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ABSTRACT

Ultrasonic velocities, u, and densities, p of 0.5 m, 1.0 m and 1.5 m aqueous ethylene glycol and propylene glycol
solutions in iso-propanol have been measured over the entire composition range at 308.15 K. From this
experimental data, deviation in ultrasonic velocity, Au, deviation in isentropic compressibility, Ak, excess

intermolecular free length, Lf , excess acoustic impedance, ZF and excess molar volume, Vr% have been

determined. It has been observed that ultrasonic velocity increases first and attained a maximum value thereafter

decreases. Negative values oerE , AKs Lf and positive values of Au, ZF, are observed over the entire composition

range in the mixtures studied. The observed negative and positive values of various excess and deviation parameters
are 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 measured values of ultrasonic velocity for all the
investigated solutions have been compared with the theoretically estimated values using empirical relations such as,
Nomoto, Van Dael and Vangeels ideal mixing relation and Impedance dependence relation.

Keywords: Ultrasonic velocity, Density, Excess molar volurbeyviation in isentropic compressibility, Theoretica
velocity models

INTRODUCTION

Ultrasonic velocity measurements are widely ustdulinderstand the ion-solvent interactions in ageesand non
aqueous solutions. This technique has been extdpsaxplored to determine the ion-solvent inte@di in
aqueous solution containing electrolytes [1,2] on electrolytes. Ultrasonic velocity and its rethfgoperties have
been extensively helpful to study the physico-cleaiibehaviour and molecular interaction in varidiguid
mixtures [3]. Aqueous solutions play a vital rot fnany geological processes in various environmeich as
geothermal and magmatic hydrothermal settings. mixesuof literature [4-6] indicates that acoustipatameters are
useful in understanding the nature and strengthaécular interactions in the liquid mixtures amdusions. Water
and alcohol mixtures show unique maxima and minimaheir thermodynamic and acoustic propertiesoat |
alcohol concentrations [7,8]. The formation of sucéxima/minima in aqueous solutions of electrolyfsand in
non-aqueous solutions [10,11] is also reportedtendture earlier by several researchers.

Alkanol are polar molecules and self associatealin hydrogen bonding of their hydroxyl grougthylene glycol

is used as a raw material in the manufacture ofgstér fibers and fabric industry and polyethylémephthalate
resins (PET) used in bottling. Propylene glycoused as chemical feedstock for the production claturated
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polyester resins. The vast majority i@b-propanol is used as a solvent for coatings orifidustrial processes
especially in pharmaceutical applications. It soalised widely as a solvent and as a cleaning, faggecially for
dissolving oils.

Ultrasonic and thermodynamic studies of aqueous eleatrolyte solutions of 0.5 m, 1.0 m and 1.5 mmyksne
glycol/propylene glycol (non-electrolytes) iso-propanol are presented in this work. Literaturevey reveals that,
Sakurai [12] reported the partial molar volume®tiifylene glycol and water solutions at multi tenaperes 15, 25,
35 and 48C. Speeds of sound and viscosities in aqueous(pthylene glycol) solutions at 303.15 K and 30&15
were presented by Pal and Singh [13]. Kanhekal [14] studied the thermodynamic properties in agsesplution
of glycine at different temperatures. Moleculaeiribnic interaction studies of divalent transitiontalesulphates in
aqueous ethylene glycol at different temperaturesevstudied by Thirumaran and Sathish [15]. Peiratrad [16]
studied the thermodynamic sand transport propesfieshylene glycol and its mixtures with water aidctrolytes.
Zafarani-Moattaet al [17] reported the volumetric and transport properof glycol + water solutions.

Deviation/excess properties such as deviationtmasdnic velocityAu, deviation in isentropic compressibilityks,

. E .
excess intermolecular free Iengthf , excess acoustic impedancé, ahd excess molar vqumeE have been

computed from the experimental results of ultrasorélocity (u) and densityp] and are discussed in terms of
molecular interactions in the present investiga@dtions.

EXPERIMENTAL SECTION

Ethylene glycol (EG), propylene glycol (PG) aisd-propanol (IPA) used in the present study wereARegrade
products from LOBA Chemicals, India and were padfiby standard methods described in the literdtBel9]

The mass fraction purity of liquids obtained is.899b. Before use, the chemicals were stored oven®. molecular
sieves approximately for 72 h to remove water aurd@d degassed.

