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ABSTRACT

The solventsand solvent mixtures play avery important role asamedium
of carrying out chemical reactions. Often the polarity, the dielectric con-
stant of the solvent and the capacity to take part in intermolecular interac-
tion such as van der Waals interaction, electrostatic attraction and hydro-
gen bonding of the medium influences the rate of reaction and even the
mechanism of thereaction. Solventslikewater and glycerol are hydroxylic
solvents having high dielectric constant. They are associated even in the
pure state. While mixing, intramolecular bonding may give way to inter-
molecular hydrogen bonding. This leads to nonideal behaviour of the
solvent mixturs. This can be qualitatively understood by carrying out
ultrasonic studies on the mixture of different composition, at different
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temperature and at different dielectric constants.
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INTRODUCTION

Glycerineand water are compoundsforming strong
intermol ecular hydrogen bonding. The network formed
by theintermol ecular hydrogen bondinginglycerinecan
beeasily broken by water molecules. Hencetherecan
be expected to be alarge deviation from the normal
behavior of such abinary mixture. Thiscan beeasly
understood by measuring the density, viscosity, and ul-
trasonic parameters of binary mixturesof glycerine-
water of different proportions. Dielectric constant of
different mixturesat different temperaturesare mea-
sured. A quditative correl ation between the ultrasonic

propertiesand intermolecular interactionsisarrived at
fromthig*4. Theeffect of intermolecular interactionand
thefactorsaffecting the diel ectric constant can be un-
derstood.

Theinfluenceof didlectric constant upon the aggre-
gation behavior of biologica molecules®™ likeproteinin
solution had already been studied taking into account
thedidectric congtant of mixturesbetweenweter, ethanol
and glycerol?&8, Theuse of dielectric constant of sol-
ventsinchoosingfor crystdlization, € ution chromatog-
raphy iswell documented. It has been reported that
protein aggregation takes place at high dielectric con-
stant va ues, clearly showingtheeffect of didectric con-
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gtant of solvent mixture. Themolecular aggregation, as-
sociation and complexation in solution of binary and
ternary mixtures have already been reported®2,

With thisideain mind, the ultrasonic behavior of
binary mixturesof glycerineand water of different di-
el ectric constant at different concentration and at dif-
ferent temperatureswere undertaken.

EXPERIMENTAL

The density was measured using pycnometer bulk
of capacity 8x10°m? with graduated scale of 5x10®
medivison. Themarksof thestemwerecdlibrated us-
ing known densitiesof tripledistilled water. Theultra:
sonic velocitiesin pureliquidsand the binary mixtures
are measured using a crystal variable path
interoferometer 2MHz. Theaccuracy of densitiesmea:
surementswas 0.001 g/cc whilein ultrasonic velocity
was found to be + 0.05%. Theviscosity of theliquid
mixtureswas determined by Oswad’s viscometer. The
temperature of thetest liquids was maintained to an
accuracy of +0.02°C in an € ectronic controlled ther-
mostatic water bath.

From the measured density and ultrasonic vel ocity
Ks, L, R,,Zwerecaculated theusingfollowing rela-
tionship.

Adiabatic compressibility g = /U% (107°m?/N)
Freelength L = K/Up¥?(10° Kgm?2/s)
Relativeassociation R, = (plp, ) (U JU)*
Accousticimpedancez = pU

‘K’ is a temperature dependent constant

K = (93.875 + 0.375xT) x 108

‘T’ is the absolute temperature p_ p U_, U arethe
densitiesand ultrasonic vel ocities of solvent and solu-
tion respectively.

Thevaluesof p U, B, L, R,, Zareshownasfunc-
tion of molefractionintablesand diagrams.

DISCUSSION

Concentration Vsdensity

Thedensity of binary mixture dependson theden-
sitiesof the component liquidsand their composition.
Hencefor anidea solution alinear graphisexpected.
With in the concentration range studied, the density
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depends upon the composition of glycerol-water mix-
ture. Almost astraight-linegraphindicating higher den-
sity at higher concentration is obtained. Anyhow a
straight-line portionisobserved between 0.2-0.4% con-
centrations. Beyond the concentration between 0.4-
1.0%asmdl humpisobserved. Theincreaseindendity
can beexplained by theformation of Intermolecular
Hydrogen Bonding between sol ute and solvent mol-
ecule. TheIntramolecular hydrogen bonding are get-
ting broken inthe concentration range of 1-2%and is
being repl aced by more number of intermol ecular hy-
drogen bonding. Similarly, increase of temperaturein-
creases energy of themoleculestoincreasein volume.
Thisultimately lowersthedensity. Anided binary mix-
turegivesthestraight-linegraph in both cases. At low
concentration (betweenthe 0.5to0 1 %) ideal behavior
isnoticed. Similarly at high temp of 45°C almost a
draight-linegrgphisobtained. At dl temperatureshigher
concentration region showsdeviation.

