotorg, 10.101 6. molkg 20 18.08.003
0167-7322/% 2018 Elsevier BV, All rights reserved.

diisopropyl ether (DIPE) in the temperature range from 308.15 K to
318.15 K. The liquids are selected basing on their indusmrial applications,
Dimethyl carbonate (DMC) is an eco-friendly, low toxic chemical and
used in petroleum [3]/battery sdence [4]. Diisopropyl ether (DIPE] is sec-
ondary ether and being used as solvent in various chemical processes. Itis
coloress and slightly soluble in water, but more soluble with organic sol-
vents, It is categorized under Oxygenated compounds. It is generally
added to gascline to enhance fuel ignition competence/antiknocking
property and o bwer emanation of carbon monoxide,/hydrocarbons.

Organized explorations of the physicochemical properties of di-
methyl carbonate ([ DMC) with molecular organic solvents have been
available in literature [5-8]. Lugo et al. [5] gauged the p/u in (dmc + oc-
ctane ) system. They derived k./op/n;at (278.15-353.15) K/up to 25 MPa
pressure range. Shin et al. [6]gauged p/refractive indices,/viscosity (1) in
(DMC + DPRC) systam. lglesias et al [7] measured p/refractive index in
[DMC + Bmim][BF4]} system. Chen et al. [8] gauged p/ryu at tempera-
tures (293,15 to 333.15) K in the atmospheric pressure in (DMC + y-
GBL) system.

Methodical explorations of the physicochemical properties of
diisopropyl ether (DIPE) with single or with other liquids have
been reported. The authors Zhao and Jiangtao Wu [9] studied surface
tension and density of diisopropyl ether from (248 to 373) K.
Gonzalez-0Olmos et al. [10] reported experimental data of density
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Investigation of molecular interactions & prediction of calorimetric
potentials of a binary liquid system at T = 308.15 K: An insight
from physicochemical parameters
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Abstract

Excess values of surface tension/isothermal compressibility/internal pressure/free volume/enthalpy/entropy and Gibbs energy
are computed using the experimentally measured density (p) and ultrasonic speed (u) for the binary liquid mixtures of dimethyl
sulphoxide with acetophenane at T = 308.15 K_ Activity coefficients and excess chemical potential are estimated using Morgules,
Porter, Van laar and Wilson equations. The studied system shows departure to the ideality indicating the presence of weak in-
teractions. Further, PFP theory is tested to correlative the expenmental excess molar enthalpy. Moreover, PFP theory is extended to
compute different derivatives of thermodynamic potentials rather calorimetric measurements. The present investigation also
encompass of assessment of the acoustic non-linearity parameter (B/A ) along with computation of cohesive energy. AA, Van der
Wall's constants (a,b), distance of closest approach (d).
© 2017 The Author. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article under
the CC BY-NC-ND license (http:/creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Molecular interactions; PFP theory; Thermodynamic potential derivatives; Activily coefficients; Excess chemical potentials

1. Introduction It is well known fact that ultrasonic speed, density

and related thermodynamic factors are helpful as well

For an adequate choice of binary mixture for the
possible application, the knowledge of their interaction
with each other is an indispensable feature for fore-
casting the reactivity and selectivity. The practical
application of mixed solvents rather than single solvent
in biological and industrial process has been estab-
lished all over the world as they provide an extensive
alternative of solutions with appropriate properties [ 1].

E-mail address: shaikmahammadnayeem@gmail com.
Peer review under responsibility of University of Kerbala.

http://dx.doi.org/10.101 6/} kijoms. 201 7.05.001

as needed for characterizing thermodynamic and
physicochemical features of binary liquid mixtures for
instance molecular dissociation and association. These
physicochemical investigations are used to grip the
mixtures of hydrocarbons etc. In the chemical industry,
knowledge of the thermodynamic properties of bi-
naries is essential in the design invelving chemical
separation, heat transfer, mass transfer and fluid flow.
Further, the advantage of knowledge of physicochem-
ical properties over calorimetric experiments in binary
liquid mixtures has relevance in theoretical and applied

2403-604200 2017 The Author. Production and hosting by Elsevier BV, on behall of University of Kerbala. This is an open access article under
the CC BY-NC-ND license (hitp://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this urticle in press as: Sk. Md Nayeem, Investigation of molecular interactions & prediction of calorimetric potentials of a binary
liquid system at T = 308.15 K: An insight from physicochemical parameters, Karbala Iniernational Joumal of Modern Science (2017), http:/
dx.doi.org/10.1016/1.kijoms. 2017.05.001
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Ultrasonic velocities, u, densities, p, of binary liquid mixtures of 1-octanol with acetophenone (AP},
cyclopentanone (CP), and 3-Pentanone ( 3P}, including pure liquids, over the entire composition range
have been measured at 308.15 K. Using the experimzntal results, parameters such as molar volume (V.. ),
isentropic compressibility (k). acoustic impedance (z) and their excess/deviation properties have been cal-
culated. The cakculated deviation/excess properties have been fitted to the Redlich-Kister type polynomial
equation. Partial molar volumes excess partizl mofar volumes and partial molar compressibilities, excess
partial molar compressibilities have also been calculated. The observed positive valuesof Vi, Ak, and neg-
ative values of z& for all the liquid mixturesindicate the domination of rupture of existing H-bond or reduc-
tion in H-bond strength between the carbonyl group (-C=0) of ketones and rthe hydroxyl group (-OH) of 1-
oceanol. The serengeh of weak interactions follows the order: { 1-octanol 4 3P) > [ 1-octanol + CP} > (1-
octanol + AP). Further, FTIR spectra also support the conclusions drawn from excess/deviation propertics.
Moreover, theoretical values of cound velocity in the mixtures have been evaluated using various theories
and compared with experimental sound velocities to verify the applicability of such theories to the systems

studied.

@ 2015 Elsevier BV. All rights reserved.

1. Introduction

Ultrasonic velocities, densities and derived thermodynamic,
acoustical parameters are of considerable interest in understand-
ing the intermolecular interactions (n binary as well as ternary
liquid mixtures | 1-5]. Ultrasonic studies can also be used to de-
termine the extent of complexation and to calculate the forma-
tion constant values of charge transfer complexes [6,7]. It is
well known that alcohols are highly associated through hydrogen
bonds, thus their structure and propertiss are determined mainly
by quasi-chemical bonds between the molecules which resulr in
the formation of multimers of different sizes and structures [8].
The practical application of mixed solvents rather than single sol-
vent in industrial and biological processes has been recognized

* Corresponding author,
E-muail address krdhanekula@yahoocain (DK Rao).

hitp://dx. doi.ore 1000 16/ mollig 201 5.03.041
0167-7322/0 2015 Elsevier BV. All rights reserved,

all over the world as they provide a wide choice of solutions
with appropriate properties [8]. Ketones are organic compounds
that contain a carbonyl group (>C*=0") and twao aliphatic or
aromatic substituents containing the chemical formula RCOR.
Here, R and R' may be the same or diferent incorporated into a
ring (alkyl, aryl and heterocydic radicals). The chemical reactiv-
ity of the carbonyl group plays a vital role in chemical reactions
and is influenced considerably by steric effects. The greater
electro negativity of 0, high dipole moment makes ketones
polar. The following resonance structure (structure (a)) illus-
trates this polarity, Further the presence of oxygen with its non-
bonding electron pairs makes them H-bond acceptors. The
common sclvent chosen here is 1-octanol, a straight chain fatty
alcohol with eight carbon atoms (structure (b)). Chemically it is
a non-polar liquid, It is used in vinyl resins, plastics, oils, and
perfumes, as a defoaming agent and medicinally it is used for
controlling essential tremors and other types of involuntary neu-
rological tremors [10].
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KEYWORDS Abstract  Ultrasonic velocities, u, and densities, p, of binary liguid mixtures of dimethyl sulphoxide
Ultrasonic velocity: (DMSO0) with ketones such as acetophenone (AP), cyclohexanope (CH), and 3-pentanone (3P),
Density; : including pure liguids. over the entire composition range have been measured at 308.15 K, Using
Excess properties; the experimental data, deviation in ultrasonic velocity, An, deviation in isentropic compressibility,
Redlich—Kister type Ak, excess molar volume, V=, excess intermolzcular free length, Lf and excess acouslic impedance,
polynomial; ZE, partial molar volumes, Fugy Pz, and excess partial molar volumes, T |, u|1 have been
Theoretical velocity models calculated. Molecular interactions in the systems have been studied in the hghl of vanation of

excess/deviation values of calculated properties and these properties have been fitted to Redlich

Kister type polynomial equation. The observed positive values of V%, Ak, LF and negative values
of Au, ZF for all the binary liquid mixtures studied clearly indicate the presence of the dominance of
weak physical interactions between the components of molecules. Furnther, FTIR spectra support
the conclusions drawn from deviation/excess properties. Moreover, theoretical values of ultrasonic
velocity in the mixtures have been evaluated using various theories and such values were compared
with expenmental velocities to verify the applicability of such theories to the systems investigated.
@ 2015 The Awhors. Prodoction and hosting by Elsevier B.V. on behalf of King Saud University. This &
anopen access artick under the CC BY-WNC-ND license (buip: //creativecommons org/ Beenses hy-ne-nd 4.0/).
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Speed of sound (u) and densities (p) of binary liquid mixwures of benzyl benzoate with ethyl acetate, including
pure liquids, over the entire composition range have been measured ar T= (30815, 313.15 and 318.15) Kusing
the experimental data such as excess molar volume (V). excess acoustic impedance {25, excess intermolecular
free length (Lf), excess available volume( V5), excess surface tension [Of'} excess coefficient of thermal expansion
(o), excess isotropic compressibility, [K}), excessinternal pressure (nf} and excess free volume (V). Also enthal-
py (HY), entropy (5%), Gibb's free energy (G7), partial molar volumes/partial molar com pIL‘SSIb.I.llIL‘S excess partial
molar volumes /fexcess pamai rmiarcumpressinlmzs partial and excess partial molar volume of the components
at mfinite dilution (V m} (VE .'deE ) and variations of HESEGE with change in pressure at constant
temperature have: been: m!.lml:eli Moil:mhnmeracﬁom inthe system have been studied in the lightof variation
of excess values of calculated properties and these properties have been fitted to Redlich—Kister type polynomial
equation Further, Lennard-jones poential repulsive exponent term (n) and relative assoclation (Ry) are com-

puted and interpreted to eucidate the molecular i lmrramorls in the liguid mixture. The present investigation
also comprises evaluation of the acoustic non-li (B/A} in the and calculation of cohe-
sive energy AA, Van der Wall's constants (2, b} and dls:anr:e of the dosest approach (d). Moreover, speed of
sound in the mixtures has been evaluated using various semi-empirical relafions and such valueswere compared
with experimental speeds to verify applicability to the systems i d. The © ional study allows a
qualitative analysis of the results in terms of the individual contribution to the excess enthalpy and Gibb's enengy

in terms of electrostatic, van der Waals and hydrogen bonding interaction in the binary mixture.