The solutions of aqueous ethylene glycol and agsigoapylene glycol of 0.5 m, 1.0 m and 1.5 m (nitfplare
prepared using triply distilled deionised watere$é solutions, in turn, are used to prepare liquikdure withiso-
propanol so that its entire range of compositionasered (0 to 100% ago-propanol). Mixtures are prepared by
mass in air tight bottles. The mass measuremestpenformed with a METTLER TOLEDO (Switzerland mpke
ABB5-S/FACT digital balance with an accuracy + 0/0g. Ultrasonic velocities and densities of pugeilils and
solutions are determined using a multi-frequendyasbnic interferometer (M-82 Model) at a fixedduency of
2MHz and 5 cri two stem double walled Parker & Parker type pyketem [20] respectively. The detailed
description of measurement of ultrasonic velocityl aensity are discussed in our previous paper2f1The
ultrasonic velocities and densities of pure liquigithis investigation at temperature of 308.15rK aompiled in
Table 1 together with the literature data [24-29%ikable. These results are found to be good ageaemith
reported data.

Table 1 Comparison of ultrasonic velocities (u) andensities p) of pure liquids with literature data at 308.15 K

Component u m.s" p/ kg.m”
Present work | Literature Present work | Literature
Water 1520.22 1519.36 [24 994.06 994.10 [25]
Ethylene glycol 1632.20 1632.10 [26] 1102.60 11032p]
Iso-propanol 1107.80 1105.90 [27] 771.66 772.20 [28]
) ) ) 772.88 [29]

RESULTS AND DISCUSSION

The variation of ultrasonic velocity and densityttwimole fraction ofso-propanol in aqueous ethylene glycol and
propylene glycol is presented in Tables 2 and Beetively. The variation of ultrasonic velocity wimole fraction

of iso-propanol in aqueous ethylene glycol and propyigiyeol is shown in figures 1a and 1b respectivélyom
these graphs ultrasonic velocity shows a clear maxi at about 0.1 mole fraction ao-propanol in both the
systems and at all molalities (0.5 m, 1.0 m and rh)5 Water and ethylene glycol/propylene glycol ath
associated through hydrogen bonding. When thesmlghare added to water, hydrogen bonding assoocisdikes
place between glycols and water molecules. Thidslea the increase of open structures in the swiwds diol acts
as a structure maker.

1244



M. Kondaiah et al J. Chem. Pharm. Res,, 2014, 6(4):1243-1258

Table 2 Experimental values of ultrasonic velocitie (u) and densitiesg) with mole fraction/volume fraction of iso-propanol, x or @ in
aqueous ethylene glycol solution at 308.15 K

X | o [ ums [ pkgn®
0.5 m aqueous ethylene glycol
0.0000| 0.0000 1539.8Y 999.0D
0.0560| 0.0554| 1586.80 985.41
0.1186| 0.1164| 1614.00 970.14
0.1811| 0.1765 1589.8Y 954.8}Y
0.2606 | 0.2530 1538.68 933.86
0.3402 | 0.3299] 1480.0f 912.82
0.4604 | 0.4465 1400.24  876.64
0.5399 | 0.5238 1353.6f 866.78
0.6793| 0.6609] 1293.05 838.82
0.8212| 0.8040| 1170.38 811.58
1.0000| 1.0000, 1107.80 771.66
1.0 m aqueous ethylene glycol
0.0000| 0.0000 1547.40 1003.32
0.0477 | 0.0472] 1592.80 993.08
0.1148 | 0.1125 1602.24 976.34
0.1816| 0.1767| 1576.00 959.3f
0.2634 | 0.2559] 1526.60 934.2b
0.3433| 0.3332] 1457.8f 913.18
0.4416| 0.4289] 1386.60 888.44
0.5404 | 0.5255| 1339.98 865.84
0.6746 | 0.6591 1286.40 836.8D
0.8198 | 0.8071 1171.60 807.6}Y
1.0000| 1.0000, 1107.80 771.66
1.5 m aqueous ethylene glycol
0.0000| 0.0000f 1553.80 1005.00
0.0540| 0.0533] 1600.60 993.58
0.1186| 0.1162] 1610.80 976.34
0.1828 | 0.1779] 1572.60 959.98
0.2486 | 0.2415 152242  940.62
0.3162| 0.3073 1441.80 920.0b
0.4468 | 0.4354] 1365.68 877.86
0.5401| 0.5273] 1326.18 862.96
0.6723| 0.6586 1280.80 835.34
0.8222| 0.8124| 1162.00 804.52
1.0000| 1.0000, 1107.80 771.66

