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The seed money received under RUSA 2.0 has been utilized for research work proposed in
the project proposal. The salient features of the work done are discussed below:

1. Experimental data of density (p), viscosity () and speed of sound (u) at seven
temperatures from (293.15-323.15) K with an interval of 5K has been determined for
the binary systems: Tridecane + 1-pentanol, Tridecane + 2-methyl -1-butanol and
Tridecane + cyclopentanol over entire range of composition. Excess parameters such
as excess molar volume (VE), deviations in viscosity (An), excess isentropic
compressibility («£) and excess Gibbs free energy of activation of viscous flow (AG*E)
have been computed and correlated using Redlich Kister polynomial equation. The
weakening of intermolecular hydrogen bonding existing among alcohols due to
prevailing dispersive interactions among non-polar regions of binary system have been
interpreted in terms of various derived thermodynamic parameters. The V,£ values have
been found to be positive while An values have been found to be negative for studied
binary systems at various temperatures. The positive kZ values for all the three binary
system reveals the extent of compactness of mixtures, but these values are found to be
negative after 0.5 mole fraction (x;) for Tridecane + Cyclopentanol system. Such
investigations are essential for design and better performance of hydrocarbon fuels.

Journal of Chemical & Engineering Data, 67.5 (2022) 1054-1069

2. Experimentally density (p), viscosity (1) and speed of sound (u), have been measured
for L-Histidine in aqueous ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate
([Camim][BF4]) solutions at different temperatures ranging (293.15-318.15) K. Using
examined data various volumetric, viscometric and compressibility parameters, i.e.
apparent molar properties (Vy, K¢ 5), limiting apparent molar properties (V°4, K%45),

transfer properties (V°¢ ¢+, K°¢ 5, By,-) @and viscosity coefficients A and B have been



computed, which are used to investigate the precious information about the complicated
phenomenon undergoing between ionic liquid [Camim][BF4] and the head/side chain
cluster of amino acid. Based on co-sphere overlap model variety of intermolecular
interactions prevailing in the ternary solutions have been enlightened along with the
structure making/breaking nature of solute using Hepler’s constant and temperature
derivative of B-coefficients (dB/dT).
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Journal of molecular liquids, 303 (2020) 112596

3. The effect of ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate

([Camim][BF4]) (IL) on the thermophysical performance of amino acid (aa) has been
examined by using viscometric, volumetric and acoustic approach. In such approach
viscosity, density and speed of sound has been quantified experimentally for L-leucine
in aqueous IL (0.0207, 0.0403, 0.0611) mol kg solution at various temperatures
(293.15-318.15) K to appraise the different parameters i.e. apparent molar properties (
Vs, Ko ), limiting apparent molar properties (V°4, K%4), limiting apparent molar
transfer properties (V°s. ¢, K° & 5.6, Ber- ), Viscosity coefficients A and B and hydration
number (ny). The resulting data of evaluated parameters are resolved on the basis of
co-sphere overlap model, which explain the existence of different intermolecular
interactions in the system and positive transfer values signify the dominance of ionic-
hydrophilic interactions. Moreover the structure making/breaking character of solute is
deciphered by the temperature derivative of viscosity B-coefficients (dB/dT) and
Hepler’s constant.
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Journal of chemical thermodynamics, 2106696 (2021)

4. From the measurements of density, (p) and speed of sound, (u), the intermolecular

interactions of D-maltose monohydrate and D-lactose monohydrate with trisodium
citrate (TSC) have been explored in aqueous medium at temperatures, T = (293.15-
313.15) K, pressure p = 0.1 MPa. From the experimental density measurements,
apparent molar volume (V,;), limiting apparent molar volume (V°,) and limiting
apparent molar volume of transfer (V° 4 «-) have been determined for various solutions
of maltose and lactose in aqueous TSC. In addition, using experimental speed of sound
data, apparent molar isentropic compressibility (Kss), limiting apparent molar
isentropic compressibility (K°4 ) and partial molar isentropic compression of transfer

(K°45,tr) have been calculated. Further, apparent molar expansibility (E°4), Hepler's
aT

constant values ( )Pand hydration number (nH) have been assessed to contribute

the interpretations received from the acoustic and analysis. The assessed outcomes were
construed in terms of diverse intermolecular interactions present in the ternary systems
(saccharides+ water + TSC) through a co-sphere overlap model. From the Hepler’s
constant structure breaking nature of the solute have been confirmed.

