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ABSTRACT

Densities and ultrasonic velocities have been measured at 303K for the
binary mixture of ammonium chloride with polyethylene glycol (600) in
different concentrations. From these values, isentropic compressibility
(K, intermolecular free length (L,), viscosity (n), internal pressure (),
molar volume (V), relaxation time (t) and classical aosorption (a/f?)
have been calculated and interpreted in terms of intermolecular interac-
tions. Excess parameters and their deviations namely excess isentropic
compressibility, excess intermolecular free length and excess viscosity
have been calculated. Further theoretical values of ultrasonic velocity in
the binary liquid mixture are calculated using three different theoretical
models. The relative merits of these theories and relations have been
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The ultrasonic studiesare extensively used to esti-
matethethermodynamic propertiesand predict thein-
termolecular interactionsat binary mixtures. The sound
velocity isoneof those physica propertiesthat helpin
understanding thenatureof liquid state. Usngthemea:
sured vauesof sound velocity (U), and density (p), the
thermodynamic parameterssuch asisentropic compress-
ibility and intermolecul ar freelength can be computed.
Schmel zer et d .M studied theacousti cinvestigations of
pseudo-stable structuresin aqueous sol utions of poly-
ethyleneglycols. They reported structural interactions
and theformation of acompact pseudo-stable struc-
tureintheregion of very low concentration of polyeth-
yleneglycoal. Syd et a .2 sudied the ultrasonic velocity,
viscosity and density of polyethyleneglycols (PEG-

8,000,PEG-20,000) in acetonitrileand water mixtures
at 25’°C and they concluded that acetonitrile acts as a
structure breaker inAN+H_,O solvent systemreleasing
morewater dipolesto interact at oxygen sitesof PEG
chains. Some of theresearchers studied the ultrasonic
characteristicsof agueous solution of polyethylenegly-
col®9, Very few reports arethereintheliterature on
the ultrasonic studies of polyethyleneglycol agueous
with sat sysems. Kdyanasundaram and Sundaresan’®
studied the characteristics of PEG +KCl inwater sys-
tem at different temperatures. They observed that the
presence of polymer in water decreasesthedigectric
constant of water and makesthe solution apoorer sol-
vent medium for theionsof thesdt. Anacoustica prop-
erty of polyethyleneglycol with ammonium chloride
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showsthat ultrasonic vel ocity and itsderived param-
eters provide muchinformation on molecular interac-
tions. Inthepresent investigation, ultrasonic vel ocities,
densitiesand viscositiesof polyethyleneglycol (of mo-
lecular weight 600) with ammonium chloride binary
mixture have been carried out. Variousderived param-
eters, such as specific acoustic impedance, isentropic
compressibility, intermolecular freelength, relaxation
time, molar sound vel ocity, molar compressibility, vis-
cosity and pressure have been evaluated from ultra-
sonic velocity and density and havebeen discussed in
termsof polymer-solvent interactions.

Inthepresentinvestigation, anmoniumchloride(AR
grade—Merck Company) of molecular weight of 53.49
gm/mol wastaken and dissolved inwatertoget 1 N
solution. Polyethylene glycol (600) (Merck) istaken
and mixed with ammonium chloride solutionsof differ-
ent concentrations. Dengity, ultrasonic vel ocity, viscos-
ity weremeasured in different concentrationsof mixed
solutionat 303K . Ultrasonicinterferometer of fixed fre-
guency (2 MHz) was used for measuring ultrasonic
velocity. Dengity of abinary mixturewas measured us-
ing gravimetric method. Thesevaueswerefoundto be
accurateupto+0.1 kg/m®.

From the observed values of density and ve-
locity, isentropic compressibility, Ksintermol ecu-
lar freelength (L,), viscosity (n), internal pressure
(m), molar volume (V), relaxation time (), classi-
cal absorption (a/f?) ., deviationin excessisen-
tropic compressibility (K& ), excessintermolecular
free length (L%) and excess viscosity (n®) were

ca culated from the usual formulas™.

Theresults of measurement of density, vel ocity,
viscosity and excess parametersaregivenin TABLE
land 2. Thevariation of ultrasonic velocity (Figure 1)
in asolution depends upon theincrease or decrease
of intermol ecul ar freelength after mixing the compo-
nents. On the basis of amodel for propagation pro-
posed by Eyring and Kincaid®, ultrasonic velocity
should decreaseif the L increasesasaresult of mix-
ing of components. How ever, inthemixture of NH,Cl
with poly ethylene glycol (600), adecreasingtrendin
L. (Figure 2) value and hence the corresponding in-
creasing trend in velocity values are observed with
increasein concentration, while at amolefraction of
0.0995 of PEG(600) asuddenincreaseinL and hence
abrupt changein velocity. Thisnon-linear variationin-
dicatesthe complex formation between constituents
of the mixture?.

