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ABSTRACT

Sound speed is determined for the ternary systenoloéne + 1-dodecanol + cyclohexane as a functidn
composition and temperature. The observed data Hweeen utilized to evaluate derived parameters fikalar

volume, molar free volume, isentropic compressybiintermolecular free length, acoustic impedaace internal
pressure. Further, these derived parameters arkzetl to compute excess parameters. Various thegiven by
different researchers are also applied to the ekpental sound speed and their percentage deviati@ave been
calculated. By fitting excess parameters into RédKister polynomial equation smoothening coeffitseand their
standard deviations have been evaluated.
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INTRODUCTION

Theoretical prediction of excess acoustic, voluimngtviscometric and thermodynamic properties of -barary
liquid mixtures have been satisfactory in explainie sign and magnitude in terms of extent ofradtons
between mixing components. The significance of ratric, acoustic and thermodynamic studies in mégthave
been used for understanding the intermoleculardnt®ns by many researchers for interpreting céffie type of
interactions viz. dipole-dipole [1-4] and dipoledirced dipole[5-8] in polar-polar[9-11] and non-potgstems[12-
15]. An exhaustive literature survey reveals thegts| work has been done to investigate the therimostc
properties of 1-dodecanol and multicomponent systeomprising it as a component[16]. For ternarytores, the
predictive approach is more complex and thus esaimethods based on experimental binary data teelve used.
However, if significant interactions occur in thguids, considerable errors may get introduce if atiempt to
express the excess properties in terms of binangriboitions. A search of literature of ternary ligumixtures
suggested that the system under investigation dlabaen studied so far. Components taken for sfindyvarious
applications in different chemical and industriedgesses.

MATERIALS AND METHODS

All chemicals used were of analytical grade. Tokiéilerck, India), 1-dodecanol (SISCO, India) andlalgexane
(S.D. Fine, India) with purity > 99% were used diyiby standard procedures[17-19]. Ternary liquigtores taken
for investigation in the mole fraction range 0.0@6.0000 were prepared by mixing known massgsiod liquids
in air tight narrow mouthed ground stoppered bstttaking due precautions to minimize the evapomnatbsses.
The measurements of mass for different liquids weegformed on an electronic balance (Denver Instnis)
Germany) accurate upto 8.1 mg. The densities of pure liquids and their tmigs were measured using a
precalibrated bicapillary pyknometer, the accuratgata being within + 0.057 %, sound speed wassomea by
single crystal ultrasonic interferometer at 2 MHeguency and data were accurate upto + 0.03%. Siscwas
measured using Ostwald’s viscometer and the acguekcwithin £ 0.09%. All measurements were madeai
thermostatically controlled water bath with tempera accuracy oft 0C. The purity of the components was
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ascertained by comparing the boiling point, density viscosity of pure components with those regubrin
literature. The observed and literature valuesailiriy point for toluene are 109@® and 110.{C; for 1-dodecanol
are 258.8C and 259.C respectively. Density and viscosity for toluene@8 K are 862.3 kgrhand 862.5 kg
0.5598 x 16 Nm?s and 0.5600 x TONm?s respectively. The observed and literature vatdieensity at 297 K for
1-dodecanol are 831.1 kghand 830.9 kgifi respectively; observed viscosity at 298 K is 18774 10° Nmi’s. The
literature value of viscosity is not found at amynperature. The observed and literature valuesoiihg point,
density and viscosity for cyclohexane aré@@nd 79C; 773.7° kgm? & 773.9°kgm; 0.8938°x 10° Nm?s &
0.89403°x 10° Nms respectively.

RESULTS AND DISCUSSION

The experimentally measured densjy, Gound speedu) and viscosity {) are used to evaluate derived properties
like intermolecular free length_{), isentropic compressibilityc{), acoustic impedance&), molar volume Y), free
volume {/f), internal pressurerj) and their excess parameters by using well estadddi relations[20-23].

The intermolecular free length is the average distatravelled by sound waves between surfaces eftwio
molecules. It is an important parameter, which @ates the strength of interactions with sound d@ee density.
Jacobson suggested the following relation for titermolecular free length[24].

L, =

1
uo?

