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ABSTRACT

The excess molar volumé& ®nd viscosity coefficient of the binary mixturéslgpropanol-, 2-methyl-2-propanol-,
and 1-hexanol- with hexane over the whole comjpositinge have been measured at five different teatyres
(298.15, 303.15, 308.15, 313.15 and 318.15)K amdoapheric pressure. The observed values of théovthe
mixtures can be explained in terms of the (i) dis®toon of the associated polar molecules, (ii) a@induced
dipole interaction between the polar and non-polaolecules, (iii) repulsive electronic force betwethe
components and (iv) geometric effect due to diff@e in molar volumes. Thé& Wata have been fitted by the least
square method to the five parameter Redlich-Kistgration and values of the parametehéve been reported. The
excess viscositieg of all the mixtures are negative and have minirmaraund 0.40, 0.2 and 0.10 respectively mole
fractions for x of hexane. The values both and interaction parameter d have been explainethélight of the
observation of Nigam and Mahl. The free energiesiicous flowdG™ and the excess free energies for viscous flow
AG™ has been calculated from the equation of Eyring.

Keywords: Excess molar volume; Excess viscosity coefficient; Free energy for viscous flow

INTRODUCTION

The experimental approach of measurements of variwacroscopic properties is also useful in progdjnidance
to theoretical approaches, since the experiment@hgrmined values of solution properties may brimdight
certain inadequacies in the proposed model on wthiebretical treatments may be based. Thermodynsiuadies
on binary solutions have attracted a great dealtehtion and experimental data on a good numbseysiems [1,
2]. There has also been considerable interestenméasurement of physicochemical properties [ 4Jacticular
interest has been the determination of viscosiifemixtures. The 1l-alkanols are interesting simgk@mples of
biologic and industrial important amphiphilic masds [5]. The effect of temperature and chain langft 1-alkanols
when mixed with benzylalcohol that may induce chemnigy sign and magnitude of excess thermodynamictifins
[6]. Further, it has been reported [7-9] that theergyth of association in alkanols decreases asahwon chain
length in the molecule increases for 1-propandiutanol, 1-pentanol, and 1-hexanol. A survey oflileeature has
shown that the thermodynamic properties for birigyid mixtures [10-18] were reported earlier. Thmowledge of
physicochemical properties of multicomponent migguwas indispensable for many chemical processsirids.
For instance, in petroleum, petrochemical and edlahdustries the above mentioned processes wanenooly
used to handle the mixture of hydrocarbons alcoraldehydes, ketones etc., which exhibit moderaigal to
highly non-ideal behavior. For accurate design auigment required for these processes, it is nacgds have
information regarding the interactions between twmponents. Similarly, knowledge of the viscosity o

65
Pelagia Research Library



Ali A. S. M. Zahid et al Adv. Appl. Sci. Res., 2015, 6(6): 65-74

liquids/mixtures is indispensable, since nearlyabineering calculations involve flow of fluidsisZosity data
yield a lot of information on the nature of inted@cular interaction and mass transport.

Some compilations [19] on the viscometric behaviwuliquid mixtures. Besides the objective of ctatimg the
viscosity of mixtures with those of the pure compts there has been a growing interest to detercent&in
criteria of fundamentals dependence of viscosity tbermodynamic properties. Interdependence of sisgo
coefficients (which is a transport property) witlekmodynamic properties is justifiable in view bétfact that their
values depend on the characteristic distributioseoled by the particles in any thermodynamic staliinough a
very large number of equations have been propasedtime to time to express solution viscosityemts of those
of its components, none has really been provenetmfbgeneral applicability. Benson and co-works] [B@ve
reported very accurate data al@5or mixtures of alcohols and alkanes both thraugtthe whole range and at
very dilute concentrations. They suggested tfias\the resultant contributions from several appgsiffects that
may be divided in three types: chemical, physical structural.