Anincreasein velocity and acoustical impedance
and decreaseinisentropic compressibility withincress-
Ing concentration suggeststhe presence of solvent-sol-
uteinteraction anditisfurther confirmed by increasein
Ra0’s molar sound function (R) and L***. Deviation
fromthelinearityisfoundinbinary mixtures, which dem-
ongtratesthe presenceof molecular interaction between
unlike molecules due to adhesive and cohesive
forces2? when the concentration of PEG (600) added
toNH,Cl, it resultsin considerable decreasein inter-
mol ecul ar space between the molecul es as suggested
by Jocobsen!*?. This contributesto decreasein free
volumeand henceincreaseininterna pressure.

TABLE 1: Experimental valuesof ultrasonicvelocity, density, specific acousticimpedance, isentr opic compr essibility, inter-
molecular length, effectivemolecular weight, internal pressurein binary mixtureof NH,Cl in polyethyleneglycol (600)

: . Acoustic | sentropic Free . . Effective  Internal
Mole Mole  Velocity Density . N Viscosity
. . impedance compressibility length 2 molecular Pressure
fraction of fractionof  (U) (p) 10 10 (M)x10 .
NH.Cl PEG(600) (m/s) (kgm¥) , D), (K910 = (L) 107 (Ngmz Weidht (Mer)  (IT)
(kg/m’s) (kg'ms’) (m) (gms)  107(pa)
0.9948 0.0052 1600 1041 1665088 3.754 1.227 0.147 59.12 0.743
0.9883 0.0117 1653 1058 1748611 3.459 1.178 0.244 66.09 0.804
0.9801 0.0199 1707 1078 1839728 3.185 1.130 0.490 74.89 0.941
0.9694 0.0306 1760 1108 1950907 2912 1.081 1.045 86.43 1.115
0.9548 0.0452 1767 1127 1991238 2.843 1.068 1.146 102.15 0.959
0.9337 0.0663 1773 1141 2022802 2.788 1.057 2.573 124.86 1132
0.9005 0.0995 1733 1136 1968352 2.931 1.084 3.611 160.57 1.034
0.8408 0.1592 1685 1134 1910996 3.105 1.116 4.783 224.87 0.838
0.7013 0.2988 1680 1132 1902096 3.129 1.120 6.413 375.10 0.504
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TABLE 2: Computed valuesof molar volume, molar compressibility, molar sound velocity, availablevolume, freevolume,
relaxation, classical absor ption co-efficient of NH Cl in polyethyleneglycol (600)

Molar Molar
Molar sound - Available Free . Classical
Mole Mole | olocit compressibility | | Relaxation b "
fraction of fractionof O “m_i veocity (W) Vo ume_l Vo ”m_§ time (t) absorption
NH.Cl  PEG@og) (210 (R (mimolg  (YAXIOL (VI10® g (@)
4 (m¥mol) (m¥*mole) (Kg'ms) (m¥mole) (m¥*mole) 10"
(mls)ll3 g
0.9948 0.0052 0.568 0.665 1.246 0.568 1.851 0.073 0.090
0.9883 0.0117 0.625 0.739 1.403 0.645 1.070 0.113 0.134
0.9801 0.0199 0.695 0.830 1.458 0.741 0.476 0.208 0.240
0.9694 0.0306 0.778 0.939 1.792 0.856 0.198 0.406 0.455
0.9548 0.0452 0.906 1.096 2.094 1.000 0.223 0.434 0.485
0.9337 0.0663 1.095 1.325 2.536 1.213 0.090 0.957 1.064
0.9005 0.0995 1414 1.698 3.253 1.532 0.076 1411 1.605
0.8408 0.1592 1.983 2.360 4.525 2.089 0.078 1.980 2.317
0.7013 0.2988 3.313 3.938 7.551 3.479 0.110 2.676 3.141
1780 —&— NH,CHPEG(600) 124 | —®—NH,CI+PEG(600) |
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Figurel: Variation of Ultrasonic velocity with molefraction
of PEG (600) of binary mixture

Whendissolvedinwater, NH,Cl, formNH4** and
Cl-ions. Theseions are strongly bonded with water
molecules. Theionicradii of Cl-are 1.81 A, Inthe
case of polyethyleneglycols, thebasisunit isethylene
glycol which consgtsof two hydrophilic hydroxyl groups
and ahydrophobic hydrocarbon (-CH,CH.-) group.
Hence polymerization of ethyleneglycol groupstakes
place by theelimination of H,O molecules. The ethyl-
ene group of moleculesformshydrogen bond withwa:
ter molecules.