WhereK is Jacobson constant which is temperature depémadetabulated by him between 273.15 — 310.15 K by
the formula but it is independent of nature of itqu

K = (93.875 + 0.379) x 10°

Isentropic compressibility is a characteristic pdp and is of central importance in the ultrasastiody of liquids
and liquid mixtures as it is the measure of intdenolar arrangement and orientation of constitusalecules. For
pure liquid and liquid mixtures it can be calcuthfeom the measured values of sound speed andtgdysusing
the following relation[25]:

K_l
S U2p

Acoustic impedance of a sound medium on a givefaserlying in a wavefront is also defined as thenplex
guotient of sound pressure on that surface diviodhe flux (linear velocity divided by the aredrdugh the
surface. Elpiner has defined specific acoustic imapee by the relation[26]:

Z=u
whereu andp are sound speed and density of the medium respéctits unit is kgrifs* or Rayl.

Generally, the molar volume of ternary liquid mipds is calculated by using the following equatiatj2

V.= X1M1+X2M2 +X3M3
" pmix

According to thermodynamic equation of state themida of free volume of liquid systems as derived b
dimensional analysis is given by[28,29]:
1
V. = MU |2

wherek has been found to be independent on the natuiguids having a value of 4.28 x 10M.is the effective
molecular weight =YM; x, where M; and x; are the molecular weight and mole fraction of tfecomponent
respectively.
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Internal pressure is inversely related to molag frelume and is given by the following equationf30]
(V)" =K

wherex is a constant. It is evaluated by finding the sl@b the family of straight lines obtained from tlepe of

log (1MV;) against logz,. The value of this relationship presented by theadion m/ix =Kis checked and
verified[31].

The internal pressure of pure liquids and theiabyriquid mixtures are calculated using the foliogvrelation[32]:

2
3

1
2
- :bm{M} v
u Mé
where b stands for cubic packing which is assumed to Herdiquids, k is dimensionless constant which is
independent of temperature and nature of liquids it value is 4.28 x £07 is viscosity in Nrifs, R is gas

constantT is absolute temperature alid is effective molecular weight.

Excess parameters have been calculated from faltpeguation:

YE=Y

mix

~(O %Y, + %Y5)

All the excess parameters are fitted to Redlichd€ipolynomial equation to estimate the adjustabl@meters[33].

YE = &xzxaiA (1-2x)"

i=0

YE = x| A, + (1-20) A + (1-2¢)° A, + (1-2¢)° A

wherex is the mole fraction and subscripts 1, 2 and 3asgnt the three components of the system respbctiy
is the smoothening coefficient and represent the theoretical excess functions. Thadsrd deviation was
evaluated by using the following equation:

1
orve) | 2l YE) |
n-p

wheren is the total number of experimental points and the degree of fittingp(= 3 in present case).

Excess enthalpy of ternary liquid mixtures as dakead by other researchers is obtained using tlewimg
expression[34]:

HE =X ) Vinw + %@ 782 Vin@)+ X) 783 Vinall ~TRmix) Vinmio

Gibb’s free energy of activation of viscous flow i@ported by other researchers has been calculsied the
following relation based on transition state thetmranalyze the relative viscosities[35]:

G =RT [INfmsVim(mi)~ XN 71 Vim + X2y IN 112 Vimeay %) IN 713 Vinca)
The theoretical values of sound speeds are evdluaiag the following relationships:
Sound speed by Jacobson’s Free Length Theorydalaggd using the following formula[36,37]:
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FLT _— K

1
2
L f(mix) IOExp

whereK is Jacobson’s constant depends only on temperatdte . is intermolecular free length of mixture.

The empirical formula for sound speed in ternagyili mixtures given by Nomoto can be written asj38,

NOM _ X, Ry + X,Ry + X3Ry
XV + XV, + XgVs

wherex, R andV represent mole fraction, molar sound speed anédmallume. Subscripts 1, 2 and 3 represent
system components 1, 2 and 3 respectively.

