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ABSTRACT

Ultrasonic velocities and densities of the bindguid mixtures of o-chlorophenol with differentgiatic esters like
methylacetate, ethylacetate and butylacetate a@sored at temperatures 303.15, 308.15, 313.15 &3dL3K and
atmospheric pressure. Theoretical velocities hagenbevaluated by using Nomoto (NOM), impedance XIMBn
Dael and Vangeel (VDV), Junjie (JUN) and Rao’s #fiewelocity (RAO) models. A good agreement isndbu
between experimental and theoretical valueﬁxpu U?imx has also been evaluated for non-ideality in thetunes.
Chi-square test for the goodness of the fit is igobto understand the relative applicability of $ketheories to the
present systems. The results are discussed in @rmtermolecular interactions between the commpameolecules
in these binary liquid mixtures.

Keywords: o-chlorophenol, theoretical velocities, ultrasoni€hi-square test, interaction parameter.

INTRODUCTION

The measurement of ultrasonic velocities finds msitee applications in understanding Physico-chehtieaaviour
of liquid mixtures [1-3]. The molecular interactnn pure and binary liquid mixtures have been isthdy
measuring ultrasonic velocities by several reseascfi-12]. The theoretical values of ultrasonietocity have
been evaluated by using Nomoto [13] , impedancatiogl [14], Van Deal and Vangeel ideal mix relaid15],
Junjie [16] and Rao's Specific velocity relation/J1 and the results are interpreted in terms ofemdar
interactions.The present work is a continuationoaf research programme on a comparison of expetahen
ultrasonic velocity with various theoretical modéisr the binary mixtures of several systems at i
temperatures [18-22].

In this paper, we report the experimental and #dzal ultrasonic velocities of the binary liquidixtures of o-
chlorophenol (OCP) with methylacetate (MA), ethgite (EA) and n-butylacetate (BA) evaluated byngisi
various theories such as Nomoto, impedance relatian Dael and Vangeel, , Junjie's and Rao's speafocity
relation at 303.15-318.15K over entair compositiange. Further, a comparative study of theoretiealilts with
experimental values using Chi-square test andttlty ©f molecular interactions from the deviatiaf i the value

of Uzexp/ U%mx (from unity) have also been studied. Of these nsydéomoto relation and Impdance relation were
reported to be in good agreement with the experiateasults for the binary mixture at all temperatuunder study
and the results are interpreted in terms of intéemdar interactions between the binary comporigntd mixtures.
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MATERIALSAND METHODS

The commercially available pure solvents were usedhe present investigation. OCP ( Merk > 99% ¥ an
MA,EA,BA of AR grade procured from S.D fine chenlgéindia) were purified by the standard methodscdeed
by A.Weissberger [23] and the purity of the chensic@as assessed by comparing their measured dsngitiand
ultrasonic velocities (U) which were in good agreemwith literature values. The mixtures were prega
gravimetrically using an electronic balance (ShimadY120) with an uncertainty of + 1x T(Kg and were stored
in air-tight glass bottles. The uncertainty in thele fraction was estimated to be less than + TxitOvas ensured
that the components were adequately mixed befoiregdeansferred in to the apparatus. The requinegbgrties
were measured within one day of the mixture prejara

The densitiesp, of pure liquids and their mixtures determinedngsa 10m® Double - arm pycnometer, and the
values from triplicate replication at each tempemiare reproducible within 2 x g n® and the uncertainty in the
measurement of density is found to be 2 parts frpaéts. The reproducibility in mole fractions washin +0.0002
Temperature control for the measurement of visgaaitd density is achieved by using a microproceassisted
circulating water bath, (supplied by Mac, New Dglregulated to +0.01 K, using a proportional tenapere
controller. Adequate precautions were taken to mmizeé evaporation losses during the actual measumsme&he
ultrasonic velocity of sound (U) is measured usarg ultrasonic interferometer (Mittal EnterprisesgwiNDelhi
model FO5) operating at 2 MHz. The measured speksdsund have a precision of 0.8 m. 5emd an uncertainty
less than + 0.1 m. secThe temperature stability was maintained withif.&1K_.by circulating water bath around
the measuring cell through a pump.

THEORETICAL CONSIDERATIONS:

1.1 Nomoto theory Nomoto’s empirical formula is based on the agsion of the linear dependence of the
molecular sound velocity on concentration and tthditevity of the molar volume in the liquid mixturd@he sound
velocity U is given by

Z;:XR 3

where the molar sound velocity R #R¢+Xx:R,.