In the mixtures ofso-propanol and agueous ethylene glycol/propyleneddlyelocity maximum is observed in the
low concentration region aé$o-propanol. The origin of maximum in the low congatibn region ofso-propanol is
due to long-range order in water giving rise toregen bonded structure [30]. Such a structure hasynsavities
and these cavities can accommodate solute moleuolésis caseso-propanol molecule). This is further favoured
by the large difference in molar volume betweendbmponents of the solution. Aso-propanol is added to the
aqueous glycolsiso-propanol molecules go on occupying the cavitiegshim water molecular aggregates (open
structures) and water + glycol structures. Thisegivise to a denser packing of molecules resuitinigcrease of
ultrasonic velocity of solutions. This process ¢ames till all cavities are filled. Further addingiso-propanol to
aqueous ethylene/propylene glycol molecules ine®dse unassociated monomer structures in thei@olithere

is also some possibility dso-propanol molecules disrupting the hydrogen bondiegiveen the water-ethylene
glycol/propylene glycol molecules resulting in usasiated ethylene glycol/propylene glycol molecuiesthe
solution. Thus, the structure of solution becomeserand more loosely packed by increasing the caraton of
iso-propanol molecules. Hence the ultrasonic velogitthe solution decreases. In the case of mixtofeiso-
propanol and 1.5 m aqueous ethylene/propylene Qltto® variation of ultrasonic velocity suggestattby adding
iso-propanol the structure of solution is becoming enand more loosely packed. This in turn indicatest t
molecular interactions resulting in disruption gfem structures and water + ethylene/propylene gjlgggregates
dominate other structure making tendencies.
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Table 3 Experimental values of ultrasonic velocitie (u) and densitiesg) with mole fraction/volume fraction of iso-propanol, x or @ in
aqueous propylene glycol solution at 308.15 K

X [@  [ums' | p/kg.m®
0.5 m aqueous propylene glycol
0.0000| 0.0000] 1542.40 997.63

0.0635| 0.0629 1590.60 984.64
0.1314| 0.1286| 1614.4y 972.83
0.2092 | 0.2019 1572.38 962.44
0.2996 | 0.2839 1510.42 940.27
0.3904 | 0.3682 1440.70 934.5§
0.4948 | 0.4712 1364.044 898.24
0.5966 | 0.5754] 1301.4y 868.20
0.7442 | 0.7274 1228.82 823.67
0.8345| 0.8218 1186.38 808.27
1.0000| 1.0000 1107.80 771.66

1.0 m aqueous propylene glycol

0.0000| 0.0000 1560.6y 999.63
0.0677| 0.0670| 1607.98 985.83
0.1287| 0.1263 1617.98 973.17
0.2078 | 0.2027| 1569.40 953.89
0.2986| 0.2894] 1502.644 932.65
0.3762| 0.3645 1443.78 914.30
0.4822 | 0.4679 1366.3# 887.47
0.5860 | 0.5704] 1306.40 862.81
0.7268 | 0.7117| 1238.42 827.65
0.8477| 0.8357| 1180.00 805.41
1.0000| 1.0000 1107.80 771.66

1.5 m aqueous propylene glycol

0.0000| 0.0000] 1575.0y 1001.26
0.0643| 0.0636] 1618.40 988.59
0.1310| 0.1283 1621.20 975.5§
0.2049| 0.1995 1569.25 957.9]
0.2934| 0.2854] 1490.24 932.56
0.3811| 0.3707] 1426.64 910.06
0.4862| 0.4728 1359.78 884.64
0.5802 | 0.5663 1304.60 862.09
0.7104| 0.6978 1240.46 836.46
0.8402| 0.8323 1183.80 802.87
1.0000| 1.0000 1107.8p 771.66
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Fig. 1a Variation of ultrasonic velocity (u) in thaxtures ofiso-propanol with
aqueous ethylene glycol
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Study of deviation/excess properties plays an itgmorrole in the study of molecular interactionshe¥e
deviation/excess properties are presented in Tablaed 5 for both the systems. The variation ofiat@n in
ultrasonic velocity for both the systems is presdrin figures 2a and 2b.

Table 4 Calculated properties of deviation in ultraonic velocity,Au, deviation in isentropic compressibility,Aks, excess intermolecular

E
free length, Lf , excess acoustic impedance®and excess molar vqume,VrlrE] with mole fraction, x of iso-propanol (x) in aqueous

ethylene glycol solution at T = 308.15 K

X s | oakd | LE, pad V,E/
ms® | 10%%at f 10%kg.m2.s? 503 Al
10%m 10°m*.mol

0.5 m aqueous ethylene glycol

0.0000 0.00 0.0000 0.0000 0.0000 0.0000
0.0560| 71.13| -0.5423 -0.0239 0.0636 -0.0421
0.1186| 125.37] -1.0023 -0.0434 0.1086 -0.0840
0.1811| 128.25 -1.197Q -0.0493 0.1036 -0.1190
0.2606| 111.41 -1.3021 -0.05Q1 0.0767 -0.1457
0.3402| 87.19 -1.311§  -0.0471 0.0453 -0.1599
0.4604| 59.30| -1.233§ -0.0404 0.0039 -0.174
0.5399| 47.07 -1.2454  -0.0399 0.0041 -0.1801
0.6793| 46.69 -1.2802  -0.0411 0.0106 -0.177
0.8212| -14.72| -0.3214 -0.0077 -0.0272 -0.1487
1.0000 0.00 0.0000 0.0000 0.0000 0.000g

