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ABSTRACT

The measurement of ultrasonic velocity, density wadosity has been made for the ternary liquidtanes of 1-
pentanol and 1-hexanol with decane in cyclohexandifferent temperatures (303 K, 308 K and 313 Agoustic
parameters such as adiabatic compressibility, imelecular free length, free volume and internalgstee have
been evaluated. Weak molecular interaction takiag petween the unlike molecules of solute in gabtiure have
been studied through these acoustical parametedgiagir excess values.

Keywords. Acoustic parameters, adiabatic compressibilityerimolecular free length, free volume, internal
pressure.

INTRODUCTION

The properties of liquid mixtures are very impottas a part of studies of thermodynamic, acoustt teansport
aspects. The compositional dependence of thermadgnaroperties has proved to be very useful tool in
understanding the nature and extend of moleculgreggtion resulting from intermolecular interactibetween
components. This type of study is a powerful meahsharacterizing the various aspects of physicendbal
behavior of liquid mixtures [1-4]. Ultrasonic metlo have used by many researchers [e7]nvestigate the
structural properties of pure liquid and liquid toises. Ultrasonic velocity together with densityarnscosity data
furnish a wealth of information about the sum tatbinteractions between ions, dipoles, H-bondimgltipolar and
dispersion forces [8,9]. The use of alcohol in arém a number of compounds like aldehydes, ketoaeisls,
alkenes, alkanes, alkynes, halides, etc. is wellwkn Since ultrasonic velocity and related paransgbeovide better
insight into the molecular environment in liquidxtires, it is to study the molecular associatioouodng between
decane and 1-pentanol/l-hexanol in a non-polaresblhcyclohexane using ultrasonic technique. Moreove
literature survey indicates that no ultrasonic gtod these ternary systems has been reported.fdoheréhe present
study was under taken in order to have a deepeerstahding of the intermolecular interaction betvdlee
components of the above ternary mixtures.

MATERIALSAND METHODS

The mixture of various concentrations in mole fi@ttwas prepared by taking purified AR grade samgleall
temperatures. In all the mixtures, the mole fractibthe second component, decane<%.3) was kept fixed, while
the mole fraction of the remaining two, @nd % ) were varied from 0.0 to 0.7 so as to have thaurés of different
compositions.
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Ultrasonic velocity for the mixtures was measurgdibing a Pulse Echo Interferometer operatingfeéguency of
1 MHz and with accuracy #0.01%. The cell tempemturas maintained using a thermostat having accuracy
+0.01K. The density of mixtures was measured uaispgecific gravity bottle with an accuracy of +Qyic.

The viscosity measurements have been carried ousimg an Ostwald’s viscometer (10 ml capacity)e Diverall
accuracy of the measurement of viscosity is +006m?.

THEORY
From the measured values of the ultrasonic veldgiy density ) and viscosity 1f). The following acoustical
parameters were calculated:

i) Adiabatic compressibilityff) = /U p (1)
ii) Intermolecular free length (Lf) = kB2 )

where K is the temperature dependent constant. The valuks for different temperatures were taken from the
work of Jacobson [10].

iii) Free volume (V) = [ Meg U/ nK]*? (3)

where My is the effective molecular weight M = >m; x; in which m is the molecular weight and is the mole
fraction of the ' component). K is a constant, equal to 8420 independent of temperature for all liquids
[8].

iv) Internal pressurer() = bRT [Kn/V]*? [pMe"] (4)

where b stands for the cubic packing factor, K timperature independent constant, R the gas can3tahe
absolute temperature.

EXCESSVALUES
Excess parametersAy definitions represent the difference betweengharameters of real mixture {4 and those
corresponding to an ideal mixture;{fas

AE = Aexp - Aid
Aiq = 2AiX;, where Aia any acoustical parameter andhe mole fraction of the liquid component.

RESULTSAND DISCUSSION

The experimental values of density, viscosity aptbeity at temperatures 303 K, 308 K and 313 Ktf@ pure
components and for the system 1-pentanol/l-hexar®lgiven in Table 1. The calculated values of lztia
compressibility 8), free length (b, free volume (V) and internal pressureg) at different temperatures for the pure
components and for the mixtures are presented leTa The respective excess values at the saigdeetures
have been calculated and shown in Figs 1-8.

