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ABSTRACT KEYWORDS
Theoretical velocitiesof binary liquid mixtures of orthochlorophenol (OCP) Theoretical velocities;
with 2-methoxyethanol(MOE), 2-ethoxyethanol(EOE) and 2- Ultrasonics;
butoxyethanol (BOE), at T = (303.15, 308.15, 313.15, 318.15) K and atmo- Hydrogen bonding;
spheric pressure, have been evaluated by using Nomoto (NOM), imped- Chi-square test;
ance (IMP), Van Dael and Vanged! (VDV),Junjie (JUN) and Rao’s specific Molecular interaction
velocity (RAO) modwils. Ultrasonic vel ocities and densities of these mix- parameter.

tures have also been measured experimentally as a function of composi-
tion of OCP and temperature. A good agreement isfound between experi-
mental and theoretical values. U?, '/ U?  has also been evaluated for
non-ideality in the mixtures. Chi-square test for the goodness of the fit is
applied to investigate the relative applicability of these theories to the
present systems. The results are discussed in terms of intermolecular
i nteractions between the component moleculesin these binary liquid mix-
tures. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION

Intherecent past, thereisarapid growth onultra
sonic studiesin variousorganic liquid mixtures*1° due
to thefact that the optical methods cannot detect and
assessall typesof interactions, especially weak inter-
actionsinliquid mixtures. Theimportant physicochemi-
cal propertieslike adiabatic compressibility, heat ca
pacity, coefficient of expanson and critical temperature
may be obtai ned from ultrasonic vel ocity, density and
viscosity data. Themolecular interactionsin pure and
binary liquid mixtures can beanalyzed using ultrasonic
ve ocity measurementswhich areof considerableinter-

est for thephysicistsinthelast few decades24. Using
varioustheories?®, ultrasonic sound velocitiesinlig-
uid mixtures have been cal culated and compared with
experimentd values.

The present work isacontinuation of our research
programmeon acomparison of experimenta ultrasonic
velocity with the theoretical models of Nomoto, Van
Dadl idedl mixing relation, Rao’s specific velocity, im-
pedancerd ation and Junjierelation for the binary mix-
turesof several systemsat variostemperaturesby Rama
Rao et a4, Of thesemodels, Nomoto rel ation was
reported to bein good agreement with experimental
resultsfor thebinary mixtureat al temperatures under
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study and theresultsareinterpreted intermsof inter-
mol ecul ar interactions between the binary component
liquid mixtures.

Inthis paper, wereport the experimenta and theo-
retica ultrasonicvelocitiesof thebinary liquid mixtures
of OCPwith 2-methoxyethanol, 2-ethoxyethanol and
2-butoxyethanol at 303.15, 308.15, 313.15, 318.15K
over theentire composition range, evaluated by using
varioustheories such asNomoto (NOM), impedance
(IMP), Van Dadl and Vanged! (VDV), Junjie (JUN)
and Rao’s specific velocity (RAO) relations. Further a
comparativestudy of theoretica resultswith experimen-
tal valuesusing Chi-sguaretest and the study of mo-
lecular interactionsfrom the deviation (a) inthevalue
of Uzexp/ Uz, (fromunity) havea so been reported.

EXPERIMENTAL

Thecommercidly avallablepure solventswereused
inthe present investigation. OCP (Merk >99%) and
MOE,EOE,BOE of AR gradeprocured from S.D fine
chemicals(India) were purified by the standard meth-
ods described by A .Wei ssberger’®! and the purity of
the chemi cal swas assessed by comparing their mea-
sured densities(p) and ultrasonic velocities (U) which
werein good agreement with literature values. Themix-
tureswere prepared gravimetricaly using an eectronic
ba ance (Shimadzu AY 120) with an uncertainty of +
1x 107 Kgand were stored in air-tight glass bottl es.
Theuncertainty in the molefraction was estimated to
belessthan+ 1x10*. It was ensured that the compo-
nentswere adequately mixed beforebeing transferred
intotheapparatus. Therequired propertieswere mea
sured within oneday of themixture preparation.