Concentration Vsviscosity

Theviscositiesof the components and their com-
positioninthemixturedetermineviscosty of binary lig-
uid mixture. Thisistruefor idea binary mixture. The
system under cons deration doesnot givelinear graph.
Thedeviationfromideal behavior isexplained onthe
basis of the breaking up of theintermolecul ar interac-
tion existing between the pureliquid molecules, forma-
tion of intermolecular hydrogen bonding between glyc-
erol/water predominates over disruption of bonds. Fur-
ther increasein viscosity is attributed to the replace-
ment of intermolecular hydrogen bondinginglyceral, to
intermol ecular hydrogen bonding. Viscosity dependson
thebulk of themoaleculeintheliquid gateandthesrength
of theintermolecular interaction. For theidea mixture
theviscogity isdetermined by viscosity of composition
and the nature of the componentsin themixture. Asthe
concentration increases, viscosity of themixtureisex-
pected to show arectilinear variaion. Withtheincrease
of temperature, because of theincreasein thekinetic
energy of themolecule, thefluidity increases. Thusvis-
cosity isfound to decrease with increase in thetem-
perature. Depending on the changein intermol ecular
interaction with concentration and thetemperature, de-
viationsareexpected fromided behavior. Thenegetive
deviationfor theidedal behavior isnoticed. At 35°, 40°
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& 45°C. Positive deviation is noticed at 30°C. The
deviations are between 0.8~1.8%. Below 0.8 % mu-
tual dissociation of intermolecular H-bonding takes
placesleadingtoincreaseinvolume.

Concentration Vsultrasonicvelocity

Ultrasonic velocity depends on the density of the
medium. Higher the density ultrasonic velocity will be
higher. Ultrasonic velocity isinversely proportiona to
the linear free length and adiabatic compressibility.
Whatever factorsthat affect them L and 3 will lower
theforcesof interaction between molecul esthat deter-
minethemagnitudeof theU-vaue.

Initial decreasein U-values can be explained by
thedisruption of already existingintermolecular attrac-
tion with water, by the addition of glycerol fromthe
concentration 0.5% inwater with molecular interaction
between glycerol and water takes placetill the concen-
tration of about 0.8%.

The decrease in U-value indicates disruption of
intramolecular hydrogen bonding that existinglyceral.
Thistakes placebetween 0.7-1.5% concentrations. This
isthen replaced by intermol ecul ar hydrogen bonding
between glycerol and water up to 1.75% concentra-
tion whenthe U-vad ueismaximum. Further increasein
concentration of glycerol bringsfurther disruption of
someof the hydrogen bonds existing between glycerol
andwater. Thisbeing dowly replaced by glycerol-glyc-
erol intermolecular interaction. It has been observed
that sound wavetrave sfaster in denser medium. Higher
thedensity of the medium, higher isthe ultrasonic ve-
locity. Thus, with increasein concentration, U isalso
expected toincrease. Similarly raise of temperaturein-
creasesthekinetic energy of moleculesand anincrease
of U withtemp isexpected, though straight linesare
expected for idedl solution, nonlinear graphswere ob-
tained. It hasbeen found that U increasesfrom 0.4 to
1.6% and then decreases. A maximum U valueisob-
served at 1.6% concentration. It isinteresting to note
that maximaisobserved for thebinary mixtureat dl the
other temperaturesfor the solution of concentration 1%.
Onexaminingthegraphit isseen that maximaisamost
around 1% concentration at temperature 30°C-40°C.
Similarly asharpincreasein U isnoticed around 1%
concentration even at 30°C, and maximaaround 1.5%
concentration. Themaximarepresentsastuationwhere
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strong interaction between unlike mol eculestake place.
At 45°C, another increasing trend i s noticed around
1.5% concentration. Thismay correspond to the bresk-
ing of intramolecular hydrogen bonding intrihydroxy
compounds|eading to theformation of glycerol-water
bonds.