It is found that the ultrasonic velocity increaseih increasing concentration of l-alkanols. As thenmber of
hydrocarbon groups increases, the sound velociiguisd to increase, as it is evident from the Tdblelowever as
temperature increases, the ultrasonic velocityess®s in the systems. The structural changes @&coiek in the
mixture take place due to the existence of eletdtiasfield between the interacting molecules. Tthes structural
arrangement of molecules results in the effectdidizatic compressibility{), which shows an inverse behavior as
compared to the ultrasonic velocity (Table 2).

Cyclohexane belongs to alicyclic hydrocarbon. Theking of carbon atoms in this even numbered allanap
allows the maximum intermolecular attraction [lljdatherefore these molecules are highly inert tdwar
electrophile or nucleophile at ordinary temperature
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Tablel. Density (p), Viscosity (n) and velocity (U)

. p kgm? n x 10° Nsm U ms*
Molefraction Temperature (K) Temperature (K) Temperature (K)
x| Xs 303 | 308 [ 313 303 [ 308 | 313 303 | 308 | 313

system | : 1- pentanol + decane + cyclohexane

0.1009| 0.5999 756. 7429 7382 0.8806 0.7839 0.684212.2| 1199.3 1184.5
0.1999| 0.5001 757. 7455 7410 0.9548 0.8805 0.170214.7| 1202.3 1186.5
0.2997| 0.3999 762.1 7504 7464 1.0730 0.9524 0.§77216.8| 1203. 1190.f
0.4002| 0.3002 765.¢ 7549 7502 1.1880 1.0569 6.980217.7| 1208.3 1193.2
0.5003| 0.1999 770.4 7613 7564 1.2739 1.1835 5.093223.4| 1214.3 1199.f
0.6022| 0.0995 773. 7641 7585 14074 1.2999 T.16%227.8| 1221.4 1204.9
0.7000| 0.0000 775. 7679 766/3 1.6145 1.40182 6.294231.7| 12249 1210.b

System

: 1- hexanol + decane + cyclohexane
0.1008 | 0.5995 761.7 754, 7505 0.9367 0.8239 0.7161232.6| 1217.§ 1199.
0.2014| 0.4991 766.% 760, 7544 0.9920 0.9137 0.906235.4| 1221.9 1203.
0.300: | 0.399¢ | 769.7 | 763.¢ | 760.¢ | 1.099: | 1.021( | 0.929: | 1238.¢ | 1224.¢ | 1206.¢
0.4003| 0.2998 772. 76756 7649 12555 1.1566 B8.068245.5| 1232.3 1213.
0.5002| 0.1998 777. 7716 7682 14785 1.3p62 2.259251.1| 1237.3 1218.
0.596( | 0.100¢ | 780.¢ | 774.€ | 771.7 | 1.700: | 1.5077 | 1.325: | 1257.F | 1242.« | 1220.¢
0.7001| 0.00000 787.% 7825 7783 1.9810 1.7805 T.5771269.2| 1251.§ 1225.8

N O
00O oo

The primary alkanols are having a characteristib@zation. The stability of a charged system igeased by the
dispersal of the charge. Therefore, any factor thatls to spread out the positive charge of thetrele-deficient

carbon and distribute it over the rest of the ionstnstabilize the carbocation. Thus, these carlmwatwill be

stabilized by electron donating substituent’s ariltl lve rendered less stable by electron withdravsogstituent’s.
The alkyl group, attached to the carbon atom bgagrwsitive charge, exerts an electron —releasidgdtive effect
and thus reduces the positive charge of the caabmm to which it is attached, in doing so, the htgpup itself

becomes positive [11]. Hence, weak interaction$ siscdispersive type or temporary dipoles are drpdduetween
the molecules. Further, the increase in chain kemgtolves more number of alkyl group, these intBoms are
expected to be more pronounced in higher members.