Table 1:- Sound speedd), density ), viscosity (/]), acoustic impedanceZ), isentropic compressibility ), intermolecular free length
(L) and internal pressure fz;) for toluene ;) + 1-dodecanolX;) + cyclohexaneXs) system at 298, 308 and 318K

Mole fraction of toluene Mil-?i;?ecé:r?d:)f p ',’\le,ga u 7 x 16 Ravl 10 Pa L+ i
(Xa) x2) kgm® ms st X ayl rsx A° atm
298 K
0.0000 0.4175 822.3 5.2389 1463.0 12.0303 5.6816 490a. 1.8702
0.1067 0.3844 827.9 4.2865 1460.6 12.0918 5.6620 4893. 1.7413
0.2105 0.3521 833.6 3.6315 1441.6 12.0176 5.7722 4940. 1.6591
0.3184 0.3131 839.6 2.8419 14235 11.9517 5.8778 4986. 1.5298
0.4195 0.2765 845.6 2.2443 1421.0 12.0159 5.8565 4976. 1.4076
0.5145 0.2421 849.5 2.1332 1393.6 11.8388 6.0610 506Q. 1.4296
0.6037 0.2098 852.9 1.8148 1380.3 11.7727 6.1540 5100. 1.3649
0.6790 0.1706 8545 14036 1369.2 11.6990 6.2430 5138. 1.2516
0.7490 0.1342 855.5 0.9997 1358.7 11.6239 6.3319 517@. 1.0991
0.8142 0.1002 857.2 0.7669 1348.1 11.5559 6.4190 5210. 1.0007
0.8751 0.0685 858.5 0.5183 1338.1 11.4874 6.5056 5246. 0.8537
0.9216 0.0387 859.4 0.4768 1327.0 11.4044 6.6078 5286. 0.8498
0.9646 0.0111 861.1 0.4346 1315.5 11.3271 6.7111 532@. 0.8413
1.0000 0.0000 862.3 0.5598 1304.8 11.2513 6.8116 536@. 0.9699
308 K
0.0000 0.4175 810.9 4.0707 1364.8 11.0670 6.6208 5380. 1.7478
0.1067 0.3844 8164 3.2595 1361.2 11.1126 6.6108 5383. 1.6106
0.2105 0.3521 821.7 2.4373 13549 11.1335 6.529 390.5 1.4352
0.3184 0.3131 8274 1.8798 1346.1 11.1382 6.6695 540@. 1.3095
0.4195 0.2765 833.0 1.4091 13439 11.1949 6.6469 5398. 1.1736
0.5145 0.2421 835.6 1.3463 1330.0 11.1130 6.7657 5446. 1.1884
0.6037 0.2098 837.2 1.0748 1324.1 11.0845 6.8136 5468. 1.0947
0.6790 0.1706 839.8 0.9813 1316.9 11.0587 6.8668 548@. 1.0902
0.7490 0.1342 841.0 0.8845 1310.9 11.0254 6.9187 550@0. 1.0754
0.8142 0.1002 844.6 0.6960 1302.7 11.0024 6.9769 5530. 0.9924
0.8751 0.0685 8474 0.4940 1295.4 10.9776 7.0322 555@. 0.8679
0.9216 0.0387 849.9 0.4534 1287.7 10.9442 7.0958 557@. 0.8630
0.9646 0.0111 850.0 0.4167 1279.9 10.8792 7.1817 561Q. 0.8558
1.0000 0.0000 851.8 0.4162 1272.0 10.8349 7.7256 5639. 0.8683
318K
0.0000 0.4175 796.9 29457 1276.8 10.1743 7.6980 5913. 1.5687
0.1067 0.3844 801.8 25848 12747 10.2198 7.6765 5908. 1.5119
0.2105 0.3521 806.7 2.2257 12724 10.2648 7.6562 589@. 1.4433
0.3184 0.3131 811.8 1.8053 1269.7 10.3072 7.6410 589a. 1.3470
0.4195 0.2765 816.9 14026 1267.7 10.3560 7.6169 588a. 1.2285
0.5145 0.2421 8215 1.1826 1264.0 10.3833 7.6195 5883. 1.1663
0.6037 0.2098 826.2 0.9553 1258.8 10.4004 7.6380 5890. 1.0833
0.6790 0.1706 8295 0.8311 1255.4 10.4132 7.6497 5896. 1.0522
0.7490 0.1342 832.7 0.7077 1253.8 10.4409 7.6388 5890. 1.0088
0.8142 0.1002 835.2 0.5726 1249.6 10.4367 7.6679 590Q. 0.9420
0.8751 0.0685 836.7 0.4344 1247.4 10.4379 7.6801 5906. 0.8491
0.9216 0.0387 838.4 0.3987 1246.4 10.4493 7.6784 5906. 0.8416
0.9646 0.0111 839.7 0.3607 1245.3 10.4578 7.6784 5908. 0.8266
1.0000 0.0000 840.3 0.2509 1244.0 10.4531 7.6901 5910. 0.6976
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Table 2:- Excess parameterdws, 47, L, ZF, VE, ViE, zF, G and HE for toluene (x;) + 1-dodecanolX,) + cyclohexane Xz) system at 298,
308 and 318K