Concentration Vsadiabatic compressibility

B isinversely proportional to density and U, Z
valueswhiledirectly proportional to L, values. Itis
quiteinteresting to note, that the 3 vs Concentration
plotsareamost the mirror image of the concentration
vsU. Initidly thedisruption of intermolecul ar interac-
tioninwater increasesthe . Thisisreplaced by glyc-
erol/water interaction resultingin decreaseof 3 soall
thedeviation canbeexplainedinavery similar fash-
ion.

Adiabatic compressibility and ultrasonic vel ocity
areinversely proportional to each other while § and
Lfisdirectly related to each other. Itisalso related to
density of the medium. Normally denser themedium
lower the 3 value. Lower 3 valueindicates strongin-
termol ecular bonding while higher § valueindicates
weaker intermolecular force or repulsion operating in
the medium. For thetemperature 35 to 45 °C amost
identical plotsare obtained. At these temperatures
minimaisobtained almost at the same concentration
of 1%. Thereisadecreasing trend from 0.4%to 1%
and then anincreasing trend. For themixtureat 30°C
also thereisaslow decrease from 0.4% concentra-
tion, followed by asharpfall in 3, from 1% concen-
tration and reach a minimum around the 1.5% and
thenthereisasharpincreasein 3 value. At low tem-
perature below 1% concentration therate of forma-
tion of intermol ecular bonds between theglycerol is
slow. Theformation of strongintermolecular forces
between glycerol water isindicated. At higher tem-
perature, intermol ecular bonds between likemolecules
weakened henceincreasein concentration increase
theformation of strong intermolecular bonds between
unlike molecules. Increasein  valueafter theminima
isexplained by the disruption of intramolecular H-
bondsin thetrihydroxy compound glycerol. At 45°C
the above said process give way to the formation of
glycerol-water bonds showing further decreasein 3
vauewithincreasein concentration.
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Concentration Vsaccousticimpedence

TheZisdirectly proportional to U and inversely
proportional to L, B and RA. Thisfact isvery clear
from thetype of graphsobtainedfor ZvsC,UvsC, L,
vsp andp vsC.

Thegraph obtained for U isquiteidentical tothe
graph for Z vsconcentration as predicted by the curve.
Thedecreasein Z valuesare explained by thedisrup-
tion of intermolecular bond that exist already and the
increase dueto theformation of new bonds.

Concentration vsacoustic impendence

Z = Up. Thisshows that Z values increase with
density or ultrasonic velocity. Thisisvery much clear
by comparing the graph obtained for Z vsCand U vs
Concentration. Smilarly when theformer graphiscom-
paredtothat of B Vs Concentration, theinverse pro-
portiondity of Z and 3 isclearly seen (B = 1/Z*p*U).
Thebehavior of the mixtureswith respect to variation
of Z with temperatureisamost the sameasthat of U
and inversefor that of . § hashigher valuefor 30°C
while at the sametemp Z & U values are very low.
Increasein Z isexplained by theformation of strong
intermol ecul ar forces between unlike moleculeswhile
the decreaseindicatestherupture of intramolecular H-
bonds of glycerol. Maximaappearsat 1% concentra-
tionfor 35°C, to45°C whilefor 30°Citisbetween 1.5
& 2.0%.

Concentration Vsrelativeassociation

Therdativeassociationislow a low concentration
of glycerol. Thisisbecausethe addition of solutedis-
ruptstheintermolecular bondsmutudly.

Relative associationisinfluenced by thetwo fac-
tors.

() Thebreaking up of solvent moleculeson addi-
tion of solutehenceresultinginincreasein RA values.