Among the three components, cyclohexane is notat&geo involve in any interactions either with dee or with
1-alkanol due to its inertness. Even though, dedtammsaturated, it behaves like a saturated congpoudinarily
[11]. Moreover, the presence of decane moleculedexdron donor will give higher stability to tharbocation of
the 1-alkanols and hence they cannot provide awygtinteraction. Further the addition of alkyl gpoin higher
members will reduce the possible interaction betwbe components of the mixture.

Table2. Adiabatic compressibility (B), freelength (Ly), freevolume (Vi) and internal pressur e (T%)

Mole fraction B x 10" Pa? L¢x 10"°m Vi x 10’ m® mol Tt x 10°Pa
Temperature (K) Temperature (K) Temperature (K) Temperature (K)
x| s 303 | 308 | 313 303 | 308 | 313 303 | 308 | 313 303 | 308 | 313

sysem | : 1- pentanol + decane + cyclohexane

0.1009| 0.5999 8.9982 9.3587 9.65p1 0.5985 0.6153%308. 1.8669| 2.1874 2.6342 3360 319.9 304.3
0.199¢ | 0.500: | 8.942: | 9.279¢ | 9.586. | 0.596 | 0.612¢ | 0.628¢ | 1.678¢ | 1.866¢ | 2.237¢ | 347.C | 336.2 | 320.¢

0.2997| 0.3999 8.8624 9.2082 9.45p4 0.5940 0.610F24@.| 1.4219| 1.671% 1.8613 3671 349.4 341.3
0.4002| 0.3002 8.808 9.0732 9.36R6 0.5922 0.6058621Q.| 1.2284| 1.447 15889 3851 367.2 360.2
0500z | 0.199¢ | 8.672f | 8.908: | 9.185f | 0.587¢ | 0.600: | 0.615: | 1.114¢ | 1.230¢ | 1.360¢ | 399.2 | 389.7 | 381.:

0.6022| 0.0995 8.581% 8.7727 9.08l2 0.5845 0.505%6118. 0.9748| 1.0896 1.2572 417.0 405.0 3905
0.7000| 0.0000 8.502 8.6795 8.90p8 0.5818 0.592%050.| 0.8025| 0.9667 1.0889 4442 421.6 411.2

System |1 : 1- hexanol + decane + cyclohexane

0.1008| 0.5995 8.6412 8.9358 9.2664 0.5865 0.6016170.| 1.7922| 2.133¢ 2.3486 3379 3221 3159
0.2014| 0.4991] 8.5482 8.8105 9.15p4 0.5833 0.597(614@.| 1.6935| 1.884% 1.8644 3421 3335 3284
0.3001| 0.3999 8.4687 8.7264 9.0261 0.5806 0.59416090. 1.4956| 1.642 18512 3532 3462 337.2
0.4003| 0.2998 8.3405 8.5800 8.8853 0.5762 0.5891605Q. 1.2665| 1.4097 1.5498 3703 362.0 355.1
0.5002| 0.1998 8.222 8.4656 8.7682 0.5721 0.585X6000. 1.0226| 1.1323 1.2510 3947 386.0 378.4
0.5960| 0.1008 8.0992 8.3616 8.69f7 0.5678 0.581698@. 0.7246| 1.006! 1.1897 4394 39%.2 382.0
0.7001| 0.0000 7.8829% 8.1554 8.55p09 0.5602 0.5744930@.| 0.7068| 0.8481 0.9440 4409 420.0 4104

As decane is highly relatively higher dielectrimstant (2.1) and being an electron donor than tgolane (2.02)
[12], the interaction between the molecules of decaith cyclohexane is found to be weaker thanitkeraction
with primary alkanols. Since dispersive interacti@re dominant between decane and cyclohexansathe type
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of interaction may also occur between the primakarols and cyclohexane due to the non-polar natdre
cyclohexane and its inertness towards electron morihe addition of  1-alkanols with the mixtleads to a
compact structure due to the presence of dipoldispersive type interactions. This contributea thecrease in free
length (Table 2) and hence compressibility. Theulagfall in free length with the mole fraction alkanols may be
attributed to the close approach of the molecul&}. [The increase in the free length with mole tiatin the case
of lower members is due to the loose packing ofnttebecules inside the shield, which may be browdidut by
weakening of molecular interactions.