Shan and co-workers [21] determined the viscosities densities of nine binary 1-alkanol system&-pfopanol +
1-butanol, propanol + 1-pentanol, butanol + 1-peaital-butanol + 1-nonanol, 1-butanol + 1-decatgbentanol +
1-octanol, 1-heptanol + 1-octanol, 1-nonanol + gah®l, and 1-decanol + 1-undecanol over the eotireposition
range at 293.15 and 298.15K and atmospheric pes3ine experimental viscosity data were correldtgdhe
McAllister three-body and four-body models and wesed to test the predictive capability of the galieed
corresponding state principle (GCSP) method.

Rambabu and co-workers [22] determined ultrasowidcities and densities of binary mixtures of 1rbabutane
with 1-propanol, 1-butanol, 1-pentanol, 1-hexadeheptanol and 1-octanol at 303.15K. Isentropic ma@ssibilities
(K9 and deviations in isentropic compressibilitiak{) were calculated from the results. The valueAk{ were
positive over the entire range of composition ihsa binary liquid mixtures. The experimental riksuwere
explained in terms of depolymerization of H-bona@dcbhol aggregates, decreases in dipolar assatiatid weak
hydrogen-bonding interaction of the type Br.... Hb&ween unlike molecules. Aminabhavi et al [3ledetined the
densities, viscosities, and refractive indiceshaf binary mixture of bis(2-methoxyethyl)ether witfpropanol, 1-
butanol, 2-methyl-2-propanol. From these results,éxcess molar volumes, deviations in viscosity r@fractivity
were calculated. The results were fitted to the liRedister polynomial equation and the binary istetion
parameters were estimated.

Subha et al [23] measured densities and viscosifiggopionic acid in methanol, ethanol, 1-proparipropanol
and 1-butanol at 308.15K. From experimental déie eixcess molar volumes, (§) excess viscositiesp) and the
excess molar Gibbs free energy for the activatibrilaw (G*) were computed and presented as functions of
composition. Rajendran [24] measured the ultraseeliacity, density and viscosity for the binarydid mixtures of
n-heptane with n-propanol, iso-propanol, n-butaaotl iso-butanol over the entire range of mole foast at
298.15K. These data have been used for computiagmblar volume, internal pressure and enthaplyhef t
mixtures. The positive contribution orfMHF and negative contribution di,", N indicates the absence of complex
formation in the mixtures. Orge and his co-workig5] presented experimental values of the densiffyactive
index, speed of sound, and dynamic viscosity of bivery mixtures (methanol, ethanol or 1-propaneiih
(pentane, hexane, heptane and octane) at 298.1&kKtarospheric pressure, as a function of the nfalaation.
From the experimental values, the correspondingsxand deviation values were computed (exess mallames,
change of refractive index on mixing, change ohisgpic compressibilities and dynamic viscosity idéens),
variable degree polynomials being fitted to theultss Different methods were applied in order ttabksh values of
these physical properties, in good agreement wiffement. The binodal tie lines for each ethanalkane binary
mixture at different temperatures were determingthle measurement of physical properties and agtjpic of the
corresponding fitting polynomials. UNIFAC — Dortnaiigroup contribution method was applied to prethese
liquid — liquid equilibria.

Singh et al [26] measured the excess volumes frbthary mixtures of 1-propanol or 2-propanol + tmre, +
toluene, + o-xylene, + m-xylene and + p-xylene dherentire range of composition at 298.15K. Theess volume
curves for 1-propanol + toluene, + o-xylene andyleme systems were sigmoid. The observédvalues of the
mixture were positive over most of the concentratiange, but slightly negative at % 0.8. The observed &
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values of the system 2-propanol + benzene werdip®siver the entire range of composition. The lteswere
discussed in terms of various physical, chemicdlstructural effects

The applicability of two molecular theories in pietthg thermodynamic excess properties is testegalticular the
experimentally determined dependence of the exeafizalpy on pressure of some binary alkane + allarte
alcohol + alkane mixtures was used in this invediom. A consistent description of the experimensllts of the
alkane + alkane mixtures was possible using a reatiPrigogine-Flory-Patterson free volume theorpick
accounts for the short range order observed fdkamas. To the alcohol + alkane mixtures the resbeiated
solution model has been applied in order to take account the volume change upon mixing due tadgeh
bonding of the alcohols. This model, however, wasfl to be insufficient for describing quantitatvthe pressure
dependence of the excess enthalpy.