Theincreasein RA vdueisnoticed inthelow con-
centration region up to 0.5%. Thisindicatesthat when
glycerol isadded theintermol ecular hydrogen bonding
existinginwater isdisrupted. Beyond that thereisa
decreasein RA va ues, becauseformation of glycerol/
water aggregateistaking place up to 0.8% concentra-
tion from the concentration of 0.8%to 1%thereisan
increase probably, glycerol being trihydric acohal, in-
tramolecular hydrogen bonding are broken and re-
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formed with water molecules. Thistakesplacefor the
threehydroxyl groupsadmogt inastepwisefashion. With
further increasein concentration of glycerol, water glyc-
erol/water molecular interaction giveway to glycerol/
water/glycerol interaction. Relative association of the
moleculesisdirectly rel ated to density of thesolution at
low concentrationregion R, decreaseswith concen-
tration reachingaminimum at 1.0% & thenincreaseat
temperature 35°C to 45°C whilethetrend isopposite
at 30°C. Thegenerd trend observed for 3 isthe oppo-
siteof U asseeninthecaseof R,. Thedecreaseof R,
isattributed to water-glycerol -water type of interaction
whileincreasein R, attributed to glycerol-water-glyc-
erol interaction. At higher temp R, valuesarelower as
thermal energy iscapable of distrupting theintermo-
lecular interaction. MaximaR, valueisnoticed for so-
lution of concentration 1.6to 2.0% at 35°C whilefor
solution of concentration 0.4t0 1.0%at 30°C. Thus, in
thelow concentration region the associ ation between
thelike molecule are favored whileincrease of tem-
perature favor association for more concentration so-
lution.

Concentration Vsmolar volume

Generally molar volumeand density areinversely
proportiona to each other. Graphicaly at low concen-
trationregion thereisasharpincreasein molar volume.
Theincrease is not compensated by the decreasein
density as seen form the ¢ vs Concentration and den-
sity vs Concentration graphs. Thisclearly showsthat
mutud disruption of intermol ecular bondsbetween glyc-
erol and water takes placeinitidly. Thisisreplaced by
theintermol ecul ar interaction between glycerol and
water. Molar volumeisinversaly proportion to density
of thesolution. Thisisseenin graph of density vstemp
and ¢ vstemperature. Initidly, thereisasteady increase
in ¢ valuewith increasein concentration. ¢ Reaches
maximum valuesat 1.0% concentration a dl tempera-
ture. Beyond the concentration, ¢ valuesvary inthe
sameway for al temperature. ¢ attainsmaximaat the
high temperature. In aparticular temperature, ¢ vaues
increaseswith concentration. Theinitia increasein ¢
vaueiscomparativey higherindl cases. For thesolu-
tionat 30°C, thereisanincreasein ¢ valuewith con-
centration, reaching themaximum at 0.176M solution
and then decrease. It has been noticed that the behav-
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ior of the binary mixture at 30°C isanomal ouswhen
compared to the other temperature.

Concentration Vsmolecular association

Thecurvesobtainedfor M, vsconcentrationisquite
similar to those obtained for U vs Concentration, Z vs
Concentrationand dso R, vsconcentration. Theinitia
highvaueof M, indicatesthat pureliquids are associ-
ated liquids. Addition of oneto theother brings about
the disruption of intramolecular bonds. Thistype of
graphisvery characteristic of di or trihydric alcohol
and water.

Molefraction Vsmolecular association (M)

Molecular association isthe measure of associa-
tion between unlike mol ecules. Higher the sol ute con-
centration higher will beM , values. Smilarly, itisin-
versely proportiond to R, inthesensethat associations
between unlike mol ecul esincrease asthe association
between the same mol ecul es decrease. Dissociation of
solute or solvents|eadsto associ ation between solute
and solventsmol ecules. Thuswater/water and glycerol/
glycerol association giveway to water-glycerol -water
andor glycerol-water-glycerol association. R, decreases
withincreaseintemperature, whileM , increasewith
increasein temperature. Thiscan beexplained asfol-
lows.

Asthetemp increasestheintermolecul ar forces
between water mol ecules or between glycerol mol-
eculesareweakened. Thisleadsto dissociation and
formation of intermol ecul ar hydrogen bonds between
unlike molecules. Asin the other properties, the be-
havior of the binary mixture at 35to 45°C arevery
similar whileit isopposite at 30°C. Maximum mo-
lecular association occurs around 1.0% concentra-
tion at all temperatures. Molecular association values
show an increase except for 30°C with concentration
of glycerol. Whilefor other temperatures, thereisan
initial increase and then fall in molecular association
valueswithincreasein concentration at |ow concen-
tration region at temp 35 to 45°C. The association
between unlike molecul es predominatesthe dissocia
tion between like mol ecul es decreases. At the same
time, in the high concentration range, dissociation be-
tween like mol ecul es predominate while the associa-
tion between unlike moleculesincreases.