At the beginning, the ultrasonic velocity increases
with concentration and corresponding decreasein L.
Thereisastrong interaction betweenNH,**, Cl-and -
CH,CH,- group of moleculesand hence, L, decreases
and leadsto adecreasein this compressibility. This
behavior may collapse at higher concentration of PEG
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Figure2: Variation of intermolecular freelength with mole
fraction of PEG (600) of binary mixture.

(600) withamolefraction of 0.9005 of NH,Cl. It may

be dueto the extended structure of PEG with CI-and

NH,™ molecules. And a higher concentration some

formationsof freewater molecul esdisturbed uniformly

throughout the solution and hence decreasein vel ocity.

Thisdecreasein compressibility resultsintheincrease

inveocity.

Thedeviation inisentropic compressibility can be
explainedi**24 by taking in to consideration of thefol-
lowingfactors.

1. Lossof dipolar association and differencein size
and shape of the component moleculeswhich lead
to adecreasein velocity and anincreasein com-
pressibility.

2. Dipole—dipole interaction or hydrogen bonded com-
plex formation between unlikemoleculeswhichleads
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to anincreasein sound vel ocity and adecrease of
compressi bility. Theactua deviation dependsonthe
resultant effect. Inthe present study, compressibility
decreases (Figure 3) withincreasethe concentration
of PEG (600) indicating hydrogen bond formation
which collapsesat higher concentration. Thisresult
isfurther supported by viscosity measurements.
Theviscostyisfoundtoexhibitlinear variation (Fig-
ure4) with concentration of PEG (600). Theviscosity
of abinary mixturemay bedueto theformation of in-
termol ecular associ ation by hydrogen bonding between
theethyleneglycol moleculesand NH, 1%,

—=— NH,CH+PEG(600)
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Figure3: Variation of isentropic compressibility with mole
fraction of PEG (600) of binary mixture
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Figure4: Variation of viscosity with molefraction of PEG
(600) of binary mixture

Theinternal pressureistheresultant of theforces
of attraction and repulsion between themoleculesina
liquid. Therepulsiveforcesbecome prominent show-
ing relatively lower values of interna pressure. When
oneof thecomponentsislargeinratiotheinternd pres-
surevaluesare high, predicting greater forcesof attrac-

tion between themolecules. Internal pressureismaxi-
mumwheretheintermolecular aionisgrongest™.
Free volume decreaseswith concentration. It decreases
linearly anditisminimum at amol efraction of 0.0995
of PEG with amoalefraction of 0.9005 of NH,Cl. The
presences of minimain freevolumeat acomposition
confirm the presence of complex formationf*”,
Hirchfelderetal!*® found that freevolume(V,) of a
molecule at aparticular concentration and pressure,
depends only on theinternal pressure of theliquid.
Theweakening molecular association leadsto alarge
freevolumeavailablefor molecular motion and the
reverse effect giveriseto smaller freevolume. Thus
the effect of concentration on internal pressure and
freevolume hasbeen studied. Asinternal pressureis
known to be an inverse function of free volume, the
trend of the plots of free volume confirms the
same*2, Relaxation time, classica absorption aso
supportsthe above discussion. These properties show
alinear increase with concentration?.
FromtheFigure5, it isobserved that the negative
excesscompressibility inal compositionsof abinary
mixturesindicate that the hydrogen bond formation
dominatesin all concentrations. In the study of the
binary mixtures of NH,Cl, and PEG (600), the non-
linear variations of excesscompressi bility showsthat
H,, bond interaction are more strong up to the mole
fraction of 0.9337 NH,Cl and abovethat it decreases
and thisisconfirmed by viscosity study. It isalso ob-
served that the L%, showsanegativevalueinall the
compositions. Thereisalinear increasewith the con-
centration and is maximum at the composition at
0.9337 at NH,Cl abovewhichit decreases. It shows

iR
J
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Figure5: Variation of excesscompressbility with molefrac-
tion of PEG (600) of binary mixture
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that strong molecul ar interaction between the compo-
nentsthrough their dipoles?.