AI}XlU3 E E E 3 E
X1 X2 Misx 10°Pa Nm?s ZRxa)llltf IXO VEmPmol?  Vix10° m®mol* e:t;n (?Jm)éllgs JmHol’l
298 K
0.0000 0.4175 -3.0572 -3.5256 1.3949 -0.0610 -2057 -1.9665 0.1387 -2.1332 0.0133
0.1067 0.3844 -3.1011 -3.8178 1.3635 -0.0591 -3.101 -2.5944 0.0791 -2.4974 0.0236
0.2105 0.3521 -3.1533 -3.8307 1.1989 -0.0518 -3153 -3.2135 0.0643 -2.7642 0.0263
0.3184 0.3131 -3.1738 -3.8477 1.0522 -0.0451 -B173 -3.6710 0.0110 -3.1725 0.0334
0.4195 0.2765 -3.1945 -3.7214 1.0408 -0.0440 -5194 -3.9043 -0.0400 -3.5409 0.0391
0.5145 0.2421 -2.8921 -3.1531 0.7927 -0.0335 -2.892 -4.6657 0.0488 -3.4235 0.0248
0.6037 0.2098 -2.5372 -2.8324 0.6598 -0.0278 -2537 -4.9220 0.0470 -3.5543 0.0225
0.6790 0.1706 -2.0553 -2.4798 0.5582 -0.0238 -R055 -4.5366 -0.0010 -3.7948 0.0246
0.7490 0.1342 -1.5437 -2.1735 0.4572 -0.0199 -17543 -2.9883 -0.0927 -4.1667 0.0313
0.8142 0.1002 -1.1477 -1.7444  0.3650 -0.0161 -I7147 -1.1222 -0.1344  -4.2523 0.0314
0.8751 0.0685 -0.7323 -1.3746 0.2740 -0.0123 -(B732 4.2984 -0.2284  -4.4850 0.03711
0.9216 0.0387 -0.4148 -0.8385 0.1872 -0.0086 -®@414 4.9215 -0.1861 -3.6472 0.0271
0.9646 0.0111 -0.2153 -0.3462 0.1065 -0.0049 -(R215 5.9095 -0.1518 -2.0955 0.0184
1.0000 0.0000 _ _ _ _ _ _ — — —
308 K
0.0000 0.4175 -2.5152 -1.9552 0.9587 -0.0483 -2515 -2.1508 0.1643 -1.8565 -0.0006
0.1067 0.3844 -2.5891 -2.3110 0.9014 -0.0450 -2.589 -3.2155 0.0948 -2.2879 0.0121
0.2105 0.3521 -2.6146 -2.6904 0.8221 0.0407 -2.6146 -3.9321 -0.0146  -2.8820 0.029b
0.3184 0.3131 -2.6432 -2.7175 0.7351 0.0360 -2.6432 -4.5773 -0.0675 -3.3410 0.0371L
0.4195 0.2765 -2.6541 -2.6914  0.7057 0.0340 -2.6541 -4.5947 -0.1353 -3.8547 0.045b6
0.5145 0.2421 -2.1712 -2.2879 0.5430 0.0264 -2.1712 -5.8030 -0.0566 -3.7164 0.0326