Physical CHEMISTRY o

Concentration Vsfreelength

Freelengthisinversely proportiona to density, U
and Z whiledirectly proportional to 3. Theinitial in-
creaseinL, vaueindicatesthat theaddition of glycerol
to water leadsto dissociation of glycerol/glycerol ag-
gregate. Thisisfollowed by glycerol /water interaction.
Increasewith L, beyond 0.5% concentration and an-
other at 1% concentration indicatesthat theintramo-
lecular hydrogen bondingin glycerol arebrokengiving
riseto glycerol/water interaction. Beyond the concen-
tration 1.5% water/glycerol/water interactionsarere-
placed by glycerol/water/glycerol interaction.

Intermolecular freelength L, isinversely propor-
tiond to ultrasonic velocity & density whileL, & B vary
in the same manner with the changein concentration
and temperatureof thebinary mixture. L, = K/(Up) ¥2=
(Bp)*;sinceL, isrelated to thesquareroot of U, B & p.
Theobservabledeviationin Lf arecorrespondingly re-
duced hencethe sharp positive and negative deviations
are small when compared tothoseof U, B & p.Any-
how thetrend expected onthelinesof U or § isquite
clear fromthevariationof L, with concentration & tem-
perature. Asseenin other casesthe behavior at 30°C
isdifferent fromthoseat 35°C, 40°C & 45°C, maxima
appearsat 1.0% for thelatter.

Molar concentration vs € (Negativefunction)

Adiabatic compressibilityisameasure of thevoid
or fee gpaceavailablein the solvent structure higher the
latter lower isB-vaue.

Theinitia decreasein 3 vdueindicatesthat in very
dilute solution intermol ecul ar hydrogen bondinginthe
added glycerol moleculesare broken. Further B& ap-
proaches 3'“. Further addition of glycerol increasesthe
non-ideal behavior making 3% lessthan B, because
of glycerol/water bonding.

Excessfunction

Thepositivevaueof excessfunctionindicatesthat
experimental valueisgreater thantheided vaue. The
negative va ue of excessfunction indicatesthat experi-
menta vaueislessthanided vaue. A negativevaue
for UE indicates the formation of hydrogen bonding
between unlikemol ecules, herebetween water and glyc-
erol. The positivevauesof UEindicatestherupture of
hydrogen bonding between unlike molecules. Even
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weak physicd interaction, dispersion forces, dipole-di-
poleinteraction leadsto positive BE & UEvaues. The
rupture of associated moleculestake place by thead-
dition of solute. Thisincreases & & UEvaues. When
component molecules do not pack well into the each
othersstructureexpansioninvolumetakesplace. This
leadsto positivevaluesof BE& UEvalues. Liquid of
equal molecular sizemix with positive & & UE.

Formation of hydrogen bonding between unlike
moleculesand mutua dissociation of component mol-
eculesleadsto decreaseor increasein 3 & L, values
respectively. Multi hydroxy alcohol withinter and in-
tramolecul ar hydrogen bonding, smaller number of —
OH groupsare availablefor the component resulting
inincreaseof B & L. Variation of al theexcessfunc-
tion with concentration and temperature, following
trend isobserved in the study of the properties of the
binary mixture. Thebehavior at 30oC isdifferent (op-
positetrend) for that at higher temperature. Thusthe
maximaor minimaoccurs around 1.0% concentra-
tion.

Concentration VsL = (Negativefunction)

L F = Lfee-Lf%d most negative valuesof L Findi-
catesL “>L *® indicating stronger intermolecular in-
teraction that dready exists Thisisgetting broken|ead-
ing to lower L F values. When L gpproaches L,
that isthe L= decreases. Thisshowsthat the dissocia-
tion predominates associ ation between unlike molecu-
lar.

Concentration Vsdidectric constant

In the range of the composition of the mixture of
glycerol/water the DECisfoundtogivelinear variation
with concentration. Increasing theconcentration of glyc-
erol intheglycerol/water mixture decreasesthe DEC.

Dielectric constant Vsdensity

Generd trend observed for theexperimental result
isthat thereisanincreasein density with decreasein
DEC of thebinary mixture. Almost rectilinear variation
isobserved for both 30°C and 45°C, whilecurveswith
minimaand maximaareobtainedfor 35& 40°C. Lower
the DEC, higher thedensity. Thisindicatesthat at lower
DEC weakening of intermolecular bondsbetween like
mol eculestake place. Thisisfollowed by intermol ecu-
lar bonds between theunlikemol ecul es.

