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ABSTRACT

Ultrasonic velocity, density and viscosity have been measured in six bi-
nary mixtures of o-cresol, m-cresol, p-cresol, 1,4 dioxane, anilineand pyri-
dine with benzyl benzoate as common component at 30°C. From the mea-
sured data, thermodynamic and other allied parameters have been com-
puted and the intermolecular interactions are estimated in the light of the

KEYWORDS

Binary mixtures,
Cresols;
Benzyl benzoate;
Velocity;
Molecular interactions.

excess parameters. Also theoretical velocities are evaluated from aknowl-
edge of the five theories FLT, CFT, NOMOTO, VANDAEL and JUNJIE.
FLT, CFT, NOMOTO and JUNJIE appear to agree well with the experiment.
In the mixtures of o-cresol, weak interactions and m-cresol and p-cresol,
strong mol ecul ar interactions are suggested. In 1,4 dioxane system, weak
interactions and dispersive forces and in the other two systems, strong
AB interactions besides dipole-dipol e type are suggested.
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INTRODUCTION

Intherecent years, ultrasonic methods have been
accepted asan important tool in predicting the mo-
lecular interactionsin the binary mixturesand these
techniquesare comparableto other techniques. Though
severd binary mixtures have been studied, the binary
mixtureswith atl east one component ascresol or benzyl
benzoate or azo compound have been referred™ !
owingto thenatureof theliquidsin our present inves-
tigation. Inthe present investigation, the binary mix-
tures of thethree cresol swith benzyl benzoate ascom-
mon component have been chosen owingto their im-
portancein medicineand chemistry. Benzyl benzoate
isused asan anti parasitic insecticide, asafood addi-

tiveinartificia flavor, and asasolubilizing agentinthe
preparation of oily injections. Aboveall itisagood
solvent for various chemical reactions. Cresolsare
used asdisinfectants and deodorizers. Someof them
arefound in many foods, wood and tobacco smokes.
p-cresol attractsthe archid bee Euglossacyamurato
capture and study the species. m-cresol isused in
someinsulin solutions. 1,4 dioxaneisused as sol vent
for avariety of liquidsand astabilizer for the solvent
trichloro ethane.Pyridine acts as a precursor to agro
chemicals and pharmaceuticalsand asolvent and a
reagent. Anilineisknown for its preciousnaturefor al
reactions. Ultrasonic vel ocity, density and viscosity
have been measured in the binary mixtures of benzyl
benzoate with o-cresol, m-cresol and p-cresol and 1,
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4 dioxane, anilineand pyridineat 30°C. Fromthether-
modynamic and other parameters computed from the
measured data, excess parameters have been cal cu-
lated and theintermolecular interactions have been es-
timated. Theoretical evauation of velocitieshasalso
been made and CFT, NOMOTO & JUNJIE have
been found to be better.

EXPERIMENTAL

Thechemicalsusedinthepresentinvestigation are
of anaar grade/ finegrade. Thebinary mixtureswere
prepared by mixing theweighted quantitiesof the pure
liquids. Ultrasonic velocity hasbeen measuredusinga
singlecrysta interferometer working at 2MHz withan
accuracy of + 0.05%. Density has been measured em-
ploying adouble stem capillary type pyknometer with
anaccuracy of 2 partsin 10°. Weightsaretaken using
an electronic single pan balance with an accuracy of +
0.05 mg. Ostwald viscometer yielding an accuracy of
+0.1% has been employed for viscosity measurements.
Temperatureismaintained towithin+ 0.01K employ-
ing aneectronicaly controlled water bath. All thethree
measuring devices— interferometer, pyknometer and
viscometer are standardized with triply distilled water
asreferenceliquid before carrying out dl the measure-
mentsinthetest liquids.

THEORETICAL

Theoreticd ve ocitieshave been computed empl oy-
ingthefollowingrelations.
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The thermodynami c/acoustic and other related pa
rameters can be computed from thefollowing relations.

1
Adiabatic Compressibility = TN ®
exprexp
Internal pressurem =bRT [Kn/U]¥?p?3/ M ™ )
FreevolumeV,=(M_ U/K n)?3? (10)
Enthapy H ==V, (1)
Activation Energy G=RT [InnV,,] (12)

The excess parametersemploy thefollowing rela
tionsingenerd.
AE=AZP Al =[A=0- (X A +X A))] (13)
X, and X, arethe mole fractions of the two com-
pounds. For £ (excess adiabatic compressibility) vol-
umefractionsare employed. All these are explained
elsewhere®.