© 2016 Elsevier BV, All rights reserved.

1. Introduction

Speed of sound, densities and derived thermodynamic and acousti-
cal parameters are of considerable interest in understanding the inter-
molecular interactions in binary as well as ternary liquid mixtures
[1-5].In chemical industry, knowledge of the thermodynamic proper-
ties of non-electrolyte solutions is essental in the design involving
chemical separation, heat transfer, mass transfer and fluid flow. Ultra-
sonic studies can also be used to determine the extent of complexation
and to calculate the formation constant values of charge transfer com-
plexes [6,7]. Measurement of ultrasonic speed has been adequately
employed in understanding the nature of molecular interaction in
pure liquid and liguid mixtures. The practical application of mixed sol-
vents rather than single sclvent in industrial and biological process

* Corresponding author,
E-maii aadress: shaikmahammadnayeemi@gmail com (5.M. Nayeem).

htp:idk.doi o/ 1000164 mollin 20 16,02 045
0167-7323/& 2016 Elsevier BV, All rights reserved.

has been recognized all over the woild as they provide a wide choice
of salutions with appropriate properties [8].

The present study deals with the thermodynamic study of mixed
solvent system at T = (308.15, 313.15 and 318.15) K. The liquids
under investigation have been chosen on the basis of theirindustrial ap-
plications, These applications have greatly stimulated the need for ex-
tensive information on the thermodynamic, acoustic and transport
properties of these solvents and their mixtures[9-11]

The selected components for the present study are benzyl benzoate
(BB) and ethyl acetate (EA). These possess wide applicabiity in various
food and pharmaceutical industries. Benzyl benzoate is a carboxylate
ester which is used as an insect repellent, in aily injections, as an acari-
dide and pediculicide in veterinary hospitals. It is an effective and inex-
pensive topical treatment for human scabies. Behaviour of benzyl
benzoate in many liquids such as aliphatic alkanes, aromatic alkenes, al-
iphatic alcohols, substituted benzenes, acetates, ketones and DMS0O
(super solvent) [12-14] has been thoroughly studisd ultrasonically.
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Excess Thermodynamic Properties for Binary Mixtures
of Ionic Liquid 1-Ethyl-3-methylimidazolium Ethyl
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12 Abstract The density (p), speed of sound (u) and refractive index (np) for pure
13 [Emim][EtSO,], 2-methoxyethanol and their binary mixtures were measured using an
14 Anton Paar vibrating tube density and sound velocity meter (DSA 5000 M) and automatic
15  refractometer over the whole composition range as a function of temperature between
1EXIY298.15 and 328.15 K in steps of 10 K at atmospheric pressure. Experimental values were

17  used to calculate the excess values of molar volumes {VIEL partial molar volumes (ﬁ),
18 partial molar volumes at infinite dilution r?',f;";. isentropic compressibility (xF), acoustic
19 impedance (ZE], free length ( LF], speeds of sound ( «F), internal pressure {JIF ), free volume
2(E¥ VE) and deviations in refractive index ( Aygnp) for the binary mixtures. These properties
21  were fitted to a Redlich—Kister type equation to obtain the binary coefficients and the
22  standard deviations. The negative values of VE, «E, LF,iﬁ.Vf and positive values for 25,
23 u"nf Aunp indicate existence of strong interactions between the components. This was
24 Y urther supported by IR spectroscopy analysis.

25  Keywords |[Emim][EtSO4] - 2-Methoxyethanol - Density - Speed of sound - Refractive
26 index - Excess/deviation parameters
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Keywards:

[Emim][BFa4]

I-Methoxyerhanol

Density

Speed of sound

Refractive index
Excess/deviation thermodynamic
parameters

Physical properties, such as density { p), speed of sound (u)and refractive index (ng | for pure [Emim|[BFs |,
2-methoxyethanol and their binary mixtures are measured over the whole composition range as a func-
tion of temperature between (298.15-328.15) Kat atmospheric pressure. Experimental values were used
to caleulate the excess values of molar volumes (VE ), partial malar valumes (VE), partial malar volumes
at infinite dilution (VE™), excess/deviation values of isentropic compressibility (xE), acoustic impedance
(ZF), free length (L:.: J.specds of sound (uF), refractive index (Agnp) andisobaric thermal expansion coeffi-
cient (e ) for the ﬁlnar_\r mixtures. These excess/deviation properties are fitted to the Redlich—Kister type
equation to obtain the binary coefficients and the standard deviations. A qualitative analysis of these

parameters indicates strong intermaolecular interactions hetween the liquids in study. This was further
supparted by IR spectroscopy.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

lonic liquids (ILs) as ‘green’ solvents and alternative fo tradi-
tional organic solvents are found increasing their utilization in
many areas of technelogy and science such assynthesis [ 1,2 ], multi-
phase separations [ 3 4], catalysis [5-7 |and asliquid electrolytes for
electrochemical processes [8,9]. They consist entirely of cationsand
anions, with negligible vapor pressure |10], good thermal stabil-
ity and broad liquid temperature ranges [11-12], non-flammability
[14—18]. Organic salts that have low melting points (usually defined
as below 100°C) were collectively known as ionic liquids (ILs).
The salt form and extremely low vapor pressure features garnered
them muchrecentattention as potential solvents to replace volatile
organic solventsina wide variety of chemical reactions, separations
and manufacturing processes.

# Corresponding author.
E-mall address: dr.b.haribabu@gmail.com (B. Hari Babu).

http:jjdx.doi.org/10.1016]j.tca2016.02.005
0040-6031/o 2016 Elsevicr B.V. All rights reserved.

Many technological processes involving ILs require the knowl-
edge of thermo physical properties of mixing them with organic
molecular solvents, To understand the interactions of their
constituting cations and anions with the molecular solvents, the
behavior of ILs when mixed with molecular organic solvents is
of utmost importance. The IL in the investigation is [Emim][BF4]
which was widely used as solvent in organic synthesis [19.20],
in biotechnology [21]. in chromatography [22]. etc. On the other
hand, alkoxyethanols, which are amphiphilic organic solvents have
been used in many chemical processes. The mixtures contain-
ing alkoxyethanols are very important from theoretical point of
view, not only because of their self-association, but also due to
the strong intermolecular effects produced by the presence of
—0— and —OH groups in the same molecule. It is of great impor-
tance to understand the mixing behavior of ILs in alkoxyethanols
and to provide accurate physicochemical data. Therefore some
researchers studied the tharmodynamic behavior of the mixtures
of ILs with alkoxyethanols [23-26].

Systematic investigation of the physicochemical properties of
[Emim]|BF,] with molecular organic solvents including water have
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Received 5 November 2015 ethoxyethanol and their binary mixtures are measured using Anton Paar vibrating tube density, sound velocity
Accepted 30 January 2016 meter { D5A 5000 M) and automatic refract meter over the whele composition range as & function of temperature
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between (298.15- 328 15} K at atmospheric pressure. E.xpermental values were used to calculate the excess
n’DJarvqumcs (W), excess values of partial mnhrvolumes{V ), partial molar volumes atinfinite dilution

mﬁtmﬁ } excess,vﬁml_anon values ofisentropic compressibility (&), isothermal compa'_cssbelly[hf- , free length [[,}
Zethoxyethanct speodofsol.nd (), refractive index (Agny), intemal pressure f!‘l.z} ﬁl:euoimc(\f] and isobaric thermal expan-
Density sion coefficent (cg ) for the binary mixtures. These excess/deviadon pmpemﬁ \.m'e ficeed ro ihe Redlich-Kister
Speed of sound type equationtoobtain the binary coefficients and the standard deviati e ic of these param-
Refractive fndex eters indicates srong intermolecularinteractions between the liguids ms&ﬂy This was quhel supported by IR
Excess/deviation parameters spectmscopy.

© 2015 Published by Esevier BV,

1. Intreduction

lonic liquids (ILs) as ‘green’ solvents and alternative to traditional

organic solvents are found increasing their utilization in many areas of

technology and science such as synthesis, catalysis, biocatalysts, electro-
chemical devices, separation technology, as reaction media, as green
solvents and in biodegradable materials [1-9]. ILs can be chosen o
have different anions and cations so that one can form IL with the de-
sired properties. Especially, some kinds of ILs with special functional
groupshave been designed for application in many industrial processes.
They consist entirely of cations and anions, with negligible vapor pres-
sure [10], good thermal stability and broad liguid temperature ranges
[11-13], and non-flammability [14-18]. The salt form and extremely
low vapor pressure features garnered them much recent attention as
potential solvents to replace volatile organic solvents in a wide variety
of chemical reactions, separations, and manufacturing processes.