To our knowledge, the excess molar volumes, visiessand free energies of five binary mixtures, Jiexane + 1-
propanol, + 2-propanol, + 2-methyl-2-propanol, +helxanol, and + 1-heptanol at different temperatuaad

compositions have not been studied. This artigms the experimental density and viscosity ddtthe binary

mixtures of the above compounds at (298.15, 303808,15, 313.15 and 318.15) K. From these dataexcess

molar volumes and the viscosity deviations wheneeHzeen firstly, to interpret the experimental hssand suggest
the structure of the solutions, and secondly, g@ieability of the theory of viscosity suggesteg Bloomfield and

Dewan [27] for these mixtures.

MATERIALS AND METHODS

Hexane (Fluka chemika, GC > 95%), 1l-propanol (Flukemika, GC > 98%), 2-methyl-2-propanol ( Fluka
chemika, purity > 99.7%), 1-hexanol (Fluka chemi®&; > 98%) were used without further purificatidime purity
of the chemicals was checked by comparing theisities and viscosities with literature values.

An electronic balance (Mettler Toledo, B204-S, @eftand) with an accuracy of £ 0.0001g was usedvieighing.

The densities of the pure liquid and liquid-liquitixtures were measured using a high precision tiiigaube

digital density meter (DMA 5000, Anton Paar, Auajriwith a high precision in-built thermostat. Thethod is

based on the principle of time-lapse measuremerntddain number of oscillations of a vibrating baped sample
tube filled with the sample liquid. At constant teenature, the natural vibration period of the Ueiirelated [33]
to the density of liquid filling the tube. The dgsiof the cell ensures identical volumes to be ugedthe

measurement on different samples. Using a polyetieykyringe the sample was continuously and slavjggcted

from the upper port of the U-tube until the exctarl flowed out of the lower part. This ensuredthhe inner
surface of the cell was completely wet and thereew® micro bubbles inside the U-tube. The syrings kept as
such in plugged. After the measurement, the sampteremoved and air was passed, by built-in puhtpugh the
tube to remove excess liquid. The tube was thesedrseveral times with the solution of higher cotregion and
finally the solution was injected for the measuram@ll the measurements were made starting froeldlvest to
the highest solute concentrations. The workinghef tensity meter was checked by measuring the tgeosi
standard water sample supplied with the densitmet

The viscosity coefficients of the pure liquids ahdir mixtures under investigation were determibgda modified
cannon-type viscometer. The inside wall of the miseter was thoroughly cleaned with warm chromid & that
there was no obstruction due to grease or any dtheurity in the capillary and the liquid could &g move
without leaving any drop behind. It was then rinffeoroughly with distilled water, followed by refigid spirit and
finally with acetone and was dried. The viscometdth the liquid was then clamped vertically in thater
thermostat. The viscometer with the liquid insidasvkept in the water thermostat for 15-20 minubteshtain the
working temperature maintained. The flow time ofulds was recorded by an electronic stopwatch neadp to
0.01 second. A constant temperature water thertastused for the measurements of density andsityoof the
liquids. The temperature of the thermostat was ta@iad constant to an accuracy of £ 0.01K and reach
Beckman thermometer set at the working temperatUites controlling device consisted of a tolueneutagr, an
immersion heater, two tungsten filament bulbs (60vd 200w), a transistorized electronic relay andhadable
transformer. An efficient stirrer was used to emstlve constancy of temperature of water througtimerimostatic
bath. A clean dust free rubber tube with a syripipette was attached to the smaller arm of theovister in order
to suck the liguid/solution up to the upper bulm 6ucking the liquid/solution above the upper mafkthe
viscometer tube, it was released. For each soluti@nefflux time was measured at least three tiamekthe average
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of the efflux times agreeing within 0.05 seconds was taken.