Thedensties, p, of pureliquidsand their mixtures
determined using a 10°m2Double- arm pycnometer,
and thevauesfrom triplicate replication at each tem-
peraturearereproduciblewithin 2 x 10'kg méand the
uncertainty inthemeasurement of density isfoundto be
2 partsin 10* parts. Thereproducibility in molefrac-
tionswaswithin+0.0002 Temperature control for the
measurement of viscosity and density isachieved by
using amicroprocessor assi sted circul ating water bath,
(supplied by Mac, New Delhi) regulated to +0.01 K,
using aproportiona temperature controller. Adequate
precautionsweretaken to minimize evaporation losses
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duringtheactud measurements. Theultrasonicvelocity
of sound (U) ismeasured using an ultrasonic interfer-
ometer (Mittal Enterprises, New Delhi model FO5)
operating at 2 MHz. The measured speeds of sound
haveaprecisionof 0.8 m. sec! and an uncertainty less
than+0.1 m. sec’™. Thetemperature stability wasmain-
tained within+ 0.01K. by circulating water bath around
themeasuring cell through apump.

THEORETICAL CONSIDERATIONS

Nomototheory

Nomoto’s empirical formula for the sound velocity
(U) inbinary liquid mixtures, based ontheassumption
of thelinear dependence of themolecular sound veloc-
ity on concentration and theadditivity of themolar vol-
umeintheliquid mixtureisgiven by

u

wherethemolar soundvelocity R=x,R +X.,R,
Hence, ultrasonic velocity (U) isgiven by

N ELEEY
lel + X2V2
IntheaboveequationR = (M/p) U=V (Ui)"

@

3

Impedancerelation

Using the specific acousticimpedance of the pure
liquids, theultrasonic velocity intheliquid mixturesis
determined usingthefollowing relation:

U= Y X2 Xip; @
where Z, isacousticimpedanceand p, isthedensity of
themixture.

Van Dael and Vangee relation

Van Dadl and Vanged derivedtheformulafor ultra
sonicvelocity intheliquid mixturesusing the adiabatic
compressibilitiesof thepureliquidsbased onided mix-
ing of theliquids. Van Dael and Vanged assumed that
theadiabatic compressibility (8, ) of themixtureisgiven
by
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Bar = da (Bada + 0 (Bas)e AN
suggested thefollowing relation for sound vel ocity

inhomogeneousliquid mixtures.
P = g LA (Baa)a+ b5 25 (Bade
ad ¥ ¥

Where ¢ andy refer thevolumefunction and principal
specificratio.

It holdstrueif themixtureisanidea oneand aso
Yo =7Ys =7, It canbetransformedintoalinear com-
bination of themolefractionsif the additiona assump-
tionv,=v ismadef_"m=x, (B_), +X; (B.)s

The sound vel ocitiesappropriateto theabove egns
arerespectively

X,V + XV 1 V, Vg

= +
XM, + XMy (Uim)2 1 MAU,i Ve MBUS

ad

1 1 Xa Xg
— 2 2T 2 3
xAMA+xBMB(U'm) MU, MU;

Junjierdation

Junjie® relationfor the ultrasonic vel ocity of the
mixturein termsof themolefraction, molecular weight
and density of themixture. Junji€’s is given by

iXiVi
XXMV, Ipu)?

wherethe symbolshavether usua meanings.

Y (4)

Rao’sreation

Usingtheratio of thetemperature coefficient of ve-
locity and expansion coefficient, Rao!*® derived afor-
mulafor ultrasonic velocity (U) given by

Bl
u=|y ®

whereV isthe molar volume and R is called Rao’s
constant or molar sound velocity, whichisconstant for
aliquid at atemperature.

CHI-SQUARE TEST FOR GOODNESSOF
FIT

= Pyl Paper

According to Karl Pearson Chi-square valueis
evduated for thebinary liquid mixturesunder study us-
ingtheformulan
72 =Y U(obs) - U(cal))2 / U(cal)) (6)
i=1
where n isthe number of data used, and ‘U (obs) =
experimenta vauesof ultrasonic velocities, U(cal) =
computed vauesof ultrasonic velocities

AVERAGE PRECENTAGE OF ERROR (SdU)

TheAverage percentageerror iscalculated using
therdation
SdU = 1/n 3 (U (obs) - U (cal)) / U (obs)) X100%
wherenisthe number of dataused, U (obs) = experi-
mentd va uesof ultrasonicveocities

MOLECULARASSOCIATIONS

Thedegreeof intermolecular interaction or molecular
associationisgiven by
o= [U? g/ U im-1 ®

RESULTSAND DISCUSSION

The experimenta valuesof ultrasonic velocity for
the system along with theoretical valuesand percent-
agedeviationsfor Nomoto’s Relation (NOM), Imped-
ance Relation (IMP), Vandeal Vangael Ideal Mixing
Relation (VDV), Junjie’s relation (JUN), Rao’s spe-
cificvelocity method (RAO) arecompared for dl the
three binaries OCP+M OE, OCP+EOE, OCP+BOE
by the equationsfrom respectivetheoriesare presented
in TABLES 1-3 at al the 4 temperatures 303.15,
308.15, 313.15, 318.15K and atmospheric pressure.
Thevadidity of different theoretical formulaeischecked
by the chi-squaretest for al themixturesat dl thetem-
peraturesandthevaluesaregivenin TABLE-4.