The potential of these new substances can be exploited with exper-
imental methods that can reliably predict the thermodynamic proper-
ties of ionic liquids and their mixtures with other molecular solvents.
Most of these novel media are characterized by their volumetric, acous-

* Corresponding author.

https//dxdoi.org/ 10,101 6mellig 201 601,096
0167-7322/0 2015 Published by Elsevier BV,

ticand refractive index properties, since these data are significant forin-
dustrial applications. ILs have been considerad: solvents for reactions,
absorption media for CO; capture [19,20], the separating agent in ex-
tractive distillation [2 1-23], heat ransfer fluids [24-26], for processing
biomass [27], and the working fluid in a variety of electrochemical ap-
plications [28]. Many technological processes involving ILs require the
knowledge of thermophysical properties of mixing them with organic
molecular solvents. To understand the interactions of their constituting
cations and anions with the molecular solvents, the behavior of ILs
when mixed with molecular organic salvents is of utmost importance.
The IL in rhe investigation, 1-ethyl-3-methylimid azolium ethyl sulfate
{[Emim|[EtS04]} which is used as extracting solvent for the removal of
many organic compounds through liquid-liquid extraction [29,30]. It
is also widely used in enzyme catalysis in ionic liquids [31], in chroma-
tography [32], etc. On the other hand, alkexyethanols, which are amphi-
philicorganic solvents have been usad in many chemical processes, The
mixtures containing alkoxyethanols are very imporant fromtheoretical
point of view, not only of their self-assodation, but also due to the
strong intermaolecular effects produced by the presence of -0- and -
OH groups in the same molecule. Itis of great importance to understand
the mixing behavior of ILs in alkoxyethanols and to provide accurate
physicochemical data. Therefore some researchers studied the thermo-
dynamic behavior of the mixtures of ILs with alkoxyethanols [33-
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Molecular interaction studies in the binary mixture of 1-ethyl-3-
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ABSTRACT ARTICLE HISTORY

A molecular interaction study was carried out between the ionic liquid 1- Received 10 November 2016
ethyl-3-methylimidazolium trifluoromethanesulphonate and 1-butanol Accepted 4 January 2017
using the experimental values of density, speed of sound and refractive KEYWORDS

index measurements over the whole composition range as a function of  |EmimiiTriflatel 1-butanol;
temperature between 298.15 and 328.15 K at atmospheric pressure. The density; speed of sound;
excess/deviation properties such as molar volumes (L’Em_}, partial molar refractive index; excess
volumes (VE), partial molar volumes at infinite dilution (V£*), isentropic fdeviation properties
compressibility (x5), free length (Lf), speeds of sound (u), refractive

index (Bgnp) and isobaric thermal expansion coefficient {af,} obtained

from the experimental data were fitted into the Redlich-Kister type

equation to obtain the binary coefficients and the standard deviations.

The excess values deady indicated the existerice of strong molecular

interactions between the studied components. A quantitative analysis of

these parameters was further supported by IR spectroscopic analysis. In

addition, analysis of V5 data of the mixture was done through the
Prigogine-Flory-Patterson theory.

1. Introduction

Tonic liquids (ILs) as substitutes for volatile organic solvents are found escalating rapidly as
utilised in several areas of technology and science like an effective medium for chemical syntheses,
catalysis, biodegradable materials, electrochemical devices, separation science, green solvents and
biocatalysts [1-3]. Mixing of the ILs with molecular solvents is one of the alternative steps to
reduce the use of ILs and to save time for synthesising new ILs. From an economic and ecological
point of view, the mixtures of ILs and conventional organic solvents may be gaining a remarkable
amount of attention from both the researchers and the industries. Development of the physico-
chemical properties of the common ILs into the mixtures with better properties is a distinctive
approach to exploit their potential applications [4]. ILs are more viscous than conventional
organic solvents, which may hamper their application. Fortunately, their mixtures with molecular
solvents show reduced viscosity without affecting their advantages as green solvents. In particular,
the addition of polar co-solvents can strongly influence the physical and chemical properties of
ILs such as viscosity, reactivity and electrical conductivity as well as solubility and solvation
properties [5]. Recently, several binary IL+ molecular solvent systems have been shown to

CONTACT Hari Babu Bollikolla &) dr.b.haribabu@gmall.com
D supplemental data for this article can be accessed here,
@ 17 Informa UK Limited, trading as Taylor & Francis Group
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ARTICLE INFO ABSTRACT
Aticle histary: To explore the type of interaction and its behavior with temperature in the binary mixture {dimethyl carbonate
Received 4 November 2017

+ benzyl benzoate), the density (p) and speed of sound (i) ar measured for the whole mole fraction range at
various temperatures T = (308.15,313.15 and 318.15) K and at armospheric pressure, Sign with magnitude of
computed excess molar volume (V5,) was examined and detailed analysis elucidated not only prevalence of
strong molecular interactions between molecules in study but also its variation with temperature. Further, strong

Accepted 10 November 2017
Avaiable coline 13 November 2017

Keywonls: =
Density interactions are well supported by partial and their excess partial molar volume (Vm,Vf" Vf" ). Furthermore, rel-
Speed df sound ativeassodation (R, ), Lennard-Jones repulsive power ( m), excess iszntropic compressibility (5), partialand their

Excess thermodynamic properties

Prigngine-Flory-Patterson theory excess partial molar isentropic compressibility(K,,, T(f,, }, excess values of isobaric thermal expansion coefficient

(af;),isemmpic compressibility (1), isothermal compressibility (k5), intermolecular free length (lf}, acousticim-

Langmuir model 0 €
Dimethyl arbonate pedance (), surface tension (of), ultrasonic speed (u®) were evaluated and confirmed the condusions made for
Benzyl benzoate Ve By Redlich-Kister equation, coefficients with standard deviations are computed to excess parameters, Vs

correlated by Prigogine—Hory-Pamerson (PHP) and Topology theories at 308.15 K. Extended Langmuir model is
examined forinfluence of the bulk mole fracrion on surface tension. At T = 308.15 K, different derivatives of ther-
madynamic potentials, densities through Soave-Redlich-Kwong { SRK)/Peng-Robinson (PR} cubic equation of
states, excess chemical potential and theoretical speeds using semi-empirical equations are evaluated. Using
Hartmann-Bdlizar and Ballou non-linear equations, cohesive energy (AA), van der Wall's constants (a, b), dis-
tance of dosest approach (d) are estimated though Sehgal'sequations at all temperamres,

© 2017 Elsevier B.Y. All rights reserved.

multiconstituent liquid mixtures sooner than pure fluids are of immense
significance in numerous chemical, engineering and biological processes

1. Introduction

The thermo-physical and acoustic properties of the pure liquids and
their mixtures are investigated for numerous causes, most vital of
which is to present the informadon conceming molecular interactions
in liquid mixtures [1], which are having immense use in theoretical
and practical considerations. It is well known fact that the density is es-
sential in many chemical engineering estimations such asin designing
the dimensions of boilers, condensers and storage deposits etc, [2,3]. Ul-
trasonic studies in liguid mixtures can be used to determine the effectof
structure of donor molecules and polarity of medium on the stability of
complexes which play a significant role in complexation [4] and forma-
tion constantvalues of charge transfer complexes to compare their sta-
bilities [5]. With the wide range of requisite properties, binary and

* Comesponding author
E-mail nddresses: chanjaneyuluS@gmal com. bec_principal®yahoo.com
(€ Anjaneyulu),

betps: fidotorg/10. 10165 mollig 2007 11 070
DET-73226 201 7 Elsevier BV, All rights reserved.

|6]. Further, information of the reliance of density/spead of sound on the
composition, temperature and pressure is imperative inrealizing the in-
termolecular interfaces and phase behavior of liquids. Furthermore, nu-
merous parameters are possible to predict with density, speed of sound
( physicochemical properties) and it show its bang which goes from un-
derwater acoustics to natural science and pharmaceuticals. Thus, physi-
cochemical parameters play vital role in calculating nano to macro
level characteristic properties significant to binary liguid in study.

The liquid solvents in the present system are chosen based on their
industrial and medicinal importance, Dimethyl carbonate (DMC) a bio-
degradable chemical as a consequence of this it frequently pondered to
be a green solvent, used as an alternative of methyl tert-butyl ether in
fuels [7)/in lithium battery technology [8], it is a strong contender in
gasoline industry due to its high oxygen content (octane enhancing ca-
pacity), and it has low toxicity [9.10). Benzyl benzoate (BB) is acarbox-
vlate esterwhich is utilised as insect disgusting/in greasy injections/as a
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Abstract

Physical properties, such as density (p) and speed of sound (u) of [Bmim][triflate], 1-pentanol and their bnary mixtures,
are measured over the whole composition range as a function of temperature between 298.15 and 328.15 K at atnospheric
pressure. Experimental values are used to calculate the excess molar volumes I_V,ﬁ ). excess values of partial molar volumes
Vinls
speeds of sound («¥) and isobaric thermal expansion coefficient (of) for the binary mixture. These excess properties are

partial molar volumes at infinite dilution [_?:i' ), excess values of isentropic compressibility (kE), free length (LF),

fitted to the Redlich-Kister-type cquation to obtain the binary cocfficients and the standard deviations. A qualitative
analysis of these parameters indicates strong intermolecular interactions in both the systems and the interaction increases
with the increase in temperature. An attempt has been made to predict derivatives of thermodynamic potentials through
physicochemical parameters, and using empirical relations excess chemical potentials/mol ccular properties of the mixtures
from nonlinear parameter are also computed at 308.15 K The presence of strong interactions was further supported by IR
spectroscopy. In addition, analysis of VE data of the mixture was done through the Prigogine-FloryPatterson theory.