Hence, ultrasonic velocity (U) is given by
, | xR+ xRI3
AR
In the above equation, R (Mi/p) U*® =V, (U)*?

1.2 Impedance relationithe specific acoustic impedance of the pure liqaids used for evaluating the ultrasonic
velocity in the liquid mixtures by the followinglegion:

U= inzi/zxii ............. (2)
where Zis acoustic impedance apdis the density of the mixture.

1.3 Van Dael and Vangeel relatiodan Dael and Vangealbtained the formula for ultrasonic velocity in tiopid
mixtures adopting the adiabatic compressibilitiethe pure liquids based on ideal mixing of thauiits. Van Dael
and Vangeel assumed that the adiabatic compreasgs{ily of the mixture is given by

Bad = @a (Bada + @& (Bads

and suggested the following relation for sounaeiy in homogeneous liquid mixtures.
im _ Ya Y8
By~ P Jm (Bad)at @ Jm (Bad)B

Wherep andy refer the volume function and principal specifitio.
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It holds true if the mixture is an ideal one ansbalh = ys = Yim- It can be transformed into a linear combinatién o
the mole fractions if the additional assumptign=vvg is made

Bad™ = Xa (Bada * Xa (Bade

The sound velocities appropriate to the above @mugare given by

XaVat X5 Vg 1 — Va + VB
XAMA+XBMB (U im)z ¢A MAU?A ¢B M BUZB and
1 1 Xa Xg

= +
XAMA+XBMB(Uim)2 MAUZA MBUZB

1.4 Junjie relation:This relation derived by Junjie for the ultrasom@ocity of the mixture in terms of the mole
fraction, molecular weight and density of the migtu

i X Vi
i=1

U=
n n
QXM %/ gu®)?
i=1 i=1

where the symbols have their usual meanings.

1.5 Rao’s relationUsing the ratio of the temperature coefficient efocity and expansion coefficient, Rao derived
a formula for ultrasonic velocity (U)

4l
u=ly ) (5)

where V is the molar volume and R is called Raasstant or molar sound velocity, which is consfanta liquid
at a temperature.

CHI-SQUARE TEST FOR GOODNESSOF FIT:
According to Karl Pearson, Chi-square value is @atd for the binary liquid mixtures under studyngsthe
formula

n
€ =Y((Uobs- Uea)? ! Uea) e, (5)

i=1
where n is the number of data used,

and ‘U s = experimental values of ultrasonic velocities
Uy = computed values of ultrasonic velocities

AVERAGE PRECENTAGE OF ERROR (SdU):
The Average percentage error is calculated by usiagelation

SdU = /¥ ((U (obs)- U ca) / U obs) X 100% ... @
where n is the number of data used.
U (obs) = €xperimental values of ultrasonic velocities

MOLECULAR ASSOCIATIONS:
The degree of intermolecular interaction or molacalssociation is given by

0=[VedUVindl (8)
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RESULTSAND DISCUSSION

The experimental ultrasonic velocities and the tégcal values evaluated by Nomoto’s Relation (NQM)
Impedance Relation (IMP), Vandeal Vangael IdealiMixRelation (VDV), Junjie’s relation (JUN), Raaspecific
velocity method (RAO) are compared for all the ¢éhtgnaries OCP+MA, OCP+EA, OCP+BA along with the
percentage of deviations are presented in TABLEBSat all the four temperatures 303.15, 308.15,18,318.15 K
and atmospheric pressure. The validity of differtdweoretical formulae is checked by the chi-squese for all the
mixtures at all the temperatures and the valuegiaes in TABLE-4.