Theva uesof ultrasonic ve ocity computed by vari-
oustheoriesadongwithexperimentd vaues(U) aregiven
in TABLES 1-3. There are variations between the
evaluated and experimental values. Datarevealsthat
theve oaitiescomputed from Nomoto’s relation (NOM)
and Impdancereation (IMP) exhibit more satisfactory
agreement with theexperimentd vauesinthetempera:
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TABLE 1: Experimental and theoretical valuesof velocitieswith their % deviationsfor thesystem OCP+M OE

AT 303.15K
x1 EXP NOM IMP VDV JUN RAO  %NOM %IMP %VDV %JUN %RAO o
0.0000 1356  1356.0 1356.0 1356.0 1356.0 1356.0 0.00 0.00 0.00 0.00 0.00 0.0000
0.0797 1361.2 13585 1358.6 13434 13533 14720 -0.20 -0.19 -1.31 -0.58 8.14 0.0266
0.1630 13644 1361.1 13612 13332 1351.8 1580.3 -0.25 -0.24 -2.29 -0.93 1582  0.0473
0.2503 1367.5 1363.6 1363.8 13255 13514 16750 -0.29 -0.27 -3.07 -1.18 2249  0.0643
0.3418 13704 1366.1 1366.3 1320.7 13521 17489 -0.31 -0.30 -3.63 -1.33 2762  0.0767
04379 13732 13687 13689 13189 1354.0 17942 -0.33 -0.32 -3.95 -1.40 30.66  0.0840
05388 13759 13712 13714 13208 1357.0 1803.0 -0.34 -0.33 -4.00 -1.37 31.05  0.0852
0.6451 1378.2 1373.7 13739 13269 1361.3 17689 -0.32 -0.31 -3.72 -1.23 2835 0.0788
0.7570 1380.3 13763 13764 13381 1366.7 1687.0 -0.29 -0.28 -3.06 -0.98 2222  0.0641
08752 1382 13788 13789 13557 13734 1556.5 -0.23 -0.22 -191 -0.62 1263  0.0392
10000 13814 13814 13814 13814 13814 13814 0.00 0.00 0.00 0.00 0.00 0.0000
AT 308.15K
x1 EXP NOM IMP VDV JUN RAO  %NOM %IMP %VDV %JUN %RAO o
0.0000 1347.0 1347.0 13470 13470 1347.0 13470 0.00 0.00 0.00 0.00 0.00 0.0000
0.0797 1346.2 13483 13483 13339 13435 1466.7 0.16 0.16 -0.91 -0.20 8.95 0.0185
0.1630 13483 1349.6 13496 13232 13411 1578.6 0.10 0.10 -1.86 -0.54 17.08  0.0384
0.2503 1350.3 13509 1351.0 13148 1339.7 16764 0.04 0.05 -2.63 -0.78 2415  0.0547
0.3418 13522 13522 13523 1309.2 13394 17523 0.00 0.01 -3.18 -0.94 2959  0.0667
04379 13538 13535 13536 1306.6 1340.2 17981 -0.02 -0.02 -3.49 -1.01 3282  0.0736
0.5388 1355.1 1354.8 13549 1307.3 1342.0 1805.6 -0.02 -0.02 -3.53 -0.97 3324 00744
0.6451 1356.2 1356.1 1356.2 13121 13448 1767.9 -0.01 0.00 -3.25 -0.84 30.36  0.0684
0.7570 13569 13574 13574 13216 13488 1680.4 0.04 0.04 -2.60 -0.60 2384  0.0541

0.8752 1357.2 1358.7 1358.7 1337.0 13538 15428 011 011 -1.49 -0.25 1368  0.0304
10000 1360.0 1360.0 1360.0 1360.0 1360.0 1360.0 0.00 0.00 0.00 0.00 0.00 0.0000
AT 313.15K