Keywords [Bmim][triflate] - [-Pentanol - Density - Speed of sound - Excess thermodynamic parameters

Introduction escalating rapidly as utilized in several areas of technology

and science [1-3]. Mixing of the ionic liquids with

Tonic liquids (ILs) as ‘green’ solvents represent a class of
liquid materials with unique properties and alternative to
traditional volatile organic solvents. Their applications are

Electronic supplementary material The online version of this article
(hitps:/doi.org/10.1007/5 1097 3-017-6887-y ) contains supplementary
material, which is available 0 authorized users.
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molecular solvents is one of the altemnative steps to reduce
the use of expensive ionic liquids and to save time for
synthesizing new ionic liquids of desired properties. The
mixtures of ionic liquids and conventional organic solvents
may be gaining a remarkable amount of attention from both
the researchers and industries from both economic and
ecological points of view. Improvement in the physico-
chemical properties of the common ILs into their mixtures
with molecular organic solvents is a distinctive approach to
exploit their potential applications [4]. High viscosity of
ILs may hamper their industrial and research applications.
Fortunately, their mixtures with molecular solvents show
reduced viscosity without affecting their advantages as
green solvents. In particular, the addition of polar co-sol-
vents can strongly influence the physical and chemical
properties of ILs such as viscosity, reactivity and electrical
conductivity as well as solubility and solvation properties
[5]. Recently, several binary IL + molecular solvent sys-
tems have been shown to perform better than the pure ILs,
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Thermo-physicochemical investigation of molecular interactions
in binary combination (dimethyl carbonate + methyl benzoate)
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Abstract

To probe the nature of interaction and its deeds with temperature in the binary combination (dimethyl carbonate + methyl
benzoate), the density (p)/speed of sound (1) be established for the total mole fraction array at T' = (308.15, 313.15 and
318.15) K and at atmospheric pressure. Sign with magnitude of evaluated excess molar volume (VE) was inspected and
comprehensive analysis elucidated not only pervasiveness of strong molecular interactions between molecules but also its
transform with temperature. Additional, strong interactions are properly hold up by partial and excess partial molar volume
(Vs ?:, 7:‘"1'1, Additionally, relative association (Ks), Lennard-Jones repulsive power (n). excess isentropic com-
pressibility (xf), partial and their excess partial molar isentropic compressibility (K, ﬁ), excess values of isobaric
thermal expansion coefficient (xf), isothermal compressibility (£5), intermolecular free length (1), acoustic impedance
(Z"), ultrasonic speed ( u") were evaluated and confirmed the deductions of V. By Redlich-Kister equation, standard
deviations are computed through coefficients for excess parameters. At T = 308.15 K. VE is correlated by theories of
Prigogine-Flory-Patterson (PFP)/topology/Soave—Redlich-Kwong (SRK)Peng—Robinson (PR) cubic equation of states;
prophesied first-order derivatives of thermodynamic potentials; using semi-empirical equations, excess chemical potential/
activity coefficients/theoretical speeds are estimated and correlated. Further, microscopic molecular properties are assessed

at all temperatures by Sehgal's equations on nonlinear relations.

Keywords Density - Sound speed - Excess parameters - Prigogine~Flory-Patterson theory - Theory of topology -
SREK/PR EoS - Activity coefficients - Nonlinear equations

Introduction interactions in liquid amalgamation [1]. which comprise

enormous employ in theoretical and applied sciences. It is
The thermo-physicochemical properties of the Huid and  accurately accepted information that the volumetric prop-
their combinations are explored for several reasons, mainly ety is crucial in numerous manufacturing industries in
o predict the knowledge pertaining 0 molecular  assessments such as in modelling the magnitudes of boil-
ers. condensers and storage deposits etc.. [2. 3]. Acoustic
examination in liquid blend can be used to ascertain the
consequence of arrangement of donor constituents and
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Investigation of molecular interactions in binary mixture of dimethyl
carbonate + N-methylformamide at T = (303.15, 308.15, 313.15
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Abstract

Density (p) and speed of sound (u) of binary liquid mixtures of dimethyl carbonate and N-methylformamide have been
determined at T = (303.15, 308.15, 313.15 and 318.15) K over the entire composition range. Experimental data are used to
evaluate excess values of molar volume (Vr'j;). isentropic compressibility (kf], isothermal compressibility {k{i). inter-
molecular free length (Lf), acoustic impedance (Z¥) and ultrasonic speed (4*). The VE data in the present investigation
were analysed by using Prigogine-Flory—Patterson (PFP) theory. Partial and excess partial molar volumes (Vy, 1. Vy2),
(VL. VE ) and partial and excess partial molar volume of the components at infinite dilution Vol 1s Vo), (Vﬁ,’_’f, 7;;) at
T'= (303.15, 308.15, 313.15, 318.15) K have been calculated. The excess/deviation properties were fitted to Redlich-Kister
equation to obtain their coefficients and standard deviations. The present investigation also comprises the acoustic non-
linearity parameter (B/A) in the mixtures and calculation of cohesive energy AA, Van der Wall's constants (a, b) and
distance of closest approach (d). Morcover, various semi-ecmpirical relations of ultrasonic speed have been used to correlate
the theoretical velocities. FT-IR spectra of pure components and their binaries have been measured at 7= 298.15 K.

Keywords Excess molar volume - Partial molar volumes - Isentropic compressibility - PFP theory - FT-IR spectra

Introduction interactions in liquid mixtures [1], which are having

immense use in theoretical and practical considerations. In

The thermo-physical properties of pure liquids and liquid
mixtures are studied for many reasons, most important of
which is to provide information about molecular
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practical aspect, the density is necessary in lot of chemical
engineering calculations such as in designing the dimen-
sions of boilers, condensers and storage deposits, etc.
[2, 3]. Ultrasonic studies of liquid mixtures can be used to
determine the effect of structure of donor molecules and
polarity of medium on the stability of complexes which
play a significant role in complexation [4] and formation of
constant values of charge transfer complexes to compare
their stabilities [5]. With the wide range of requisite
properties, binary and multi-component liquid mixtures
rather than pure liquids are of great importance in several
chemical, industrial and biological processes [6].

The liquids in the present system are chosen based on
their industrial importance. Dimethyl carbonate (DMC) is a
benign biodegradable chemical that it is investigated as
substitute of methyl terr-butyl ether in fuels [7]. DMC has
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Thermophysical investigations and prediction of calorimetric
potentials in binary mixture of 1-butyl-3-methylimidazolium
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Abstract

Physical properties, such as density (p) and speed of sound (1) of [Bmim][triflate], 1-pentanol and their binary mixtures,
are measured over the whole composition range as a function of temperature between 298.15 and 328.15 K at atmospheric
pressure. Experimental values are used to calculate the excess molar volumes (V,Ifl) excess values of partial molar volumes

(V:;}. partial molar volumes at infinite dilution (?‘:{ x)‘ excess values of isentropic compressibility (KE ), free length (LE)‘
speeds of sound (4¥) and isobaric thermal expansion coefficient (o) for the binary mixture. These excess properties are
fitted to the Redlich-Kister-type cquation to obtain the binary cocfficients and the standard deviations. A qualitative
analysis of these parameters indicates strong intermolecular interactions in both the systems and the interaction increases
with the increase in temperature. An attempt has been made to predict derivatives of thermodynamic potentials through
physicochemical parameters, and using empirical relations excess chemical potentials/molecular properties of the mixtures
from nonlinear parameter are also computed at 308.15 K. The presence of strong interactions was further supported by IR
spectroscopy. In addition, analysis of VE data of the mixture was done through the Prigogine-Flory-Patterson theory.

Keywords [Bmim][triflate] - 1-Pentanol - Density - Speed of sound - Excess thermodynamic parameters

Introduction

Tonic liquids (ILs) as ‘green’ solvents represent a class of
liquid materials with unique properties and alternative to
traditional volatile organic solvents. Their applications arc
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escalating rapidly as utilized in several areas of technology
and science [1-3]. Mixing of the ionic liguids with
molecular solvents is one of the alternative steps to reduce
the use of expensive ionic liquids and to save time for
synthesizing new iconic liquids of desired properties. The
mixtures of ionic liquids and conventional organic solvents
may be gaining a remarkable amount of attention from both
the rescarchers and industries from both cconomic and
ecological points of view. Improvement in the physico-
chemical properties of the common ILs into their mixtures
with molecular organic solvents is a distinctive approach to
exploit their potential applications [4]. High viscosity of
ILs may hamper their industrial and research applications.
Fortunately. their mixtures with molecular solvents show
reduced viscosity without affecting their advantages as
green solvents. In particular, the addition of polar co-sol-
vents can strongly influence the physical and chemical
properties of ILs such as viscosity, reactivity and electrical
conductivity as well as solubility and solvation properties
[5]. Recently, several binary IL + molecular solvent sys-
tems have been shown to perform better than the pure ILs,

ek

incipai
7 Gol:'rt. Diegree Colleg®
ADDANKI-528 201
Bapatla DS (AP

@ Springer



Hindawi Publishing Corporation

Journal of Applisd Chemistry

Valume 2014, Article ID 741795, 11 pages
Littp://chedoiorg/10.1155/2014/741755

Hindawi

Research Article

Ultrasonic Investigations of Molecular Interaction in
Binary Mixtures of Cyclohexanone with Isomers of Butanol

Sk. Md Nayeem,' M. Kondaiah,” K. Sreckanth,’ and D. Krishna Rao*

! Department of Physics, KRK Gavernment Degree College, Addanki 523 201, India

*Department of Physics, NM Government Degree College, Jogipet, Medak District, Telangana, India
*Depariment of Physics, PBN College, Nidubrolu, Guntur District, India

