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ABSTRACT KEYWORDS
Theoretical vaues of ultrasonic velocity in binary liquid mixturesof anisic Ultrasonic velocity;
aldehyde+formamide, anisic aldehyde +N,N-dimethyl formamide and Viscosity;
anisic aldehyde+ N,N-dimethyl acetamide have been evaluated at Anisic aldehyde;
303.15,308.15,313.15 and 318.15K using Nomoto’srelation, ideal mixing Amides;
relation (IMR) impedance dependence relation(IDR), Rao’s velocity Chi-Square test;
method (RVM), Junjie’smethod (JM) and Danusso relation. Therelative Molecular interaction
merit of these theoretical relations were examined by comparing the parameter.

theoretical values of ultrasonic velocity with the values obtained
experimentally. The validity of the theorieswas checked by applying the
chi-square test for goodness of fit and by calculating the average
percentage error (APE). The viscosity data are correlated with some of
the semi - empirical viscosity models such as Grunberg and Nissan, K atti—
Chaudhri, Heric and Brewer and Hind, and the results are compared with
the experimental results. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION theory of liquids.

Theoretical evaluation of ultrasonic velocity in bi-

Inrecent years, anincreasing variety of research
techniquesarebeingemployedto get aninsght intothe
molecular behaviour of liquids. In the present stage of
development, ultrasonic techniquesareyidding fruitful
results comparablewith those of other methodsinthe
€lucidation of molecular mechanisms. M easurement of
sound vel ocity has been used for many yearsin con-
nection with the determination of eastic and thermody-
namic propertiesof gases, liquidsand solids. Intimate
relations between the values of sound velocity and
chemical or structural characteristics of moleculesof
liquidsor liquid mixtures have beenfound. Thisgives
sound velocity the primary quantity in the molecul ar

nary liquid mixturesanditscomparison with the experi-
mentd valuesreflectsthemolecular interactioninliquid
mixtures, whichisvery useful to build comprehensive
theoretical modelsfor liquids. Several researcherg®
carried out investigationson liquid mixturesand corre-
lated theexperimentd resultsof ultrasonicve ocity with
thetheoretical relations of Nomoto’srelation*?, ideal
mixing relation (IMR)™, impedance dependencerela
tion (IDR)*3, Rao’svelocity method (RVM)™ Junjie’s
method (JM)™*4 and Danusso!*®. Further, the best suit-
abletheory for the given studied systemisa so picked
out by computing theaverage percentageerror and Chi-
Squaretest. Theviscosity dataarecorrelated with some
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of thesemi - empirica viscosty mode ssuchasGrunberg
and Nissan, Katti—-Chaudhri, Heric and Brewer and
Hind, and the results are compared with the experi-
mentd results.

Inthe present investigation, experimenta ly deter-
mined ultrasonic sound vel ocities are compared with
the theoretical relations like Nomoto, Van Dael and
Vangadl, Impedance Relation, Rao’s specific velocity,
Junji and Danusso relation at various temperatures.
Anisc aldehydeismixed with acetates(MA, EA and
BA) at different molefractions, to study theinterac-
tions between the component molecules. Theresults
areexplained and discussed in termsof molecular in-
teractions present in theinvestigated systems. Thede-
viationinthevariation of Uzap/ U2, averagepercent-
ageerror, (APE), Chi-squaretest for goodness of fit,
from unity have al so been evauated to further explain
thenon-ideality of thesystem. Theratioof U, U, 2
givesan ideaof extent of interaction taking place be-
tween moleculesof themixtures, postivevauesof which
infer strong i nteracti ons between the components. Fur-
ther, the mixture viscosities were correlated using
Grunberg — Nissan®, K atti — Choudary!*”, Hericand
Brewer™ and Hind*¥! equationsto test their relative
applicability.

EXPERIMENTAL

Vel ocitiesweredetermined usng singlecrystal ul-
trasonic pulseechointerferometer (Modd M-82, Mitta
enterprises, India) workingat 1 M Hz. Theprinciple
used in measurement of ultrasonic vel ocity waves of
known frequency produced by quartz crystal in mea-
suring cdl 1, Theultrasonicinterferometer hasan accu-
racy of +0.5m/s.

Thetemperature of the solution wascontrolled by
circulating water through the jacket of doublewalled
cdl. Measurementswere made using constant tempera-
turebath within+0.01K.

THEORETICAL CONSIDERATIONS

Nomoto equation

Rao proposed the relation that the ratio of tem-
perature coefficients of sound velocity U and molar
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volumeV remainsamost constant for pureliquids:
[(WU) (duMD)]/[(YV) (dV/dT)] =-3 D
whereT istheabsolutetemperature.

Integration the above equation, we get

VU¥=const = M/pU*=R @)
whereU and p aredetermined experimentaly andM is
themean molecular weight inabinary liquid mixture

M =(X,M,+XM) ®
whereM, and M, are mol ecul ar weights of constituent

components.
Simplemanipulaionyiddsthefollowingrelation

=[(XRAXR) (X VXNV ) (4)

UNomoto
Thevan dael and vangesl equation

Van Dad obtained there ation for ultrasonic veloc-
ityinliquid mixturesas
VXM AXM)*UU2 =X /M U2+X /M U 2 (5
whereU_  istheidead mixing ultrasonicvelocityinlig-
uid mixture. U, and U, are ultrasonic velocity in spe-
cies.
Theimpedancereation
ImpedancerelationU=2X Z/Z Xp, (6)
where X, molefraction, p, isthedensity of themixture
and Z isthe acousticimpedance.
Therao’sspecificvelocity method relation
Rao’s specific velocity method™ U= (Z X; r, p)* (7
where X molefraction, U, isthe ultrasonic velocity, p,
isthedensity of themixture, r. istheRao’sspecific sound
velocity = Ui*¥/p, and Z, isthe acousticimpedance.
TheJunjieequation
Junjie equation U, = (X, M /p,+X M Jp)/[{X M +X M }¥>
{XM . /p U+X M Jp, U} (8)
whereM,, M, aremolecul ar weightsof constituent com-

ponents.. p, and p, arethe densities of congtituent com-
ponents.

Danusso model

Danusso model of velocity of ultrasonic wavesis
givenby
U, = (LUpmix) (UM, (X,M /p 2U 24X M Jp,?U,9))*2 (9)
Chi-squaretest for goodnessof fit

According to Karl Pearson®! Chi-squarevaueis
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evauated for thebinary liquid mixturesunder study us-
ingtheformula

x'= nz:;(umlx(obs)' Umlx(oal))zl Umlx(oal))

wherenisthe number of dataused.