1.0. m aqueous ethylene glycol
0.0000| 0.00 0.0000{  0.000p 0.0000 0.0000

0.0477| 66.37 -0.4953 -0.0221 0.0626 -0.043¢
0.1148| 105.31] -0.8924 -0.0341 0.0919 -0.0902
0.1816| 108.43 -1.0967 -0.0443 0.0862 -0.1272
0.2634 | 94.99 -1.2066 -0.0452 0.0575 -0.1414
0.3433| 61.38| -1.1414 -0.0389 0.0182 -0.1552
0.4416| 33.33 -1.0520 -0.0324 -0.0125 -0.1632
0.5404| 30.09| -1.091§ -0.0330 -0.0153 -0.166¢
0.6746| 35.55 -1.1574 -0.0354 -0.0054 -0.1504
0.8198| -15.42| -0.3057 -0.0060 -0.0343 -0.1102
1.0000| 0.00 0.0000[ 0.0000 0.0000 0.0000
1.5 m aqueous ethylene glycol
0.0000] ©0.00 ] 0.0000] 0.000¢ 0.0000] 0.0000
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0.0669 -0.0507
0.0949 -0.0909

0.0540| 70.88| -0.5360 -0.0239

0.1186| 109.90 -0.9221 -0.0394

0.1828| 100.33 -1.0544 -0.0421 0.0773 -0.1264

0.2486| 79.50| -1.0894 -0.0402 0.0461 -0.1408

0.3162| 29.03| -0.8714 -0.0271 -0.0116 -0.145¢
7
5
2
P
D

0.4468| 11.15| -0.8169 -0.021 -0.0469 -0.1444
0.5401| 13.21| -0.9270 -0.02§ -0.0355 -0.143
0.6723| 26.85| -1.0642 -0.031 -0.0165 -0.1337
0.8222| -25.10/ -0.1463  0.000 -0.0456 -0.084
1.0000 0.00 0.0000 0.000 0.0000 0.0000

Table 5 Calculated properties of deviation in ultrasonic velocity,Au, deviation in isentropic compressibility,Aks, excess intermolecular

E
free length, Lf , excess acoustic impedance®and excess molar vqume,VrlrE] with mole fraction, x of iso-propanol (x) in aqueous

propylene glycol solution at T = 308.15 K

y awo|oakg | LE b Vr% /
m.s' | 10%Pa* f 10°kg.m?.s* s 5
10%°m 10°m®.mol"

0.5 m aqueous propylene glycol
0.0000| 0.00 0.0000{  0.0000 0.0000 0.000Q
0.0635| 75.80| -0.5984 -0.0262 0.0709 -0.0487
0.1314| 129.18| -1.0854 -0.0449 0.1218 -0.1072
0.2092| 120.85 -1.2919 -0.0530 0.1176 -0.1866
0.2996| 98.23| -1.3531] -0.0528 0.0863 -0.2954
0.3904| 67.97| -1.3950 -0.0523 0.0747 -0.3361
7 |
3
6
il
D

0.4948| 36.68| -1.2203 -0.041 0.0249 -0.297
0.5966| 18.35| -1.0650 -0.033 -0.0007 -0.2332
0.7442| 9.85 -0.7889  -0.022] -0.0177 -0.1584
0.8345| 6.60 -0.6374  -0.018| -0.0092 -0.1117
1.0000| 0.00 0.0000{ 0.000 0.0000 0.000Q
1.0 m aqueous propylene glycol
0.0000| 0.00 0.0000{  0.0000 0.0000 0.000Q
0.0677| 77.92| -0.6160 -0.0269 0.0728 -0.0531
0.1287| 115.54] -0.9964 -0.0424 0.1051 -0.0958
0.2078| 102.84] -1.1587 -0.0456 0.0835 -0.1304
0.2986| 77.20| -1.2258 -0.0445 0.0519 -0.1734
0.3762| 53.43| -1.2117 -0.0410 0.0252 -0.1831