*Depariment of Physics, Acharya Nagarjuna University, Nagarjuna Nagar 512 510, India

Correspondence should be addressed to D. Krishna Rao; krdhanekula@yahoo.coin
Received 11 August 2014; Revised 21 October 2014; Accepted 3 November 2014; Published 18 December 2014
Academic Editor: Parsotam H. Parsania

Copyright @ 2014 Sk. Md Nayeem et al. 'This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Ultrasonic speed, u, and density, p, have been measured in binary liquid mixtures of cyclohexanone with the isomers of
butanol (n-butanol, sec-butanol, and ferf-butanol) at 308.15 K over the entire range of composition. Molar volume (V,_). adiabatic
compressibility (&,), intermolecular free length (L), acoustic impedance (z), and their excess/deviation along with Au have been
calculated from the experimental data. These values have been fitted 1o Redlich-Kister type polynomial equation. Positive values of
V:, Ak, Lf, and negative values of 2, Au have been observed for all the liquid mixtures indicating the existence of weak interactions
between components. Rupture of H-bond or reduction in H-bond strength of isomers of butanol or breaking of the siructure of
one or both of the components in a solution causes the existence of dispersions in the present investigated binary mixtures. The

S —E == : :

data cbtained from V,, ,, V,, ,, and excess partial molar volumes V, ,, V, ., reflects the inferences drawn from V= Furthermore,
FTIR spectra support the conclusions drawn from excess/deviation properties. The measured values of ulfrasonic speed for all the
investigated mixtures have been compared with the theoretically estimated values using empirical relations such as, Nomoto, Van

Dael and Vangeels, Impedance and Rao specific sound speed.

1. Introduction

Ullrasonic measurements are very useful in chemical and
food processing, pharmaceuticals, material testing, and
underwater ranging and cleaning and are also commonly
employed in mechanical machinery of materials (1], prepa-
ration of colloids or emulsions, the pregermination of seeds,
imaging of biological tissues [2], activation energy of meta-
bolic process [3], formation and destruction of azeotropes
in petrochemical industries [4], and nondestructive testing
(NDT).

Alcohols are self-associated organic liquids, used for the
synthesis of other organic compounds. They are also widely
used as coupling and dispersing agents in the chemical,
pharmaceutical, and household industries and as carrier and
extraction solvents for natural products. Cyclohexanone and
its derivatives are used for the synthesis of pharmaceuticals,

dyes, herbicides, pesticides, plasticizers, and rubber chemi-
cals. Ketones are a class of an organic compound that contains
a carbonyl group and two aliphatic or aromatic substituents
containing the chemical formula RCOR' (general chemical
formula of Ketones). The chemical reactivity of the carbonyl
group plays vital role in chemical reactions and is influenced
considerably by steric effects. The greater electronegativity
of O™ and high dipole moment value make Cyclohexanone
polar. Scheme 1 illustrates this polarity. Further the presence
of oxygen with its nonbonding electron pairs makes cyclo-
hexanone H-bond acceptors. Thus a study on thermophysical
properties data of binary liquid mixtures containing ketones
has attracted considerable interest in the literature |[5-9].
Literature survey reveals that Tsierkezos etal. [10] studied
molecular interactions in cyclohexanone with methanol,
ethanol, 1-propanol, 1-butanol, and 1-pentanol at 293.15K
and Sri Lakshmi et al. [11] studied molecular interactions in
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Ultrasonic velocities (1), densities (p), and viscosities () of binary liquid mixtures of cyclohexanone with benzyl benzoate,
including pure liquids, over the entire compaosition range have been measured at 30815 K, 313.15K, and 318.15K. Using the
experimental results, parameters such as molar volume (V,,), isentropic compressibility (k,). intermolecular free length (L),
acoustic impedance (7), internal pressure (), enthalpy (H), Gibbs free energy of activation of viscous flow ("), and

excess/deviation properties of these including partial molar volumes (V, | and V, and

m2
&

?:,_F,}, partial molar volume of the components at infinite dilution (?::l . ?:;}, and excess partial molar volume at infinite dilution
~F.mm

., andﬁ;“) have heen computed. The observed negative values of 7%, Ak . ]’i and rr* and positive values of =5, H*, AG™, Ay,
and Au for all the liquid mixtures studied clearly indicate the presence of strong dipole-dipole-type interactions, fitting of smaller

molecules into bigger molecules, Further theoretical values of sound velocity and viscosity in the mixtures have been evaluated
using various theories and have been compared with experimental values to verify the applicability of such theories to the systems

), excess partial melar volumes (V|

studied.

1. Introduction

Volumetric, viscomeltric, and ultrasonic investigations of
liquid mixtures are of considerable importance in under-
standing the intermolecular interactions occurring among
component molecules and they find application in several
industrial and technological processes [1, 2]. The work on
medicinally used chemical compounds requires the attention
of the society in all aspects including ultrasonic behaviour.
Benzyl benzoate is a carboxylate ester which is used in oily
injections and as an insect repellent and as acaricide and
pediculicide in veterinary hospitals. It is an effective and
inexpensive topical treatment for human scabies. It is a polar
(4 = 2.06D) molecule (C"=0") with the structure shown
in Figure 12. Behaviour of benzyl benzoate in many liquids

such asaliphatic alkanes, aromatic alkanes, aliphaticalcohols,
substituted benzenes, acetales, ketones, and DMSO (super
solvent) has been thoroughly studied ultrasonically [3-6].
Ketone is an organic compound that contains a carbonyl
group and two aliphatic or aromatic substituents containing
the chemical formula RCOR'. Here, R and R may be same or
differentincorporated intoa ring (alkyl, aryl, and heterocyclic
radicals), Cyclohexanone is a ketone liquid. The chemical
reactivity ofthe carbonyl group (C*=07) plays important role
in chemical reactions and is influenced considerably by steric
effects. The greater electronegativity of O™ and high dipole
moment make ketones polar (4 = 3.25D). The resonance
structure shown in Figure 12 illustrates this polarity. Thus
a study on thermophysical properties data of binary liquid
mixtures has attracted considerable interest in the literature
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Abstract

The viscosilies (n) and densities (p) have been measured for the binary mixtures of dimethyl carbonate (DMC)
with 2-alkoxyethanols such as 2-methoxyethanol (MOE), 2-ethoxyethanols (EOE) and 2-butoxyefhanols (BOE) over
the entire range of mole fraction at T=(303.15, 30815, 313.15, 318.15) K and at constant atmospheric pressure.
The exress/deviation properties such as deviation in viscosity and excess Gibbs free energy of activation of viscous
flow are calculated. Excess/deviation properties are correlated by the Redlich-Kister equation to oblain the binary
coefficients and standard deviations Further several semi empirical models such as Grunberg-Nissan, Katti-
Chaudhri, Heric-Brewer and Hind et al. are used to correlate the viscosity of binary mixtures. The values of A,
which refers to the deviation of the experimental values of the viscosity of the mixture from the mole fraction mixture
law rules, are found to be negative for all the mixtures. The results are discussed in terms of molecular interactions

| due to physical, chemical and struciural effects between the unlike molecules.

Keywords: Viscosity; Gibbs free energy; Redlich-Kister equation;

Molecular interaction

Introduction

Viscosity and density data for binary liquids are important from
prdc,l.ical and theoretical point of view. Expcrimc.utal measurements of
these properties of binaqf mixtures have g.‘l.ined much importance in
many chemical industries and engineering disciplines [1]. Knowledge
of the viscosity is very important in many chemical applications, such as
mass and heat transfer uperations, fluid ﬂow, molecular structure and
design involving chemical separations, developing separation methods
like HPLC and capillary electrophoresis eic. Dimethyl carbonate
{DMC) is considered to be a green solvent. It is a nontexic substance
and is w'ide|y used as a mp!acement for dimeti'ly‘l sulphate, met}lyl
halide, and phosgene in methylation and carbonylation reactions,
because it Is considered to be an “envirenmentally benign building
block” [2]. Dialkyl carbonates have shown to be very useful in the
lithium battery technology [3.4]. DMC has about 3 times the oxygen
content as methyl tert-butyl ether (MTBE) and it is a strong contender
to assist the reﬁning industry. It does not p]lase separate in a water
stream as some alcohols do, and it has both low toxicity and relatively
quick biodegradability |5,6]. Glycol ethers are a group of solvents based
on ﬂlk)’l Cll'}cl'ﬁ Df clh)’]cnc gl}'col or pmp}'lc.nc EIYCDI COI“]IIG]I;Y U.S(.'d
in paints and cleaners. Among cellosolves ie, Alkoxyethanols viz.
2-methoxyethanol (MOE), 2-ethoxyethanol (EOE), 2-butoxyethanol
(BOE) as oxyg:nal:d (umpuumk are incrca.siugl)' used as additives
to gasoline due to their octane e.nhancing and po]]ution-reducing
properties [7.8]. One of the interesting features of the chemicals that
are selected in this study, are used as green solvents in gasoline industry.

In the present paper, we report viscosity, deviation in viscosity and
excess Gibbs free energy of activation of viscous flow data for the binary
mixtures of 2-methoxyethanol, 2-ethoxyethanol, 2-butoxyethanol
with dimethyl carbonate at four different temperatures T=({303.15,
308.15, 30815, 313.15) K. These Fucess/deviation properties are
correlated by the Redlich-Kister equation to obtain their binary
cocflicients and standard deviations. This work will also pmvit}c a
test of various semi empirical relations like Grunberg-Nissan, Katti-
Chaudhri, Heric-Brewer and Hind et al. to correlate viscosity of binary

mixtures. Literature about binar}r 1iquid with one of the sclvent as
dimethyl carbonate is plenty [9-14]. A deep literature survey reveals
that no significant work is available on the binary mixtures of dimethyl
carbonate and 2—alkoxycl]1a.no|.a at a tcmperaturc range of (303.15-
318.15) K.