Aver agepercentageerror (APE)
TheAverage percentage errort? calculated using

therelaion

APE=1NZ (U . oYU o)’ Upiyans) X100% (11)

wherenisthenumber of dataused,U . .o = experi-

mentd vauesof ultrasonicvd odtiesPilar GaraaGiminez

U i ™ computed val uesof ultrasonic velocities

Molecular association
Thedegreeof intermolecular interaction or molecular

associationisgiven by

a=[U, /U, 2-1

Imx

(10)

mix(obs)

(12
Viscosity theories

Grunberg and Nissan proposed thefollowing equa-
tionfor viscogity of liquid mixturesat [ow temperatures,

Inn=XInn+XInn,+X XG, (13)
wheren,, n, areviscosity of componentsAnisicAlde-
hyde and methylacetate or ethyl acetate or butyl ac-
etaterespectively, G, isaninteraction parameter which
isthefunction of thechemica natureof thecomponents
and temperature.

Thevaueof G, obtained from Eq. (14) using ex-
perimenta viscosty.

TheKatti—Chaudhri (KC) equationisgiven by:
InMV)=X,Inm,V)+X,In(mV,)+XX,W,/RT (14)
whereW . _istheinteraction energy for activation of
viscousflow

Thethreeparameter Heric and Brewer modd isof
thefollowingform:
Inm=XInn+XInn,+X InM +X.InM,

-(InX M +InXM,) X, X,A, (15)

Thetwo parameter Heric equationisof thefollow-
ingform:

n = Xl2 nl + >(22"'.2 +2 X1X2H12

whereH , isaninteraction parameter

(16)

DISCUSSION

AnisicAldehyde, dso known asparamethoxy ben-
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zaldehydeisdightly polar (CH=0 group). Oxygenis
more e ectronegativethan carbon soit hasatendency
to pull electronsin acarbon-oxygen bond towardsit-
sdlf. Formamide moleculesarehighly polar (u =3.77
D at 298.15K) and arestrongly self associated through
extensivethree - dimensional net work of hydrogen
bonds, through itsthree hydrogen bond donors (3H —
atoms) and three acceptors (two lone pairs of elec-
tronsat oxygen and oneon nitrogen atom)i%221, Onthe
other hand NNDMF to some extent is associated by
means of dipole-dipoleinteractions. Significant struc-
tural effects are absent due to the lack of hydrogen
bonds. Thereforeit actsas an aprotic protophilic sol-
vent?l, NNDMAc is dipolar aprotic solvent and is
moderately structured®!. The NN- dialkyl amideshave
no significant intermol ecular hydrogen bonding capa
bility but arehighly polar with high percentage of ionic
character, making oxygen of C =0 group strongly nega
tive?,

The experimenta valuesof ultrasonic velocity for
the system along with theoretical valuesand percent-
agedeviationsfor Nomoto’sRelation (U, ), Vanded
Vangadl |deal Mixing Relation (U, ), Impedance De-
pendenceRdation (U,), Rao’sspecific velocity method
(U,,) Junjie’srelation (U,) and Danusso (U,)) arecom-
paredfor dl thethreebinaries.

TABLE 1, denotesthe evaluated vel ocity values
from varioustheoriesadopted under study aongwith
experimenta vaues. From thedatait is observed that
the velocities computed from Nomoto relation(,U, )
exhibit moresdtisfactory agreement with theexperimen-
ta valuesinthetemperaturerange 303.15K-318.15K
than other gpproachesinthebinary sysems. Theagree-
ment between theoretical velocitiesof Nomoto’srela
tioninall thethreebinary systemssuggeststhat Ris
additiveproperty indl thethree systems. It isobserved
that the experimental va ues show deviation with the
theoretica vauesof ultrasonicve ocitieswhich confirms
theexistence of molecular interactions.

TABLES1, 2, and 3 show thevauesof ultrasonic
vel ocity computed by varioustheoriesa ongwith ex-
perimentd vaues(U). Therearevariationsbetweenthe
eva uated and experimentd values. From the observed
valuesof al three systems, thereisagood agreement
between theoretical and experimental valuesthrough
Impedancerel ation followed by Nomoto Relation for
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TABLE 1: Experimental velocities (U/m.sec?), theoretical velocities ((Ux/m.sec?) for the system anisic aldehyde (AA)
+Formamide(FA)

X4 Ue ms™ Unyrms? Uimg Mst Uig ms? Ug ms? U; ms* Up ms?
303.15K
0.0000 1588.00 1588.00 1588.00 1588.00 1588.00 1588.00 1588.00
0.0353 1588.90 1583.53 1552.04 1586.44 1605.88 1583.36 1576.57
0.0761 1589.04 1579.05 1516.23 1584.63 1618.43 1578.76 1566.99
0.1238 1589.08 1574.57 1480.93 1582.51 1626.59 1574.21 1558.86
0.1802 1589.33 1570.11 1446.81 1580.01 1630.46 1569.70 1552.09
0.2479 1589.26 1565.65 1414.93 1577.00 1629.81 1565.23 1546.71
0.3309 1587.91 1561.21 1387.24 1573.31 1623.40 1560.81 1543.06
0.4348 1583.99 1556.77 1367.51 1568.69 1611.00 1556.42 1541.16
0.5687 1577.00 1552.34 1363.86 1562.73 1592.41 1552.07 1541.04
0.7479 1564.70 1547.92 1397.29 1554.75 1569.78 1547.77 1541.93
1.0000 1543.50 1543.50 1543.50 1543.50 1543.48 1543.50 1543.50
308.15K
0.0000 1578.00 1578.00 1578.00 1578.00 1578.02 1578.00 1578.00
0.0353 1579.00 1571.82 1542.05 1575.85 1602.36 1571.52 1562.27
0.0761 1578.98 1565.65 1506.21 1573.38 1612.74 1565.14 1551.26
0.1238 1578.36 1559.51 1470.84 1570.48 1619.78 1558.84 1541.38
0.1802 1577.52 1553.38 1436.56 1567.06 1621.61 1552.62 1533.17
0.2479 1575.66 1547.27 1404.40 1562.94 1618.61 1546.49 1526.44
0.3309 1572.57 1541.18 1376.25 1557.89 1609.61 1540.43 1521.50
0.4348 1567.23 1535.11 1355.70 1551.56 1594.90 1534.46 1518.20
0.5687 1558.11 1529.06 1350.53 1543.39 1574.59 1528.57 1516.44
0.7479 1542.98 1523.02 1380.69 1532.44 1549.00 1522.75 1516.00
1.0000 1517.00 1517.00 1517.00 1517.00 1517.01 1517.00 1517.00
313.15K
0.0000 1566.00 1566.00 1566.00 1566.00 1565.98 1566.00 1566.00
0.0353 1566.19 1560.26 1530.38 1564.01 1595.24 1559.98 1548.91
0.0761 1565.85 1554.54 1494.87 1561.72 1608.15 1554.05 1537.37
0.1238 1565.65 1548.83 1459.84 1559.04 1613.64 1548.20 1528.31
0.1802 1565.28 1543.14 1425.90 1555.87 1613.88 1542.43 1520.94
0.2479 1563.96 1537.47 1394.11 1552.05 1609.37 1536.73 1515.09
0.3309 1561.44 1531.82 1366.32 1547.37 1599.41 1531.12 1510.93
0.4348 1556.62 1526.19 1346.15 1541.50 1584.93 1525.58 1508.15
0.5687 1548.08 1520.57 1341.38 1533.92 1565.82 1520.11 1506.75
0.7479 1533.88 1514.98 1372.03 1523.75 1541.09 1514.72 1507.02
1.0000 1509.40 1509.40 1509.40 1509.397 1509.42 1509.40 1509.29
318.15K
0.0000 1554.00 1554.00 1554.00 1554.00 1554.01 1554.00 1554.00
0.0353 1554.52 1547.68 1518.57 1551.83 1588.21 1547.34 1534.40
0.0761 1555.24 1541.39 1483.25 1549.33 1599.80 1540.79 1522.43
0.1238 1554.64 1535.13 1448.38 1546.40 1605.08 1534.35 1512.61
0.1802 1553.48 1528.89 1414.57 1542.92 1603.67 1528.01 1504.98
0.2479 1551.85 1522.68 1382.85 1538.75 1597.01 1521.77 1499.05
0.3309 1548.65 1516.50 1355.05 1533.63 1586.36 1515.63 1494.39
0.4348 1543.32 1510.34 1334.71 1527.20 1571.09 1509.58 1491.20
0.5687 1534.03 1504.20 1329.44 1518.90 1551.98 1503.63 1489.21
0.7479 1518.41 1498.09 1358.79 1507.75 1526.35 1497.77 1489.26
1.0000 1492.00 1492.00 1492.00 1491.99 1492.01 1492.00 1492.06

