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ABSTRACT
The measured values of ultrasonic velocity (1), density (p) and viscosity (i) have been
used to dedeminethe other ultrasonic parameters such as adisbatic compressibility (B,
intermolecular free lngth (Lj, acoustic impedancs (Z), free volume (V, intemal pressure (@
relative association (Ry), Rao consiant (R) Wada constant (W) and Gibb’s free energy (AG)
over the enfire range of composition at 298K and 303K.The plots of ultrasonic velocity (o),
compressibility (B), molecular fres length (L9, and acoustic impedance (Z), free solume (V)
intemal pressure (1), attmpa'aawmxmdmxmmn«lmﬂm naiure. This non
Mﬂymwrmdmmmwsummmmmn befwen the
componenis of the midtura This associafion is among the fimctional grovps of the polar
molecules 1 fihe mixiure.
‘Key Words : Ultrasonic velocity, , density, molecular interaction,
adiabatic comptm'bility,imanal pressure, free volume, Wada constant,
Raoconstant and Gibbs free energy
The molecular interactions of different materials are studiedby experimental
techniques. Some of the methods are Infrared study, Raman Effect, Nuclear magnetic
ultraviolet and ultrasonic methods. Butin all of these
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investigations of liquid mixtures consisting of polar or non polar components are of
importance in many applied ﬁeldsimmdasmldingdwphysiealnamreandMS‘hOf
molecular interaction in the liquid mixtures [1-3). Mainly the ultrasonic velocity of iquid
sw»mmmmmmmwmmnwpmmm
the nature of molecular interactions in pure and binary mixtures of the liquids [4, 5] A
literature survey reveals that polar liquids & their mixtures are of great interest to organic
chemists to have the knowledge of the type bonds and interactions with each molecule in
the liquid mixture such as N,N~dimethyleacetamide and Benzonitrile [6, 7]. The excess
> values of different parameters are very importantin order to understand the nature of
molecular interactions between the components of the liquid mixtures.

The present study deals with measurements of the ultrasonic velocity, density
and viscosity for the pure NNDMA and Benzonitrile and their binary mixtures for various
concentrations at temperatures 298 K and 303K. The other ultrasonic parameters such
adisbatic compressility (Bs), free length (Lg), free volume (V) internal pressure (x), Gibb’s
free energy (AG) are also evaluated. The variations of these parameters with concentration a the
 particalar temperature of binary liquid mixtures sre studied to understand molecular interaction
between the different molecules of the binary mixtures.

Materials and Methods:

The chemicals Benzonitrile of GR grade (99%) purity and NNDMA of excel
grade(99.5%) purity areused for the study without further puri fication. The binary mixtures
for different range of composition were prepared at room temperature andkeptina
special airtight glass botiles to avoid air contact. These mixtures prepared were used
within 24 hours of its preparstion. The measurements of ultrasonic velocities were carried
out on single crystal multi frequency ultrasonic interferometer operating at 1MHz
(M-81). The ultrasonic interferometer (Mittal enterprises, New Dethi, India) is asingle
and direct device to determine ultrasonic velocity in liquids with a high degree of accuracy
15].1heeonmwmpmeofthcﬁqlﬂdinsidcthemwfaommceu was maintained
bydmﬂaﬁngwaw&nwghdwmjadmmgldmwﬂywmuedmm
Amyofmeesxmmﬂofdﬁasmﬁcvdodtywmﬁ&ﬁnt@.@lnﬂsmdﬂnmmm
of the test liquids during measurement were maintained within an accuracy of £ 0.10C.
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The densities of the bunary muxtures & pure liquids were measured using 25mi specific
gravity bottle and a sensitive mono pan balance (K-Roy, K-12 classic) within £ 0.1mg
accuracy. The viscosity of the hquads and their mixtures were measured using the
saspended level viscomneter.