Materials and Methods

DMC was obtained from Aldrich Chemical Co., stated purity
99 mol%. The chemicals Z—mcl}mxytlhaml, 2—cthox}rc'rhanol and
2-butoxyethanol are obtained from SD Fine Chemicals Ltd., India,
stated mass fraction purity>0.995 are used in this study. Before
measurements, all the [iquids were kcpl in dark bottles, dried
over molecular sieves (Union Carbide, type 4A4), and degassed it
ultrasonically. All the chemicals were purified by method described
in literature [15,16]. The chemicals after purification were 99.8%
pure and their purity was ascertained by GLC and also i)y comparing
experimental values of density and viscosity, at 303.15 K with those
reported in the literature, as presented in Table 1.

The binary mixtures are prep:ued gravimetricaﬂy using an
electronic balance (Shimadzu AY120) with an uncertainty of + 1 x 107
kg and stored in airtight bottles. The uncertainty on mole fraction is
estimated to be 1 % 1074 It is ensured that the mixtures are pmper}y
mixed and the measurement of the required parameters was done
within one day of preparation.
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Abstract

For an adequate choice of binary mixture for the possible application. the knowledge of their
mteraction with each other is an essential feature for predicting the reactivity and selectivity.
Using the density (p). viscosity (#7) and ultrasonic speed (1), for the binary liquid mixtures of
n-hexane with 14-dioxane at temperature 7=308.15 K. we have evaluated activity
coefficients and excess chemical potential using Morgules. Porter. Wilson and Van laar
equation. The studied system shows deviation to the ideality indicating the presence of
interaction in the bnary system. Further. the negative sign of excess chemical potential of the
studied binary mixture reveals the dominance of weaker interactions.

Keywords

Ultrasonic speed. density, viscosity, interactions, activity coefficients. excess chemical
potentials. excess molar enthalpy. PFP theory.
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Introduction

In continuation of our earlier research [1-5]. an attempt has been made to evaluate activity
coefficients and excess chemical potentials from the physicochemical parameters 1.e.,
ultrasonic speed. density and viscosity. The liquids under investigation n-hexane+1.4-dioxane
have been chosen on the basis of their industrial applications. These applications have greatly
motivated the need for widespread information on the thermodynamic. acoustic. and transport
properties of these chemicals and their mixtures. It is well known fact that. ultrasonic speed
and related thermodynamic parameters are helpful as well as needed for characterizing
thermodynamic and physico-chemical aspects of binary liquid mixtures such as molecular
association and dissociation. These physico-chemical analyses are used to handle the mixtures
of hydrocarbons. alcohols. aldehydes. ketones ete. The measurement of ultrasonic speed
enables us to perform the accurate measurement of some useful acoustic and thermodynamic
parameters and their excess values. 1.4-dioxane (an ether) 1s a colourless liquid with a faint
sweet odour similar to that of diethyl ether. It is designated as one of the super solvents and
being used for a variety of practical applications in the laboratory. n-hexane are important
sertes of homologous. nonpolar and organic solvents. They have often been used in the study
of solute dynamics because of their physicochemical properties as a function of its chain
length. These are commercially used as solvents, in paints, coatings. rubber cement. as power
fuel and in gasoline. These studies find several significant applications in industries. In view
of the importance of these liquids and experimental data of #-hexane+1.4-dioxane system at
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Investigation of Molecular Interaction in Binary System through Activity
Coefficients and Application of Prigogine-Flory-Patterson Theory to Evaluate
Excess Molar Enthalpy at T=308.15K
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ABSTRACT

For an adequate choice of binary mixture for the passible application, the knowledge of their interaction with
cach other is an essential feature for predicting the reactivity and selectivity. Using the density (p), and
altrasonic speed (u)for the binary Tiguid mixtures of ethyl acetate with benzyl benzoate (BB) at temperaiire
T=308.15 K, we have evaluated activity coefficients using Morgules, Porter, Van laar equation and computed
excess molar enthalpy by PFP theory. The studied activity coefficients show the presence of molecular
interactions and PFP theory correctly predicted the sign of excess molar enthalpy.

Keywords— Ultrasonic speed, density, interactions, activity coefficients, PFP theory, excess molar enthalpy.

1. INTRODUCTION For this investigation, experimental data of EA+BB
system at T=308.15 K [6]has been taken and extended for
In continuation of our earlier research [1-3], an attempt  computing activity coefficients so as 10 account for the
has been made to evaluate activity coefficients from the  interaction which exists between EA and BB molecules.
physicochemical parameters ie, ultrasonic speed and  Further. it is well known fact that the study of excess
density. Our previous work [6] reported physicochemical  thermody pamic properties, such as excess molar enthalpy/
data of binary liquid mixtures of ethylacetate +  molar volume! molar Gibbs energy, is extremely vital 1o
henzylbenzoate  at different  temperamres  T= comprehend molecular interaction in mixtures and to
(308.15/313..‘5/318.15) K and under atmospheric  build up and to investicate the applicability of solution
pressure. The liquids under investigation BABD have  theories and statistical models. In this work, Prigogine—
been chosen on the basis of their medicinal and industrial  Flory— Patterson madel (PEP) which contains only one
applications. These applications have greatly motivated  adjustable parameter. is also applied at T=308.15 K and
the need for widespread information on the tested the applicability of such theory fto the
thermodynamic, acouslic, and transport properties of  experimentally derived values of HE,.
these chemicals and their mixiures. The work on
medicinally used chemical compounds necessitates the 2. ACTIVITY COEFFICIENTS
attention of the society in all features including ultrasonic
behaviour. It has an extensive application in chemical ~ Phase equilibria are essential for chemical separation
industries,  food-flavour scetors and in the process design. The imperfeciness of the liquid phase is
pharmaceu{ica}sv It 15 a solvent used in a wide range of accoumcd b}' hquid-phasc activity coefficients by means
applications, including printing inks, varnishes and car of thermodynamic models. Cxperimental data are
care chemicals and in the production of enamels, plastics frequently unavailable over the range of conditions ol
and rubber. Ethyl acetate is used in food industry as a interest; hence, the required data must be estimated using
synthetic flavouring and in the pharmaceutical industry as one of a variety of approaches. Further, the data o
an  extraction selvent in the production of activity coefficients are expected for engineering desigr
pharmaccu[ic;ﬂs_ Benzyl benzoate (BB) is used in  purposes. This made us to attempt svaluation of activity
different ways: in oily injections, as an insect repellent ~ coefTicients for the present binary system. Generally, the
and as acaricide and pediculicide in veterinary hospitals. activity coefficient is a unit less parameter that measure:
ihe deviation from ideality in a mixture. In liquid phase, i
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Abstract:

For an adequate choice of binary mixture for the possible application. the knowledge of their
interaction with each other is an essential feature for predicting the reactvity and selectivaty. Using the density
(@), viscosity (1) and ultrasonic speed of sound (1), for the binary liquid mixtures of eyclohexanone with benzyl
benzoate at temperamre I=308.15 K, we have evaluated activity cosfficients and excess chenueal potennal
using Morgules. Porter, Wilson and Van laar cquation. The studied system shows negative deviation to the
wdeality indicating a stronger mteraction w the binary system, Further, the positive sign of chenneal potennal of
the smdied binary mixture reveals the dominance of strong interactions.

Keywords: Speed of sound. density. viscosity, nteractions. activity coefficicents. cxcess chemical poteatials
1. INTRODUCTION:

In continuation of our earlier research [1-5]. an attempt has been made to evaluate
activity coefficients and excess chemical potentials from the physicochemical paramerers ic..
ultrasonic speed. density and viscosity. The liquids under investigation (CH+BB) have been
chosen on the basis of thenr medicmal and industnal applications. These applications have
greatly motivated the need for widespread informarion on the thermodynamic, aconstic, and
transport propervies of these chemicals and their mixmres. The work on medicinally used
chemical compounds necessitates the attention of the society m all feawres cluding
ultrasonic behaviour, Benzyl benzoate (BR) is used in different ways: in oily injections, as an
insect repellent and as acaricide and pediculicide in veterinary hospitals. It is an effective and
mexpensive topical treatment for human scabies. Cyclohexanone (CH) and 1ts derivauves are
used m different ways: in the synthesis of pharmacenticals. dyes. herbicides. pesticides.
plasticizers. and mibber chemicals. For this investizgation, experimental dara of (CH+BB)
systemn at 7=308.15K [6]has been taken and extended for computing activity coetlicients and
excess chemical potentals[7] so as 1o account for the type of wmreraction wluch exists
berween CH and BB molecules.

2. RESULTS AND DISCUSSIONS:
Activity coefficients:

Phase equilibiia  are essenual for chemncal separationprocess design.  The
imperfectness of the liquid phase is accounted by liquid-phase activity coefficients by means

of thermodynamic models. Experimental data are frequently unavailableover the range of
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Abstract: Densifies, p, and viscosities, 1 of 10 m and 5 m aqueous ethylene glyeol
solution in propan-2-ol and butan-2-ol have been measured over the entire
composition range at 308.15 K. From this experimental data, excess molar volume.

VME, excess Gibbs free energy of activation of viscous flow. AG'E and deviation in
viscosity. An have been determined. Negative values of Vf . positive values of AG*E

and An are observed over the entire composition range in the mixtures studied. The
partial molar volunes and excess partial molar voliunes of the components at infinite

dilution, V:j, V:_z‘ VfLT 3 Via_: have been also calculated. The observed negative
and positive values of excess and deviations attributed to the existence of strong
interactions such as geometrical fitting of smaller molecules into the voids created by
larger molecules in the liquid mixtures. The data for all the investigated solutions
have been compared with the theorefically estimated values using empirical relations
such as. Grunberg and Nissan. Hind et a/ and Katti and Chaudhari.