AA +FA and Nomoto’srelation followed by imped-  of strong tendency of associati on between component
ancerdaion. Therearehigher variationsinsomeinter- - moleculesasaresult of hydrogen bonding.?”
mediate concentration range suggesting the existence Nomoto’stheory proposesthat the volume does
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TABLE 2: Experimental velocities(U/m.sec?), theoretical velocities ((Ux /m.sec?) for the system anisaldehyde (AA) + N,N
—di methyl formamide(DMF)

X, Uep Ms™ Ung mst Uimx ms? Ug mst Ug ms? U; ms* Up ms?
303.15K
0.0000 1439.00 1439.00 1439.00 1439.00 1438.99 1439.00 1439.00
0.0664 1449.14 1449.23 1424.93 1447.17 1496.15 1445.07 1440.22
0.1380 1459.40 1459.51 1413.31 1455.75 1545.41 1451.99 1443.69
0.2153 1470.64 1469.84 1404.60 1464.76 1589.20 1459.79 1448.29
0.2991 1482.26 1480.22 1399.43 1474.25 1623.50 1468.52 1454.91
0.3903 1494.43 1490.64 1398.70 1484.24 1647.95 1478.22 1463.29
0.4899 1506.62 1501.12 1403.71 1494.79 1660.64 1488.95 1473.64
0.5990 1516.93 1511.64 1416.39 1505.93 1656.42 1500.76 1487.14
0.7192 1526.66 1522.21 1439.82 1517.72 1636.25 1513.73 1503.20
0.8521 1534.65 1532.83 1479.10 1530.23 1599.07 1527.95 1521.91
1.0000 1543.50 1543.50 1543.50 1543.50 1543.48 1543.50 1543.50
308.15K
0.0000 1420.00 1420.00 1420.00 1420.00 1420.02 1420.00 1420.00
0.0664 1431.85 1429.52 1405.93 1427.58 1478.90 1425.58 1419.85
0.1380 1441.84 1439.07 1394.26 1435.54 1528.54 1431.96 1422.39
0.2153 1452.05 1448.67 1385.42 1443.90 1571.55 1439.19 1426.39
0.2991 1462.96 1458.30 1380.03 1452.70 1605.14 1447.28 1432.33
0.3903 1474.25 1467.98 1378.95 1461.98 1628.80 1456.29 1440.01
0.4899 1485.74 1477.70 1383.44 1471.77 1640.05 1466.26 1449.79
0.5990 1496.51 1487.47 1395.38 1482.11 1635.33 1477.25 1462.39
0.7192 1505.99 1497.27 1417.69 1493.06 1614.39 1489.32 1477.58
0.8521 1513.94 1507.11 1455.28 1504.67 1575.20 1502.54 1495.75
1.0000 1517.00 1517.00 1517.00 1517.00 1517.01 1517.00 1517.00
313.15K
0.0000 1399.00 1399.00 1399.00 1399.00 1399.01 1399.00 1399.00
0.0664 1412.05 1409.81 1385.58 1407.61 1461.24 1405.60 1398.76
0.1380 1423.48 1420.68 1374.58 1416.66 1513.22 1413.06 1401.69
0.2153 1434.53 1431.59 1366.46 1426.17 1556.31 1421.41 1406.92
0.2991 1446.06 1442.56 1361.85 1436.18 1590.09 1430.69 1414.20
0.3903 1458.40 1453.57 1361.65 1446.73 1614.40 1440.95 1423.23
0.4899 1471.53 1464.64 1367.15 1457.87 1626.08 1452.26 1434.60
0.5990 1484.90 1475.75 1380.32 1469.64 1623.63 1464.68 1448.46
0.7192 1496.80 1486.92 1404.25 1482.11 1605.08 1478.28 1465.11
0.8521 1504.60 1498.13 144412 1495.34 1568.01 1493.15 1485.08
1.0000 1509.40 1509.40 1509.40 1509.40 1509.42 1509.40 1509.29
318.15K
0.0000 1390.00 1390.00 1390.00 1390.00 1390.02 1390.00 1390.00
0.0664 1404.37 1400.01 1376.44 1397.95 1454.87 1396.07 1388.10
0.1380 1415.40 1410.07 1365.25 1406.30 1507.46 1402.94 1390.03
0.2153 1425.72 1420.17 1356.88 1415.08 1549.60 1410.65 1394.67
0.2991 1436.41 1430.31 1351.94 1424.32 1581.82 1419.23 1401.46
0.3903 1447.73 1440.49 1351.30 1434.07 1604.66 1428.73 1409.91
0.4899 1460.12 1450.71 1356.21 1444.36 1615.33 1439.19 1420.50
0.5990 1473.13 1460.97 1368.56 1455.24 1612.03 1450.68 1433.43
0.7192 1484.73 1471.27 1391.33 1466.77 1592.55 1463.26 1449.10
0.8521 1491.75 1481.62 1429.47 1479.00 1554.03 1477.01 1468.17
1.0000 1492.00 1492.00 1492.00 1492.00 1492.01 1492.00 1492.06

not change upon mixing. Therefore, nointeractionbe-  tion of ideal mixing relationisthat, theratiosof specific
tween thecomponentsof liquid mixtureshasbeentaken  heatsof ideal mixturesand thevolumesareadsoequal.
into account. Similarly, theassumption for theforma=  Again nomolecular interactionsaretaken into account.
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TABLE 3: Experimental velocities(U/m.sec?), theor etical velocities (Ux/m.sec?) for thesystem Anisicaldehyde(AA) + N,N
—di methyl acetamide(DMA)