4

8

B

2

D

0.4822| 24.04| -1.0902 -0.033 -0.0075 -0.1834
0.5860| 11.11| -0.9967 -0.028 -0.0196 -0.1732
0.7268| 6.90 -0.8214  -0.022] -0.0225 -0.1441
0.8477| 3.23 -0.5825  -0.016| -0.0118 -0.1034
1.0000| 0.00 0.0000{ 0.000 0.0000 0.000Q
1.5 m aqueous propylene glycol
0.0000| 0.00 0.0000{  0.0000 0.0000 0.000Q
0.0643| 73.38| -0.5794 -0.0254 0.0693 -0.0534
0.1310| 107.34] -0.9641 -0.04Q7 0.0991 -0.1058
0.2049| 89.92| -1.0900 -0.0423 0.0741 -0.1412
0.2934| 52.27| -1.0621] -0.0364 0.0246 -0.1534
0.3811| 29.65| -1.0491 -0.0328 -0.0035 -0.160

0

5

7

6

D

0.4862| 11.90| -1.0014 -0.029 -0.0230 -0.171
0.5802 0.64 -0.9105  -0.024 -0.0333 -0.1554
0.7104| -2.66 -0.8157]  -0.021] -0.0264 -0.1214
0.8402 1.33 -0.5761 -0.014 -0.0198 -0.068¢
1.0000 0.00 0.0000 0.000 0.0000 0.0000
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propanol with aqueous ethylene glycol
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Fig. 2b Variation of deviation in ultrasonic veltci(Au) in the mixtures ofso-
propanol with aqueous propylene glycol
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From the above tables and figures it has been eld¢hat deviation in ultrasonic velocity values positive which
indicate the strong interactions exist between dindke molecules. The variation of deviation in rigepic

compressibility with mole fraction afo-propanol in aqueous ethylene glycol and aqueoapytene glycol are
presented in figures 3a and 3b. The isentropic cesgibility is a measure of ease with which theesyscan be
compressed. The deviation in isentropic comprddgilis negative over the entire composition rammgemixtures

investigated in the present study. The negativeieslof deviation in isentropic compressibility icate that the
liquid mixture is less compressible than the pigeitls forming the solution and molecules are niggketly bound

in the liquid mixture than in pure liquids. Thusgag¢ive values of deviation in compressibility inalie strong
specific interactions between component molecules.
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Fig. 3a Variation of deviation in isentropic comgsiility (Aks) in the mixtures ¢
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Fig. 3b Variation of deviation in isentropic comgs@ility (Aks) in the mixtures ¢
iso-propanol with aqueous propylene glycol

The variation of excess free length is presenteiijires 4a and 4b. From these figures it is oletxcess free
length data is negative over the entire range ofmsition investigated exhibiting a minimum. Thidicates
structural re-adjustment in the liquid mixtures &ods a less compressible phase of fluid and clpaeking of
molecules [31-33]. This aspect further supportsuwagation of other excess parameters. The variatbexcess

specific acoustic impedance (from figures 5a an)l &bo supports the conclusions drawn from dewviaiio
ultrasonic velocity.

Figures 6a and 6b represent respectively the i@miatf excess molar volume for the mixturesiad-propanol +
aqueous ethylene glycol/propylene glycol. Theseegxosalues are negative over the entire composiéinge of
mixtures. This suggests that the component moleare more close together in the liquid mixturentirathe pure
liquids forming the mixture, indicating that stromdfractive interactions between component molecalech as
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hydrogen bonding, dipoldipole interactions. The geometrical fitting/inti#tial accommodation of smalle

molecules in the voids created by bigger molecalss favourable for the observed negative excedarrvolume
data [34,35].

0

-0.01

-0.02

-0.03

£/10°m

-0.04

-0.05

-0.06

mole fraction of iso-propanol
Fig. 4aVariation of excesintermolecular free IengtH_E) in the mixturesof iso-

propanol with aqueous ethylene glyc
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propanol with aqueotpropylene glycol
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The calculated deviation/excess properties have fited to Redlich-Kister [36] type polynomial eafion.
YE =x1-%) A@-2%) (1)

where ¥isAu,V,, L andz® . The subscript ' in the summation of the ab@epiation takes values from 0 to 4.

Aks data have been fitted to Redlich-Kister type polyiral with volume fraction instead of mole fraction the
polynomial.