RESULTSAND DISCUSSION

Sudy in cresol systemsof benzyl benzoate

Ultrasonic vel ocity, density and viscosity have been
measured in three binary mixturesof benzyl benzoate
with o-, m- and p-cresolsover the entire composition
range of benzyl benzoate at 30°C and are presentedin
TABLE 1 Ve ocitieshave a so been eva uated theoreti-
cally with the five standard theories CFT, FLT,
NOMOTO, VANDAEL & JUNJIE and are presented
inFigure 1 along with their experimental values. From
TABLE 1andFigurel, itisseenthat m-cresol hasthe
lowest vel ocity whil e benzoate showslargest vel ocity.
Thevelocity increasesfrom cresolsto benzoatein al
thethreemixtures. Themaximum percentage deviaions
observed for al the three mixtureswith o-cresol, m-
cresol and p-cresol are 0.62, -0.91, 0.44, -5.42 and
0.44; -0.68, -1.12, 0.20, -6.18 and 0.17 and 0.60, -
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TABLE 1: Ultrasonic velocity, density and viscosity in the

mixturesof cresols
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Mole fraction

Velocity  Density Viscosity
of Benzy! msh)  (kgm®  (mill.Pas)
Benzyl benzoate + o-Cresol
0.0000 1484.4 1035.19 5.96365
0.1118 1485.1 1051.96 6.37361
0.1775 1486.9 1061.03 7.03346
0.2513 1487.8 1068.02 7.60907
0.3349 1488.1 1073.96 8.00701
0.4303 1491.9 1081.42 8.15400
0.5402 1493.8 1087.75 8.06752
0.6683 1496.0 1095.64 7.95027
0.8192 1501.0 1099.50 7.45858
0.9054 1502.3 1103.38 7.26191
1.0000 1506.0 1119.35 6.53251
Benzyl benzoate + m-Cresol
0.0000 1464.2 1024.79 10.67127
0.1117 14714 1047.46 9.77912
0.1773 1473.3 1053.87 9.46463
0.2511 1479.8 1063.86 9.19167
0.3347 1481.0 1069.68 8.76395
0.4300 1488.9 1078.44 8.57926
0.5400 1492.9 1087.46 8.31459
0.6680 1498.2 1091.83 8.10402
0.8191 1503.8 1100.37 7.86483
0.9053 1504.9 1102.96 7.59263
1.0000 1506.0 1119.35 6.53251
Benzyl benzoate + p-Cresol
0.0000 1471.2 1025.03 11.19358
0.1132 1478.8 1045.97 10.91278
0.1795 1482.8 1055.31 10.77452
0.2539 1484.4 1063.49 10.54531
0.3379 1487.5 1071.05 9.99765
0.4336 1492.7 1078.66 9.14847
0.5436 1494.6 1086.62 8.3735
0.6712 1498.2 1092.59 7.96253
0.8212 1501.1 1100.88 7.49263
0.9065 1502.8 1103.60 7.35462
1.0000 1506.0 1119.35 6.53251

0.36, 0.18,-9.56 and 0.17 in FLT, CFT, NOMQOTO,
VANDAEL & JUNJIE respectively. It may beenvis-
agedthat dl thefour theories(except VANDEAL) have

asharp edgewith deviationslessthan unity.

Thethermodynamic, acoustic and other rel ated pa-
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Figurel: Variation of theoretical velocitieswith molefrac-
tion of benzyl benzoate at 30°C in the mixture: Benzyl ben-
zoate + o-cresol system
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Figure?2: Variation of theoretical velocitieswith molefrac-
tion of benzyl benzoate at 30°C in themixture: Benzyl ben-
zoate+ m-cresol system
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Figure3: Variation of theoretical velocitieswith molefrac-
tion of benzyl benzoate at 30°C in the mixture: Benzyl ben-
zoate + p-cresol system

rameterscomputed from thestandard rel ationsare pre-
sentedin TABLE 2. In all thethree cresol systems,
adiabatic compressihility (), internd pressure (), free
length (L) and enthal py (H) decreasewith the concen-
tration of benzyl benzoatewhilemolar volume(V,,) and
activation energy (G) show increasewith theincrease
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of the concentration.