X, Uepms™ Ungr mst Uimyms? Ugr ms? Ug mst U;ms* Up ms?
303.15K
0.0000 1436.00 1436.00 1423.00 1436.00 1436.00 1436.00 1436.00
0.0548 1446.38 1446.52 1398.60 1443.00 1515.74 1442.02 1433.23
0.1154 1455.13 1457.09 1376.64 1450.57 1586.34 1448.96 1433.50
0.1827 1463.61 1467.71 1357.68 1458.78 1645.51 1456.85 1436.79
0.2581 1473.10 1478.38 1342.53 1467.70 1694.51 1465.73 1442.08
0.3429 1483.41 1489.10 1332.42 1477.44 1730.25 1475.66 1449.61
0.4390 1495.04 1499.88 1329.29 1488.12 1748.23 1486.70 1459.95
0.5490 1508.25 1510.71 1336.39 1499.87 1736.75 1498.92 1475.64
0.6761 1522.11 1521.59 1359.56 1512.87 1699.62 1512.40 1495.00
0.8244 1533.81 1532.52 1410.52 1527.33 1636.14 1527.22 1517.57
1.0000 1543.50 1543.50 1517.00 1543.50 1543.50 1543.50 1543.50
308.15K
0.0000 1423.00 1423.00 1423.00 1423.00 1423.01 1423.00 1423.00
0.0548 1436.80 1432.23 1398.60 1429.12 1504.97 1428.12 1418.23
0.1154 1444.10 1441.50 1376.64 1435.73 1577.33 1434.08 1416.64
0.1827 1452.24 1450.80 1357.68 1442.90 1637.02 1440.91 1418.38
0.2581 1460.15 1460.14 1342.53 1450.70 1685.06 1448.65 1422.45
0.3429 1469.06 1469.52 1332.42 1459.22 1717.30 1457.34 1429.32
0.4390 1479.25 1478.94 1329.29 1468.55 1730.73 1467.03 1439.13
0.5490 1490.39 1488.40 1336.39 1478.83 1718.94 1477.77 1452.96
0.6761 1501.73 1497.89 1359.56 1490.20 1680.68 1489.63 1470.50
0.8244 1511.97 1507.43 1410.52 1502.85 1614.56 1502.68 1491.54
1.0000 1517.00 1517.00 1517.00 1517.00 1515.68 1517.00 1517.00
313.15K
0.0000 1406.00 1406.01 1406.00 1406.00 1406.01 1406.00 1406.00
0.0548 1420.98 1416.15 1382.10 1412.73 1491.79 1411.86 1400.62
0.1154 1430.14 1426.34 1360.64 1419.99 1566.14 1418.60 1399.17
0.1827 1437.50 1436.57 1342.19 1427.87 1626.79 1426.23 1401.48
0.2581 1445.67 1446.84 1327.57 1436.44 1673.85 1434.82 1406.76
0.3429 1455.30 1457.16 1318.02 1445.80 1706.65 1444.39 1414.53
0.4390 1467.00 1467.52 131551 1456.06 1719.47 1455.02 142571
0.5490 1479.39 1477.93 132335 1467.37 1709.57 1466.75 1440.40
0.6761 1492.61 1488.37 1347.48 1479.88 1673.44 1479.67 1458.95
0.8244 1504.86 1498.87 1399.93 1493.81 1609.21 1493.85 1481.33
1.0000 1509.40 1509.40 1509.40 1509.40 1509.42 1509.40 1509.40
318.15K
0.0000 1386.00 1386.00 1386.00 1386.00 1386.10 1386.00 1386.00
0.0548 1403.23 1396.41 1362.52 1392.88 1479.29 1392.13 1378.28
0.1154 1411.80 1406.86 1341.46 1400.31 1552.79 1399.13 1377.22
0.1827 1418.59 1417.35 1323.38 1408.38 1612.78 1407.02 1379.87
0.2581 1426.74 1427.89 1309.10 1417.16 1658.08 1415.86 1385.81
0.3429 1436.32 1438.47 1299.85 1426.75 1688.97 1425.70 1394.34
0.4390 1448.51 1449.09 1297.60 1437.27 1701.45 1436.58 1405.90
0.5490 1462.28 1459.75 1305.64 1448.86 1692.91 1448.57 1420.60
0.6761 1476.60 1470.46 1329.91 1461.70 1658.36 1461.74 1439.21
0.8244 1488.54 1481.21 1382.42 1475.99 1595.45 1476.19 1461.86
1.0000 1492.00 1492.00 1492.00 1491.9964 1492.01 1492.00 1492.06

But upon mixing, interactions between themolecules  bonding dipole-dipole and dipol e-induced dipolein-
occur because of the presenceof varioustypesof forces  teractions. Thus, the observed deviation of theoretical
such asdispersion forces, chargetransfer, hydrogen  vauesof velocity fromthe experimenta vaues shows
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TABLE 4: Percentagedeviationsand inter action parameter s(a) for thesystem anisicaldehyde (AA) +Formamide (FA)

