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ABSTRACT

The ultrasonic velocity, the density and viscos#éye been measured for the binary and ternary maéstaontaining
propanol with benzene, propanol with methyl bere@at301 K over the whole range of concentratiamnfrthese
values evaluated the adiabatic compressibilityeftength, free volume, relaxation time, acoustipedance,
available volume, molar volume, Lenard John PotdntRao constant and Wada’'s constant from the stethd
relations. Experimental and calculated values hbeen providing information regarding the naturenoblecular

interactions. These values are confirming the soldtsolvent interaction for binary components aechary

components having strong interactions through hgdrobonding.
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INTRODUCTION

Ultrasonic measurements of liquid and liquid mieirare important to understanding the nature ofecudbér
interactions, industries and chemical applicatidng]. The ultrasonic velocity, density and vistgf the binary
and ternary liquid mixtures have been studied byious investigators and they have discussed abloait t
interactions between the constituents atoms orentds [2-4]. The association aspects propanollaee mixtures
of polar and non polar components is particulaeriedét due to the strongly associated liquid. It lbarassociated
with any other group having same or different degrepolar interactions [5-9]. Our research growgstigates the
molecular interactions between the components imarlgi and ternary mixtures using various methods1@p
Methyl benzoate is used in perfumery also use sd\eent and as a pesticide used to attract insects as orchid
bees. Propanol is formed naturally in small amsuhtring many fermentation processes also usedsak/ant in
the pharmaceutical industry mainly for resins aelltose esters. It is a small chain alcohol witfee carbon atoms
also used the manufacture of various esters, perfurand flavors. Therefore in order to understagdine
intermolecular interactions between the componesieaules thorough an ultrasonic measurements obittery
mixtures (propanol + benzene) and ternary mixt{pespanol + methyl benzoate + benzene) at 303khérpresent
paper report the results of binary and ternary aneg.

MATERIALSAND METHODS

AR grade propanol, methyl benzoate and benzené&$iquere used. It is purified by standard procedtith
purity >99%. The ultrasonic velocities were measguusing a single crystal ultrasonic interferoméhidittal type,
Model F-80) at a fixed frequency of 2 MHz frequenthe temperature of the cell was controlled bgudating
water through the liquid cell from thermostaticatigntrolled constant temperature water bath. Thsides were
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measured by 5 ml specific gravity bottle with arcwacy of + 0.5%. The viscosities have been medsusing
Ostwald’s viscometer with an accuracy + 0.5%.

Theory and Calculations:
From the experimentally measured values of ultr@seelocity (u), density ) and viscosity#f), various acoustic
parameters are calculated using the followingi@tatl to 10 discussed in this investigation giketow.

Adiabatic compressibility has been calculated fitb speed of sound (u) and densjty ¢f the medium using the
relation as

B=0 (1)
Intermolecular free length {L has been evaluated using the standard relation as

Lf = Krﬁl/z 2
Where K is a temperature dependent constant known as skacglronstant.

The relation for free volume in terms of ultrasowméocity (U) and viscosityd) of the liquid as:

Vr = (%)3/2 @)

Here My is the effective molecular weigl, ., = ¥ m;x; , where mand x are the molecular weight and mole
fraction of the individual components . K is a tesrgture independent constant which is equal toxd@gor all
liquids.

Relaxation time can be calculated using viscosity adiabatic compressibility as:

=31 4

Wheren andf are the viscosity and relaxation time respectively

The acoustic impedance is the parameter relatedagiic properties of the medium and calculateduging the
expression

Z=up (5)
Where p - the density and u - the ultrasonic velocitylu# solutions.
The Lennard - Jones potential is given by
6V,
LIP=—— (6)
Va

Where, \j,and V, represent the molar volume and available volumb@imixtures.