The viscometric constants A and B of the visconsetests evaluated at experimental temperatures (29808.15,
308.15, 313.15 and 318.15)K using spectroscopyegodiatyclohexane and heptane. The values of A afat Bhe
viscometers used were given in Table-1.

3. Results and discussion

3.1 Discussions of excess molar volumés, V

The excess molar volumes™\of the binary mixtures of hexane + 1-propanol, -mé&thyl-2-propanol, and + 1-
hexanol have been determined at five different emapires, viz., 298.15, 303.15, 308.15, 313.1538115K over

the entire range of composition. The experimenglies of \F have been fitted by the least square method to the
five parameter Redlich-Kister equation of the type,

4
VEfen mole? = x,(1-x%) Y A (2%, —1)’ 1)
i=0

The values of the coefficient;Aand the standard deviation S, have been repwitbdhe table 2. The plots of the
VE values against the mole fractionof hexane at all the temperatures have been shottie Figures 1(a), (b) and
(c) respectively. The ¥VVs. x plots of all the five mixtures at 298.15 K haveabeen shown in Figure 2 for
comparison.

3.2 Eexcess molar volumes and structure of thdisolu

The excess molar volume of the binary mixturesefame + 1-propanol, + 2-methyl-2-propanol, and keganol
have been determined at five different temperajwizs, 298.15, 303.15, 308.15, 313.15 and 318.D5Kr the
entire range of mole fractions. In Fig. 1(a) thiewdlues for the hexane + 1-propanol mixtures wisaoid, which
were negative over the almost entire range oferfiactions (x) of hexane and small positive at highewalues.
In Fig. 1(b) and Fig. 1(c) shows thé& Values for the hexane + 2-methyl-2-propanol aridhiexanol were positive
over the entire range of composition. The magniuzfe/~ values were in the order, hexane + 1-hexanol ahex
2-methyl-2-propanol > hexane + 1-propanol. In cafség. 1(a) of hexane + 1-propanol mixtures, thegative \F
values show minimum around 0.3 mole fraction. Tresd of \F values of the three systems might be an indication
of the three different types of alkanes. The nega¥i values in the mixtures of the system hexane +apgmol,
but the positive ¥ values shows in the other two binary systemsulrrecent studies a similar trend ifi Values of
higher alcohols + alkanes was observed by a nuofhgorkers. The alcohols are highly structured pbtpids and
addition of non-polar alkanes results in the bnegkdf hydrogen bonds, contributing a positive dffec\VE. This
has been found so with other systems but a coimgastas noticed where hexane was added to 1-proplencase
of the hexane molecules, it was partly or fullyehstices of polynuclear ring when mix with the dols of higher
alkanol molecules formed by H-bonding. Thereby tiegative contribution of which were dominating ovbe
positive contributions. In case of other systemsitp@ contribution dominate over the negative cbuotion as
reflected in the ¥ values.

The observed ¥values of the mixtures under investigation caexgained in terms of the following contributions:
(1) Effect due to differences in the chain lengtthe alkanols,

(2) Dipole-inducedlipole interaction between the unlike polar and-potar molecules,

(3) Geometric effect due to differences in molalunees of the component molecules,