In order to estimate the molecular interactionsin
thebinary system, itisdesirableto havethevariation of
excess parameters with concentration of benzoate.
Henceall the excess parameters are computed for all

120000

—a—o-cresol i
100000 || ™ —m-cresol AT

—e—p-cresol / s
RODDD [ 3 \
60000 | & \
40000 -

/ mole fraction of benzyl benzoate

20000 '/A / \

0 T T T

5] [N 02 0.4 y/ 1o
20000 | L -

\\ - - - [ 3
. __ R i
40000 | ~o—_o__ e
=g v

enthalpy (KJ mole-1)

-60000
Figure7: Variation of excessenthalpy with molefraction of
benzyl benzoate at 30°C in the mixture: Benzyl benzoate +
cresol systems

06
—4—o-cresol
—.—m-
705} _._m cresc:\
% / p-creso
= ‘“‘\\
x 04 o A
= / \
2
@ — W
S 03} - 8
@ — A
c A -/ e R
2 \\
[
% 02 -/ - A
$ . \I
qw; 01 o \\.\
2 B ./ \\.7__ PO )
(V]
00 1 1 1 1
00 08 10

Oole fractich’of benzyl Bénzoate
Figure8: Variation of excessactivation energy with mole
fraction of benzyl benzoate at 30°C in themixture: Benzyl
benzoate + cresol systems

23
_— —4—o-cresol
' A —m—m-cresol
A ~. |
18| A —e—p-creso
\\
16 |- -

excess viscosity (cP)
5 i
I

\»

A \
el / - A
Tom et
06 | A - — r/f/-- :
o "
04
o o = /-./
b —e— .W‘/{/’ﬂ
e
0.0 , o I |
0.0 . |

%ole fractiol bf benzyl b&hzoate
Figure9: Variation of excessviscosity with molefraction of
benzyl benzoateat 30°C in themixture: Benzyl benzoate +
cresol systems

the systems and are presented in Figures 2-8. From
Figure2, itisnoticed that Fisnegativethroughout the
concentration range. For o-cresol, it ismorenegative
a high concentrations. L= isa so negative—more nega-
tivefor p-cresol sysemwithaminimumeat ~0.4m. Fg-
ure4 revealsthat o-cresol showssdlightly positive z&
whileitisnegativefor the other two m-cresol and p-
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TABLE 2: Thermodynamic parameter sin themixturesof cresols

M ole fraction of Cog(gj)lregsgttl)ﬁ:l ity Internal pressure  Molar vqune Free I%ngth Enthal p)_/1 A(ét:]\érag;n
Benzyl benzoate (102N cm?) (atmsg) (ml.made-) (A") KJ.mde") (RT units)
0-Cresol
0.0000 4.38 7960 104.46 0.4178 832 6.43
0.1118 431 7380 113.86 0.41425 840 6.59
0.1775 4.27 7306 119.34 0.41226 872 6.73
0.2513 4.24 7124 125.75 0.41065 896 6.86
0.3349 421 6314 133.16 0.40918 907 6.97
0.4303 4.16 6381 141.42 0.407 902 7.05
0.5402 413 5854 151.12 0.40529 885 7.11
0.6683 4.08 5326 162.20 0.40297 864 7.16
0.8192 4.04 4676 175.92 0.40092 823 7.18
0.9054 4.02 4385 183.44 0.39987 804 7.19
1.0000 3.94 3967 189.62 0.39602 752 7.12
m-Cresol
0 4.55 10649 105.52 0.42572 1124 7.03
0.1117 441 9159 114.34 0.41901 1047 7.02
0.1773 4.37 8475 120.13 041721 1018 7.04
0.2511 4.3 7832 126.22 0.4137 989 7.06
0.3347 4.26 7128 133.67 041194 953 7.07
0.43 419 6542 141.79 0.40838 928 7.1
0.54 413 5945 151.14 0.40558 893 7.14
0.668 4.08 5362 162.74 0.40307 873 7.18
0.8191 4.02 4802 175.77 0.40027 844 7.23
0.9053 4.01 4480 183.5 0.39952 822 7.24
1 394 3967 189.62 0.39602 752 7.12
p-Cresal
0 451 13819 85.96 0.42362 1188 6.87
0.1132 4.38 1612 97.67 0.4175 1134 6.97
0.1795 4.32 10589 104.6 0.41453 1108 7.03
0.2539 4.27 9579 112.48 0.4122 1078 7.08
0.3379 4.22 8492 121.43 0.40989 1031 7.1
0.4336 417 7360 131.59 0.4073 9638 7.09
0.5436 413 6353 143.18 0.40528 910 7.09
0.6712 4.08 5544 156.91 0.40292 870 7.13
0.8212 4.03 4788 172.63 0.40063 827 717
0.9065 4.02 4459 181.81 0.3999% 811 7.2
1 394 3967 189.62 0.39602 752 7.12