Chemical Thermodynamics and Thermal Analysis, 6 (2022) 100051.

From the density (q), speed of sound (u) and viscosity (g) measurements, the
interactions of glycine, glycylglycine and glycylglycylglycine with antidepressant drug,
nortriptyline hydrochloride have been investigated in agueous medium at temperatures,
T =(293.15-313.15) K and experimental pressure p = 0.1 MPa. From the experimental



6.

density measurements, apparent molar volume, limiting apparent molar volume (Vo U)
and partial molar volumes of transfer, have been determined for various solutions of
glycine, glycylglycine and glycylglycylglycine in aqueous nortriptyline hydrochloride.
In addition, using speed of sound data, apparent molar isentropic compression, limiting
apparent molar isentropic compression and partial molar isentropic compression of
transfer have been calculated. Pair and triplet interaction coefficients are also
determined from values using McMillan-Mayer theory. Further, apparent molar
expansibility and Hepler’s constant values have been evaluated to assist the
interpretations earned from the volumetric and acoustic analysis. The viscosity
coefficients A and B, viscosity B-coefficient of transfer (Btr) and temperature
derivative of B-coefficients (dB/dT) have been determined from viscosity data. The
results were interpreted in terms of different kinds of intermolecular interactions present
in the ternary systems (amino acid/pep tides + water + nortriptyline hydrochloride)
through a co-sphere overlap model. The Hepler’s constant and temperature derivative
of B-coefficients (dB/dT) confirms the structure breaking nature of the solute.
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Journal of Molecular Liquid, 354 (2022) 118760

In the present work, we attempt to study the interaction between the DPH drug and
three imidazolium ionic liquids in aqueous medium via a volumetric and acoustic
approach. The apparent partial molar volume (V¢) and the partial molar isentropic



compressibility (K¢) were evaluated from experimental density and acoustic data,
respectively. It was found that both these quantities showed an enhanced trend with
increasing ionic liquid concentration in all of the ternary systems. Moreover, the
interactions between DPH and the ionic liquids were strengthened with increasing ionic
liquid concentrations. Also, these interactions increase with the increase in size of the
alkyl chain length of the ionic liquids. There occur strong solute— solvent interactions
in the ternary system, which is confirmed by the derived partial molar properties of
transfer. The Helper’ s constant (OE¢ o /0T)P calculation finally concludes DPH as a
structure maker, and its structure-making behavior increases with increasing ionic
liquid concentrations. From the UV data, a general increase in the intensity of the
absorption maxima with the increase in ionic liquid concentrations and with the
addition of a small amount of DPH is observed. Further, a hypsochromic shift is
observed with the addition of a small amount of DPH in aqueous ionic liquid solution,
which indicates that the solute— solvent interaction is prevailing in the ternary system.
Finally, the present results confirm the presence of strong ionic— hydrophilic and
hydrophilic—hydrophilic interactions between the DPH molecules and the ionic liquids,
and the comprehensive behavior of these interactions in getting more stronger with the
increase in size of the alkyl chain length of the ionic liquids.