Table 6 Coefficients A of Redlich-Kister type polynomial equation and thecorresponding standard deviationsg of all the systems under

investigation
Property [ A | A T A | A | Al ]
0.5 m aqueous ethylene glycol
Au/m.s* 21012 95.05] 981.43 1631.91 -1282B8  4.08
AkJ10™°Pa? -5.0636| 1.8797| -7.1603 -18.4747 19.1083  0.0845
LI? /10%°m -0.1622| 0.0398| -0.3737 -0.644p  0.6828  0.0014
ZF/10°kg.m™.s? 0.0111 | 0.0524] 1.182§  1.5891 -1.3471  0.0033

Vr% A05memolt | -0.7059| 0.1124| -0.5626  0.1402 02190  0.0014

1.0 m aqueous ethylene glycol

Au/m.s? 123.37 16.76 | 1005.69 1618.76 -1197.56 3.60
AkJ10™Pa’ -4.4013| 1.9079| -7.3033 -16.9000 16.8387 0.0873
LE /10%°m -0.1325| 0.0441| -0.358¢ -0.6218 0.6065 0.0016

ZF/10°kg.m*.s! -0.0631| 0.0165| 0.9754 1.5504 -0.8924  0.0024

Vr% 105memolt | -0.6580| 0.0094| -0.3407 -0.1768  0.0909  0.0029

1.5 m aqueous ethylene glycol

Au/m.s* 33.18 [ -215.77] 1046.92 2156.45 -1187[70  5.69
AkJ10™°Pa? -3.5343| 3.7078] -9.1223 -22.06J1 20.13p0  0.0800
LI? /10%°m -0.0915| 0.1236| -0.4463 -0.8518  0.7551  0.0014
ZF/10fkg.m?s* | -0.1830| -0.2347] 1.232§4  2.1814 -1.2404  0.0048
Vr% /105me.molt | -0.5758| -0.0364 -0.5929  -0.395p  0.6486  0.0019
0.5 m aqueous propylene glycol

Au/m.s? 138.23 [ 451.26] 820.41]  445.5( -126.16  4.63
AkJ10"Pa’ -4.7483| -3.3498 -3.3682  0.4188 -1.3174  0.0304
LI% /10*°m -0.1663| -0.1518 -0.195% -0.0391  0.0239  0.0p2

ZF/10°kg.m*.s! 0.1055 | 0.6608| 0.4669 0.0691 0.3986  0.0075

Vr% n05memolt | -1.2103| -1.0009 0.9133  1.852]  -0.8428 0.0117

1.0 m aqueous propylene glycol

Au/m.s® 84.7 | 328.38| 73246 571.32 27.74 3.45
AkJ10*°Pa’ -4.3311| -2.0092] -3.9813 -1.2512  -0.3210  0.0260
LI? /110%°m -0.1313| -0.1086/ -0.1979  -0.090  -0.0186  0.0009

ZF/10°kg.m?s* | -0.0393| 0.3650] 0.6475  0.514 0.2500  0.0039

V.E 1oomimort | 0.7360| -0.1580 -0.1432 02879  -0.0646  0.0033

m
1.5 m aqueous propylene glycol
Au/m.s? 29.58 | 228.11| 545.07 670.6( 416.84 4.44
AkJ10%°Pa?! -3.8521| -1.1658 -4.141] -2.9678 -0.4322  0.0248
LI% /10*°m -0.1095| -0.0663 -0.1941 -0.1718  -0.0364 0.0013

ZF/10°kg.m*.s! -0.1137| 0.1829]| 0.7044 0.8807 0.1785  0.0052

Vr% 105memolt | -0.6563| -0.1286) -0.1946 -0.3179  0.2602  0.0051
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Ak, = D(A-D)> A (1-20) )

The values of coefficients {AAqA1L,A2,A; and A) in the above equations (Eqg. (1) and Eg. (2)) hbaeen
determined using the least square method and anpileal in Table 6 along with the standard deviagiofy )
calculated using the expression.

oY) [ (Y, &) H(m =) )
where ‘m’ is the total number of experimental psift11) and ‘n’ is the number of coefficients (#®d}the Eq. (1).

From the above discussion it is observed that gtheof interaction is more imso-propanol + 0.5 m aqueous
ethylene/propylene glycol compared to other two atitdés. When compared to glycols strength of iattion is
predominant inso-propanol + propylene glycol.

In the present study, theoretical sound velocitisexg Nomoto, Van Dael and Impedance relationsa{iéek
discussion on these theories is discussed in oewiqus papers [21,22]) have been evaluated by derisg
aqueous ethylene/propylene glycol as one compoaedtiso-propanol as the other component in the present
mixtures. The obtained theoretical values and spoading percentage deviations are summarizedbte3& and

8. From these tables it can be observed that dewiaf theoretical values of sound velocities fremperimental
values is marked in the region whése-propanol concentration is low. This implies thanrideal behaviour of the
system is predominant in this region, suggestirad #pecific interactions are operative in this lmsa-propanol
concentration region [37,38].

The experimental data of ultrasonic velocity haeerbfitted to a polynomial it describe the ultrasarelocity data
guantitatively as well as qualitatively even in #pecific interaction predominant region where eal behaviour
of the system is noticed.