cresol systems. HE dso showssimilar variation (having
maximum at ~0.5mfor o-cresolsand minimumat ~0.5m
for the other two). From these excess parameters, it
may besaid that in o-cresol system weak interactions
and dispersiveforces predominate whilein the other
two m-and p-cresol systems, strong interactions be-

tween thecongtituent unlikemolecules(AB interactions)
besidesdipole-dipoleinteractionsare predominant. It
can a so bementioned that the strength of interactions
follow theorder: o-cresol < m-cresol < p-cresol. No
complex formationissuggested in any system.
Fromthe variation of GF and #F (excessviscosity)

Hn Tndéan g%wumé
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TABLE 3: Ultrasonic velocity, density and viscosity of mix-
turesdioxane, anilineand pyridine

Molefraction of  Velocity Density  Viscosity
Benzyl benzoate  (ms?) (kgm®)  (mill.Pa.s)
Benzyl benzoate + 1,4 diaxane

0 1320.8  1020.39 1.01902
0.094 13585  1044.76 1.4822
0.151 1376.2  1052.99 1.71337
0.2166 1397.4  1061.62 1.91222
0.2932 14138  1070.03 2.4073
0.3836 1432.1  1078.84 3.01819
0.4919 14472  1086.43 3.51223
0.624 1466.4  1093.81 4.13747
0.7887 1480.8  1100.17 477321
0.8874 1487.8  1104.41 5.61315

1 1506 1119.35 6.53251

Benzyl benzoate + aniline

0 1621.7  1011.88 3.08451
0.1086 1580 1028.76 3.46384
0.1727 1564.2  1042.84 3.76986
0.2452 1555.3  1051.85 3.99518
0.3276 1549.4 1061.4 4.41272
0.4222 1542 1072.25 4.79811
0.532 1532.2  1081.11 5.19408
0.6609 1520.4  1090.07 5.46524
0.8143 15129  1099.58 5.89675
0.9025 1507.3  1107.65 6.40452

1 1506 1119.35 6.53251

Benzyl benzoate + pyridine

0 1397.6 970.68 0.78723
0.0974 14155  1001.85 1.10826
0.156 14211  1012.18 1.22128
0.2233 14328  1024.71 1.42958
0.3014 14432  1039.56 1.73434
0.3928 14553  1059.17 2.30259
0.5016 1467.4  1069.89 3.02915
0.6331 1476.9  1083.03 3.54381
0.7787 1485.8  1092.49 4.32895
0.8913 14939  1098.46 5.12677

1 1506 1119.35 6.53251

whichispostivethroughout inal thethree systems, it
may bethat endothermic typeof chemicd reaction ex-
igtsindl thesystemsand the strength of chemicd reac-
tionisintheorder o-cresol > m-cresol > p-cresol. Other
parameterslikere axation strength, rlaxation timeand
classical absorption are d so computed and presented
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inFigures 9-11. Classical absorption and relaxation
strength show decreasing trend with the addition of
benzoate— which results in the formation of aggregates
of solvent molecul esaround the solvent dueto which
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structural arrangement isaffected inthesystem. The
behavior of absorption and relaxation timealsoindi-
cate smilar type of reactions suggested by excess pa-
rameters.