X4 % Ung % Uimx % Ur % Ug % U, % Up U1V o
303.15K
0.0000 0.0000 0.0000 -0.0001 0.0010 0.0000 0.0000 1.0000 0.0000
0.0353 -0.4549 -2.3399 -0.1992 1.4796 -0.4734 -1.0597 1.0481 0.0485
0.0761 -0.8437 -4.6085 -0.3546 2.1381 -0.8764 -1.7554 1.0983 0.0990
0.1238 -1.1942 -6.8121 -0.4989 2.6242 -1.2368 -2.3427 1.1514 0.1515
0.1802 -1.5303 -8.9360 -0.6635 2.7949 -1.5786 -2.8117 1.2067 0.2059
0.2479 -1.8014 -10.8688 -0.8073 2.7260 -1.8513 -3.1238 1.2616 0.2588
0.3309 -1.9960 -12.4842 -0.9336 2.3553 -2.0436 -3.2478 1.3102 0.3056
0.4348 -2.0497 -13.4972 -1.0002 1.7650 -2.0912 -3.1287 1.3417 0.3364
0.5687 -1.8650 -13.3225 -0.9451 1.0577 -1.8965 -2.6747 1.3370 0.3310
0.7479 -1.2937 -10.5180 -0.6832 0.3903 -1.3114 -1.7487 1.2540 0.2489
1.0000 0.0001 0.0000 0.0001 0.0004 0.0000 0.0000 1.0000 0.0000
308.15K
0.0000 0.0000 0.0000 -0.0003 -0.0005 0.0000 0.0000 1.0000 0.0000
0.0353 -0.4549 -2.3399 -1.6180 1.0305 -2.8005 -3.1417 1.0485 0.1048
0.0761 -0.8437 -4.6085 -2.2076 2.4222 -4.3764 -4.9237 1.0990 0.1893
0.1238 -1.1942 -6.8121 -2.3165 3.6863 -5.2787 -5.9304 1.1515 0.2596
0.1802 -1.5303 -8.9360 -2.2509 45480 -5.7946 -6.4742 1.2059 0.3179
0.2479 -1.8014 -10.8688 -2.1168 4,9386 -6.0017 -6.6570 1.2588 0.3618
0.3309 -1.9960 -12.4842 -1.7904 5.0202 -5.7444 -6.3425 1.3056 0.3805
0.4348 -2.0497 -13.4972 -1.3401 4.7046 -5.0355 -5.5483 1.3364 0.3668
0.5687 -1.8650 -13.3225 -0.7685 3.9183 -3.8018 -4.1893 1.3310 0.3081
0.7479 -1.2937 -10.5180 -0.6031 2.0275 -2.4498 -2.6511 1.2489 0.2010
1.0000 0.0001 0.0000 0.0000 0.0014 0.0000 0.0090 1.0000 0.0000
313.15K
0.0000 0.0000 0.0000 -0.0002 -0.0013 0.0000 0.0000 1.0000 0.0000
0.0353 -0.3782 -2.2863 -0.1387 1.8550 -0.3961 -1.1032 1.0473 0.0473
0.0761 -0.7228 -4.5335 -0.2641 2.7010 -0.7540 -1.8188 1.0972 0.0972
0.1238 -1.0742 -6.7582 -0.4220 3.0655 -1.1145 -2.3849 1.1502 0.1502
0.1802 -1.4148 -8.9046 -0.6017 3.1048 -1.4603 -2.8326 1.2051 0.2051
0.2479 -1.6939 -10.8606 -0.7617 2.9036 -1.7409 -3.1249 1.2585 0.2585
0.3309 -1.8970 -12.4962 -0.9010 2.4320 -1.9418 -3.2348 1.3060 0.3060
0.4348 -1.9554 -13.5212 -0.9715 1.8185 -1.9943 -3.1142 1.3372 0.3372
0.5687 -1.7770 -13.3518 -0.9148 1.1461 -1.8065 -2.6697 1.3319 0.3319
0.7479 -1.2325 -10.5516 -0.6605 0.4697 -1.2491 -1.7514 1.2498 0.2498
1.0000 0.0001 0.0000 -0.0002 0.0014 0.0000 -0.0073 1.0000 0.0000
318.15K
0.0000 0.0000 0.0000 0.0001 0.0005 0.0000 0.0000 1.0000 0.0000
0.0353 -0.4396 -2.3121 -0.1727 2.1677 -0.4616 -1.2943 1.0479 0.0479
0.0761 -0.8905 -4.6294 -0.3805 2.8652 -0.9292 -2.1096 1.0994 0.0994
0.1238 -1.2545 -6.8349 -0.5301 3.2449 -1.3049 -2.7030 1.1521 0.1521
0.1802 -1.5825 -8.9416 -0.6794 3.2306 -1.6396 -3.1218 1.2060 0.2060
0.2479 -1.8795 -10.8900 -0.8443 2.9099 -1.9384 -3.4027 1.2594 0.2594
0.3309 -2.0761 -12.5009 -0.9699 2.4352 -2.1322 -3.5037 1.3062 0.3062
0.4348 -2.1370 -13.5167 -1.0442 1.7998 -2.1857 -3.3771 1.3370 0.3370
0.5687 -1.9444 -13.3364 -0.9863 1.1704 -1.9814 -2.9215 1.3315 0.3315
0.7479 -1.3385 -10.5125 -0.7022 0.5231 -1.3593 -1.9197 1.2488 0.2488
1.0000 0.0000 0.0000 -0.0002 0.0005 0.0000 0.0040 1.0000 0.0000
that themolecular interactionsaretaking place between  tween themixing molecules, which highfor FA. This
theunlikemolecules” suggestssomewhat stronger interaction of AnisicAlde-

The evaluated interaction parametersarepositive  hydewith FA in comparison to other amides?®!. The
for al thesystems, indicating stronger interactionsbe-  negative val uesindicate the dominance of dispersion
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TABLE 5: Percentagedeviationsand inter action parameters (o) for the system anisicaldehyde (AA) + N,N-Di M ethyl
Formamide(DM F)

X1 % Upgr % Uimx % Ur % Ug % U, % Up U/U%x a
303.15K
0.0000 0.0000 0.0000 0.0000 -0.0000 0.0000 0.0000 1.0000 0.0000
0.0664 0.0065 -1.6706 -0.1358 3.2440 -0.2808 -2.9658 1.0343 0.0343
0.1380 0.0080 -3.1579 -0.2500 5.8935 -0.5077 -5.1497 1.0663 0.0663
0.2153 -0.0542 -4.4905 -0.3995 8.0622 -0.7376 -6.7292 1.0962 0.0962
0.2991 -0.1377 -5.5879 -0.5404 9.5288 -0.9270 -7.6748 1.1219 0.1219
0.3903 -0.2533 -6.4055 -0.6816 10.2732 -1.0847 -8.0252 1.1416 0.1416
0.4899 -0.3654 -6.8308 -0.7855 10.2230 -1.1733 -7.6527 1.1520 0.1520
0.5990 -0.3489 -6.6277 -0.7253 9.1951 -1.0661 -6.7845 1.1470 0.1470
0.7192 -0.2917 -5.6886 -0.5857 7.1778 -0.8470 -5.2797 1.1243 0.1243
0.8521 -0.1182 -3.6197 -0.2880 4.1982 -0.4363 -3.1276 1.0765 0.0765
1.0000 0.0000 0.0000 0.0000 -0.0000 0.0000 -0.0000 1.0000 0.0000
308.15K
0.0000 0.0002 0.0000 -0.0003 0.0012 0.0000 0.0000 1.0000 0.0000
0.0664 -0.1632 -1.8102 -0.2987 3.2854 -0.4382 -0.8380 1.0372 0.0372
0.1380 -0.1918 -3.2999 -0.4370 6.0136 -0.6848 -1.3486 1.0694 0.0694
0.2153 -0.2329 -4.5887 -0.5612 8.2300 -0.8859 -1.7672 1.0985 0.0985
0.2991 -0.3181 -5.6686 -0.7010 0.7188 -1.0716 -2.0933 1.1238 0.1238
0.3903 -0.4250 -6.4640 -0.8323 10.4834 -1.2182 -2.3225 1.1430 0.1430
0.4899 -0.5409 -6.8851 -0.9405 10.3858 -1.3111 -2.4194 1.1534 0.1534
0.5990 -0.6045 -6.7580 -0.9622 9.2764 -1.2871 -2.2803 1.1502 0.1502
0.7192 -0.5789 -5.8629 -0.8583 7.1981 -1.1067 -1.8863 1.1284 0.1284
0.8521 -0.4511 -3.8746 -0.6125 4.0461 -0.7531 -1.2018 1.0822 0.0822
1.0000 0.0001 0.0000 0.0001 0.0004 0.0000 0.0000 1.0000 0.0000
313.15K
0.0000 0.0000 0.0000 -0.0003 0.0007 0.0000 0.0000 1.0000 0.0000
0.0664 -0.1584 -0.3143 -0.4575 3.4838 -0.4567 -0.9416 1.0386 0.0386
0.1380 -0.1971 -0.4796 -0.6553 6.3036 -0.7324 -1.5307 1.0724 0.0724
0.2153 -0.2049 -0.5830 -0.8182 8.4890 -0.9149 -1.9245 1.1021 0.1021
0.2991 -0.2423 -0.6834 -0.8615 9.9599 -1.0630 -2.2032 1.1275 0.1275
0.3903 -0.3312 -0.8003 -0.9226 10.6966 -1.1963 -2.4119 1.1472 0.1472
0.4899 -0.4683 -0.9282 -0.6994 10.5033 -1.3001 -2.5092 1.1585 0.1585
0.5990 -0.6160 -1.0272 -0.5287 9.3430 -1.3616 -2.4538 1.1573 0.1573
0.7192 -0.6603 -0.9811 -0.4628 7.2341 -1.2372 -2.1173 1.1362 0.1362
0.8521 -0.4298 -0.6153 -0.2988 4.2141 -0.7607 -1.2971 1.0855 0.0855
1.0000 0.0000 -0.0002 -0.0001 0.0014 0.0000 -0.0073 1.0000 0.0000
318.15K
0.0000 0.0000 0.0000 0.0003 0.0011 0.0000 0.0000 1.0000 0.0000
0.0664 -0.3104 -1.9889 -0.4572 3.5956 -0.5914 -1.1584 1.0410 0.0410
0.1380 -0.3763 -3.5429 -0.6428 6.5044 -0.8804 -1.7925 1.0748 0.0748
0.2153 -0.384 -4.8287 -0.7466 8.6883 -1.0576 -2.1780 1.1040 0.1040
0.2991 -0.4242 -5.8804 -0.8412 10.1237 -1.1959 -2.4325 1.1289 0.1289
0.3903 -0.4998 -6.6609 -0.9435 10.8399 -1.3125 -2.6120 1.1478 0.1478
0.4899 -0.6445 -7.1169 -1.0797 10.6295 -1.4335 -2.7139 1.1591 0.1591
0.5990 -0.8250 -7.0981 -1.2141 9.4289 -1.5235 -2.6944 1.1586 0.1586
0.7192 -0.9059 -6.2905 -1.2095 7.2626 -1.4456 -2.3996 1.1388 0.1388
0.8521 -0.6793 -4.1750 -0.8550 4.1748 -0.9884 -1.5808 1.0890 0.0890
1.0000 0.0000 0.0000 -0.0002 0.0005 0.0000 0.0040 1.0000 0.0000