0.6037 0.2098 -1.5741 -2.1208 0.4386 0.0219 -1.5741 -5.5518 -0.0900 -4.0096 0.034b
0.6790 0.1706 -1.3104 -1.6946 0.3754 0.0189 -1.3104 -6.1436 -0.0350 -3.8397 0.024p
0.7490 0.1342 -0.8670 -1.3084 0.3073 0.0160 -0.8670 -6.4659 0.0056 -3.6263 0.015¢4
0.8142 0.1002 -0.7804 -1.0467 0.2519 0.0128 -0.7804 -4.9446 -0.0257 -3.6623 0.0158
0.8751 0.0685 -0.6087 -0.8281 0.1968 0.0099 -0.6087 -0.3353 -0.1019 -3.7936 0.0200
0.9216 0.0387 -0.5178 -0.4772 0.1529 -0.0074 -®@517 0.1734 -0.0659 -2.9638 0.0129
0.9646 0.0111 -0.1352 -0.1519 0.0783 -0.0041 -2135 0.8318 -0.0352 -1.4122 0.0055
1.0000 0.0000 _ _ _ _ _ _ — — —
318 K
0.0000 0.4175 -1.3720 -1.6181 0.5152 -0.0298 -N372 1.1604 0.0811 -1.9912 0.0058
0.1067 0.3844 -1.4106 -1.6244  0.4526 -0.0262 -B410 -2.2736 0.1019 -2.1900 0.0052
0.2105 0.3521 -1.4330 -1.6388 0.3925 -0.0227 -0433 -5.5035 0.1087 -2.4259 0.0062
0.3184 0.3131 -1.4423 -1.6491 0.3369 -0.0194 -1B442 -8.5883 0.0942 -2.7609 0.0095
0.4195 0.2765 -1.4626 -1.6676 0.2940 -0.0167 -B462 -10.9880 0.0523 -3.1908 0.0158
0.5145 0.2421 -1.3932 -1.5270 0.2350 -0.0132 -2393 -13.3532 0.0620 -3.3798 0.0139
0.6037 0.2098 -1.3499 -1.4151 0.1711 -0.0093 -R349 -14.9148 0.0466 -3.6543 0.0150
0.6790 0.1706 -1.2488 -1.1429 0.1400 -0.0074 -B248 -16.4430 0.0795 -3.6017 0.0084
0.7490 0.1342 -1.1480 -0.8977 0.1270 -0.0065 -0148 -17.2880 0.0957 -3.5273 0.0038
0.8142 0.1002 -0.9472 -0.6892 0.0847 -0.0041 -@947 -16.7870 0.0843 -3.4714 0.0023
0.8751 0.0685 -0.6259 -0.5065 0.0504 -0.0024 -@625 -13.6626 0.0433 -3.4001 0.0038
0.9216 0.0387 -0.4675 -0.2454 0.0463 -0.0022 -d467 -13.7536 0.0787 -2.4909 -0.0037
0.9646 0.0111 -0.2877 -0.0088 0.0404 -0.0019 -@.287 -13.0999 0.1033 -0.7821  -0.0097
1.0000 0.0000 _ __ _ __ _ _ __ __ __