ACS Omega, 6 (2021) 22655-22671
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of proteind in all the blologecsl procedses can orly be understood by
the sensitvity of ks adjolning emvironment, Modification in the chemi-
cal and bisbogical bebuveor, Inker-bonlc interactions and stabilivg of poo-
Leins on varying its surrounding environnsent Tormulates o stady the
proteing behavior mthe presence ol different solvents. Aming acids
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[arning acids, drugs, peptices, inargaic ard organic sats erc. ). In the re-
Cent past, b has been fowid that the plyseoochenrcal studies of amiso
Srbds [4.9-11] or small peptides | 12-14] in water e of sgnificant im-
portance a5 teese are corridar for fundamental anderstanding of the
VartoLd interactions &% well &8 structural Transformatbons of nafural
builbeding blocks, aming scids/ prodeins b diverse and complbcated bio-
logical processes. Appragsing rheir applications, sning acids/pepiides
with different additives have bean examined numerowsly. These days,
the freguendly wsed adddves are onic lguids wicse widgoe and Doci-
narng properties, make them availalde to replace a broad range of val-
atile arganic compounds. They have abo been engaged in altening the
staristical, strsctural, hlo-catalytic and enzymatic activity of proteins
[4.5.11,15]) Numibsers of branches are fnvabved to Study the onic and
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The effect of iomic liguid 1-buiyl-3-methylimidazeliom tetraftuorabrae (| Cmim|[BF ) (1L} on the ther-
maphysical performance of amino acid {aa) has been examined by using viscometric, volomelric and
acoustic approach. In such approsch viscogity, density and speed of sound hat been guintified experi-
mentally for Ldeucine in agquecus IL {00207, 00403, 00.0611) mal kg ! sobution ar various I mipeTalures
[203.15-318.15) K to appraise the different parameliers Lo apparent molar properties [V, Ka, ], imiting

apparent molar properties (1, K. ), limiting apparett tolar transfer properties [V eq, Ko, B L vis-

fr;:wim;rmth | T cosly coefliceents A and B and hydration number (ng ) The resulting data of evaluated parameters are
Tz.ua.al-:r;:bur.lll: resalved an the basis of co-sphere owverlap model, which explain the existence of different intermolecular
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1. Introdoction

The thermodynamic and thermophysical studies of compounds
in combination with various solutes/solvents made available the
accurate information to design, develop and improve the nowvel
purification and separation methods for biomolecules in the solu-
tion | 1 -4 Among the biomolecules, proteins are maporly involved
in all life forms structurally and functonally o perform countless
biclogical reactions. The ocowrrence’ of non-covalent interactions
{hydrophobic interactions, electrostatic, and hydrogen-bonding)
in their native form is responsible for their stability. This stability
gets disturbed, fe. enzymatic activity, solubility, chemical behaw-
ior, and hydration get affected when the presence of solute and
solute-solvent interactions modify the strucihure of water, the pro-
lifically urilized biological solvent. Conseqguently, it becomes essen-
tial to find out the functionality and state of proteins in varioos
medivms o understand thetr biodogical and chemical befavior in
4 better way. To elucidate these phenomena, the model low molec-
ular mass component of proteins {aming acids/peprides) has been
serutinized as the straight thermophysical study of complex three-
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dimensional profein is not viable | 5-9L By considering their appii-
cations, the physicochemical studies of these model components
Le. aming acd | 3-7 410 /peptides [11-13] in water with vanious
addirives [drugs, electrolytes, inorganic, organic sales, etc.) have
attracted the attention of many researchers in recent times, as this
provides a comidor to cormprebend the structural transformation in
composite biological processes as well as various molecular inter-
actions, where side chains of peptide and amino acid contribute
towards the type and magnitude of interactions.