forcesarisingfrom the breakage of hydrogen bondsin  tion of association in mixture through dipole-dipole
the associates® interactionshigher va uesof percentagedeviationindi-

A positivevalueof aindl thesystemclearlyindi-  catesmaximum departure of the particular theory from
catesthe existence of strong tendency for theforma-  experiment at that particular concentration and mag-
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TABLE 6: Percentagedeviationsand interaction parameters (o) for the system anisicaldehyde (AA) +N,N — Di M ethyl

Acetamide
X1 % Upgr % Uimx % Ur % Ug % U, % Up UA/U% 0y a
303.15K
0.0000 0.0000 0.0000 -0.0001 -0.0003 0.0000 0.0000 1.0000 0.0000
0.1087 0.0098 -2.4028 -0.2331 4.7959 -0.3009 -0.9089 1.0498 0.0498
0.2152 0.1342 -4.4930 -0.3133 9.0170 -0.4243 -1.4868 1.0963 0.0963
0.3198 0.2801 -6.3299 -0.3299 12.4286 -0.4620 -1.8323 1.1397 0.1397
0.4224 0.3582 -7.9433 -0.3667 15.0300 -0.5005 -2.1061 1.1800 0.1800
0.5231 0.3841 -9.2349 -0.4019 16.6403 -0.5220 -2.2782 1.2138 0.2138
0.6220 0.3237 -10.1056 -0.4629 16.9351 -0.5577 -2.3471 1.2375 0.2375
0.7191 0.1628 -10.3529 -0.5556 15.1496 -0.6187 -2.1620 1.2443 0.2443
0.8144 -0.0342 -9.5350 -0.6068 11.6622 -0.6381 -1.7808 1.2219 0.2219
0.9080 -0.0845 -6.7084 -0.4229 6.6714 -0.4299 -1.0588 1.1490 0.1490
1.0000 0.0000 0.0000 0.0002 -0.0011 0.0000 0.0000 1.0000 0.0000
308.15K
0.0000 0.0003 0.0000 -0.0003 0.0010 0.0000 0.0000 1.0000 0.0000
0.1087 -0.3180 -2.6589 -0.5347 4.7448 -0.6041 -1.2926 1.0554 0.0554
0.2152 -0.1801 -4.6712 -0.5791 9.2262 -0.6935 -1.9013 1.1004 0.1004
0.3198 -0.0995 -6.5115 -0.6430 12.7238 -0.7802 -2.3315 1.1442 0.1442
0.4224 -0.0010 -8.0557 -0.6472 15.4026 -0.7877 -2.5824 1.1829 0.1829
0.5231 0.0312 -9.3015 -0.6699 16.8979 -0.7977 -2.7054 1.2156 0.2156
0.6220 -0.0208 -10.1374 -0.7228 17.0005 -0.8259 -2.7118 1.2383 0.2383
0.7191 -0.1339 -10.3329 -0.7757 15.3344 -0.8469 -2.5117 1.2438 0.2438
0.8144 -0.2554 -9.4666 -0.7676 11.9164 -0.8058 -2.0794 1.2201 0.2201
0.9080 -0.3001 -6.7093 -0.6030 6.7853 -0.6144 -1.3509 1.1490 0.1490
1.0000 0.0000 0.0000 0.0001 -0.0868 0.0000 0.0000 1.0000 0.0000
313.15K
0.0000 0.0000 0.0000 0.0003 0.0006 0.0000 0.0000 1.0000 0.0000
0.1087 -0.3398 -2.7364 -0.5809 4.9829 -0.6416 -1.4330 1.0571 0.0571
0.2152 -0.2660 -4.8597 -0.7098 9.5094 -0.8074 -2.1658 1.1048 0.1048
0.3198 -0.0647 -6.6299 -0.6699 13.1679 -0.7837 -2.5059 1.1471 0.1471
0.4224 0.0810 -8.1691 -0.6385 15.7833 -0.7508 -2.6917 1.1858 0.1858
0.5231 0.1278 -9.4330 -0.6527 17.2716 -0.7495 -2.8016 1.2192 0.2192
0.6220 0.0355 -10.3263 -0.7454 17.2100 -0.8169 -2.8144 1.2436 0.2436
0.7191 -0.0987 -10.5476 -0.8122 15.5591 -0.8540 -2.6352 1.2497 0.2497
0.8144 -0.2837 -9.7231 -0.8526 12.1149 -0.8669 -2.2550 1.2270 0.2270
0.9080 -0.3987 -6.9731 -0.7348 6.9336 -0.7317 -1.5640 1.1555 0.1555
1.0000 0.0000 0.0000 -0.0002 0.0014 0.0000 0.0000 1.0000 0.0000
318.15K

nitude of the chi-square valuefinally determinesthe
overdl vaidity of thetheory!™®. Thechi squarevalues
along with average percentage error are given in
TABLE?7.