x1 EXP NOM IMP VDV JUN RAO %NOM %IMP  %VDV %JUN %RAO o
0.0000 1337.0 1337.0 1337.0 1337.0 1337.0 1337.0 0.00 0.00 0.00 0.00 0.00 0.0000
0.0797 1330.1 13377 1337.7 13238 13331 14595 0.57 0.57 -0.48 0.23 9.72 0.0096
0.1630 1331.1 13384 13384 13128 1330.2 15740 0.55 0.55 -1.38 -0.06 1825  0.0281
02503 1332.8 1339.1 13391 13042 13284 16742 0.47 0.48 -2.15 -0.33 2562  0.0444
0.3418 13343 1339.8 13398 12982 13276 17518 041 041 -2.71 -0.50 3129  0.0564
04379 13354 13405 13405 12951 13278 17984 0.38 0.38 -3.02 -0.57 3467  0.0632
05388 1336.2 13412 13412 12953 13290 1805.1 0.37 0.38 -3.06 -0.54 3510 0.0641
0.6451 13365 13419 13419 12994 13312 17653 0.40 041 -2.78 -0.40 32.09  0.0579
0.7570 1336.3 13426 13426 13081 13344 1674.2 0.47 0.47 -2.11 -0.14 2529  0.0436
0.8752 13355 13433 13433 13225 1338.7 15320 0.58 0.59 -0.98 0.24 1471  0.0198
10000 13440 13440 13440 13440 13440 13440 0.00 0.00 0.00 0.00 0.00 0.0000

AT318.15K

x1 EXP NOM IMP VDV JUN RAO %NOM %IMP  %VDV %JUN %RAO o
0.0000 13140 13140 13140 13140 13140 13140 0.00 0.00 0.00 0.00 0.00 0.0000
0.0797 1299.0 13151 13151 1301.2 13106 1437.2 124 124 0.17 0.89 10.64  0.0034

0.1630 13019 1316.2 13163 1290.6 1308.2 1552.7 1.10 1.10 -0.87 0.49 19.27  0.0176
0.2503 13044 13174 13174 12824 13069 1654.0 0.99 1.00 -1.69 0.19 26.80  0.0346
0.3418 1306.5 13185 13185 12768 13065 17327 0.92 0.92 -2.27 0.00 3262 00471
04379 1308.3 13196 1319.7 12741 13071 1780.1 0.86 0.87 -2.61 -0.09 36.06  0.0544

0.5388 13095 1320.7 13208 12747 1308.7 17875 0.86 0.86 -2.66 -0.06 36.50  0.0553
0.6451 13101 13218 13219 1279.2 13113 17478 0.90 0.90 -2.36 0.09 3341  0.0489
0.7570 1310.0 13230 1323.0 12883 13149 1656.5 0.99 0.99 -1.66 0.37 2645  0.0340
0.8752 1309.0 13241 13241 13031 13195 15137 115 115 -0.45 0.80 1564  0.0090
10000 13252 13252 13252 13252 13252 13252 0.00 0.00 0.00 0.00 0.00 0.0000
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TABLE 2: Experimental and theoretical valuesof velocitieswith their % deviationsfor thesyssem OCP+EOE