The polynomial equation is [39]
f(x) =u(x) => ax" (4)

where Kk in the summation assumes values from Q xastthe mole fraction of theso-propanol and ,ais constant
coefficient to be determined using numerical meghdche root mean square deviation (RMS8) dorresponding
to sound velocity values calculated using the potgial equation (4) from their experimental valuess lbeen
evaluated using the relation:

o ={> (ug —up)*/n}*? (5)

where @ is the experimental sound velocity is the calculated sound velocity from the polynalngiquation f(x)
and n is the number of mole fractions at which expental and theoretical velocities have been datexd. These
RMSD values (are small) and coefficients obtainethfequation (5) are presented in Table 9.
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Table 7 Theoretical values of ultrasonic velocity rd percentage error with mole fraction,x of iso-propanol in aqueous ethylene glycol
solution at 308.15 K

x | U [ U ] Uimp | %Un [ %Uy | YU imp_|
0.5 m aqueous ethylene glycol

0.0000| 1539.87 1539.8f 1539.84 0.00 0.p0 0.p0
0.0560 | 1490.76 1506.6 152091 -6.05 -5|05 -4/15
0.1186 | 1442.44 1471.2 1499.16 -1063 -8/85 -7/12
0.1811| 1399.97 14375 1476.80 -1194 -9|58 -7{11
0.2606 | 1352.77 1396.8 1447.38 -12p08 -9|22  -5/93
0.3402| 1311.78 1358.5 1416.76 -1137 -8[21  -428
0.4604 | 1259.28 1304.4 1368.19 -1007 -6{84 -2{29
0.5399| 1229.55 1271.1 133440 -9.17 -6[10 -142

O[O WO [0+

0.6793| 1184.84 1216.6 127165 -8.37 -5]91 -1/66
0.8212| 1147.10 1165.9 1202.76  -1.98  -0|38 2.y7
1.0000| 1107.80 1107.8 1107.80 0.0 0.00 0.p0

1.0 m aque

o

us ethylene glycol

0.0000 | 1547.40 1547.4p 1547.36 0.00 0.p0 0.p0
0.0477| 1504.22 1518.4[L 1531.06 -5.5%6 -4/67 -3/88
0.1148| 1450.64 1479.48 150749 -946 -7/66 -501
0.1816 | 1404.17 1442.71 1483.27 -10P0 -8{46 -5/88
0.2634 | 1354.83 1400.1p 1452.%4 -11p5 -8{28  -4/85
0.3433| 1313.17 1361.00L 1421.29 -9.93 -6/64 -2/51
0.4416| 1269.01] 131582 1381.10 -848 -5/10 -040
0.5404 | 1230.9 1273.3p 1338.60 -8.13 -4/97 -0J10
0.6746| 1187.23 1220.08 1277.19 -7.71 -5]16 -0f72
0.8198| 114792 1167.2p 120546 -2.02 -0{37 2.89
1.0000| 1107.80 1107.80 1107.80 0.00 0.p0 0.p0
1.5 m aqueous ethylene glycol
0.0000| 1553.80 1553.80 1553.83 0.00 0.p0 0.p0
0.0540| 1504.42 1520.5p 1535.10 -6.01 -5/00  -4/09
0.1186| 1452.54 148258 1512.06 -9.82 -7/96 -613
0.1828 | 1407.39 1446.68 148844 -1051 -8/01 -5(35
0.2486| 1366.60 1411.78 1463.47 -10p4 -7[27  -387
0.3162| 1329.51] 1377.58 1436.95 -7.19 -4/45 -0f34
0.4468| 1268.8 1316.1p 1383.08 -7.09  -3|63 1.p7
0.5401| 123258 12755 1342.31 -7.05 -3{81 1.p2
0.6723| 1188.89 1222.28 1280.96 -7.18 -4/57 0.p1
0.8222 | 1147.79 1167.0f 120577 -1.22 044 3.y7
1.0000| 1107.80 1107.80 1107.80 0.00 0.p0 0.p0

Table 8 Theoretical values of ultrasonic velocity ad percentage error with mole fraction,x of iso-propanol in aqueous propylene glycol
solution at 308.15 K