==  Pyl] Peper
Dielectric constant Vsdensity and viscosity

Mixtureof glycerol and water with glycerol con-
centration varying form 0.3mto 4.0 mwereprepared.
Density,Viscosity, Didectric constant and ultrasonic pa:
rametersweremeasured for each mixtureat room tem-
perature. Plot of density and DEC with concentration
givesalmost rectilinear graph, though dight deviations
areobservedfor density.

Viscosity dependson the size of themoleculesin
theliquids. Inthemixtureof glycerol and water, each of
themol ecul esexperiencesanumber of intermol ecular
interactionsleadingto solvationincreasngthebulk. This
affectsviscosity of theliquid. Thisisreflectedindl the
ultrasonic parametersand excessfunctions. Didectric
constant of the mixtureisavery important and funda-
mental property. Thestudy of variation of al the prop-
ertieswith DEC of the mixturesshow that ultimately
changein DEC of the mixturesprofoundly affectsthe
behavior of liquid mixtures.

Didlectric constant Vsreativeassociation

RdativeAssociaionisvery characteristic of highly
polar moleculesand moleculeshaving hydroxyl groups
suchaswater and dcohol. RelativeAssodiaion refersto
theassociation between unlike molecules. Oftenthisre-
fersto intermol ecular hydrogen bonding betweenthe
solute and solvent mol ecul es. For the system under con-
Sideration between unlike moleculesthe RA valuesre-
ferstoglycerol/water association. Aswehaveseen al-
reedy fromthestudy of dl theultrasonicfunctionsthat a
very low concentration mutual dissociation of compo-
nent molecul estakesplacei.e. with further increase of
concentrationintermol ecul ar association (glycerol /water)
takes place. Higher the DEC of the mixture, lower the
concentration of glyceral. Itisseenthat for higher DEC
vauesR, vauesarelow. Asthegraphisnot linear, the
wavy patternindicatesthevarious stagesof association
between glycerol and water. Rd ativeassociationismea
sureof breaking of solventsmoleculeaggregatesby the
addition of solute. Thisincreasestherdativeassociaion.
R, increasesfrom|ow concentration by addition of glyc-
erol, reechesmaximaaround 1.0to 1.5 % concentration
and then decreases. The decreasein R, can be attrib-
uted to the sol vation of glycerol. Thistrend isobserved
for 30°C. For higher temperaturesthereisaninitia de-
cressein R, vaueswith addition of glycerol; aminimais
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reached at 1.0 % conc and beyond this, thereisanin-
crease. Thiscan beexplained by assuming that a higher
temp, the energy needed for the breaking up of solvent
aggregatesisavailableand hencesolvation of solutetakes
placeat 1.0% concentration. Beyond this, breaking up
of intramol ecular bonding present inglycerol takesplace,
resultinginincreaseof R, values. Thisisobserved that
higher thetemperaturelower isthe DEC values of the
mixture. Lower theDECvaueR, ishigher for theglyc-
erol/water system.

Dielectric constant Vsfreelength

Thevariation of L, with dielectric constant of the
mixtureshowsthat at higher DEC valuesthel values
arelower. Atlow concentration and at high DEC of the
mixture mutua dissociation of intermolecular interac-
tiontakes place. Thisleadsto higher vauefor L. Be-
causeglyceral isatrihydricacohal. Theinteractionwith
water isof several typesasindicated by the graph.

Dielectricconstant vsZ ,V, 3,and R,

Itisseen from thegraphsof V or Z vsDielectric
constant, that within therange of measurement at high
dielectric constant value, Z or U valuesdecrease sig-
nificantly withincreasein concentration. Thisshowsthat
addition of glycerol givesriseto dissociation between
themolecules. Thisbehavior isa so shown at low con-
centration by the mixturewith high DEC value. Simi-
larly, thebehavior at high concentrationregionisshown
by the mixturewithlow DEC.

Thisistruefor dl theultrasonic parameterswe have
studied such asadiabatic compressibility and relative
associgtion.

Didlectric constant Vsadiabatic compressability

Thereisno direct relationship between 3 and DEC
of the binary mixture. At 30°C, aparabolic curveis
obtained and maximaoccursat DEC vauesof 76.10.
The maximaappearsfor the other temperature at dif-
ferent DEC vaues. Theminimum (3 vaueindicatesthat
themixturebecomesdmost incompressible. Thisshows
that theintermolecul ar forcebecomesinggnificant. This
isthesituationthat representstheformation of solvents
/ soluteintraction.