Redlish-Kister polynomial (A% =X X, [A +A (X,
X,)+A(X X))+ A2(x,-x,)?] of 39 order isfitted tothe
excess parameters and the constantsA | A, A, & A,

T T —
olo & 02 04 06 0.8 n— Ao

100 | AN A \/ /

> T A

o —
200 | \A . \‘_,o/
e —e —e._ .-
- —a

300 |
-400

Figure 18: Variation of excessinternal pressurewith mole
fraction of benzyl benzoateat 30°C in the second type of mix-
tures

arepresentedin TABLE 4.

Sudy in systemsof benzyl benzoatewith 1,4 diox-
ane, anilineand pyridine

Ultrasonic ve ocity, density and viscosity havebeen
measured in the three binary mixtures of thetypell
(with aromatic azo compounds and dioxane) at 30°C
and arepresentedin TABLE 2. Velocitieshave aso
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TABLE 4: Thermodynamic parameter sin mixturesof dioxane, anilineand pyridine

Moale fraction of Adiaba_ti(_:_ Internal pressure Molar 0 Enthal py Activation
Benzyl benzoate Com_?zrblléty (atms) vqume_l Freelength (A') (KJ.mole™) Energy
(10N~ cm"?) (ml.mole™) (RT units)
BB+1,4 diaxane

0 5.62 4387 86.35 0.47293 379 4.48
0.094 5.19 4584 95.5 0.45442 438 4.95
0.151 5.01 4545 101.48 0.44683 461 5.16
0.2166 4.82 4397 108.32 0.43824 476 5.33
0.2932 4.68 4494 116.36 0.43147 523 5.64
0.3836 4.52 4546 125.81 0.4242 572 5.94
0.4919 4.39 4390 137.31 0.41831 603 6.18
0.624 4.25 4210 151.37 0.41143 637 6.44
0.7887 4.15 3943 169.08 0.40625 667 6.69
0.8874 4.09 3970 179.53 0.40358 713 6.92

1 3.9 3967 189.62 0.39602 752 7.12

BB+aniline

0 3.76 6421 92.04 0.3868 591 5.65
0.1086 3.89 5989 103.1 0.39374 617 5.88
0.1727 3.92 5843 109.03 0.39502 637 6.02
0.2452 3.93 5570 116.31 0.39557 648 6.14
0.3276 3.92 5393 124.51 0.39531 671 6.31
0.4222 3.92 5159 133.76 0.39519 690 6.46
0.532 3.94 4890 144.76 0.39608 708 6.62
0.6609 3.96 4539 157.66 0.3975 716 6.76
0.8143 3.97 4226 172,91 0.39776 731 6.93
0.9025 3.97 4164 181.14 0.39776 754 7.06

1 3.94 3967 189.62 0.39602 752 7.12

BB+pyridine

0 5.27 4112 81.49 0.45826 335 4.16
0.0974 4.98 4148 91.89 0.44536 381 4.62
0.156 4.89 3979 98.67 0.44133 393 4.79
0.2233 4.75 3910 106.21 0.43505 415 5.02
0.3014 4.62 3896 114.69 0.42881 447 5.29
0.3928 4.46 4041 124.06 0.42129 501 5.65
0.5016 4.34 4113 136.36 0.41573 561 6.02
0.6331 4.23 3917 150.87 0.41054 591 6.28
0.7787 4.15 3809 167.3 0.4063 637 6.59
0.8913 4.08 3784 180.04 0.40301 681 6.83

1 3.94 3967 189.62 0.39602 752 7.12

been evd uated theoreticdly usingfivetheoriesFLT, CFT,
NOMOTO, VANDEAL and JUNJIE and have been
showninFigure12 dongwiththeexperimenta vaues.
Asfollowed fromthefigure, thevelocity increaseswith
the concentration of benzoatein themixtureswith pyri-
dineand 1, 4 dioxane but decreasesin anilinemixture.

Physical CHEMISTRY o

The maximum percentagedeviationsare-5.26, -2.68,
-0.60,-13.98 and-1.06in 1, 4 dioxane system; -2.13,
-1.51, 0.60, -13.63 and 0.48 in pyridine system and
2.26,0.84,1.42, -4.99 and 1.28 in aniline system in
FLT, CFT, NOMOTO, VANDEAL and JUNJIE re-
spectively. Maximum deviations are observed in
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Figure19: Variation of excessenthalpy with molefr action of

benzyl benzoate at 30°C in the second typeof mixtures
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Figure20: Variation of excessactivation ener gy with mole