Onthewhole, al thetheoretical modelsfairly pre-
dicted ultrasonic velocities, arereasonably closeto the
experimenta vauesfor and thethree binary mixtures
reportedinthiswork, thus showing thevaidity of stud-
ied theoretical modelsfor binary mixtures. Thepredic-
tive abilities of various ultrasonic theories discussed
above, depend uponthestrengthinteraction prevailing
inasystem; thesetheoriesgenerdly fail to predict ac-
curately the ultrasonic vel ocitieswherestronginterac-

tions are supposed to exist and the average absol ute
percentagereativedeviationissmal in sysemswhere
theinteractionsarelessor nil#,

Theexperimental and theoretical vauesof viscos-
ity of theliquid mixtures calculated using Egs. (13)—
(16) arepresented in TABLE 8 and theinteraction pa
rametersderived by all above equationsare presented
inTABLE 9 aongwith standard deviation, o, val ues.
TABLE 9 showsthat, out of al four different equations
used to correl ate experimenta dataof mixtureviscosty
standard deviation calculated usngHind et.d islowest
than any other equations. Hence, Hind equationismore
convenient andfitswell.
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TABLE 7: Valuesof Chi Square Test and Aver age Per centage Error for studied binary mixturesat different temperatures

Nomoto Imx IR Rao’s Junjie Danusso

x? APE N APE N APE x? APE N APE N APE
303.15K 0.2072 0.0188 13.1923 1.1993 0.0606 0.0055 0.4665 0.0424 0.2136 0.0194 0.5967 0.0542
308.15K 0.3033 0.0276 12.7761 0.1278 0.0675 0.0061 0.5560 0.0505 0.3181 0.0289 0.8267 0.0752
313.15K 0.2660 0.0242 12.6876 1.1534 0.0599 0.0054 0.6960 0.0633 0.2789 0.0254 0.8272 0.0752
318.15K 0.3236 0.0204 12.6103 1.1464 0.0719 0.0065 0.7500 0.0682 0.3415 0.0310 0.4370 0.0397
303.15K 0.0061 0.0006 3.2936 0.2994 0.0351 0.0032 7.6841 0.6986 0.0864 0.0079 0.3173 0.0288
308.15K 0.0216 0.0020 3.3895 0.3081 0.0634 0.0058 7.8001 0.7091 0.1245 0.0113 0.4232 0.0385
313.15K 0.0216 0.0020 3.3895 0.3081 0.3888 0.0353 6.2589 0.5690 0.5219 0.0474 1.0899 0.0991
318.15K 0.0426 0.0039 3.6672 0.3334 0.1010 0.0092 8.2113 0.7465 0.1701 0.0155 0.5936 0.0540
303.15K 0.0069 0.0006 7.6143 0.6922 0.0222 0.0020 19.7401 1.7946 0.0311 0.0028 0.4126 0.0375
308.15K 0.0043 0.0004 7.6263 0.6933 0.0534 0.0049 20.1556 1.8323 0.0688 0.0063 1.2505 0.1137
313.15K 0.0062 0.0032 7.8988 0.7181 0.0613 0.0056 20.8380 1.8944 0.0729 0.0066 0.6701 0.0609
318.15K 0.0111 0.0010 8.0345 0.7304 0.0762 0.0069 21.5761 1.9615 0.0851 0.0077 0.7832 0.0712

TIK

AA+FA

AA+DMF

AA+DMA

TABLE 8: Experimental and calculated valuesof viscosity (n)for thebinary mixturesof Anisaldehydeand studied Acetates
(FA+DMF+DMA) at temper atures 303.15K ,308.15K ,313.15K and 318.15K.

X1 NExpt mnNGN nKC nHB nNnH nExpt mMGN n KC n HB nH
AA +FA
303.15K 308.15K

0.0000 2.967 2.967 2.967 2.967 2.967 2.654 2.654 2.654 2.654 2.654
0.0353 3.026 3.022 3.010 3.004 3.023 2.693 2.695 2.688 2.680 2.696
0.0761 3.096 3.083 3.063 3.056 3.086 2.746 2.741 2.724 2.716 2.742
0.1238 3.168 3.152 3.129 3.123 3.1%4 2.801 2.792 2771 2.765 2.793
0.1802 3.250 3.230 3211 3.209 3.229 2.867 2.848 2.829 2.829 2.848
0.2479 3.337 3.315 3311 3.316 3.310 2.937 2.909 2.901 2.909 2.906
0.3309 3.417 3.408 3431 3.445 3.397 3.001 2.974 2.987 3.005 2.967
0.4348 3.466 3.505 3.565 3.592 3.486 3.028 3.039 3.083 3.113 3.027
0.5687 3.502 3.593 3.694 3.731 3.567 3.036 3.093 3.172 3.211 3.078
0.7479 3.538 3.644 3.757 3.792 3.618 3.035 3.113 3.203 3.238 3.098
1.0000 3.578 3.578 3.578 3.578 3.578 3.035 3.035 3.035 3.035 3.035
313.15K 318.15K
0.0000 2.404 2.404 2.404 2.404 2.404 2.219 2.219 2.219 2.219 2.219
0.0353 2.433 2.436 2.430 2421 2.436 2.239 2.243 2.240 2.229 2.243
0.0761 2471 2.470 2.457 2.448 2471 2.264 2.268 2.257 2.247 2.269
0.1238 2513 2.508 2.490 2.484 2.509 2.298 2.296 2.279 2.274 2.296
0.1802 2.564 2.550 2532 2.533 2,550 2.338 2.326 2.308 2.310 2.326
0.2479 2.622 2.595 2.585 2.595 2.593 2.382 2.358 2.346 2.357 2.356
0.3309 2.673 2.642 2.649 2.669 2.637 2.420 2.390 2.392 2414 2.387
0.4348 2.688 2.687 2.720 2.752 2.680 2427 2.418 2.444 2.476 2413
0.5687 2.682 2.722 2.786 2.825 2.712 2.409 2435 2.488 2.526 2.429
0.7479 2.666 2.726 2.801 2.835 2.717 2.380 2423 2.487 2.520 2418
1.0000 2.649 2.649 2.649 2.649 2.649 2.340 2.340 2.340 2.340 2.340