Vandeal Vangael ideal mixing relation is computexhf the following formula[40,41]:

1 { 1 } X, X, X,
= + 2t 2

(VAN )2 2
XM, +x,M,+x;M, [Lu M,uuS M,u; M,uj

Wherex,, X, andxs are mole fractions angi, u, andus are sound speeds of components of the system.

The sound speed in the mixture as given by Impesl®ependence Relation as[42]:

yPR = Z X Z;
Xi P
Experimental values of density)( sound speedi) and viscosity#) alongwith derived parameters are presented in
table 1. The variation of excess parameters withpmsition for the system under investigation igelisin table 2 at
298, 308 and 318 K. Table 3 carries the valuesnwdaghening coefficients for different excess pareemse by
Redlich-Kister polynomial equation with their stand deviations. The percentage deviations of vartbeoretical
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approaches applied to the experimental sound sgreedepicted in table 4. It is evident from tablatu,,, Z and
77 show a decrease wheregs p andL; show a continuous increase at all the three iiyessng temperatures with
increasing mole fraction of toluene. Acoustic imaede shows a linear variation with increase and thecrease
with the mole fraction of benzene at 308 and 318 K.

Table 3:- Values of adjustable parameters and theistandard deviations for toluene +1-dodecanol + cl@ahexane systems at 298, 308 and

318K
Ao A1 Az ()
298 K

VE m*mol? -11.508 -7.711  -3.258  0.097L
VEXx 108 m*mol* -41.817 5.307 172.762 0.4747
LE A° -0.141 -0.145 -0.153  0.001B
ZF x 1¢ Rayl 3.302 3.512 3.467 0.0379
Ay x 10° Nm?s -13.438 -8.842 -8.706  0.0547
Ak x 10%° Pa -12.023 -7.356  -0.550  0.02§L
GE x 16°J mol* -8.819 3.864 -55.153  0.08
HE J mot* 0.064 0.063 0.564 0.00
7 atm 0.6187  0.030 -4.879  0.0247
308 K

VE m*mol? -7.671 -9.316 -10.104 0.06
VEXx 108 m*mol* -36.181 11.576 77.531  0.5538
LE A° -0.116 -0.113  -0.130  0.00

ZF x 1¢ Rayl 0.281 2.614 1.961 0.0843
Ay x 10° Nm?s -9.614 -6.858 -4.358  0.0593
Dk x 10° Pa -7.667 -3.341 -10.197 0.06
GEx1CFJmo*  -11.115 2578 -39.738 0.1247
HE J mot* 0.107 0.103 0.258 0.00
7 atm 0.023 -0.351 -1.922  0.0233
318 K

VE m*mot? -3.059 -2.863 -3.131 0.06
VEx 10 m*mol*  -40.537 50.318 -139.372 0.41]8
LE A° -0.056 -0.077 0.051 0.00
ZF x 1¢ Rayl 0.922 1.299 1.682 0.0142
Ay x 10° Nm's -6.426  -3.242  -0.144 0.0292
DAk x 10%° Pa -6.057 -1.224 -1.669 0.02
GEx1CFJmo* -10.868 5.294 -27.481  0.07
HE J mot* 0.055  0.008 -0.098  0.00
7 atm 0.273  0.081 0.923  0.0148

Figure 1 shows the variation of deviation in iseptc compressibility &x;) as a representative figure over the
complete range of temperature taken for investigatlhe sign oVF, Vi, Ak, , L A and ZF play a vital role in
assigning the compactness due to molecular arragwgeafter mixing the pure components to preparaxtéune of
varying composition. The weak magnitudes of negatizlues oW/, V¥, Ak, , L, An and positive values & are
attributed to weak intermolecular interactions presbetween the components of the system. The aserén
negative sign may be interpreted as increase indipele-induced-dipole type of interactions upto0-4 mole
fraction between the system components. The laifferehce in the molar volumes of the componentaldo
facilitate interstitial accommodation of the smakd®mponents (toluene and cyclohexane) into thdsvoreated by
bigger 1-dodecanol molecules. After x ~ 0.4 moszfion system tends to behave as ideal ones ddectease in
the concentration of 1-dodecanol molecules in tystesn unable the interstitial accommodation leadmgnuch
free polar and non-polar molecules in the mixt@enerally, in ternary systems fewer interactiores raported
because the addition of third component decreasertbrgy of interaction and the system behaveesd @hes[43-
45]. Our results are also supported by the resefterted by Aliet a[46] in the ternary mixture of DMSO + CCt
benzene, DMSO + CgH toluene but in contrast with the results obtdifier DMSO + CC] + chlorobenzene.
Negative excess volumes are found in ternary liquigtures of water with butylacetate and ethyl poogate in
methanol by Fonsecat al47] in ternary liquid mixtures of squalane withefdane + benzene), (cyclohexane +
benzene) and (hexane + cyclohexane) by Bleat&48]. Negative variation of deviation in viscosi#s) is found
in ternary liquid mixture of ethan-1,2-diol with lpo (acetone and ethyl methyl ketone) and non-p(ilanzene,
toluene, carbon tetra chl;oride) by Singh a[49] and in Ti-n-butyl phosphates8s-CCl, at four different
temperatures by Chakravorty a[50]. Positive variation if\xs and L are reported by Sumatét a[51] in ternary
liquid mixtures of methyl acetate + toluene + peotéhexanol/heptanol due to presence of dispefsinees.
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Fig. 1: Variation of Axs with mole fraction of toluene in toluene + 1-dodesmol + cyclohexane system at 298)( 308 @) and 318 (A) K