Rao noticed that the ratio of temperature coefficf sound velocity to the expansion coefficientirtually same
for all unassociated organic liquids. Accordingie Rao

R=uW3V (7)

From the sound velocity in liquids, another constes been suggested by Wada. According to Wada
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meff
P

— -1/7
W= p (®)

RESULTSAND DISCUSSION

Ultrasonic velocity (u), densityp] and viscosity #) for the binary mixtures of propanol with benzebernary
mixtures of propanol with methyl benzoate in berzah 301 K are shown in table 1. The acousticahpaters
were finding from the equation 1 to 10, the dataengresented in the table 2 also plotted acougtimemeter with
mole fraction are shown in figures 1 to 10.

Table-1 The variation of ultrasonic velocity (u m/s), density (p gm/cm?) and viscosity (17 x10° Nsm™) of the mole fractions (X,) of phenol

at 301K
Propanol+Benzene Propanol+ M ethyl benzoate + benzene
X
“lue | P | M [ X [ X | Xs fue | P | Ny

0.1 | 1267| 862 0.646 005 05 045 13p8 959 0.p06
0.2 | 1258| 854 0.737 0.1 05 04 1317 944 0.012
0.3 | 1250| 845 0.83¢6 0.15 05 0.35 1306 929 0.p21
04 | 1241| 837 0.943 0.2 05 0.3 1296 91p 0.034
0.5 | 1232| 829 106 025 05 0.25 1285 900 0.p51
0.6 | 1224| 821 1.185 0.3 05 0.7 1274  88p 0.073
0.7 | 1215| 813 132] 035 05 045 1264 871 0.101
0.8 | 1207| 806 146% 04/ 05 0.1 1263 8517 0.135
0.9 | 1198| 798 162| 045 05 0.05 1243 843 0.175

The values of adiabatic compressibiligx{0*° kg'ms?), free volume (Y m?), relaxation time T x 10*s), inter

molecular free length ¢(LX 10™'m ), acoustic impedance (Z X1@&g m? sec'), relative association R molar
volume (M, m®), Lennard - Jones Potential (LJP) , Rao const&tnt/mole)(m/sj®, Wadas constant
(m¥mole)(nnf)Y’ find from the relation 1 to 10 given table 2 téo8the binary and ternary mixtures.

Table 2 The ultrasonic parameter for thebinary and ternary mixtures at 303K

Xo I Vv Jr JL [Z Ve [Va [LPJR [W
Propanol + Benzene
0.1 | 7.2Z | 0.006¢ | 62 5.7¢ | 1.0¢ | 0.088 | 18.42 | 2.8¢ | 0.9€ | 1.7¢
0.2 | 7.40| 0.0051 73 5.7 1.07 0.082 18|65 2.81 .9476
0.3 | 7.57| 0.0040 84 5.8 1.04 0.0860 18[82 2.74 .9373
0.4 | 7.76| 0.0032 98 5.9 1.04 0.0847 19|01 2.67 .917
2
2

0.5 7.95| 0.0026 112 6.0 1.02 0.0834 1917 .61 9 0.8.66
0.6 8.13| 0.0021 128 6.0 1.0( 0.08R0 1926 .55 8 0.8.63
0.7 | 8.3Z | 0.001% | 147 6.1F | 0.9¢ | 0.080¢ | 19.3¢ | 2.4¢ | 0.8€ | 1.€

0.8 8.52| 0.0014 166 6.2  0.97 0.0790 19}41 2.44 4 0.8.56
0.9 8.73| 0.0011 189 6.2p 0.96 0.0776 19}49 2.39 2 0.8.53
Propanol + Methyl benzoate + Benzene
0.05| 591| 12.88| 0.47 5.1 1.274 0.1108 1838 3.5322 1.2.31
0.1 6.11| 4.44 0.98| 5.2y 1243 0.1106 19 1.2231
0.1f | 6.31 | 1.87 177 | 5.3t | 1.217 | 0.112¢| 207 | 3.27 | 1.2t | 2.32