AT 303.15K
x1 EXP NOM IMP VDV JUN RAO %NOM %IMP %VDV %JUN %RAO o
0.0000 1316.0 13160 13160 1316.0 1316.0 1316.0 0.00 0.00 0.00 0.00 0.00  0.0000
0.0961 13274 13224 13243 1313.0 13149 14246 -0.37 -0.23 -1.09 -0.94 732 0.0221
0.1930 1337.8 13289 13321 13119 13153 15191 -0.67 -0.43 -1.94 -1.68 1355 0.0400
0.2907 1347.3 13354 13395 13126 13174 15948 -0.88 -0.58 -2.57 -2.22 18.37 0.0535
0.3894 1355.7 13419 13464 13154 1321.1 16477 -1.02 -0.68 -2.97 -255 2154 0.0622
04889 13630 13484 13530 1320.2 13265 16741 -1.07 -0.73 -3.14 -2.68 2283 0.0658
0.5893 1369.2 13550 1359.3 1327.3 1333.6 16719 -1.04 -0.72 -3.06 -260 2211 0.0641
0.6906 13742 1361.6 13652 1336.7 13425 16401 -0.92 -0.65 -2.73 -2.30 19.36  0.0569
0.7928 13779 1368.2 13709 1348.6 1353.3 15794 -0.71 -0.51 -2.12 -1.78 1463 0.0438
0.8959 1380.3 13748 1376.3 13634 1366.3 14919 -0.40 -0.29 -1.22 -1.02 8.09 0.0249
1.0000 13814 13814 13814 13814 13814 13814 0.00 0.00 0.00 0.00 0.00  0.0000
AT 308.15K
x1 EXP NOM IMP VDV JUN RAO %NOM %IMP %VDV %JUN %RAO 0}
0.0000 1299.8 1299.8 1299.8 1299.8 1299.8 1299.8 0.00 0.00 0.00 0.00 0.00  0.0000
0.0961 13104 1305.7 13074 1296.6 12984 14111 -0.35 -0.23 -1.05 -0.91 7.69 0.0214
01930 1320.1 1311.7 13146 12952 1298.6 1508.0 -0.63 -0.41 -1.89 -1.63 14.24 0.0388
0.2907 13288 1317.7 13214 12956 1300.3 15855 -0.84 -0.56 -2.50 -214  19.32 0.0519
0.3894 1336.6 1323.7 1327.8 1298.0 1303.6 1639.5 -0.97 -0.66 -2.89 -246  22.67 0.0603
04889 13433 1329.7 13339 13024 1308.6 1666.0 -1.02 -0.70 -3.05 -259  24.02 0.0638
0.5893 1349.0 13357 1339.6 13089 13152 1662.8 -0.98 -0.69 -2.97 -251 2327 0.0622
0.6906 13535 13418 13451 1317.7 13235 1629.0 -0.87 -0.62 -2.65 -222 2035 0.0551
0.7928 13569 1347.8 1350.3 1329.0 1333.6 1565.3 -0.67 -0.49 -2.06 -1.71 1536 0.0425
0.8959 1359.1 13539 13553 1343.0 13458 14743 -0.38 -0.28 -1.19 -0.98 848 0.0241
1.0000 1360.0 1360.0 1360.0 1360.0 1360.0 1360.0 0.00 0.00 0.00 0.00 0.00  0.0000
AT 313.15K
x1 EXP NOM [IMP VDV JUN RAO %NOM %IMP %VDV %JUN %RAO o
0.0000 12740 12740 12740 12740 12740 12740 0.00 0.00 0.00 0.00 0.00  0.0000
0.0961 1284.7 12809 12829 12715 12734 13924 -0.30 -0.15 -1.03 -0.88 8.38 0.0209
0.1930 1294.7 1287.8 1291.2 12708 12744 1496.1 -0.53 -0.27 -1.85 -1.57 1556 0.0379
0.2907 1304.0 12948 1299.1 12721 12769 1579.6 -0.70 -0.37 -2.45 -2.07 2114 0.0508
0.3894 13124 1301.7 1306.5 12753 12811 1638.2 -0.81 -0.45 -2.83 -239 2483 0.0591
04889 1320.0 1308.7 13136 12805 1286.9 16674 -0.85 -0.48 -2.99 -251 2632 0.0626
0.5893 1326.7 13157 1320.3 1288.0 12944 1664.6 -0.83 -0.48 -2.92 -243 2547 0.0611
0.6906 13325 13228 1326.7 1297.8 1303.8 1629.0 -0.73 -0.44 -2.61 -216 2225 0.0542
0.7928 13374 1329.8 13327 1310.2 13151 15614 -0.56 -0.35 -2.03 -1.67 16.75 0.0419
0.8959 13412 13369 13385 13255 13284 14648 -0.32 -0.20 -1.17 -0.95 9.22 0.0238
1.0000 1344.0 1344.0 1344.0 13440 13440 13440 0.00 0.00 0.00 0.00 0.00  0.0000
AT 318.15K
x1 EXP NOM [IMP VDV JUN RAO %NOM %IMP %VDV %JUN %RAO o
0.0000 1250.2 1250.2 1250.2 1250.2 1250.2 1250.2  0.00 0.00 0.00 0.00 0.00  0.0000
0.0961 1261.0 1257.6 1259.7 1248.1 1250.1 13745 -0.27 -0.11 -1.02 -0.86 9.00 0.0208
0.1930 12712 12650 1268.6 12479 1251.6 1484.0 -0.48 -0.20 -1.83 -1.54  16.75 0.0377
0.2907 1280.7 12725 1277.0 12495 1254.7 15725 -0.64 -0.28 -2.43 -203 2279 0.0505
0.3894 1289.4 12799 12850 12531 1259.3 16349 -0.74 -0.34 -2.81 -234 26,79 0.0588
04889 12975 1287.4 12926 1258.8 1265.6 1656.0 -0.78 -0.38 -2.98 -246  27.63 0.0623
0.5893 1304.7 12949 1299.8 1266.8 1273.6 1660.5 -0.75 -0.38 -2.91 -2.38  27.27 0.0608
0.6906 13112 13025 1306.6 1277.1 12835 16254 -0.66 -0.35 -2.60 -211 2397 0.0541
0.7928 13168 1310.0 1313.1 1290.1 12952 15539 -0.51 -0.28 -2.03 -1.63 18.01 0.0418
0.8959 13214 1317.6 13193 1306.0 1309.1 14520 -0.29 -0.16 -1.17 -0.93 9.88 0.0238
1.0000 13252 1325.2 1325.2 1325.2 1325.2 13252 0.00 0.00 0.00 0.00 0.00 0.0000
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TABLE 3: Experimental and theor etical valuesof velocitieswith their % deviationsfor thesyssem OCP+BOE