According to Erying and Kincaid [14], the regulatlfin free length causes a rise in sound velacitthe mixture.

This is also in accordance with expected decreasaliabatic compressibility following an increasetlie sound
velocity in the mixtures studied. Further, thisnlés an indication of clustering together of thelecules into same
cage like agglomerates due to associative effettteopolar group predominating over the other tygfaateractions

[15].

As the inert solvent, cyclohexane causes breakup-bbnds in alcohol aggregates, the free spacedegtvthe
component molecules increases [16], leading tocaedse in velocity of increase in compressibilityoaver mole
fractions of alcohols. However, as the mole fratta cyclohexane decreases, the rapture of hydrbgeils is
restricted and hence the free space between th@amnt molecules decreases. These two opposingteffe
compensate each other to different degrees thraughe entire mole fraction range in the mixturestaining
lower alcohols. The free space decreases as tlire leingth of the alcohol increases. This suggdsitthe increase
in the size of the alcohol changes the concentraifaclosely packed aggregates. As result, liquiktumes become
lesser and lesser compressible with increase imndeagth of the alcohol. These effects are refldcin the
observed free length variations. The rise in temjpee makes the free length to increase, as expekte to the
thermal expansion of the liquid medium [17]. Thitigs clear that the intermolecular free lengttihie determining
factor to the nature of variation of the sound e#loin the mixtures and also lends a support ® ghesence of
specific molecular interaction between the comptsehliquid mixture [18].

From Table 2, a decrease in free volume and araser in internal pressure with increase in conagoir of 1-
alkanol is observed respectively, which may bdlatted to the increase in magnitude of interactid®§. As the
dipole moment of cyclohexane is zero [12], the dase in free volume shows that the clustering {sdne to H-
bonding but may be due to dispersive interactidhsgs primarily due to the formation of sphericahge-like
structures owing to the closer packing of the mdake¢20]. The same is found to exhibit a reverdealveor with rise
in temperature.

In order to highlight the presence of interacti@veen the molecules, it is essential to studyetttess parameters.
The deviation of a parameter from the ideal behaigi@ measure of the interaction between the mtde¢ which
may be due to either adhesive or cohesive forcHs They can give an idea about the non-idealitthef system as
a consequence of associative or other types afictiens [15].

The excess adiabatic compressibipfy(Figs. 1 & 5) and excess free lengtfi (Figs. 2 & 6) are positive in these
systems at all temperatures, indicating weak iotemas between the components of mixtures. Thergbdevalues
of these parameters indicate that the dissociatidhe alcohol aggregates predominates over asgntiaetween
unlike molecules. The positive excess adiabaticpressibility shows again a weak interaction betwtenunlike
molecules in the systems studied, which is in agesg with the investigation of Sivanarayana et2d]][ It is
evident from this study that the addition of thmdmponent weakens the strength of interaction aedtérnary
mixtures tend to approach ideal behavior, as repobty Rastogi [23]. Accordingly, the decrease iness free
length with increase of either continuously or efitaining maxima, indicates the presence of $jgeaiteraction
between the different sizes of molecules. Theirishe value of these parameters with temperaiwveals further
weakening of interaction. The values of excess freleme in l-alkanols (Figs. 3 & 7) are positive lower
concentration and decrease with increase in coratént of 1-alkanols. This is due to the weakervfignteraction
between the molecules of the mixture. Such a beh&vialso noticed by Ali et al [1] and by  Ragit[24] in some
ternary liquid mixtures. The negative excess iraepnessure in all the mixtures (Figs.4 & 8) isaclg confirms this
prediction.
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Fig. 1-4. System | Molefraction Vs Excess values of adiabatic compressibility, freelength, free volume, and Internal pressure
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Fig. 5-8. System |1 Molefraction Vs Excess values of adiabatic compressibility, freelength, freevolume, and Internal pressure
respectively

CONCLUSION

The derived acoustical parameters and their pesiixcess values hint to the presence of dispensieeactions
between the components molecules in the mixturesed.
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