AA +DMF

303.15K 303.15K
0.0000 0.776 0.776 0.776 0.776 0.776 0.733 0.733 0.733 0.733 0.733
0.0664 1.024 0.969 0.969 0.967 1.033 0.944 0.901 0.901 0.899 0.955
0.1380 1.282 1.208 1.207 1.204 1.299 1.168 1.106 1.106 1.103 1.183
0.2153 1.566 1.498 1.498 1.494 1.573 1.404 1.351 1.351 1.348 1.416
0.2991 1.865 1.844 1.842 1.840 1.855 1.658 1.639 1.637 1.636 1.654
0.3903 2.178 2.239 2.238 2.239 2.143 1.921 1.964 1.962 1.963 1.896
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X1 nExpt mMGN n KC nMHB nH nExpt mMGN n KC nHB nH
AA +DMF
303.15K 303.15K
0.4899 2.494 2.669 2.669 2.673 2.436 2.179 2.312 2.310 2.316 2.138
0.5990 2.758 3.094 3.094 3.105 2.731 2.410 2.652 2.651 2.662 2.379
0.7192 3.016 3.452 3.451 3468  3.023 2.622 2.936 2.935 2950 2613
0.8521 3.286 3.648 3.647 3.662  3.308 2.822 3.090 3.090 3.103 2.835
1.0000 3.578 3.578 3.578 3578 3578 3.035 3.035 3.035 3.035 3.035
303.15K 303.15K
0.0000 0.695 0.695 0.695 0.695  0.695 0.653 0.653 0.653 0.653  0.653
0.0664 0.896 0.852 0.852 0.850  0.900 0.825 0.791 0.791 0.789  0.831
0.1380 1.104 1.041 1.041 1.038 1.109 1.008 0.955 0.956 0.952 1.012
0.2153 1.318 1.266 1.265 1.262 1321 1.193 1.149 1.148 1.145 1.196
0.2991 1.538 1.526 1.524 1.523 1.534 1.386 1371 1.369 1.368 1.381
0.3903 1.757 1.817 1.814 1.816 1.747 1.578 1.617 1.614 1.617 1.565
0.4899 1.970 2.122 2.119 2.126 1.956 1.767 1.874 1.870 1.877 1.745
0.5990 2.168 2.412 2.409 2421 2.158 1.936 2.118 2.114 2.126 1.919
0.7192 2.349 2.640 2.638 2.652 2.346 2.082 2.313 2.310 2324  2.081
0.8521 2.508 2.742 2.741 2.753 2.513 2.212 2.405 2.404 2.415 2.225
1.0000 2.649 2.649 2.649 2.649 2.649 2.340 2.340 2.340 2340  2.340
AA+ DMA

303.15K 303.15K

0.0000 0.876 0.876 0.876 0.876 0.876 0.818 0.818 0.818 0.818 0.818
0.0548 1.464 1.246 1.245 1.240 1.485 1.280 1.135 1.135 1.130 1.336
0.1154 2.108 1772 1.770 1.760 2.097 1.844 1.575 1.575 1.565 1.855
0.1827 2.830 2.502 2.497 2.485 2.700 2.493 2.173 2.169 2.159 2.366
0.2581 3.600 3.480 3.472 3.463 3.279 3.180 2.954 2.948 2.940 2.856
0.3429 4.303 4.693 4.682 4.687 3.810 3.778 3.901 3.892 3.898 3.302
0.4390 4.502 6.005 5.996 6.025 4.256 3.921 4.907 4.896 4.927 3.676
0.5490 4.389 7.059 7.047 7.119 4.565 3.795 5.706 5.693 5.758 3.930
0.6761 4.153 7.253 7.241 7.339 4.654 3.587 5.852 5.842 5.926 3.993
0.8244 3.894 6.026 6.021 6.092 4.393 3.306 4.927 4.922 4.983 3.753
1.0000 3.578 3.578 3.578 3.578 3.578 3.035 3.035 3.035 3.035 3.035

303.15K 303.15K
0.0000 0.773 0.773 0.773 0.773 0.773 0.728 0.728 0.728 0.728 0.728
0.0548 1.175 1.051 1.052 1.047 1.212 1121 0.986 0.986 0.981 1.123
0.1154 1.653 1.430 1.430 1.421 1.652 1.542 1.334 1.336 1.326 1.518
0.1827 2.193 1934 1931 1921 2.085 2.010 1.795 1.794 1.783 1.906
0.2581 2.766 2.580 2.573 2.568 2.501 2.504 2.382 2.376 2371 2.276
0.3429 3321 3.350 3.339 3.347 2.880 2.953 3.074 3.063 3.071 2.613
0.4390 3.432 4.155 4.140 4.172 3.196 3.023 3.789 3.771 3.803 2.892
0.5490 3.277 4.787 4.770 4.830 3411 2.901 4.335 4.313 4.373 3.077
0.6761 3.058 4.903 4.889 4.965 3.464 2.738 4.406 4.391 4.460 3.113
0.8244 2.836 4.173 4.167 4.220 3.260 2.551 3.719 3.714 3.760 2.913
1.0000 2.649 2.649 2.649 2.649 2.649 2.340 2.340 2.340 2.340 2.340

TABLE 9: Interaction par ameter scalculated from Egs. and thecorresponding standar d deviationg(e) for thebinary mixtures
of Anisaldehydeand acetatesunder study (FA,DMF,DMA) at temper atures303.15K, 308.15K 313.15K, and 318.15K.

TIK G12 WVIiSRT A12 H12
I.P c |.P c |.P c I.P c
AA+FA
303.15K 0.347 0.047 0.990 0.100 1.057 0.118 3.787 0.036
308.15K 0.314 0.034 0.946 0.074 1.023 0.092 3.267 0.029
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TIK G12 WvViSRT Al12 H12
|.P c I.P c I.P c I.P c
AA+FA
313.15K 0.282 0.026 0.904 0.058 0.989 0.075 2.871 0.024
318.15K 0.256 0.021 0.870 0.046 0.962 0.062 2.567 0.020
AA+DMF
303.15K 1.947 0.219 2.004 0.219 2.145 0.227 2.752 0.025
308.15K 1.811 0.160 1.863 0.160 2.009 0.167 2.440 0.020
313.15K 1.843 0.153 1.889 0.152 2.042 0.159 2.280 0.007
318.15K 1.717 0.120 1.756 0.118 1.915 0.125 2.028 0.011
AA+DMA
303.15K 5.308 1.548 5.441 1.542 5.672 1.588 6.681 0.309
308.15K 4,938 1.125 5.064 1.119 5.305 1.159 5.753 0.282
313.15K 4.633 0.904 4751 0.896 5.000 0.932 4,958 0.264
318.15K 4.617 0.832 4,726 0.823 4,982 0.857 4,491 0.223
1.4 ——303.15K
—=—308.15K
——313.15K REFERENCES

——318.15K
13

1.2

U/u?,,

1.1

1.2 +—303.15K
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U302

0.8 1
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Figurel: Variation of (U/U? ) for thesysemAA+DMA at
temperature 303.15K,308.15K,313.15K and 318.15K
against molefraction of AA (X))
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