TAHLE-1
EXFERIMENTAL ANMD THEORETICAL VALTES OF VELOCITIES WITH THEIR. * DEVIATIONS FOR. THE SYSTEMOCPHMA

AT 20315
x1 Br|  NOM MP VDV A RAD|  %NOM %P VDY sam| sran| Apha
ooooo| 11324 324  N3pa]  mz3a] 11324 14 0.00 0.00 0.00 0.00 0.00] 00000
oosos] 11556) 11558 11580] 112Es| 117 12084 0.02 025 235 1 457 oopaEr
o1s41] 1ma] 1me] 1sso]  11279] 11534 12m16 0.0 047 437 2 66| 00935
o2s10] 03x| 12037 1707 m1:1| 11628  13M0% -0.02 057 Fr 209 1212 o1mm
03437] 1287 12281] 12361] 1127 11851 14004 005 0.60 132 355 14| o143
p43n] 1s40] 12528 1e12] 1517 12057 1sna 0.9 057 A15 EY- 1620 o184
o540 12mos| 12mE]  1msal 1na| 12301 14me 013 049 &45 386 1635 o019;
06470] 13053 13032 13102 11998 125889 15013 016 03% 207 355 1502 oaxM
o7sss| 13310 13280 13343 12402] 12930 14m9s 015 075 F 286 19| o151=
o0x761] 13565 13550 13smo| 1207s) 13333 14%03 o1 011 434 a7 552 00927
10000 13m14] 13Mm14] 13m14] 13m4] 13m14] 13m14 0.00 0.00 0.00 0.00 000/ o0o00D

AT 208 15K
x B[  HOM MP VDV AN RAO|  %NOM %P VDY sam| a0 apha
ooooD| 11020 11020] 11020 11029| 11029 11020 0.00 0.00 0.00 0.00 000 0.00DD
oosos| 11965 117260 11303] 10m9s| 1124 11ms 0.0 034 240 135 517 00497
01s11] 11506 11514 11573]  10m4] 1144 12836 0.06 05% 445 238 9% oooss
p2519] 1555 11761 11s3a] 11030] 1131 13373 0.05 012 517 310 13.76| 01358
0.343r 1x010 1201 3 1210 2> 11111 1156 8 MoLr 0.03 O_TT| -TA8 -3.68 1612 01653
04390 1260 127268 17360 11ms| 117729) 14530 0m 074 234 39 1543 01904
05400 19533 12527  19615| 11447 12030 14m57 005 0.55 A65 4.m 1553 01985
os470] 12800 12780 12%67] 1173A] 17326 14983 -0.0% 052 ET) 370 1706 0180
07585 1306% 13056 13114 12150] 17628 14m32 0.9 0.4 102 29 1350 01568
0x761] 13336] 13326 133s0] 1273A] 13097 1437E -0.07 01% 448 179 7% 00960
10000 135000 13800 13600/ 13s00| 13600 13500 0.00 0.00 0.00 0.00 000 o0oo0D

AT 31315
x1 Br|  NOM MP VDV A RAD|  %NOM %P VDY sam| sran| Apha
ooooo| 10835 10235|  10m35|  10E3s| 1om3s| 10835 0.00 0.00 0.00 0.00 000/ o0o00D
oosos] 11075] 11078 11m12] 10m03] 10932 11098 0.03 034 245 129 562 oosio
p1s41] 1322 11326] 11386]  10m0s| 11054] 12533 0.03 056 457 236 1070 ooom
02518 11575 11576| 11655 10843| 11203 13314 001 069 £33 31 1502 013%
03437 1134 11x31] 11921 10%2s] 113m3) 1309 002 074 187 3% 1=25 01732
04390 oox| 12090 1713 11062 11995 14534 -0.07 071 55 415 2014 01950
05400 12365 12352 1M42| 11767 11849 14EKD o1 062 T FET] 2035 02046
05470 19635 1261%| 19696 11560| 17149 140Km 014 04X 251 EY- 1252 o1
07585 120065 12msx| 1max| 11975| 12505  14m0s 014 032 132 311 1271| 01616
0x751] 1m75| 13162 13196] 12%68| 12929 1ams 010 015 451 157 250 00990
10000 13440 13440 1344 0] 13440] 13440 13440 0.00 0.00 0.00 0.00 0.00/ o0oooo

AT31E15K
x BXr[  HOM MP VDV AM RAO|  %NOM %P VDY sam| sma0| Apha
ooooo| 10620 10820 10620 106209| 10629 10828 0.00 0.00 0.00 000 o0oo0D
oosos| 10%7s| 10873 10008 m0s00| 10728 11534 0m 032 253 137 505 005
o1s11] 1125 11121 1m=s| woe03| 10ma7 12212 005 053 470 251 1155 01012
p2519] 11384 11373 11457 108043] 1096 13234 010 064 551 341 1625 01441
03437 127 120 nrps|] wrz] 15 13%so0 015 067 790 4106 1978 o170
04399 11m14] 112880 1198%] 108mss| 11333 14s14 on 063 am 441 nx| o2o0s
05400 1ARA| 12153 12M0|  11070] 11642 14571 075 053 015 445 206 02115
05470 155 1242 3 12505 11363 1194 4| 14957 027 040 E-*r -4_10 2016 02014
o7sss| 12726) 12094 12757 1m7E0] 12303 140 075 025 743 332 15| o16n
0X761] 12902 12971| 13006 12375 12733 141K3 016 011 TS 200 917 01023
10000 13052 13352 1352 13352 13953 1352 0.00 0.00 0.00 0.00 000 o0oo0D
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TABLE 2
EXPERIMENTAL AND THEQRETICAL VALUES OF VELOCITIES WITH THEIR % DEVIATIONS FOR THE SYSTEM OCPHEA
AT303.15K