~ [ RO O

~
W
w
©

0.2 6.51| 0.89 2.95 548 1186 0.11B1 21i5 316 1.2332
0.25| 6.73| 0.47 4.58 558 1.157 0.1140 22/4 3.0541.2.33
0.3 6.95| 0.27 6.76 5.6 1129 0.1148 23}4 294 1.2434
0.35| 7.19| 0.16 9.68 571 1.101 0.11p8 24|3 2.86 51.2.34
0.4 7.43| 0.10 13.37 581 1.094 0.1166 253 277 61.2.35
0.45| 7.68| 0.07 1792 590 1.048 0.11j75 26,2 4.6926 1.2.36

Ultrasonic velocity is decreases with increasingitiole fractions of propanol, similar trend obsdrirethe density
and viscosity values increases. The experimentaksaare non ideal mixture behavior and this caattréuted to
the intermolecular interaction in the propanol wiénzene, propanol with benzene in methyl benzoataures. It
is based on the pure value of the components. Tihesaviors indicate the presence of large numbéecules in
the mixture. The viscosity values increases poimtgidthe existence of induced dipole — dipole qoté — dipole
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interactions in the systems. Ultrasonic velocitpudd increase, if the inter molecular free lengdtrgases vice
versa. This information was noticed for all theulid| mixtures. In fact, the molecular associationwsen the

molecules increases. The ultrasonic velocity desa®gathe acoustic impedance, intermolecular fregtheincreases
and decrease in adiabatic compressibility is suggethat the component molecules are held closath other.
These shows the strong molecular interaction betwke unlike molecules through dipole — dipole liat¢ions.

Benzene as non polar liquids the parameters aresalsame. This fact is reflected clearly from ttzues of

ultrasonic velocity, intermolecular free lengthjadmhtic compressibility and acoustic impedancetlier binary and
ternary liquid mixtures.

—&—Benzene =—fe=Methtyl benzoate + Benzene —#=—DBenzene == Methtyl benzoate + Benzene
10
10 -
8 .
@ >
6 - > 7
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X, X,
Figure 1 Plots of p versus X, Figure 2 Plots of Vi versus X,
—&—Benzene —&—Methtyl benzoate + Benzene ——&—Benzene —a—Methtyl benzoate + Benzene
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Figure 3 Plots of t versus X, Figure 4 Plotsof Lt versus X,

Propanol generally can be present in polymeric fohmthe presence of non polar molecules, theyeiame
molecular interaction due to bond broken. The pnop&oncentration increases intermolecular hydrogending
decreases. The variation acoustic parameter isl sn@itating the interaction is weaker ultimateljtrasonic
velocities of both the components are nearly eduathis fact is reflected in decrease of ultrasorglocity and
hence increase in inter molecular free length aiscease adiabatic compressibility with increasiogcentrations
of propanol. Acoustic impedance of a materiahis tesistance exerted by the medium to dislocatfdhe medium
molecules by the sound energy. It is important easure the acoustic impedance because these dtadi@shown
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that in solvent mixtures when the molecular intéoscis occurs; acoustic impedance exhibits a fo@akr variation
with increasing mole fraction of propanol. This wased as a necessary tool to predict molecularactiens in
binary and ternary liquid mixtures. In systems ofdby liquid mixtures is always much greater théher of the
polar solutes in the inert solvent. Further, theréase in free volume with rise in concentratiompafpanol in the
binary and ternary systems under study, obviouslyighate the decreasing of magnitude of interastidme
ultrasonic velocity decreases with increase in nfi@etion of propanol this suggests that thereferint types of
molecular interactions between the components. dlitrasonic velocities values vary linearly in thesetems
behave ideality. These indicate weak interacticcucein these systems.