fraction of benzyl benzoateat 30°C in the second type of mix-
tures
1.0 =
T .\\'\\,_- —m— 1,4 dioxane
/ —e—aniline
08 |- —Aa—pyridine
%’; 0.6 |- F -
°:° 04 -"'-// \-‘\‘
! 0.2 _/ //97; ’
0.0 L 1 1
0.0 %% ole fractioh’of benzyl B8fnzoate
Figure21: Variation of excessviscosity with molefraction of
benzyl benzoate at 30°C in the second typeof mixtures
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Figure22: Variation of relaxation strength with molefrac-
tion of benzyl benzoateat 30°C inthe second typeof mixtures
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Figure23: Variation of relaxation timewith molefraction of
benzyl benzoateat 30°C in the second typeof mixtures

6

5

4 |

absorption coefficient
w

—m— 1,4 dioxane
—e—aniline
—a—pyridine

0.4 0.6
mole fraction of benzyl benzoate

0.8 1.0

Figure24: Variation of absor ption coefficient with molefrac-
tion of benzyl benzoateat 30°C inthe second typeof mixtures

TABLE 5: Jouyban-Acreemodel constants

Ao Aq A PMD Ao Aq A PM D*
Name of the System : : — .
(Surface Tension correlation) (Viscosity correlation)

Benzyl benzoate + o-cresol -2.8 -19.68  -55.32 -0.7 340.4 58.2 -65.9 -3.69
Benzyl benzoate + m-cresol 2.49 -15.3 -38.12 -0.735 1.89 24125 194.9 245
Benzyl benzoate + p-cresol 6.14 -20.79  -50.47 -0.617 28.44 111 230.5 -2.74
Benzyl benzoate + 1,4 dioxane 17.03 -29.78 -88.72 121 3519 -293.7 53.2 7.54
Benzyl benzoate + aniline -1558  10.15 59.34  -0416 134.3 -0.7 -3.4 2.96
Benzyl benzoate + pyridine 0.58 -22.32 -8842 1215 251.6 -204.8 -149.2 -7.58

PMD* : Percentage maximum deviation
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TABLE 6: Redlich—Kister parametersA ,A A, alongwith standard deviation ¢

BE(10™ Nt m?) n° (atm) HE(kJ mole™) G5(RT units)
Name of the system
Ao A1 Az A3 o Ao Al Az Ag (¢} Ao Al Az A3 (¢} Ao Al Az A3 o
Benzyl benzoate + o-cresol  -391 354 179 -727 91 568 -2218 -1488 5156 318 421 -263 -127 737 31 1.63 -1.37 1.28 1.60 0.09
Benzyl benzoate + m-cresol ~ -222 34 -486 741 44 -4693 2594 211 1905 104 -118 101 363 359 16 1.26 -0.56 0.02 1.47 0.06

Benzyl benzoate + p-cresol -160 189 -501

201 36 -8622 2061 1875 1038 283 -181

461 46 469 14 0.39 -0.69 0.76 1.48 08

TABLE 7: Redlich—Kister parametersA A A, alongwith sandard deviation ¢

ﬁE (1011 N-l m2)

7t (atm)

HE (kJ mole™) GE (RT units)

Name of the system
Ao A1 A2 A3 c Ao A:I. A2

A3 o Ao Al A2 A3 (o3 Ao A1 A2 A3 o

9 -3 -26 11 8 705
2733 9 55 -938

Benzyl benzoate + 1,4 dioxane
Benzyl benzoate+ aniline

Benzyl benzoate + pyridine

-1614 -153 -473 483 -42 1282 1490 -4865 632 1.49 -0.62 0.15 -0.75 0.26
-166 -104 309 166 115 -59 -85 31
-4 -5 -20 4 2 -1689 -3169 1233 5072 1307 -63 14