(4) Electronic factors that cause repulsion betweercomponent molecules,

(5) Tendency of self-coiling of the linear hydrdsan molecules,

The excess molar volumes of the binary mixtureseuiuvestigations may be considered to be the tasubf the
above-mentioned competing interactions of the carepbmolecules. Except hexane, all the componeastpalar
compounds; the value of dipole momep} being 1.68, 1.68, 1.21 D for 1-propanol, 2-metygropanol, and 1-
hexanol, respectively. Addition of hexane molecutesises dissociation of the associated alcohol culde
resulting in expansion in volume. Further, both #ieohol and the alkanes being bulky and electedaasing
molecules, there would have unfavourable interastibetween them and positive %6 expected. There may,
however, be dispersive force of attraction dueh permanent dipole of the alcohol and inducedldgpof the
alkane molecules oscillating in phase. This wouddenvery weak effect in volume contraction. All thextures
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have, therefore, positive values of.\The value of dielectric constant) peing 1.9, 18.3, 10.9, 13.3 for hexane, 1-
propanol, 2-methyl-2-propanol, and 1-hexanol, re8pely. The values of the index of refraction (NBf room
temperature were 1.372, 1.375, 1.383, and 1.416héxane, l-propanol, 2-methyl-2-propanol, and lahek
respectively. The values of molecular magnetictrmtapower in the same magnetic fieldf(being 5.66, 3.372,
4,91, and 6.89 for hexane, 1-propanol, 2-methgtghbanol, and 1-hexanol respectively when the evaluwave
length @) is 589u.

As far the magnitude of ¥/ it has been observed thaf Mcreases with increasing chain lengths [28] awddasing
alkane size [29]. The magnitudes of thewalues of the mixtures were in the order hexarlehexanol > hexane +
2-methyl-2-propanol > hexane + 1-proparnitie observed low ¥values of hexane + 1-propanol may be explained
in terms of differences in molar volumes of the poments and tendency of self-coiling of hydrocarbmiecules.
The molar volumes of hexane, 1-propanol, 2-methpt&panol, and 1-hexanol at 298.15K are, respdgtive
131.5324, 75.1156, 94.0490, 124.9144 amle™.

3.3 Discussion on viscometric behavior of the medu

The viscosity coefficient of the binary mixtures leéxane + 1-propanol, 2-methyl-2-propanol and +egamol at
298.15, 303.15, 308.15, 313.15 and 318.15K have baleulated.

Discussion of the viscosity coefficient of binaiguid mixtures starts from the concept of ‘ideabligion with a
view to considering a particular system departingmf ideal behaviour. The viscosity coefficient dtideal
mixture is represented by the equation,

INn=x.Inm+xInn 2

and deviation from the ideal value is expresseerims of excess viscosity~ as
1" = i - €Xp(27% In 17) (3)

The excess viscosities of the mixtures at differemmnpositions have been presented in Fig. 3. Sinjge of
variation ofn values of alkane + alcohol mixture was interprg&€] as due to the dissociation of cyclic assdaiat
present in pure alcohols to give linear monomets.\ews were also in general agreement with tbesirclusion.

Grunberg and Nissan [31] suggested an expressijofo4he estimation of viscosity coefficient andesgth of
interaction between the components of a binaryunéexpressed as,

In ”:X]_In /71+X2|n I72+X1X2d (4)

Where, the d was proportional to w/RT (w is thesiohange energy) and may be regarded as an apptexim
measure of the strength of interaction betweerctimeponents. The values of d were generally caledlat x=0.5
and used to calculate the viscosity coefficiernthef mixture at all compositions.

The excess viscositieg- and interaction parameter d, were majority negafor all the mixtures of hexane + 1-
propanol, +2-methyl-2-propanol, and + 1-hexanalbthe temperatures. Nigam and Mahl [32] obseithed (i) if
nf> 0 and the strength of interaction d > 0 and tlgmitude of both is large, than strong specifieriattion would
be present, (i) ifi¥ < 0 but d > 0 then a weak specific interaction laddae present, and (iii) iff < 0 and d < 0 and
the magnitude of both are large, then specificramion would be absent. In the present investigati both they®
and d values were moderately negative for all thdures at all the temperatures. This should indiche absence
of specific interaction between the componentsltiesuin positive \F for all the systems. Our \tesults were,
however, positive for hexane + 2-methyl-2-proparoll-hexanol, and sigmoid for hexane + 1-propanitures.
The geometric effect due to differences in moladuree of the component molecules, perhaps, preddesniar
hexane + 1-propanol mixtures resulting in negate The \F values, thus, gradually increases with the chain
length [5] of alkanols and becomes positive fortomigs.