The variation in excess enthalgy¥ and excess Gibb’s free energy of activation steus flow GF) is depicted

in Figs. 2 and 3. The relative low positive valeé$i* and negative values & shows the exothermic behaviour
and can be inferred in terms of breaking of dip@lssociations of 1-dodecanol associates by theiauwldif third
componeni.e. cyclohexane leading to smaller excess enthalpies.positive excess enthalpy was also reported by
Tong et a[52] for the ternary liquid mixtures of,CHz(CH,)CH; + x2(CH3)s:COCH; + X3[CH3(CH,)3],O and for
X1CH3(CHy)sCHs + X5(CHz3)sCOCH; + X3[CH3(CH,)4] 0.
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Fig. 2: Variation of HE with mole fraction of toluene in toluene + 1-dodeanol + cyclohexane system at 298)( 308 @) and 318 (A) K

The negative deviations @ = over the whole composition range at 298, 308 ar&l lBimplies that the van der
Waals attraction decreases considerably in betwlempure components when these components are taiXedn
a system. There is a certain degree of associatitine pure 1-dodecanol due to hydrogen bond faomathough
these associations are broken down on formatiomigfure. In summary, three types of interactionsnaly the
attractions due to van der Waals forces, the dipmaced-dipole attractions and hydrogen bondegraation, with
an additional interaction of interstitial accommtida undergo an overall decreaseGif, making the process
markedly endothermic as a whole.
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Fig. 3: Variation of G'E with mole fraction of toluene in toluene + 1-dodeanol + cyclohexane system at 298)( 308 @) and 318 (A) K

The variation of excess internal pressug)(is presented in Table 2 and variation of lpgvith log 1M at 298 K is
presented in Fig. 4 for the system under investigatThe non-linear variation with both positivedanegative
deviations of77~ with composition is indicative of weak specificénactions between the components of the system.
This view is supported by the negative deviatiohdree volume without any specific maxima. The abtdral
molecules of toluene and planar molecules of cy®tane can be easily interstitially accommodated irdids
formed by the dissociation of the self-associatib-dodecanol. This results in reduction in insnoressure of the
system. The importance af° and 1¥; in fixing the liquid state properties thermodynaatly is significant by
virtue of the straight lines obtained from the Hg.
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Fig. 4: Variation of log z; with log (1V) in toluene + 1-dodecanol + cyclohexane system288 (), 308 @) and 318 (A) K

The deviations of Jacobson’s Free Length Theay), Nomoto Relationy(*°"), Impedance Dependence Relation
(u®®) and Vandeal Vangael Ideal Mixing Relatian(") from the experimental values of sound spe€d’} is
presented in Table 4. From the Table 4 it is evidestu™" is best suited to this system without any deviafrom
the experimental sound speed over the range ofeémnpe from 298 to 318 K by the interval of 10Kperusal of
Table 4 reveals that maximum deviations are fomndadandeal Vangael Mixing Relation while some dduias are
observed in Nomoto Relation®"), Impedance Dependence Relatiaft{), suggesting the least applicability of
u’*N for the system under investigation from 298 to &18he increasing order of deviations from expenital
values is as follows.

uE><p - uFLT < uNOM < uIDR < uVAN
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Table 4:-Comparison of Free Length Theory (FLT), Inpedance Dependence Relation (IDR), Nomoto’s RelatidNOM) and Vandael
Vangeel Ideal mixing relation (VAN) with experimentl values (EXP) of sound speed for binary system tdluene &,) + 1-dodecanolX,)
+ cyclohexane Xs) system at 298, 308 and 318 K