17 0.71 -0.36 0.01 059 0.09
-152 -243 13 126 015 -056 -1.74 0.25

VANDEAL while CFT, NOMOTO and JUNJIE ap-
pear to havean edge. Thevariation of all thethermo-
dynamic and other related parameters (TABLE 3) isas
follows. # and = decrease with concentration in diox-
aneand pyridinesystems. L.increasesfor anilinesys-
temwhilefor the other twoit decreases. Indl thesys-
tems, the other parametersV_, H and G show increas-
ing trend with the concentration of benzoate. Asusual,
the excess parameterswhich reveal thenature of mo-
lecular interactions have been computed and aredelin-
eated in Figure 15-21. fEispositivefor anilinewith
maximum at ~0.6mwhilenegativefor both pyridineand
1,4dioxanwithaflat minimum. L =ispostivefor aniline
and negativefor both pyridineand 1,4 dioxane. From
Figure 20, itisseenthat z=ispositivefor 1, 4 dioxane
upto 0.7m and negative afterwardswhileitistotally
negativefor both pyridineand anilinewith aflat mini-
mum at 0.3 to 0.6m. HE is negativefor pyridineand
positivefor 1, 4 dioxaneand aniline. GE and s areall
positivethroughout for thethree systems.

From thevariation of mgjority parameters,inl, 4
dioxane, weak interactionsand dispersiveforcesand
intheother two system, strongAB interactionsbesides
dipole-dipoletypeinteractionsare suggested. Theor-
der of thestrength of interactionsisasfollows. Dioxane
< pyridine<aniline. Endothermic typeof chemica re-
actionissuggestedinall thethree systems, being stron-
ger in 1, 4 dioxane system.

Theexcessparametershave beenfitted to Redlisch-
Kister polynomial of 39 order arepresentedin TABLE
6. Jouyban-Acreemodel issuccessfully appliedto cor-
relateviscosity and surface tension with concentration

and themodel parametersaredisplayedin TABLEDS.

Also ananalysisof variation of the parametersre-
laxation strength, relaxation timeand class cal absorp-
tion aspresented in Fgure 22-24 showsthat rel axation
strength increasesin aniline system whilein the other
two mixtures, it decreases. Relaxationtimeand absorp-
tion coefficient- bothincreasewith concentrationindl
thethreesystem studied. Similar typeof interactionsas
suggested by earlier parametersareindicated from these
parameters o, T and absorption.

At thisjuncture, the behaviour of cresol systems
and azo compoundsin other liquidsand benzyl ben-
zoatein other liquidsis compared. Inthe mixtures of
DM SO + cresolsand DM SO + p-chlorophenal, theo-
retical evaluation of velocitiesisattempted. CFT and
NOMOTO agreewell with the experiment. Inthebi-
nary systems of o-cresol + ethyl acetate and iso amyl
acetate, through ultrasonic vel ocity measurements, in-
teractions are studied besides kinetic rates and free
energy. Thirumaran and George® in thebinary systems
of cresolswith NN’ dimethyl formamide, have estimated
themolecular interactionsin thelight of excessparam-
eters. Inthemixturesof NN’ Diethyl acetamide + o-
cresol, m-cresol and o-chlorophenol at different tem-
peratures, VE valuesare positive, 7F valuesare postive
and K " valuesareall negative. And no strong specific
interactionsaresuggested. ShahlaPraveenet d. have
been shown that molecular interactionsinthemixtures
of tetrahydrofuran + methanol, o-cresol vary signifi-
cantly from the behavior of excess parameters. 7= and
HE are negativefor benzyl benzoate + dichloro meth-
aneand isobutanol™®, suggesting strongAB interactions.

Physical CHEMISTRY — commmm
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Inthemixturesof dcoholswith benzyl benzoate?, from
negativert and HE strong AB interactionsare suggested.
Similarly inthemixtures of benzyl benzoatewith aro-
matic alkanes, substituted benzenes*¥ acetonesand
ketones*, DMSO*¥, CS, and diethyl ether!*, ac-
etophenone and DMF*, and benzonitrile, acetoni-
trild®, theauthors havereported variousmolecular in-
teractions and the nature of chemical reactionsbased
on the variation of excess parameters. In the binary
mixturesof acetonitrilewith ethanol and methanol™,
JEisobserved to be negative. Peculiar behavior inz
and V, is observed in the ternary mixture: 1 butanol
+pyridine +benzeng*®. In the system of S pinenewith
ethanol and propanol, H=and V, ® yield specificinterac-
tiond®9. Inthe mixtures of NN DM F with tolueneand
methyl benzoate, V_F and = behaveinterestingly?®”l.

A comparisonof our resultsand findingswiththose
of theaboveworkersyields good agreement with re-
spect tomolecular interactions.
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