3.4 Discussion on the free energy of viscous flow
The free energy of activatiakG” for the flow process calculated by equation (5Ewfing [33,34],
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_hN ox AG* -

,7_
V RT

The values ofAG* were positive throughout the composition range dbrthe mixtures at all the experimental
temperatures. The, xs.AG” curves for the hexane + 1-propanol, + 2-methyk@pnol + and 1-hexanol mixtures
were slightly concave in nature. In the presenestigation, at 298.15K the minimum valuesm6thave been found
to be -0.1664 (atx0.40), -1.2131 (atx0.20), and -0.5437 (a4x0.10), for the hexane + 1-propanol, 2-methyl-2-
propanol and + 1-hexanol mixtures respectively.sTtne values cAG” were in the same order and consistent with
then® values.

The values oAG*® have been calculated from equation
AG™ = AG* - (AG," + %AG,") (6)

Where AG" is the free energy of the mixtures ak@,” andAG," are the free energies of the pure components 1 and
2 respectively. The values AG*® have been shown in the figures 6. It is furthesesied that th&G” increases
with the increase of temperature for all the systatall the compositions. Our observations in@i¢hat the flow
process was facilitated by the mixing process. Thesy was also evident from the valuesngfand d, which were
also maximum negative for the mixtures.

Table 1. Calibration constants (A and B) of the visometer-1 and viscometer-2

Temperature (k | Ax 10° B
298.1¢ 351 | -3.829¢
303.1¢ 351 | -2.284:
Viscometer- 1 308.1¢ 3.5] -2.352;
313.1¢ 3.4€ | -3.594!
318.1t 341 | -3.79:
Temperature (k | Ax 103 B
298.1¢ 3E | -1.180
303.1¢ 3.4¢ | -2.10L
Viscometer- 2 308.1¢ 3.47 -2.265¢
313.1¢ 34T | -3.175¢
318.1¢ 3.3¢_| -4.507C

Table 2. Coefficients Aof Redlich—Kister Eq. (1) and the corresponding stndard deviations (s) of all the binary systems

Temperature/K A A A, As A, S

2098.15| -3.4091] -5.4091 1.6123 -0.4685 -1,6636 @&603
303.15| -3.2885| 5.3271 1.373p -0.23p7 -1.0768 0.6044

Hexane+1-propanol 308.15| -3.2460, 5.1983 1.610f 0.1398 -1.2950 0.00633

313.15| -3.1221] 5.1047 1.386L 0.1006 -0.8359 0.00583

318.15| -3.0668] 5.0131 1.580p 0.4603 -0.8787 0.00538
298.15| 8.3186| -5.1404 -0.9891 -0.13p9 2.1457 0.p057
303.15| 8.4549| -5.109 -0.6120 -0.2439 1.7254 0.0026

Hexane+2-methyl-2-propanqgl 308.15| 8.7932| -5.204 -0.6834 -0.2985 1.8407 0.2Q73

7

6

9

B

P

P

L

318.15| 9.6486| -5.547 -0.862 -0.5767 2.3843 08023
298.15| 10.5480 -0.211 1.120
303.15| 10.7768 -0.050 1.638
Hexane+1-hexanol 308.15| 10.9337 0.0034 1.449
313.15| 11.2459 -0.6529 1.042]
318.15| 115909 -0.9632 1.110|