xl EXF| NOM IMP VDV TUN| RAO| %NOM| %IMP[ %VDV| %IUN| *RA0| Alia

00000 11173] 11173 11173  11173] 11173 11173 0.00] 0.00 0.00 0.00 0.00] 0.0000
00971 11418 11420 11521 1B 11256 11916 0.02 0.91 -1.58 142 436 0.03M
01949 11557 11673 11846 11331 11366 11598 0.04) 153 218 258 79t  0.0502
02932 11920] 11926 12149 11457 11507 13226 005 192 319 347 1095 0.09%
03922 12178 12g% 12432 11619) 11682 13760 0.05 209 459 408 1299) 0.0915
04919) 12440 147 12698  11822( 11994] 14152 0.05 208 497 439 13.76] 0.10%

05922 12706 12713 1294 8 12074 12150 1439.5 0.05 1.90 498 438 1329 0.107%
06931 12977 129813 13184 11583 12457 1447.1 0.04 1.59 458 -4.00 1151 00913

0748 132523 13356 13406 12763 1227 14382 0,03 115 370 32 £53 0.0mM2
ogo70| 13531] 13533 13616 13m0[ 13372 14175 002 0.53 212 191 476 004m
1 0000 1381 4 1381 4/ 13814 13814 1381 4 1381 4/ 000 0.00 0.00 0.00 000 0.0000
AT 308155

xl EXPF| NOM| IMP VIV TUN| RAO[ %NOM| %IMP[ VDV| %IUN| RAD|[ Alpa

00000 10952 10952 10952 10952 10952 10952 0.00) 0.00 0.00 0.00 000 0.0000
00971 11200] 11200 11302  11007[ 11035 11765 001 0.90 1654 -148 504]  0.033%
01949  11453] 1451] 11627 11L1] 11148 13511 001 152 208 268 93| 0.06M
0232 11708 1706 11931 11138 11288 13162 002 1.90 402 -3.60 1242 0.085
0392 119658 11965 1205  11400( 114600 13699 002 207 A4 A 1446 0.10H
04919 1231] 1xrs| 12482 11604 11673 14100 003 205 313 AT 1528 0111
05972 12498 1M94] 12733 11855 11929 14346 003 L1g 315 456 1478 01114
06931 12768 12765 12969 12154 17336 14423 003 L7 AT 417 1295 01018
O7ME| 13043 13039  1319.| 12544 12807 14326 003 114 EY) 334 984 00810
08970 13319] 13318 13401 13014] 13054] 14049 001 0.51 230 -199 54t 0.04F
1ooo0| 13500) 13s00 13600 13600) 13500 13800 0,00 0.00 0.00 0.00 0.00]  0.0000

ATR3 15K

xl EXF| NOM IMP VDV TUN| RAO| %NOM| %IMP[ %VDV| %IUN| *RA0| Alia

00000 10807 10807 10807 10807 10807 10807 0.00] 0.00 0.00 0.00 0.00] 0.0000
00971 11056 11053 11155 108723 10388 11659 003 0.90 -1.66 -1.52 554 00341
o9 11308] 11302 11479 10966 10997  1m59 006 L51 ET 275 1017 0.053%
02932 11564] 11553 11782 11092 11138 13147 o0s L1g 409 370 13.69) 0.0%7