—¢—DBenzene =—f=Nethtyl benzoate + Benzene —&—Benzene —e—Methtyl benzoate + Benzene
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Figure5 Plotsof Z versus X, Figure 6 Plotsof Vi, versus X,
=¢=—DBenzene == Methtyl benzoate + Benzene
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Figure7 Plots of V, versus X, Figure 8 Plots of LJP versus X,

The adiabatic compressibility values increasesvéoious mole fractions of binary mixtures have beemputed
from the measured values of ultrasonic velocity dedsities. The plots of adiabatic compressibilif$h mole

fraction of the phenol are given in figure 1. Ihthe systems the value of adiabatic compressitiécreases with
increasing concentration of propanol over a rangeoacentration. This indicates weak interactioristein these

systems. A competition of the value @fin these mixtures suggests that there are conipilégsare in the order
benzene > benzene + methyl benzoate. The variatiotse adiabatic compressibility values in thegstems
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behave almost ideality. This indicate weak indudgmble-induced dipole exist in these systems. Rrel@me
decreases with increase in concentration and tHeulated available volume decreases with increase i
concentration of propanol for binary and ternarytonies as shown in figure 2.

=—¢—Benzene =fe=Methtyl benzoate + Benzene
=—¢—Benzene «=—h=Methtyl benzoate + Benzene

3

Actcicicioickodod
1.5 - 2

Aol s | TE————,
L] e 1 -

0.5 -
0 T 0 T
0 0.5 1 0 0.5 1
X, X,
Figure 9 Plotsof R versus X, Figure 10 Plotsof W versus X,

The values of relaxation time are given in tablan2l plots shown in figure 3. There are only sligatiations in
relaxation time values systems. This indicatestikelly a weaker interaction exists between the rulkes of the
two components and stronger intermolecular interastexist between the molecules of each compoiiémat.free
lengths of systems is a measure of inter moledukaraction between the liquids. The decrease ée fength
indicates the weakening of intermolecular interattilt is given in tables 2 and plots given in figd, it is seen that
the free length values increase with increase inmcentration of propanol. This shows that the intdeoular
attraction weakens at higher concentration. Theustémimpedance and adiabatic compressibility shiost they
exhibit opposite behavior and the behavior is olexkin all the liquid mixtures studied (Figure 1dfigure 5). Out
of these systems none exhibited a maximum in vlaxirve and dip in compressibility curve. Thisicates the
absence of complex formation. The absence of comfdemation is also confirmed by the linear vawatiof
specific acoustic impedance. It is clear from fig that specific acoustic impedance is linear hadce no
indication of complex formation. The relative asation values in a system can be used to deterthm@ariation
in intermolecular interaction and also to estabitsh existence of similar types of molecular intdien in different
mixtures. In the binary and ternary systems stydteglrelative association values increase witheiase in the mole
fraction of the propanol — benzene, propanol + beaz+ methyl benzoate systems given in table 2siiswn in
figure 6 also find the available volume Vm is pbottin figure 7. The available volume increases \witreasing
concentration of hexanol. These values increase froity. This trend suggests that induced dipolipeld types of
molecular interaction exist in all these systeriitie LJP values shown in table 2 and the figure dicate that
dipole-dipole attractions are stronger than indudipdle-induced dipole attractions. The Rao’s cansand Wada’s
constant are plotted against the concentratiorr@banol for the binary and ternary systems are shiovwgiven in
figure 9 and figure 10. It is clear that the Ragimistant and Wadas constant, the variations oéthesstants with
mole fractions is linear. It was reported that ibiaary and ternary liquid mixtures, a linear védas of Rao’s
constant and Wada'’s constant with mole fractiomshaeak induced dipole-induced dipole interactiomli binary
and ternary systems.

CONCLUSION

The ultrasonic velocity, density and viscosity tbe mixtures of propanol with benzene, propanohwitethyl
benzoate in benzene have been made. The acoystieaheters have been calculated from these valhesype of
interactions occurs in the binary and ternary ligmixtures have been explained. It is found that ititeraction
between unlike molecules increases with the inangasoncentration of propanol.
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