The repeatedly utilized addirives ar present are room fempera-
ture ionic liquids (ILs): the greemer solvents whose mesmerizing
and matchless properties like better protein stability, kizgh selecriv-
ity, high conversion rates along in betver recyclability and recewver-
ability replacing a wide array of volatile orzanic compounds | 14).
To explose the effect of thermodynamic vanahbles {remperature
and pressure] and unosual properties of solution chemistry, the
number of branches are engrossed in analyzing the physical
immutability, molecular interactions |solute-solvent, solule—so-
lute) of biomoleosles with various [Ls which are sionificant to per-
ceive the stability of proteins in numeroes physiological and
biochemical procedures in a cell. It is hard to get the existiing weak
infermodecular interactions in the termary solutions however they
embrace the accurate enlightenment about the complex phenom-
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Feymandy Fram the measurements of density, () and speed of soamd, (w), the imermolecolsr interscibons of D-maliose
el piaar 1, monchydraee and D-lactose monohydmte with erisodium cirabe (T5C} have been explored in aquenus medium
Limsiny ar iemperanres, T = (293.15-312.15) K, pressure p = (01 MPa. From the experimenial density measarements,
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apparent molar volume (¥ & limireg apparent molar volume (9#.) and limiting apparest molar volame of
rramsfer (=, ) hawe been determined for vamous solutions of maliose and lacnose o aqueoos TS In addition,
ming experimental speed of sound data, spperem molar isenropic compressibilioy (K, ), Unyidng apparent mo.
lar bsentropic compressihilicy (&% ) and parmdal molar septropic compression of tmaesfer (K, ) have been
calculated Fantber, apparent molar expansibiliny (£2.], Hepler's consant ﬂhlll':ll%ll_..iﬂ'll bydradon number
(g Jhave been assessed o comribute the interprettions recemved from the acoustic and analysis. The assessed oui-
comes were consinasd in terms of diverse intermolecular inreractinns present in the ternary systems (sarcharides s
water 4 TSL] through a co-sphere overdap model From the Hepler's constant stnecture breaking nature of the
solute have been confirmed.

1. Introduction

The thermodynamic and thermophysical studiss of compoomds in
combination with varioos solutes Solvenis made available the accurate
information bo design, develop and improve the novel porification and
separation methads for biomolecoles o the solistion [ 1-4]. Thermody-
mamic properties of solutions, like acowstical properties and volumet-
ric properties provides valeed statistics concerning the variows inter-
molecular imteractions{ion-dipole, dipoledipole, and H-bonding, ek},
which has a prodigious importance in physical chemigiry, environmen.
tal chemistry, surface chemistry, biological chemistry and geochemisry.
Saccharides are known as characteristic nonelectrolyies bearing numer-
ous hydroxyl groups and beoce exiensive range of forms, which shows
its great versalility in biological activities such 25 metabolic recognition,
assistamce in stabilizing the inberent configurations of globalar proteins
[5-E] and Lipid bilayers during dehydrution [9-11]. The conformastion
of the hydroxy! groops [E2,13] and ity nomber has controlled the hy-
drativnal behavior of carbobydrates. Thus, the hydration properties of
saccharides is a sgnificant trait in defining their functional and struc-
tural properties [14,13-14]. In food industry and biclogical ndustry,
thermodynamic stadies of saccharides in aqueows mixed solistions have
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a critical role. The cirbobydrate units in a cell are the recepiors of hme-
tiomalizsd compounds like drogs, enzymes etc. Soluble carbobhydrases
(frwctose, sucrose and glocesed with additives 1ike salts, glyosmal, ethames
in agueans binary and ternary solutions act as an appropriate medinm
for freezing frudts In yeast, bripe shrimps, mothroom amsd hmgi, the in-
tracellular aa-trehalose subsidies during its vitrification to their exis-
tence capbilities in contradiction of spartan situations like desiccation
amd Freezing. In agueous solution, the labile biomolecules have been
siabilized by saccharides through the blend of its specific and kinetse
effects [17,18].

With the addition of salis in aqueows carbobydrate systems, their
properties like cystallization rate, viscosity, giass transition tempera-
ture and waler sorption have been modified. The K+ and Mat ions are
primarily accountable for ommotic presare of biofloids and the promi-
nent alteration in the arrangement of intracellhdar and extracedlufar Au-
ids in sap fluids in planis and animals [19-21]. In aguesos salutions
of matals ions, the imeradion of mocharide reddues of binlogicad com-
poumds with metal ions have been improved. Despite the fe=bie metal-
saccharide complexes formed, their communications are choosy. Sl
stabilities of the complexes formed, their preferences in binding, stere-
ochemical snd structural features are not Aeely et [22-35], Agueous
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ABESTRACT