The expermentally mewswed uymonc velocty (v) i ms', demsty (p) m kgm and
viscosly (3) 18 Nsm* are used © evaluste vancs thermo dymaamical paraneters fike adisbatic
comprasbiity (). free leagrh (L) fee volme (V) ieranl presswe(x) by wsing standasd
relations ws below

Adisbatic compressdility By v WP —1

Free bength L= KA phi——1

mnu«smwﬂmvommw‘urmmm
Empasiue

Agcustical mpedasce I=vp RIY |
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Where, Migfts the efiective mlecalar weight (M1 @i Xi) is which mi 2ad X we e
moleculy waghi :ed oo fracnon of the idrvidual copstinents respectively ). X 1S lemperatuse
mmm;wmzs; 19 for 48 Bauids

e 109"

Where, M e sfeive M.‘Mﬂmh&ﬁuﬁximm
wmwmamamww

sespectively ), k is lempersinre
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Results and discussion:

Thebinary mixtures are prepared with the addition of NNDMA in the Benzonitrile by
varying concentration. Theultrasonic velocity (v) density (p) and viscosity () measurements
have been used to calculate the different parameters such as adiabatic compressibility (),
mtumolncu]arﬁeelmgth ([4?, acoustic impedance (Z), free votume (V) internal pressure(x),,
Rao constant (R),relaxation time(r), Wada constant (W), Gibb's free energy (AG)at two
different temperatures 298, 303K »

A plot of ultrasonic velocity against mole fraction of N, N-dimethyleacetamide
with Benzonitrile for all temperatures as seen in Figure-1 is presenting the variations in
the different parameters of the binary mixture of NNDMA and Benzonitrile, the density
decreases. The density values decreases for the increase in temperature of the mixture
this is the basic nature of liquids. The ultrasonic velocity is showing increasing nature with
ﬂxeinaeasingcommmﬁmofNNDMAianonitﬂemdthevatummdeaeasingas
there is increase in temperature. The viscosity values are decreasing with the increasing
concentration of NNDMA in the mixture and decreases as there is increase in the
temperature of the binary mixture. The decrease in values of density, viscosity withincrease
in mole fraction of NNDMA suggests the decrease in magnitude of intermolecular
interaction [8-10). The increase in the velocity isdueto slightly increasing value of the
intermolecular free length.

Theﬁeelmgthisthesepm'aﬁonbetwemthemo}eaﬂ&soﬂheﬁqxﬁd any change
in this value can be assumed as 10 be the molecules come closure or going away from
cachthes Tho fioclenghinfhissystem shows ighy ineressingostie with b ncraciog
mmmmmmﬁw!mgh.showsm
o with honcresing value o epperstof sy, Thesoalinsrs 67
. . : Wofmpxwzibﬂnyforthemmg
mmseofﬁeelengthr&ultsmtheshgm ) ) . N
soncentration of NNDMA. This <hovs that thers s increasing the seperation befwesa

i whichcanbeattn'bmedasm:s scme :
thomplonules ofhoTRIERe : g lj.mmmombwomcweakawnth

ﬁmmmwponemsofmolet?-lkﬁ("fth‘e“m‘m"= : ilityinthi i
mofmmwemwﬁmyin 'HJND i obt::v:stha!&zcm
that there is a definite relaxation 0% mixing® m:;mw occurs from molecules to
wavewhentravelsintbcmedimnmis'ﬁ. ion
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mﬂ?&?ﬁm""um lmpedan‘ee is the property of the liquid depends upon the
. : [1Mf0rethuexstlmmﬁaﬁonofthemoleﬁwﬁonof&wsohneme

“mpedance varies correspondingly{12]. The value of scoustical impedance decreases
Wlththe: Increase in concentration of the NNDMA in the binary mixture of NNDMA and
bﬁmm&ﬂ&mumdissimﬂarforinuuseinthetunpmnne;hmmsthetnpedm
decreases with the increase in the temperature of the binary mixture. The corresponding
plots of acoustical impedance vs mole fraction of the NNDMA inmixtures is given in
Figure-1at temperatures 298, 303K.