Keywords: Density, Viscosity, Excess/deviation properties, Redlich-Kister
polynomial. Empirical values of viscosity.
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VOLUMETRIC AND VISCOMETRIC STUDY OF AQUEOUS SOLUTION OF
ETHYLENE GLYCOL, PROPYLENE GLYCOL IN ISO-PROPANOL
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ﬂSTRACT \
Densities, p and viscosities, n of 0.5 m, 1.0 m and 1.5 m aqueous sthylene glycol and propylene

dlycol solutions in isc-propancl have been measured over the entire composition range at 308.15
K. From this experimental data, deviation in viscosity, An, excess free volume, V; , excess

internal pressure, ;rr." . excess enthalpy, H= and sxcess Gibbs free anergy of activation of viscous
flow. AGT have been determined. It has been observed that viscosity increases first and attained
a maximum value thereafter decreases. Megative values of V;" and positive values of An, ;r," .

H®, AG™ are observed over the entire composition range in the mixtures studied. The observed
negative and positive values of various excess and deviation parameters are afttributed to the
existence of strong interactions such as geometrical fitting of smaller molecules into the voids
created by larger molecules in the liguid mixtures. The measured values of viscosity for all the
investigated sclutions have been compared with the theoretically estimated values using empirical
relations such as, Grunberg, Hind and Frenkel.

&

1. INTRODUCTION

Aqueous solutions play a vital role for many
geological processes In varlous environments,
such as geothermal and magmatic hydrothermal
settings. Ultrasonic energy is used in medicine,
engineering, agriculture, defence and industry. It
is found to be useful in studying the chemical
processes and in synthesis of chemical substances
in chemical industries. Water and alcohol
mixtures show unique maxima and minima in
their thermodynamic and acoustic properties at
low alcohol concentrations’. The formation of
such maxima/minima in aqueous solutions of
electrolytes® and in non-aqueous solutlons®7? is
also reported in literature.

691

Thermodynamic and transport studies of aqueous
non electrolyte solutions of 0.5 m, 1.0 mand 1.5 m
athylene glycol /propylene slycol (non-
electrolytes) in iso-propanol have been presentad
in this work. Masso Sakura® reported the partial
molar volumes of ethylene glycol and water
solutions at multi temperatures 15, 25, 35 and
450C. Speeds of sound and viscosities in aqueous
poly (ethylene glycol) solutions at 303.15 K and
308.15 K were presented by Pal and Wazir Singh®.
Kanhekar et al'® studied the thermodynamic
properties in aqueous solution of glycine at
different temperatures. Molecular interionic
Interaction studles of divalent transition metal
sulphates in aqueous ethylene glycol at different
temperatures were studied by Thirumaran and
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Binary Liquid Mixtures of Benzyl Benzoate with Isomers of Butanol at
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ABSTRACT

Ultrasonic speed is measured at 2MHz frequency in the binary mixtures of Benryl Benzoate with n-
butanol/sec-butanol/tert-butanol and semi empirical values of ultrasonic speed have been evaluated at 308.15 K using
Nomoto’s relation. Vandeal's relation. Parsania’s Impedance relation. Rao’s and Junjie’s method. Semi empirical
values of ultrasonic velocities are compared with the experimental values and the validity of the theories i checked
by calculating the percentage deviation and standard deviations. A good agreement has been found between
experimental and Parsania’s Impedance ulirasonic velocity.

KEY WORDS: Ultrasonic speed. dengity. Semi empirical speed models.
1. INTRODUCTION

Measurement of ultrasonic speed gives the valuable information about the physicochemical behaviour of the
liquid and liquid mixtures, Ultrasonic speeds. densities and derived thermodynamic and acoustical parameters are of
considerable interest in understanding the intermolecular interactions in binary as well as ternary liquid mixmures. In
the chemical industry knowledge of the thermodynamic properties of non-electrolyte solutions is escential in the
design invelving chemical separation, heat transfer. mass transter and fluid flow. Ultrasonic studies can also be used
to determine the extent of complexation and to calculate the formation constant values of charge transfer complexes.
Measurement of ultrasonic speed has been adequately employed in understanding the nature of molecular mnteraction
in pure liquid and liquid mixtures, The practical application of mixed solvents rather than single solvent in industrial
and biological process has been recognized all over the world as they provide a wide choice of solutions with
appropriate properties.

The present study deals with the thermodynamic study of mixed solvent system at 308.15 K temperature.
The liquids under investization have been chosen on the basis of their industrial applications. These applications
have greatly stimulated the need for extensive information on the thermodynamic. acoustic and transport properties
of ihiese solvents and their mixtures.

Benzyl benzoate 1s a carboxylate ester. which 1s used as an insect repellent. a medicine for scabies and also
used in oily injections. Behaviour of benzyl benzoate in many liquids such as aliphatic alkanes, aromatic alkenes.
aliphatic alcohols. substituted benzenes, acetates. ketones and DMSO (super solvent) has been thoroughly studied
nltrasonically.

Alcohols are self-associated organic liquids. used for the synthesis of other organic compounds. They are
also widely used as coupling and dispersing agents in the chemical. pharmaceutical and household industries and as
carrier and extraction solvents for natural Products. Branching of alkyl group attached to the hydroxyl group results
in abnormal behavionr of alcohols. The interaction of aleohol [s] with organic liquids is interesting dne to its acidic
nature, The O-H bonds 1n alcohols are polar and allow the release of the hydrogen atom as proton (H+). The order
of acidity in alcohols is: 1°-alcohol= 2°- alcohol = 3%-alcohol. This order is due to +1 effect.

In continuation of our earlier work. we report the ultrasonic speed evaluated using Nomote’s relation.
Tmpedance relation. Ideal mixmre relation and Junjie's method for the binary mixtures of Benzyl benzoate with n-
butanol/sec-butanol/tert-butancl. Further. the best smtable theory for the grven molecular system under study 1z also
picked out by calculating the percentage deviation and standard error.

2. EXPERIMENTAT DETAILS

High purity Analytical Reagent (AR) grade samples of Benzyl benzoate (BB) (sd fine chemicals), n-butanol
(Fluka). sec-butanol procured from Merck and tert-butanol procured from: Sigma Aldrich were used. Betfore
measurements all the liquids were carefully dried over 0.4 nm molecular sieves and stored in dark bottles. These
samples were further purified by standard methods. The solutions of binary mixtures BB with AP. CH and 3P have
been prepared in the specially designed glass bottles with air right stoppers and adequate precautions have been taken
to mininuze evaporation losses. Before measurements all the liquids were carefully dried over 0.4 nm molecular
sieves and stored in dark boitles. These samples were distilled just before use. The purity of these liquids was
ascertained by Gas Clwomatography (HP 8610) using a FID detecior and the analysis indicated mole percent purities
> 99,5 %. The weighing of solurions has been made using a METTLER TOLEDO (Switzerland make) ABBS-
S/FACT digital balance with an accuracy of £0.01 mg. The uncertainty in the mole fraction 1s 10-4. The ultrasonic
speed (u) of pure liquids and liquid mixtures have been measured nsing an ultrasonic interferometer (Mittal type.
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ABSTRACT

Ultrasonic speed iz measured at 2MHz frequency in the binary mixtures of ascabin with n-butanol/sec-
butanol/tert-butancl and semi empirical values of acoustic speed have been evaluated at 313.15 K using Nomoto’s
relation. Vandeal's relation. Parsania’s Impedance relation, Rao’s and Junjie’s method. Semi empirical values of
acoustic speeds are compared with the experimental values and the validity of the theories is checked by calculating
the percentage deviation. A good agreement has been found between experimental and Nomoto™s ultrasonic speed.

KEY WORDS: Ultrasonic speed. density. semi empirical spead models.

1. INTRODUCTION

Measurement of acoustic speed gives the precious mformation about the physicochemical behaviour of the
liquid and binary liquid muxtures. Ultrasonic speeds. densities and derived thermodynamic and acoustical parameters
are of considerable mterest in establishing molecular interactions in binary and ternary liquid mixtures. In the
chemical industry knowledge of the thermodynamic properties of non-electrolyte solutions is essential in the design
involving, heat shift, chemical partition. mass shift and fluid flow. Acoustic smdies can also be nsed fo find out the
degree of complexation and to calculate the formation constant values of charge shift complex. Measurement of
ultrazonic speed has been sufficiently employed in establishing the type of molecular interaction i pure liquid and
liquid mixtures. The useful application of mixed solvents rather than single solvent in industrial and biological
process has been accepted all around the world as they give a wide choice of solutions with relevant properties.

The present study deals with the thermodynamic study of mixed liquid system at 313.15 K temperature. The
liquids under exploration have been chosen on the basis of wide applications and industrial importance. These
applications have intensely stimulated the need for broad and depth information on the thermodynamic. acoustic.
transport properties of these solvents and their mixtures.

Ascabin 1s a carboxylate ester. which is used as pest repellent. drug for skin related diseases and oily
injection. Behaviour of ascabin in various liquids such as aliphatic alkanes. aromatic alkenes. aliphatic alcohols,
substituted benzenes. acetates. ketones and DMSO (super solvent) has been systematically studied acoustically.

We know that alkanols are self- commected organic liquids. used for the production of several organic
compounds. They are also widely used as coupling and dispersing agent in the pharmaceutical. chemical and
domestic industry and as a transporter and extraction of solvents for natmral products. Branching of CH3 group
attached to the -OH group results in anomalous behaviour of alcohols. The action of alkanol [s] with organic liquids
is remarkable due to its acidic property. The O-H bonds in alkanols are polar and allow the liberation of the H atom
as proton (H+). The order of acidity in aleohols is: 1°%-aleohol= 2°- alecohol = 3%-alechol. This order is due to +I
effect.