From the density (o], speed of sound (o) and visoosity (i) measurements, the interactions of glycine,
glycylglycine and glycyiglveylglycine with antidepressant drug, noriripoyline hydrochloride have been
imvestigated in agueons medium 3t temperatures, T = (203.15-313.15) K and experimental pressure
p= 0.1 MPL From the experimental density measurements, apparent molar vodume (Ve ), limiting appag-
ent molar woleme (V") and partial molar volumes of transfer (Vg ] have been determined for various
solutlons of glycine, slycylglvcine and glyoylglyeylglycine in agqueows nonripiyline ydrochlersde. In
addition, using speed of sound data, apparent molar sentroplc compression (K, .1 limiting apparent
molar sentropic compression {K°, .1 and pamial molar isentropic compression of wansfer (K° , ] have
been calculated. Pair and rriplet interaction coefficlents are also determined from Vo, valees using
MchMillan-Mayer theory. Further, apparent molar expansibility {£°,) and Hepler's constant waloes

AT
analysis: The viscosity coefficients A and B, viscosity B-coefficient of ransfer [ B-) and remperature deriva-
fve of S-cosfficients (dBfdT} have been derermined from viscosity data. The resulis were interpreted in
rerms of different kinds of intermolecular interactions present in the ternary systems {amino acid)pep
rides = wazer + norimpiyline hydrochloride) through a cosphere overlap model. The Hepler's constant
and temperature derivative of B-coefficients [dBdT) confirms the strecture breaking narure of the solute.

@ 2022 Elsevier BV, All rights mesenved.

fﬁt]r have been evaluated to assist the interpretarions eamned from the volumetic and acoestic

1. Introduction

hydrophobic forces, the prime factor in stabilizing the struscture
and properties of proteins |67 Several experimental guantifica-

Life has been started with innovative and constant chemical
reaction senes which elevate the non-living materal to higher
levels. We all know, atoms accumulated to compounds, which then
tramsformed into complex ones and lastly, the wimost complex
form of them transformed into ordered living cells. In the modern
era. a drug discovery and drug-protein interactions play a vital role
in all the biological and metabolic pathways ocour within the living
body [ 1 -2]. The drug’s inkeraction has been transpired mainly dur-
ing its formulation, mixing ingredients, storage and its physical or
chemical activity outside the body. The main area of drug discov-
ery involves the recognition of new molecular target proteins
and their pharmacological action in medical needs |45 |. In general
the biochemical processes ensue in agueous media, The presence
of water as ‘a major component in bio systems triggers the
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tions, specifically the physico-chemical measurements and ther-
modynamic measurements has  been done by manifold
researchers to comprehend the drug activities such as movement
through the blopdstream, iks spreading. binding with receptor,
anticipated action and their molecular interactions with biological
molecules in agueous amd non-agueous solutions. The drug-
solvent interactions in the ternary systems get reformed with tem-
perature and in the presence of co-solutes (third component) such
as polymer, =alt, osmolybes, carbohydrate, amino acid, surfactant,
alcohol, peptide, etc. Usuvally, in drug molecules both the
hydrophobic and hydrophilic groups are ciutched. Thus, they dis-
play numerous specific mteractions and non-specific interactions
in aguecus medium. Yolumetne, acoustic and wiscometric mea-
surements are the important tool in illuminating these types of
interactions {ion-dipole, dipole-dipole, and H-bonding, etc.y. It is
rather challenging for the researchers to get the feasible facts
and thermophysical data for the proteins in composite aqueous