X | U | U | Um | %Uy | %Uy | %Uimp |
0.5 m aqueous propylene glycol
0.0000 | 1542.40 1542.4p 1542.36 0.0 0.00 0.p0
0.0635| 1494.23 1504.4F 1520.70 -6.06 -5/41 -4)39
0.1314 | 1447.79 1466.0L 1496.83 -10B2 -9|]20 -7/29
0.2092| 1400.06 1424.38 1468.%3 -1096 -9}41 -6{60
0.2996| 1350.83 1378.98 1434.31 -1057 -8|70 -5/04
0.3904 | 1307.06 1336.3L 1398.38 -9.28 -7]25 -2/94
0.4948 | 1262.58 1290.50 1355.02 -7.44 -5[39 -0/66
0.5966 | 1224.26 1248.8p 131046 -5.93 -4j04 0.h9
0.7442| 1175.93 1193.1p 124146 -4.30 -2/90 1.03
0.8345| 1149.89 11615 119644 -3.07 -2]09 0.85
1.0000| 1107.80 1107.80 1107.80 0.00 0.00 0.p0
1.0 m aqueous propylene glycol
0.0000 | 1560.67] 1560.6f 1560.68 0.0 0.00 0.p0
0.0677| 1507.07] 1518.08 1536.64 -6.27 -5]59 -4)43
0.1287| 1463.47 1481.6p 1514.32 -9.55 -8/42 -640
0.2078| 1412.61] 1437.12 148441 -9.99 -8143 -542
0.2986| 1360.93 1389.33 1448.65 -943 -7/54 -3/59
0.3762| 132155 1351.04 141680 -8.46 -6}42 -1)87
0.4822| 1273.74 1302.1p 1371.25 -6.78 -4[70 0.86
0.5860 | 1232.55 1257.71L 1324.18 -5.65 -3|73 1.86
0.7268| 1183.93 1202.283 1256.07 -4.40 -2[92 1.43
0.8477| 1147.66 1158.4fF 1193.26 -2.44 -1]82 112
1.0000| 1107.80 1107.80 1107.80 0.00 0.00 0.p0
1.5 m aqueous propylene glycol
0.0000| 1575.077 1575.0f 1575.12 0.0 0.00 0.p0
0.0643| 1522.19 1532.7F 1551.61 -5.94 -5/29 -4)13
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0.1310| 1472.80 1491.3p 1526.47 -9.15 -8/01 -5/84
0.2049| 1423.65 1448.14 1497.67 -9.28 -7l72  -4)56
0.2934| 1371.32 1399.74 146181 -7.98 -6/07 -1)91
0.3811| 1325.37 1355.00 1424.y0 -7.10 -5/02 -0j14
0.4862| 1276.77 1305.2p 1378.01 -6.10 -4/01 1.84
0.5802| 1238.31] 1263.7fy 1334.06 -5.08 -3]13 2.26
0.7104| 1191.47 1210.7¢ 126943 -3.95 -2/40 2.34
0.8402| 1150.92 1162.24 1200.25 -2.98 -1]82 1.89
1.0000| 1107.80 1107.80 1107.80 0.00 0.p0 0.p0

Table 9 Coefficients and root mean square deviatio(RMSD), ¢ of ultrasonic velocity; u calculated using polynomial equation f(x)

o | a | a& | a | a [ems
0.5 m aqueous ethylene glycol

1549.14] 879.88] -4728.0B 571443 -2313[22 14)61

1.0 m aqueous ethylene glycol

1559.06] 734.17] -4627.3p 5980.34 -2543[88 1444

1.5 m aqueous ethylene glycol

1569.71] 641.31] -4753.4F 6534.41 -2891]55 20)08

0.5 m aqueous propylene glycol

1545.36] 1080.49 -5918.01 7638.J2 -3239/98  5.69

1.0 m aqueous propylene glycol

1566.85] 892.66] -5533.] 73858 -3207j46  7.07

1.5 m aqueous propylene glycol

1583.91| 744.02] -5311.88 7361.89 -3273[46 941

CONCLUSION

(i) The mixtures ofiso-propanol with aqueous ethylene glycol and aqugwopylene glycol with three different
molalities 0.5 m, 1.0 m and 1.5 m have been prepar808.15 K.

(i) From the experimental results deviation/excess gngs like deviation in ultrasonic velocity, detidan in
isentropic compressibility, excess free length,esscmolar volume and excess acoustic impedancevateated
and these properties have been fitted to RedliceKiype polynomial.

(ii) The positive and negative deviation/excess progeréire attributed to strong specific interactionshsas
formation hydrogen bond, dipole-dipole interactiamsl geometrical fitting of smaller entities inlamger entities.

(iii) The strength of interaction is predominant in cab@ropylene glycol compared to ethylene glycoliso-
propanol solution. On comparison of molalities,emaiction is more in 0.5 m aqueous glycol wigh-propanol
compared other two molalities.

(iV) Besides, the measured values of ultrasonic veldaityall the investigated solutions compared witte t
theoretically estimated values using different eiopl relations such as Nomoto, Van Dael and Valsgekeal
mixing relation and Impedance dependence relation.
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