AT 303.15K
x1 EXP NOM IMP VDV JUN RAO  %NOM ®%IMP %VDV %JUN 9%RAO o
0.0000 1322.0 13220 1322.0 13220 1322.0 13220 0.00 0.00 0.00 0.00 0.00 0.0000
01256 13321 13279 13320 13280 13192 13885 -0.32 -0.01 -0.31 -0.97 4.23 0.0062
0.2442 1341.0 13337 1340.6 13341 13182 14386 -0.54 -0.03 -0.52 -1.70 7.28 0.0104

0.3565 1348.7 13396 1348.0 13401 13190 14731 -0.67 -0.05 -0.64 -2.20 9.22 0.0130
0.4628 1355.6 13456 13545 13461 1321.8 1492.7 -0.74 -0.08 -0.70 -2.49 1012 0.0141
05638 13615 13515 1360.3 13521 13264 1499.0 -0.74 -0.09 -0.69 -2.58 10.10  0.0140
0.6597 1366.7 13574 13655 13581 13331 14933 -0.68 -0.09 -0.63 -2.46 9.26 0.0128
07510 1371.2 13634 1370.1 13640 13417 14772 -0.57 -0.08 -0.53 -2.15 7.73 0.0107
0.8379 13751 13694 13742 1369.8 13526 1452.2 -0.42 -0.07 -0.39 -1.64 5.60 0.0078

0.9208 13785 13754 1378.0 13756 1365.7 14198 -0.23 -0.04 -0.21 -0.93 2.99 0.0042
10000 13814 13814 13814 13814 13814 13814 0.00 0.00 0.00 0.00 0.00 0.0000
AT 308.15K
x1 EXP NOM IMP VDV JUN RAO %NOM %IMP %VDV %JUN %RAO o
0.0000 1276.0 12760 1276.0 12760 1276.0 1276.0 0.00 0.00 0.00 0.00 0.00 0.0000

0.1256 12881 12842 1290.1 12845 12749 13503 -0.30 0.16 -0.28 -1.02 4.83 0.0055
02442 12991 12925 13022 1293.0 12758 1407.2 -0.50 0.24 -0.47 -1.79 8.32 0.0094
0.3565 1309.2 13008 13128 13015 12786 1447.1 -0.64 0.28 -0.58 -2.34 1053  0.0118
0.4628 13184 1309.2 1322.0 13100 12834 1470.7 -0.70 0.28 -0.63 -2.66 1155 0.0128
05638 1326.8 13176 1330.2 13185 1290.2 1479.6 -0.70 0.25 -0.63 -2.76 1151  0.0128
0.6597 1334.6 13260 13375 13269 1299.2 14753 -0.65 0.21 -0.58 -2.65 1054  0.0117

0.7510 1341.8 13344 13440 13352 13105 14595 -0.55 0.16 -0.49 -2.33 8.77 0.0098

0.8379 13483 13429 13498 13436 13242 14338 -0.40 011 -0.35 -1.79 6.34 0.0071

0.9208 13544 13514 13552 13518 1340.6 1400.1 -0.22 0.06 -0.19 -1.02 3.38 0.0038

10000 1360.0 1360.0 1360.0 1360.0 1360.0 1360.0 0.00 0.00 0.00 0.00 0.00 0.0000
AT 313.15K

x1 EXP  NOM IMP VDV JUN RAO  %NOM %IMP %VDV %JUN %RAO o
0.0000 1269.0 1269.0 1269.0 1269.0 1269.0 1269.0 0.00 0.00 0.00 0.00 0.00 0.0000

01256 1280.1 12764 12816 12766 12674 1350.3 -0.29 0.12 -0.27 -0.99 549 0.0055
0.2442 1290.2 12838 12924 12842 1267.7 14122 -0.50 0.17 -0.46 -1.74 9.46 0.0093
0.3565 1299.3 1291.2 1301.8 12918 12699 14550 -0.62 0.19 -0.58 -2.26 11.98  0.0116
04628 1307.6 1298.7 13101 12994 12740 14793 -0.68 0.19 -0.63 -2.57 1313  0.0127
05638 13152 1306.2 13174 1307.0 1280.1 1487.2 -0.69 0.17 -0.62 -2.67 13.08 0.0126