03972 11523 1181} 12065 11253 1130 8 1370.9, -0.09 204 452 435 1595 0.1039
04919 12086 12074 12330 11455 11518 14122 0.10 202 522 469 1585 D0.1131
05922 12351 12339 12579 11705 11723 1436.4/ -0.10 125 5213 -4 68 1630) 0.1134
06931 12619 12608 12813 12012 12079 1442 0 -0.09 1.5 4181 478 1427 0.1036

o7oag| 17890 17x1| 13034 1Moo 1247 1475 007 1.12 EY) 344 1052] o0osM
08970] 13154] 13158 13243 17857 17994] 13955 004 0.60 233 205 501 00483
1.0000] 13440 13440 13440 13440 13440/ 13440 0.00 0.00 0.00 0.00 0.00] 00000
AT31L15K

xl EXP| NOM| IMP VDV TUN| RAO| *NOM| %IMF| *WDV] %IUN] %RAD| Alga

00000 1052 % 10525 10525 10525 10525 10525 0.00 0_00 0.00 0.00 0.00| 00000
00971] 10784] 10778 10sgs|  10594| 105100 11441 005 0.95 176 -161 509 00361
0199 11045 11038 1122 10692 10723 1113 009 1.59 370 297 110 0058
02932 11311] 11197 11535 10823 10858 13008 013 1.9% 437 394 1508 009M
03972 11580 11563 11srs| 10989 11044 13617 015 214 5.10 463 1759 0.1105
04919 11352 11534 12103 11197 11250 14055 016 211 553 _5.00 1558 01704
05922 12127 17108 12361 11454 11521 14305 016 1.92 555 _5.00 1796 017209
06931 12405 1m£7 12603 11771] 11837 14353 014 1.60 511 458 1571 0.1106
o7o4g| 12585 12671 12832 1m61| 17m18] 14193 011 116 413 368 1158 oo
08970] 12967 17959 13048] 12544] 12687 13821 006 0.2 249 270 558 00517
o000l 13352 1353 1352 1352 1352 13152 0.00 0.00 0.00 0.00 000 0.0000

The data reveals that the velocities computed filkmamoto’s relation (NOM) and Impdance relation (IM&Xhibit
more satisfactory agreement with the experimerdhles in the temperature range 303.15K to 318.156IK pther
approaches in the binary systems. It is observatittte experimental values show deviation with ttieoretical
values of ultrasonic velocities which confirms theistence of molecular interactions [22]. This ni&y due to
interactions occurring between the hetero molecofélse binaries. Higher deviations are observeldan’s specific
and slight variations in Junjie’s theories. There higher variations in some intermediate concéptrarange
suggesting the existence of strong tendency ofcégmn between component molecules as a resudlipoie-dipole
interactions. However, there is reasonably a gaydeaent between the experimental and theoretelatities of
Nomoto’s relation and Impedance relation. Nomotb&ory proposes that the volume does not change ding.
Therefore, ndnteraction between the components of liquid migtuhas been taken into accousimilarly, the
assumption for the formation of ideal mixing redatiis that, the ratios afpecific heats of ideal mixtures and the
volumes are also equal. Again no molecufgeractions are taken into account. But upon ngixiimteractions
between the moleculesccur because of the presence of various typesroé$ such as dispersion forces, charge
transfer, hydrogen bonding dipole-dipole and dipgntiuced dipole interactions. Thuke observed deviation of
theoretical values of velocity from the experimémaluesshows that the molecular interactions are takiregel
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between the unlike molecules in the liquid mixtuteé®m the Tables it is observed that maximum pasideviation
exhibiting a minimum of approximately 0.5 mole fiiaa for all the three systems at all the tempeestuThe ratio
Uzexﬁ/uzimX is an important tool to measure the non idealitytie mixtures especially in such cases where the
properties other than sound velocity are not known.