As an extension of our earlier work. we report here the acoustic speed evaluated using Nomoto’s 1elation.
Impedance relation. Ideal mixture relation and Junjie's method for the binary mixtures of Ascabin with n-
butanol/sec-butanol/tert-butanol. Moreover. the best snitable theory for the given molecular system under study is
also picked out by deriving the percentage deviation.

2. EXPERIMENTAL DETAILS

High purity Analytical Reagent (AR) grade samples of Ascabin (BB) (sd fine chemicals). n-butanol (Fluka),
sec-butano! procured from Merck and tert-butanol procured from Sigma Aldrich were used. Before the experiment.
all the chemicals were cautiously dried over 0.4 nm molecular sieves and stored in dark bottles, These chemicals
were further purified by standard methods.

The solutions of binary mixtures BB with alkanols have been prepared in the specially designed glass bottles
with air fight stoppers and smtable measures have been taken to minumize evaporation losses. All the binary hiquids
were carefully dried over 0.4 nm molecular sieves further and storsd in clear dark bottles well before the
measurements. These binaries were distilled just before use.

The purity of these binaries was measured by Gas Clwomatography (HP 8610) using a FID detector and the
analysis indicated mole percent purities > 99.5 %. The weighing of binaries has been made with a METTLER
TOLEDO (Switzerland make) ABB3-S/FACT digital balance with an accuracy of £10-2 mg. The uncertainty - *-=

mole fraction is 10-4. W
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ABSTRACT

Ultrasonic speeds (). densities () and viscosities (1) of the solutions of acrylamide as solute with equimolar
mixture of ethanel and isopropyl alcohol(EIF)/isobutyl alcohol(EIB)/isoamyl alcohol(EIA) as solvent including those of
pure liquids have been measured at 308.15 K. From the experimental data of u, p and 1 the 1sentropic compressibility
(fs). mtermolecular freelength (L. acoustic impedance (Z). molar volume (V7). internal pressure (m). enthalpy (H).
viscous relaxation time (1) and relative aszociation (Ry) have been calenlated. The variation of these parameters with the
meolality of acrylamide is helpful to understand the nature and extent of molecular interactions between unlike molecules
i the solutions. Further. the experimental results have been analyzed on the basis of dipole — dipole interactions. strong
interactions such as -C = O......H-O- hydrogen bonding.
Key Words: acrylamide. isentropic compressibility. intemal pressure. molecular interactions. dipole-dipole interactions.
hydrogen bonding.
1. INTRODUCTION

The ultrasonic speed has been adequately employed in understanding the nature of molecular systems and
physicochemical properties in liquid mixfures (Iloukhani et al. 1995). The non linear behavior of ulfrasonic speed.
compressibility and other acoustical, thermo dynamucal parameters of solute-solvent solutions with concentration of
solute is attributed to the difference in size of the molecules and the sirength of inferactions. For the qualitative
astimation of the molecular interactions in solutions, the ultrasonic velocity approach was first studied by Lagemann and
Dunbar (1945).

Mixed solvents find more practical applications in chemical, industrial and biological processes. because they
provide a wide range of desired properties compared to their pure solvents. The studies of physicochemical properties of
amidetsecondary alkanol solutions are of very interesting because the amide is convenient system for investigating the
peptide and protein solvent inmteractions, Acrylamide (A) an organic solid compound is used to synthesize
polyacrylamides which find many nses as water soluble thickeners, waste water treatment. gel electrophoresis. paper
making. reprocessing. manufacture of dyes and the manufacture of other monomers. The use of alcohols in preparing a
number of compounds like aldehydes, ketones. acids. alkenes. alkanes. alynes. halides . ete.. are well known. Acrylamide
molecules are highly polar in nature (L= 3.44 D) and are strongly associated through thres hydrogen bond donors (3H —
atoms) and three acceptors (two lone pairs of electrons at oxygzen and one on nitrogen atom) as shown in structure 1.
Secondary alkanol molecules are polar and self associated through hydrogen bonding of their hydroxyl groups as shown
in structure 2. The components of these solutions have both proton donating/accepting ability. significant interaction
through hydrogen bonding between unlike molecules.

Research survey reveals that very little quantity of work was reported i the solutions of acrylamide (Sravan
Kuinar. 1995; Chennappan and Sankar. 2004). To the best of our knowledge, there has been no work on acoustic and
thermodynamic parameters reported in the solutions of acrylamide (A) as solute with equimolar mixture of ethanol and
isopropylalcohol(EIP) fisobutylalcohol(EIB )/isoamylalcohol(ETA).

HySrogen B ond

O

&+ 5 /5= & 5= &

= H O...H —O.... wH O

CH:=—CH—C—NH: | |
- R = L
acrylamlde molecule Hydrogen Dondng N alkoncl MO RCURS
Structure 1 Structure 2
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ABSTRACT

The density and speed of sound have been measured for the systems (Benzyl Benzoate + n-butanol, sec-
butanol, tert-butanol) at different molefraction and at different temperatures 308.15K, 313.15K
respectively. From these experimental data the excess/ deviation acoustic parameters such as daviation
in isentropic compressibility, excess intermolecular free length, excess acoustic impedance and deviation
in ultrasonic velocity have been calculated for the binary systems at 308.15 K and 313.15 K tempera tures.
The calculated excess / deviation functions have been fitted to Redlich-Kister polynomial using mult
param etric non- linear regression analysis to estimate the coefficients and standard errors. The variation
of these properties with composition and temperature of the binary mixtures have been studied In terims
of molecular interarctions between unlike molecules of the mixtures. Further, the results are supportad hy
FTIR spectra.

Keywords: Benzyl Benzoate, n-butanal, sec-butanol, tert-butanol, ul trasonic velocity,
density, excess / deviation parameters, Redlich-Kister polynomial,
intermolecular interaction, FTIR spectra.
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INTRODUCTION

The work on medicinally used chemical
compounds requires the attention of the society
in all aspects including ultrasonic behavior.
Practically, ultrasonic studies are of immense
use to study the melecular interactions when
these compounds are in binary mixture form
with some other liquids - protic /aprotic /polar
/mon-polar efc. Benzyl Benzoate (bb) is a
carboxylate ester, which is used as an insect
repellent, a medicine for scabies and also usedin
oily injections. Behavior of benzyl benzoate in

chemical, pharmaceutical and  household
industries and as carrier and exfraction solvents
for natural Products. Branching of alkyl group
attached to the hydroxyl group results in
abnormal behavior of alcohols. The interaction
of alcohol [s] with erganic liquids s Interesting
due to its acidic nature. The O-H bonds in
alcohols are polar and allow the release of the
hydrogen atom as proton (H+). The crder of
acidity in alcohols is: 1°-alcchol> 2°- alcohol =
3%-alcohol. This order is due to +1 effect [5].

many liquids such as aliphatic alkanes, aromatic
alkenes, aliphatic alcohols, substinited
benzenes, acetates, ketones and DMSO [super
solvent) [1-4] has been thoroughly studied
ultrasonically.

Alcohols are self-associated organic liquids, used
for the synthesis of other organic compounds.
They are also widely used as coupling and
dispersing agents in the

Shalk Mahaminad Nayeem etal, IJPRR 2014; 3(2)

While the interacting ability of alcohols is well
established, no such opinion is suggested from
literature with regards to Benzyl Benzoate
Keeping this in view: three binary liquid
mixtures n-butanol, sec-butaol and tert-butaol
with Benzyl Benzoate were selected tn study
their molecular interactions through their
acoustical behavior at two temperatures
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13.1 Introduction

Cellulose is a natural homopolymer present in the cell walls of many plants.
Industrially it has been utilized mostly for manufacture of cardboard and paper but
in recent times it has also gained allention as a major resource ol biofuel production.
Lignocellulosic materials in forests are considered the primary source of cellulose on
carth, having wood as the chief source. The rest of the materials having cellulose com-
prise agriculture residues. grasses, water plants, and other plant matters. Along with
cellulose, they also possess hemicelluloses and Tignin. Industrial production of cellu-
Inse depends mostly on harvested resources like wood or on naturally clean resources.,
for instance, cotton. The structure and orientation of cellulose in the cubicle walls of
straw have been described [1]. The field of nanocellulose [ibers as a louding phase
in nanocomposites was initiated two decades ago [2]. Since then. a vast amount of
literature has been created on nanocellulose fibers. and it is gradually becoming a
more relevant issue. Crystalline rod-like nanoparticles have been termed “whiskers.”
while the designation “nanofibrils” refers to elongated elastic nanoparticles having
discontinuous crystalline and amorphous filaments.

Cellulose hibers possess an exclusive hierarchy structure developed biologically.
They contain nanoliber bunches ol diameter 2-20nm, and of length higher than
only a faw micrometers. In effect. the main reagon o employ nanocellulose fibers
in composite materials is to potentially develop greater hardness of the cellulose
crystal for loading. This can be completed by reducing the hierarchical structure of
the plant into single nanofibers of high crystallinity, thus bringing down the quantity
of amorphous material. The hierarchical fibers make them able to do this: therefore.
because of their aspect ratio (length/diameter) loading abilities are highly favorable
for composite malerials, The purpose of this chapter is lo present current research
in the field ol nanocellulose fibrils and their application (hrough illustrations. Also.
it has been investigated that cellulose as a naturally manufactured product relates to
the polymers that showed an extraordinary future ability for elementary facts and for
large-scale synthesis in numerous applications [3].

Cellulose-Keinforced Nanofibre Composites. DOT: hitp/dx dolorg/ 10 1016/BUTS-0-08- 1009 5T 0011 3-4
Copyright © N7 Elsevier Lid. Al rights reserved
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