Dielectric constant Vsaccousticimpedence
Theacousticimpedenceisinversely related to 3.

Physical CHEMISTRY o

Thisisclearly visiblefrom the shapeof thegraph. The
DEC vs 3 and DEC vs Z graphs are amost mirror
image of each other. Z increaseswith DEC va ues, but
theincreaseissharp. Maximaisattained at DEC val-
ues of 76.10 at 30°C, while maximafor higher tem-
perature occur at higher DEC values. Change of tem-
peratureaffectsboth DEC vauesand Z values. Maxima
Z vauesindicate, formation of cluster water-glycerol-
water. Thiscluster formation takes placeat both low &
high DEC vauesof thebinary mixture.

Dielectric constant Vsfreelength

Thevariationof L, with DEC dependsonthetem-
perature. At 30°C, increase of DEC of themixturein-
creasethel, values. Whileat higher temp awavy graph
isobtained withmaxima& minima Theminimafor temp
35, 40 & 45°C appears around the concentration of
1.0% glycerinand DEC Va uesdecreasewith increase
intemp. Inthebinary mixtureof glycerol & water, high
DEC corresponds to low percentage of glyceral. In
thissituation the breaking up of inter molecular bonds
between like moleculestake placeleading to increase
inL, vaue.

CONCLUSION

Thebinary sysemsof glycerol andwater withvary-
ing composition wereprepared. Thedensity, viscosity
and ultrasonic vel ocity weremeasured for eech mixture
at four different temperatures. Theother ultrasonic pa
rameterslikeB, L, Z,R,, Vmand M, wereaso cacu-
lated using the standard formulae. In addition the ex-
cessfunction of the said parameterswas al so cal cu-
lated. All thesevariablesare plotted against i) Concen-
trationii) Temperatureiii) Dielectric constant of the
mixture.The graphs obtained were explained on the
basisof inter and intramol ecul ar forces, the breaking
and formation of hydrogen bonds.

Inthevariaionof dl thepropertieswith concentra-
tion adefinite changeisfound to occur in the binary
system at the concentration of 1% glycerol. Thatisei-
ther maximaincaseof V, Z,Vmand M, or minimain
thecaseof B, L, R,, p occursat concentration of 1%.
Thisisespecidly truefor temperatureranging from 35-
45°C. At 30°C adifferent behavior isobserved. Dif-
ferent maximaor minimaat aconcentration of 1.5 %
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areobserved at 30°C.
AnincreaseinV, Z, M, or decreaseisf, L,,

R, and p are explained on the basis of the predomi-
nant function of water — glycerol (solvent/solute) inter-
action reachingamaximum or minimumvaluesat 1%
concentration. Beyond the concentration the decrease
inV,Z,M, andincreaseinLf,R,, B, p areobserved.
Thisisexplained by the disruption of intramol ecul ar
hydrogen bonding; inthetrihydroxy compound glyc-
erol somemorehydroxyl group arefreedinglyceral.
Further increasein U, Z withincreasing concentration
isexplained by theformation of hydrogen bonds be-
tween freed —OH group of glycerol-water-glycerol.

Theinfluenceas DEC onthebehavior of mixtures
iswell known. Thusfor the system under consideration
higher the DEC, higher isthevaueof U,Z,porR, and
lower DEC favourshigher vaueof 8,L.andM,. The
aggregation behavior of moleculesinthebinary mixture
isfound to depend onthe DEC of the mixture.

Asthepercentage of glycerol increasesinthemix-
ture, the DEC of the mixture decreases. It isseen that
asthe DEC of the mixture decreases, density isfound
toincreaseat al temperatures. But thereisrectilinear
variation of the other propertieswith changein DEC.
DEC of water isvery high (80.37) and is lower for
glycerol (41.14). Moreover, through both arehydroxylic
liquids, glycerol having low DEC iscapableof taking
part in stronginteraction dueto hydrogen bonding than
thedipole-dipoleinteraction. This property that takes
predominance over theinfluenceof DEC. Itisclearly
seenthat intermol ecular H-Bonding between thewater
and glycerol playsvery important rolein deciding the
property of the binary mixture unlike DM F-water sys-
tem or DM SO-water system.
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