-0.2061  -0.5516 ®BQ5
-2.0949 -1.8887 (@606
-2.6179  -1.2752  0@Q47
-1.08(12 0.511 00Q38
-1.30B8  1.2793  02Q60

4
D
D
313.15| 9.1427| -5.3336 -0.537 -0.41y7 1.8537 058070
B
b
B

The applicability of two molecular theories in pigihg thermodynamic properties was tested. Inipaldr the
experimentally determined dependence of the exeatizalpy on pressure of some binary alkane + allarte
alcohol + alkane mixtures was used in this invesitig. A consistent description of the experimengallts of the
alkane + alkane mixtures was possible using a readiPrigogine-Flory-Patterson free volume theoryich
accounts for the short range order observed fan&g. To the alcohol + alkane mixtures the realcated solution
model has been applied in order to take into adcthenvolume change upon mixing due to hydrogendbanof
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the alcohol. This model, however, was found tortsifficient for describing quantitatively the pressdependence
of the excess enthalpy.
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e 313, 15K
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(a) (b) (c)
Figure 1. Excess molar volume, ¥of (a) hexane + 1-propanol, (b) hexane + 2-methglpropanol, and (c) hexane + 1-hexanol, at differén
temperatures and compositions
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Figure 2. Excess molar volume, ¥of our three different systems at 298.15K temperates and different compositions
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Figure 3. Excess viscosity coefficient® of (a) hexane + 1-propanol, (b) hexane + 2-methgl—propanol, and (c) hexane + 1-hexanol,
mixtures at different temperatures and compositions
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Figure 4. The interaction parameter, d of (a) hexaa + 1-propanol, (b) hexane + 2-methyl-2-propanol,ral (c) hexane + 1-hexanol
mixtures at different temperatures and compositions
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Figure 5. Free energy of activationAG* of viscous flow of (a) hexane + 1-propanol, (b) kane + 2-methyl-2-propanol, and (c) hexane + 1-
hexanol mixtures at different temperatures and compsitions
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Figure 6. Excess free energy of activatioddG*E (k J mol™) of viscous flow of (a) hexane + 1-propanol, (b)exane + 2-methyl-2-propanol,
and (c) hexane + 1-hexanol mixtures at different taperatures and compositions

CONCLUSION

The excess molar volumes ¥nd the excess viscosity coefficigfTtof the binary mixtures of hexane + 1-propanol,
+ 2-methyl-2-propanol, and + 1-hexanol have beaerdened at five different temperatures, viz., 283.303.15,
308.15, 313.15 and 318.15K over the entire rangeoanfpositions. The values of \6f the hexane + 2-methyl-2-
propanol, and hexane + 1-hexanol mixtures weretipesiver the entire range of composition. Thewalues for
the hexane + 1-propanol mixtures were sigmoid, d@ositive at higher mole fractions,>and negative at lower
mole fractions xof hexane. The magnitudes of thE Walues of the mixtures were in the order hexarehexanol

> hexane + 2-methyl-2-propanol > hexane + 1-propafte observed values of theé" Vor the mixtures can be
explained in terms of the (i) dissociation of ttesa@ciated polar molecules, (ii) dipole-induced tBpimteraction
between the polar and non-polar molecules, (iiputsive electronic force between the components @vid
geometric effect due to differences in molar volsmEhe viscosity coefficients of all the above mixtures at all the
five different temperatures have also been detexchiThe viscosity coefficients of the polar-nongsamixtures,
quite expectedly, show considerable deviation friolmal behaviour. The excess viscositigs are maximum
negative and some are positive for all the mixtuaesall the temperatures. The interaction parametevas
calculated from the equation of Grunberg and Nissahwas found to be maximum negative and sompasiéive
for all the mixtures at all the temperatures. Nagatalues of botm® and d have been explained in the light of the
observation of Nigam and Mahl. Free energy for aiscflow AG* and excess free energy for viscous flAG*
were calculated. The viscosity coefficients haww dleen computed from the equation of Bloomfield Brewan.
The results show that while the theoretical valogés/F do not agree with the experimental results, thaee
agreements between the calculated and experimeaiteds of the viscosity coefficient.
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