TARLE 3
EXPERIMENTAL AND THEORETIC AL VALUES OF VELOCITIES WITH THEIR % DEVIATIONS FOR THE SYSTEMOCPBA
AT303.15K
xl EXF| NOM IMP VDV TUN| RAD| ¥NOM %IMP| VDV %IUN| 3RA0| Alia
00000 11552 11652 116523 11652 11652 11652 0.00 0.00 0.00 0.00 000 0.0000
01263 119223 11857 12024 1ig44| 11704] 13503 054 0.15 .65 143 33| 0.0131
03454 12178 12065 12343 13423 11783 12845 093 135 111 1M 548 0015
03580 12420] 12975 12615 125 11891 13280 117 135 141 475 692 0.0t
04645 12651 12437 12853 1253 12081] 13611 129 160 -1.56 490 75| 0.0320
0565 12859 17702 13052 126656 12305 13844 -1.30 1.49 -1.58 516 75| 0.0
06612 13077 12920] 13M7] 1mE5) 12419 139§ -120 1L.® 147 .03 695  0.0301
0 7571 11775 1314 0 13411 13109 1M%7 7 1404 & -107 103 -1 450 511 0 055
08388 13463 13362 13559 13338 12989 14031 075 071 09 353 47| DOITE
09213 13543 13587 13693 13573 13363 13951 041 0.37 051 105 235 0.0103
10000] 13314 13814] 13314 13814 13814] 13814 0.00 0.00 0.00 0.00 000  0.0000
AT30L.15K
xl EXP| NOM IMP VIV JUN| RAO[ %NOM %IMP| %NDV| %IUN| 3RAD| Al
00000) 11494 1149.4] 11494 11494 11494 11494 0.00 0.00 0.00 0.00 000 0.0000
01263 11760 1189.4) 11857 11682 11544] 17344 056 012 067 134 411 00135
0345 120123] 11%9.6] 12166] 11875 11620 12859 096 11 -1.14 325 705 0.012
0350 12350] 1n01] 12433] 12073 11728 13341 -121 149 144 41 191 0.0m5
04645 12475 12308 12654 1376 11852 13692 -133 152 -159 491 975 0.0327
0567 12588 1517 12857  1mg4| 12032 13920 134 142 -1.61 517 971 0039
06612 12990] 12729 13047 12606 17340 1403 8§ 124 L7 -1.50 504 £19) 0.0306
07522 13081 12943 13208 12914 12492 14049 -1.05 0.97 127 450 740 0.0260
08388 13263 13160 13352 13138 12795 13974 078 0.57 09 353 535 0.0192
0921% 1343 6 13379 13482 13366 13160 1382 0 042 0_35 0.5 -2 0% 286) 00104
10000] 13500 13600 13500 13500 13600 13600 0.00 0.00 0.00 0.00 000  0.0000
ATHZI5K
xl EXF| NOM IMP VDV TUN| RAD| ¥NOM %IMP| VDV %IUN| 3RA0| Alia
00000 11302 11302 113023] 11302( 11302 11302 0.00 0.00 0.00 0.00 000 0.0000
01263 11573 11505 11670] 114923 11354] 1354 053 0.15 059 -1 503 0.0140
0% 17 uvo 1194|1687 11433 12849 099 133 -118 333 155 0.0M1
03580 12058 11917 12254] 11s%7] 11540 13384 125 1L¥ -1.50 438 1092| 00307
04645 12296 12128  12489] 12092 11678 13766 137 L7 -1.66 503 11.95| 00340
0565 12513] 12340] 12696 1103[ 11850 13999 -133 147 -1.68 KT 11.53] 00344
06612 12718] 12555 12879) 11519 12061] 14097 123 LX -156 516 1084] 003M0
07522 12913 12772 13043  1FMI1| 1316 14075 -1.08 1.00 -133 452 o00| 0.0271
ossgx| 13097 12992  1311%| 1796%) 12624] 13945 0g0 070 099 352 647 00700
09213 13273 13215 13320[ 13201 12993 1373.0 044 0.35 05 211 34| 00109
1 onon 13440 1344 0 13440 13440 1344 0 1344 0O 000 0 m oon nm om| 0Oonon
ATHELISK
1l EXP|  NOM| IMP VIV TUN| RAQ| %NOM| %IMP| %VD¥| %IUN| 3RAD| Alim
00000 11104 11104 11104 11104 11104] 11104 0.00 0.00 0.00 0.00 000 0.0000
01263 11380] 11307  11474] 11294 11157 12032 054 0.13 076 -1.95 573 00153
0% 11539] 11513 11789]  11489) 11338 1217 -108 1L.® 1.9 345 915 0.0263
03580 113m4] 11722 120651 11690 11344] 13365 -137 149 1654 4355 1246 00335
04645 12114] 11932 1297 11896 11432 13767 -1.50 L51 181 ET5) 1364| 0.0371
056%| 12332 1m44] 12505 12107 11685 14001 151 140 152 549 13| 0037
06612 12537 1362 12689] 1M24| 11857 14085 -1.40 121 -1.70 535 1235 00348
07522 12731] 12581 12853 12947 1122 14033 -11%8 0.95 144 478 1035 0.029%
08388 12914] 12802 12990( 13776 1M431] 13865 017 0.55 -1.07 374 735 0.0ME
09213 13088 13028 13133] 13001 12802 13598 043 0.34 059 BT ] 390 0.0119
Loooo| 13352 13353 13853 13352 13152 13352 0.00 0.00 0.00 0.00 000  0.0000