According to the study done by Anwar Ali et al[13]the densities and viscosities
of pure N, N-dimethyleacetamide (DMA) and benzyl alcohol (BA), and nine of their
binary mixtures covering the entire composition range were correlated with composition
and temperature by using some empirical relations, The variations of these parameters
with composition and temperature indicate the presence of specific interactions, namely
hydrogen bonding and dipole-dipole forces between unlike molecules.
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Figure91: Graph uhltnudntbd(y(o).ildq @) umlqﬁ.),fmhqﬁmmm
and viscosity (n) with Teipect to concentration of NINDAIA in Bezomitrile mivome at298, 393, K

Smyanarayana[l4]reportedthatanincreaseoftemperannewouldmuhina
deueaseofiﬂandpmmeinﬁqddsmdﬁqmﬁdmkumﬁgmeaindimﬂmm
prwmmoftheﬁqﬁdmimmmepmemmdydeamwimdseintanpmnm.
Thueisaﬁseinﬂnhmanalmnhﬂnhiﬁdmﬁxﬂnmmmhmmﬁm
of NNDMA up to 0.6 of the mole concentration of the NNDMA in the mixture, After
that as the concentration oftheNNDMAincreesmbeyond the 0.6 mole fraction the
in!nnalp:mneshowsd&eashgnaanhismnlhmvmiaiminﬂleMm

! mnbemmMedasihmisdeﬁniteinMcﬁonptmbawemthemﬁkemmﬁ
? of the mixture,

Asseenin the Figure-2 the free volume of the system is showing non finesrity in
itsbehaﬁomﬁw&eevolmxeva!ummahmstmdningmﬁfmn&rﬂaemiﬂ‘he
concentration of the NNDMA up to 50% in the mixture but beyond that the free votume
isinaeasingvﬁﬂzmeinamsingwneamaﬁmofNNDMAmdwiﬁchcanbemdwed
that there must be the formation of some complexes beyond 0.5 of the mole m‘_’f
NNDMAinmebinaryminme,Theﬁecwlmdwinamwiﬂ:ﬁseinwm
the binary mixtures, [15], .

bmm';hekao's ct[m?tantkdecreascslinwlywmthemmmm‘?le-hc-uwﬁ(:
DA a the binary mitursof NNDMA e Bcaostrle syt iodicaiog e
E e omof ecfcnerctons inth iyl mixr withot conple frmaion
Wasreported [16, 17] that a linear variation in Rao's constant and Wada's constan
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dmgcmmohﬁacﬁmishxﬁcaﬁveofﬂwabsmwofmlplaﬁxmaﬁmmbmynﬁmm
The linear variations of Rao's constant and Wada's constant as seen from Figures-2

suggest the absence of complex formation in the binary mixtures in the present study.

Figure-2 shows that Rao's constant is independent of temperature [18,19]

The relaxation time depends on temperature and impurities. From the Figure-2,
itis found that the values ofrelaxaﬁonﬁmedeaeasswiﬂxoonomu‘aﬁon and temperature
of the binary liquid system. Thevariaﬁonsinspeciﬁcmlaxaﬁon time are mainly due to the
change in viscosity depending on concentration and temperature. The relaxation time is
of the order of 10-12 sec is due to the structural relaxation process and such type of
situations are suggested to be because of rearrangement of molecules due to cooperative
process [20]. The non linear variation of the relaxation time with the mole fraction is
interpreted as possible molecular association between the molecules of NNDMA and
Benzonitrile in the mixture [21]. The Gibbs free energy also conform the same results.
This suggests the weaker approach of the unlike molecule due to hydrogen
bonding [22]The decrease in Gibbs free energy in the system indicates the need of less
time for the rearrangement of the molecules and therefore thereis decreasein the energy
that leads to the association of the molecules in the mixture.
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