0.6597 13221 13137 13239 13145 12882 1480.1 -0.63 0.14 -0.57 -2.56 1195 0.0116
07510 13283 1321.2 1329.7 13220 12985 1460.2 -0.54 0.10 -0.48 -2.25 9.93 0.0097
0.8379 1334.0 13288 13349 13294 13111 1429.6 -0.39 0.07 -0.35 -1.72 7.16 0.0070
09208 1339.2 13364 1339.7 1336.7 1326.1 1390.2 -0.21 0.03 -0.19 -0.98 3.80 0.0038
1.0000 13440 13440 13440 13440 13440 13440 0.00 0.00 0.00 0.00 0.00 0.0000

AT 318.15K
x1 EXP NOM IMP VDV JUN RAO  %NOM ®%IMP %VDV %JUN 9%RAO o
0.0000 1244.0 12440 12440 12440 12440 12440 0.00 0.00 0.00 0.00 0.00 0.0000
01256 12552 12520 1257.6 12522 12431 1330.8 -0.26 0.19 -0.24 -0.97 6.02 0.0048
0.2442 12655 12600 1269.3 12604 1244.0 1397.0 -0.44 0.30 -0.40 -1.70 10.39  0.0081
0.3565 12751 1268.1 12795 12687 1246.7 14428 -0.55 0.35 -0.50 -2.22 1316  0.0101

04628 12839 12761 12884 12769 12514 1469.0 -0.61 0.35 -0.55 -2.53 1442  0.0110
05638 1292.1 1284.2 12963 12851 12581 14775 -0.61 0.33 -0.55 -2.63 1435 0.0110
0.6597 1299.7 12924 13034 12932 1266.8 1469.9 -0.56 0.28 -0.50 -2.53 13.10 0.0101
0.7510 1306.8 1300.5 1309.7 13013 1277.7 14488 -0.48 0.22 -0.42 -2.23 10.87  0.0085
0.8379 13134 1308.7 13154 13093 12909 1416.1 -0.35 0.15 -0.31 -1.71 7.82 0.0062
0.9208 13195 1317.0 13205 13173 1306.6 1374.2 -0.19 0.08 -0.17 -0.97 4.15 0.0033
10000 13252 13252 13252 13252 13252 13252 0.00 0.00 0.00 0.00 0.00 0.0000
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TABLE 4: Valuesof Chi-squareand sigmarelativedeviation for all thebinary mixturesof OCP at different temperatures

SYSTEM-I (OCP+M OE)

X2 Sdu
T(K) NOM IMP VDV  JUN RAO NOM IMP VDV JUN RAO
303.15K 0.10 009 1209 152 67951 -0026 -0.025 -0278  -0.097 1598
308.15K 0.01 0.01 8.86 066  770.34 0.004 0004  -0236  -0062 1693
313.15K 0.27 0.27 6.10 017  852.03 0.042 0.042 -0191  -0021  1.775
318.15K 1.20 1.20 4.08 024  910.20 0.089 0.089 -0.147 0.027 1.842

SYSTEM-I1 (OCP+EOE)

X? Sdu
T(K) NOM  IMP VDV  JUN RAO NOM IMP VDV JUN RAO
303.15K 0.83 0.39 7.22 526 36797 -0071 -0049 -0214 -0182 1251
308.15K 0.74 0.36 6.71 482 40115 -0068  -0.047  -0207 -0.175  1.306
313.15K 0.51 0.17 6.36 445 47195 -0057 -0032 -0204 -0.170  1.407
318.15K 0.42 0.10 6.20 420 53193 -0052 -0025 -0203 -0.166  1.490

SYSTEM-I11 (OCP+BOE)

X? Sdu
T(K) NOM  IMP VDV  JUN RAO NOM IMP VDV JUN RAO
303.15K 0.40 0.01 0.35 4.86 74.18 -0049  -0005 -0046 -0.175  0.615
308.15K 0.35 0.05 0.29 5.45 93.83 -0.047  0.017 -0.042  -0188 0693
313.15K 0.33 0.02 0.28 504 11985 -0046  0.012 -0042  -0181 0778
318.15K 0.26 0.08 0.21 482 14160 -0041  0.022 -0036  -0.179 0845