TABLE 3: Computed valuesof excesspar ameter sof binary
mixtur e of ammonium chloridein polyethyleneglycol (600)

Excess Excess

Mole Mole compressibilit Excessfree viscosit
fraction of fraction of % = _my length (LEf) E %’
NH.CI PEG (K*9) x10 1004 ()10
4 (kg'ms) (Ngm?)
0.9948 0.0058 -0.34047 -0.546 0.13328
0.9883 0.0117 -0.63207 -1.030 0.18779
0.9801 0.0199 -0.90192 -1.204 0.25671
0.9694 0.0306 -1.16948 -1.985 0.34704
0.9548 0.0452 -1.23109 -2.103 0.47006
0.9337 0.0663 -1.27538 -2.196 0.64786
0.9005 0.0995 -1.11557 -1.898 0.92761
0.8408 0.1592 -0.91129 -1.529 1.43065
0.7013 0.2988 -0.81653 -1.375 2.60653

According to Fort and Mooreé? excessviscosity
tendsto becomemore positive asthestrength of inter-
actionincreases. Theexcessviscodity variationgivesa
quditative estimation of thestrength of intermolecular
interactions. Theexcessviscosities?! may begenerdly
explained by consideringthefollowing factors.

1. Thedifferencein size and shape of the component
mol eculesthelossof dipolar associationin purecom-
ponent may contributeto adecreasein velocity and

2. Spedificinteraction between unlike componentssuch
ashydrogen bond formation and chargetransfer com-
plexesmay causefor anincreaseintheviscosity in
mixturesthan the pure components.

Theformer effect produces deviationin excess
viscosity and thelatter produce positivedeviationin
excess viscosity. The excessviscosity isgenerally
considered asaresult of abovetwo major effects.
From the Figure 7, it can be observed that the ex-
cessviscosity valuesare positiveandit linearly in-
creases with concentration asthe strength of inter-
action between the unlike moleculesincreases. Inthe
present study, the excessviscosity ispositive, dueto
di-polar forces, indicating a strong interaction be-
tween the unlike mol ecul es29,

Theoretica vauesof ultrasonic speed inthe present
binary mixtureswereeva uated us ng different theories.
Comparisonsof theoretical vauesof ultrasonic speeds
with these obtained experimentaly in the present binary
liquid mixturesisexpected to reveal thenature of inter-

—= Pyl Peper

action between the component moleculesinthe mix-
tures. Such atheoretical studyisuseful inbuildingthe
comprehensivetheoretica modd for theliquid mixtures.
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Figure6: Variation of excessfreelength with molefraction
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Figure7: Variation of excessviscosity with molefraction of

PEG (600) of binary mixture

TABLE 4: Computed valuesof theor etical velocity using free
lengththeory (FLT), Nomoto’s relation and impedance depen-
dent relation (IDR) and per centageof deviation in thebinary
mixtur e of ammonium chloridein polyethyleneglycol (600)

Mole Mole
fraction fraction
of of
NH,CI PEG

Per centage
of Deviation

FLT Nomato

U ep
(m/s)

Ut
(m/s)

U\DR
(m/s)

UNomalo

(m/s)

IDR

0.9948
0.9883
0.9801
0.9694
0.9548
0.9337
0.9005
0.8408

0.7013

0.0052
0.0117
0.0199
0.0306
0.0452
0.0663
0.0995
0.1592

0.2988

1600.00
1653.33
1706.66
1760.00
1766.66
1773.33
1733.33
1685.33

1680.00

1599.87
1653.02
1706.89
1759.55
1766.20
1773.91
1733.59
1685.15

1680.38

1600.33
1653.69
1706.69
1759.84
1766.61
1773.30
1733.26
1685.35

1679.95

1600.00
1653.33
1706.66
1760.00
1766.66
1773.33
1733.33
1685.33

1680.00

0.00812
0.0188
-0.0135
0.0256
0.0260
-0.0034
-0.0150
0.0107

0.0226

0.0206

-0.0218

0.0018
0.0091
0.0028
0.0017
0.0040
0.0012

0.0030

O O O O o o o o o
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Theoretical vauesof ultrasonic speed inthemix-
turesat different molefractionswere calculated using
theusual relations.A close perusal of TABLE 3indi-
catesthedeviationsof theoreticd evaluationusng FLT,
Nomoto and IDR. Fromtheresults, it isobserved that,
moredeviationsinthe FLT and Nomoto method and it
isfound that IDR method i s best suited with experi-
mental resultsand followed by Nomoto rel ationg?627,
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