Lej 6ﬁ EGA

RISI0IO)

gl epy TR TRy BY [T R P R ot

Molecular Interactions of Diphenhydramine-hydrochloride with
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ABSTRACT: From the density (p) and speed-of-sound (i) measurements, the interactions of the

diphenhydramine-hydrochloride (DPH) with three imidazoliom-based jonic Hguids (ILs) {1-butyl-3-
methylimidazolivm chloride, [C,mim][Cl], 1-hexyl-3-methylimidazobiom chloridel, [Cymim][Cl], and
L-mathyl-3-octylimidazolium chlorde, [ Comim][C1]) have been investigated m aqueous medium at T =
293.15—313.15 K and experimental pressure p = (L1 MPa From the density calculations, the apparent
malar vohime (V) and the apparent partial molar volumes of transfer (AV,") have been determined
for various solutions of DPH in agueous soblutions of different 1Es. In additson, from the speed-of-sound
data, the apparent molar isentropic compressibility {.!l':, , apparent partial molar Henbrople
compresgibility (K"}, and apparent partial molar isentropic compressibility of transfer (AK,") have

been caloulated. The pair and triplet interaction coefhcients are derived from apparent partial molar  *

volumes of transfer. For the present mixtures, the absorption spectra have been abo récorded wsing a
UV —visible spectrophotometer. Using Hepler's constant, the structore-making nature of the solute hag
been confirmed. All these caleulated parameters provide detailed insights into vasious physicochemical '

interactions prevasling in the ternary system and confirm the presence of a strong attractive interaction bebween DPH and [La

1. INTRODUCTIOM

lonic liguids have emerged as powerful and promising green
solvents in various industrial and academic areas.' In general,
iomic liquids are a class of organic salts composed of bulky
asymmeltic organic cations {eg, imidaalivm, pyridine, ete.)
and organic or morganic anions (eg., halides) that are liguids
bebow 373 K. The attractivensess of these comborting solvents
has been attributed to their unusually unique propecties such as
very small vapor pressure, 3 wide Bquid range, high thermal
stability, and excellent solvent power for organic and inocganic
4.'|.'|r|:|.|:|lr.|-1.||.'|.ﬂa:.1'I Lo particular, the low vapor pressure ascribed to
their ionic mherent characteristics along with their good tsermal
stability make them Tgreen” alternatives to conventsonal
hazardouws organic solvents.” Due to their structural modification
activities, [Ls are termed a3 "designer” or “task-specific™ solvents.
Studies have shown that jonic liguids have efficient applications
in the Gelds of biomass conversion,” bistransformation,”
eIE|:I.1'|.'||:|1.-:r|:|.|.||:r:|-';'I biguid erystal dﬂ'dul:lm:nl:.“' chemical sym-
thesss and catalysis,” """ biotechnology, and many other fields
like medicne and the pharmaceutical ini[ush':r.“'“ Compre-
hensive studies of [Li can serve to better undemstand the
fmctional mechanisms of important bicmolecules such as
amino acdds, histidine, #te., which contain imidszole side chains
and play a vital role in the structure and banding hnctions of
hemogiobin,

The emerging progress in biotechnology and genetics in the

recent times has widened the scientific mterest in expboring the
action of drugs in biological media, Y The drug—water molecular
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interactions and their temperature dependence play a pivotal
rle m endersftanding the drug action,"” [nvestigation of
thermodynamic, volumetric, and acoustscal propecdies is an
important tool in determining the mtermolecular interactions
oocurring in electrobte solutions. Purther, studies on the
volumetne and acoustic properties ol aqueous bonic liguid—drog
solutions provide crucial information om the interactions,
solvation, and association behavior of lons n such sole-
thode, " Abundant studies an the thermodynamics, viscom-
etry, phage equilibra, and surface phenomenon of ILs in pure
solution and as mixtures especially with water have been used ax
the basiz fior several reactions ™'~

In the present work, we have studied the volumetnc and
acoustic properties of DPH in aqueous mixtures of [C,mim]-
[CI], [Cemim ] [C1], and [Cymim][C1]. The fecus of our work is
to present some new thermodynamic propecties of the
mentioned ternary systems. In the current study, DPFH las
been chosen as a drug candidate because of its water-soluble
nature and its significant medical applications. 1o medicie, this
drug is weed to treat insomnia, symptoms of common cald,
tremor in Parkinsonism, extrapyramidal symptoms, and
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