turerange 303.15K to 318.15K than other approaches
in the binary systems. It is observed that the experi-
mental val uesshow deviation with thetheoretical val-
ues of ultrasonic velocitieswhich confirmsthe exist-
ence of molecular interactiong®. Thismay bedueto
interactions occurring between the hetero mol ecul es of
thebinaries. Higher deviationsare observedin Rao’s
specificand dight variationsin Junji€’s theories. There
are higher variationsin someintermediate concentra-
tion range suggesting the existence of strong tendency
of association between component moleculesasare-
sult of hydrogen bonding. Nomoto’s theory proposes
that the volume does not change upon mixing. There-
fore, no interaction between the componentsof liquid
mixtures has been taken into account. Similarly, theas-
sumption for theformation of ideal mixingrelationis
that, theratios of specific heatsof idea mixturesand
thevolumesarea so equd. Again no molecular interac-
tionsaretaken into account. But upon mixing, interac-
tions between the mol ecul esoccur because of thepres-
enceof varioustypesof forcessuch asdispersonforces,
chargetransfer, hydrogen bonding dipole-dipoleand
dipole-induced dipoleinteractions. Thus, theobserved

deviation of theoretical vauesof velocity fromtheex-
perimenta val ues showsthat themolecular interactions
aretaking place between the unlike moleculesin the
liquid mixtures. From the Tablesit is observed that
maximum positivedeviation at 0.5 molefraction of al
the 3 systemsat all thetemperatures. TheratioU?_ /
U2 isanimportant tool to measurethenonidedlityin
themixturesespecialy in such caseswherethe proper-
ties other than sound vel ocity are not known.

Figures 1, 2 and 3represent thevariation of U?_ p/
U2 withthemolefraction of OCPfor al threebinary
systemsstudied, and theratio of U /UZ  givesan
ideaof extent of interaction taking place between mol-
eculesof themixtures. It ispositivefor three systems
andinfersstronginteracti ons between the components.
Thepercentageof deviationinvelocity isreflecting both
negative and positivemagnitudes, indicating non idesl
behaviour of liquid mixtures. Theevauated interaction
parametersarepositivefor all the systems, indicating
stronger interactions between the mixing molecules,
whichincreasefrom BOE to MOE. Thissuggestssome-
what stronger interaction of OCPwith MOE in com-
parison to other components. Thenegativevaluesindi-

A Tndéan W



290

Evaluation and comparative study of theoretical ultrasonic velocities

PCAIJ, 9(8) 2014

Full Poper ==

1.01
1.005 ®

0.985 - —7F
5 N/

0.975 X
0.97

1
0.995
0.99

—$—303.15K

—f—308.15K
313.15K

Uzexp‘luzwmx

== 318.15K
0 0.2 0.4 0.6 0.8 1 12

mole fraction of OCP

Figurel:Plotsof U? e(p/UZ im VS X, for the studied system
OCP+MOE, at temperatures 303.15K, 308.15K,

313.15K,318.15K

1,02
1.015
101
1.005
1
0.995 |
0 0.2 04 0.6 0.8 1 1.2

=4#—303.15K
=#-308.15K
313.15K

U2l U2

=>=318.15K

molefraction of OCP

Figure2: Plotsof U2 _ /U2 vsX, for the studied system
exp 1

OCP+EOE, at temperatures 303.15K , 308.15K,

313.15K,318.15K

1004
1002 I
1
§ 0998
ERGEE
¥ 0.994
0.592

=f=1303.15K
== 308.15K

313.15K
== 318 15K

gl

0 0.2 0.4 ne 08 1 12

maolefraction of OCP

Figure3: Plotsof U?  /U?,  vsX, for thestudied system
OCP+BOE, at temperatures 303.15K, 308.15K,
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cate the dominance of dispersionforcesarising from
the breakage of hydrogen bondsin the associates. But
apositivevaueof (a) in all the system clearly indicates
the existence of strong tendency for the formation of
ationinmixturethrough dipole-dipoleinteractions
higher values of percentage deviation indicates maxi-
mum departure of the particular theory from experi-
ment at that particular concentration and magnitude of
the chi-squarevaluefinaly determinestheoveral va-
lidity of thetheory. The chi squarevaluesalongwith
average percentageerror aregivenin TABLE-4.

CONCLUSIONS

From theva uesof experimenta and eva uated ve-
locity values, it may be concluded that, the Nomoto’s

relation and Impedancereation of Ultrasound velocity
have provided good results. Thus, thelinearity of molar
sound vel ocity and additivity of molar volumes, assug-
gested by Nomoto, Van Dadl and Vangadl and Imped-
ancerdaioninderivingtheempirica relationshavebeen
truly observedintheaforementioned binary liquid mix-
tures. Thesuccess of Nomoto’s relation in predicting
theexperimentd ultrasonicve ocitiesfor polar-polar lig-
uid mixtureshas a so been emphasized by otherg",
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