Figures a, landc represent the variation ofzj,,!p/UZimX with the mole fraction of OCP for all three bipaystems
studied, and the ratio oles,lp/UZimX gives an idea of extent of interaction takingcpldetween molecules of the
mixtures. The positive deviation for three systemfers strong interactions between the componentse
percentage of deviation in velocity is reflectingtih negative and positive magnitudes, indicating rideal
behaviour of liquid mixtures. The evaluated intéi@at parameters are positive for all the systemdicating strong
interactions between the mixing molecules. The tieg@alues of interaction parameter indicatesdbminance of
dispersion forces arising from the breakage of bgdn bonds in the associates. But a positive v&l(e) in all the
system clearly indicates the existence of strongdacy for the formation of association in mixttimeough strong
dipole-dipole / hydrogen bonding interactions arighbr values of percentage deviation indicates mari
departure of the particular theory from experimainthat particular concentration and magnitudenhefchi-square
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value finally determines the overall validity oftkheory The chi square values along with average percemtage

are given inTABLE- 4.

www.scholarsresearchlibrary.com

TABIE4
VALIIES OF CHISCATARE AND SIGMA FELATIVE DEVIATIONFOR ALL
THE BINARY MIXTURES OF OCP AT TIFFERENT TEMPERATUIRES
SYSTEM (OCPMA)
32 Sdur
T{E) NOM IMP VIV N RAD NOM IMP VIW JUN RAQD
I3 15K ol u_rz 456l 125 1r7 6l LAWK | Nl5¥) - 66 [[L = ¥4
0B 15E| 00D 036 5004 1084 225 -1 M -1.617 D277 1.052
31315 0 032 514 1155 263 54 L5 M6 H1.634 1288 1.135
31815 004 025 5472 1289 304 24 4115 X120 -H1.654 05307 1215
SYSTEMI (OCPHEA)
32 Sdur
T{E) NOM IMP VIV N RAD NOM IMP VIW JUN RAQD
30315 000 290 1705 1324 12036 0.4 136 1348 0305 0795
0B 15K 00D 278 1789 1409 14967 1042 134 1360 0318 0.BR7
31315E| 0 267 1827 1470 17954 -7 132 1366 0327 1.9%6
J1815K| 002 2R6 H16 16.40 2361 110 138 -H13% 0350 1051
SYSTEMN {(OCP+BA)
52 SdIT
T{E) NOM IMP VIV JUN RAD NOM IMP YW JUN RAOD
315K 116 1.67 172 18.65 3938 1087 101 1106 1360 047
OB15E| 123 148 176 1846 6383 1090 1196 41108 1361 05
31315E| 128 157 119 1918 93 88 1093 10 1113 370 0713
J1E15KE| 151 142 220 23 12005 .11 1196 H1.123 385 0BG
Fig (a):Plots of U2, /U%, ., vs X, for the studied system OCP+MA,
at temperatures 303.15K, 308.15K, 313.15K,318.15K
1
0.996
g
= Series1
N 0.992
3 Series2
g
% 0.988
> Series3
0.984 Series4
0 0.2 0.4 0.6 0.8 1
mole fraction of OCP
Fig (b):Plots of U2exp/U2imx vs X1 for the studied system OCP+EA,
at temperatures 303.15K, 308.15K, 313.15K,318.15K
0.992
0.984
g
5- 0.976
Seriesl
% 0.968
Series2
2 096
Series3
0.952
0O 02 04 06 08 1~ Series4
mole fraction of OCP
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Fig (c):Plots of U2, /U?%, vs X, for the studied system OCP+BA,

exp!

at temperatures 303.15K, 308.15K, 313.15K,318.15K

1
0.992
E
o 0.984 Series1
~=
.5 0976 Series2
S
0.968 Series3
0.96 Series4

0 0.2 0.4 0.6 0.8 1
mole fraction of OCP

CONCLUSION

From the values of experimental and evaluated Wtgla@lues, it may be concluded that, the Nomotektion,
Impedance relation have provided good agreements,Tihne linearity of molar sound velocity and adit of
molar volumes, as suggested by Nomoto, and Impedaahation in deriving the empirical relations hdezn truly
observed in the aforementioned binary liquid migtur The success of Nomoto's relation in predictihg
experimental ultrasonic velocities for polar-pdiguid mixtures has also been emphasized by ofdis
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