EXP

5 —
(x1) (x2) ':ns-l u*Tmst U™ mst u"Mmst UM ms? Tiall uIDR/o D|EVIL?'}£AI’1 [ o™
298 K
0.0000 0.4175 1463.0 1463.0 1335.3 1366.3 1195.0 0 08.7324 6.6413 18.3177
0.1067 0.3844 1460.6 1460.6 1334.1 1364.0 1203.6 0 08.6600 6.6136 17.5974
0.2105 0.3521 14416 1441.6 1333.0 1361.7 1212.2 0 07.5302 5.5402 15.910f
0.3184 0.3131 14235 14235 1330.8 1358.0 12214 0 06.5113 4.6046 14.1968
0.4195 0.2765 1221.0 1221.0 1328.8 1354.2 1230.5 0 06.4938 4.7040 13.406p
0.5145 0.2421 1393.6 1393.6 1326.9 1350.4 1239.6 0 04.7917 3.0996 11.055p
0.6037 0.2098 1380.3 1380.3 1325.1 1346.7 12485 0 03.9976 2.4326 9.5467
0.6790 0.1706 1369.2 1369.2 1321.3 1340.1 1257.0 0 03.4971 2.1202 8.1904
0.7490 0.1342 1358.7 1358.7 1317.8 1333.6 1265.7 0 03.0098 1.8447 6.8399
0.8142 0.1002 1348.1 1348.1 13145 1327.1 12746 0 02.4903 1.5577 5.4531
0.8751 0.0685 1338.1 1338.1 13115 1320.7 1283.6 0 01.9845 1.3039 4.0763
0.9216 0.0387 1327.0 1327.0 1308.2 1313.6 1291.8 0 01.4183 1.0128 2.6557
0.9646 0.0111 13155 13155 1305.1 1306.6 1300.0 0 00.7908 0.6748 1.1791
1.0000 0.0000 1304.8 1304.8 1304.8 1304.8 1304.0 __ — — —
308 K
0.0000 0.4175 1364.8 1364.8 1282.7 1311.2 1149.8 0 06.0118 3.9268 15.752p
0.1067 0.3844 1361.2 1361.2 1283.7 1310.5 1159.8 0 05.6972 3.7297 14.796Q
0.2105 0.3521 1354.9 1354.9 1284.6 1309.7 1169.9 0 05.1895 3.3343 13.654p
0.3184 0.3131 1346.1 1346.1 1284.5 1307.7 1180.6 0 04.5816 2.8523 12.3000
0.4195 0.2765 1343.9 1343.9 1284.3 1305.8 1191.0 0 04.4303 2.8367 11.372P
0.5145 0.2421 1330.0 1330.0 1284.3 1303.8 1201.4 0 03.4404 1.9701 9.6724
0.6037 0.2098 1324.1 1324.1 1284.2 1301.9 12115 0 03.0131 1.6770 8.5000f
0.6790 0.1706 1316.9 1316.9 1281.9 1297.2 12209 0 02.6536 1.4921 7.2858
0.7490 0.1342 1310.9 1310.9 1279.9 1292.6 12304 0 02.3712 1.3991 6.1413
0.8142 0.1002 1302.7 1302.7 1278.0 1288.0 1240.0 0 01.9013 1.1295 4.8145
0.8751 0.0685 12954 1295.4 1276.2 1283.4 1249.6 0 01.4825 0.9233 3.5361
0.9216 0.0387 1287.7 1287.7 1273.8 1278.1 1258.2 0 01.0757 0.7465 2.292(
0.9646 0.0111 1279.9 1279.9 1271.7 1272.8 1266.7 0 00.6414 0.5514 1.0281
1.0000 0.0000 1272.0 1272.0 1272.0 1272.0 12720 __ — — —
318 K
0.0000 0.4175 1276.8 1276.8 1239.8 1263.7 1116.1 0 02.8962 1.0249 12.584f
0.1067 0.3844 1274.7 1274.7 1242.1 1264.1 1126.7 0 02.5517 0.8276 11.608#4
0.2105 0.3521 1272.4 1272.4 1244.4 1264.5 1137.3 0 02.2060 0.6205 10.618P
0.3184 0.3131 1269.7 1269.7 1245.8 1264.0 1148.6 0 01.8868 0.4472 9.5367
0.4195 0.2765 1267.7 1267.7 1247.0 1263.5 1159.7 0 01.6319 0.3310 8.5204
0.5145 0.2421 1264.0 1264.0 1248.2 1263.0 1170.6 0 01.2451 0.0738 7.3891
0.6037 0.2098 1258.8 1258.8 1249.3 1262.5 1181.2 0 00.7549 -0.2942  6.1658
0.6790 0.1706 1255.4 1255.4 1248.4 1259.7 1191.1 0 00.5554 -0.3443 5.1177
0.7490 0.1342 1253.8 1253.8 1247.5 1256.9 1201.1 0 00.5006 -0.2429 4.2061
0.8142 0.1002 1249.6 1249.6 1246.8 1254.0 1211.0 0 00.2256 -0.3582  3.084(
0.8751 0.0685 1247.4 1247.4 1246.0 1251.2 1221.0 0 00.1143 -0.3043 2.1233
0.9216 0.0387 1246.4 1246.4 1244.6 1247.6 1229.8 0 00.1409 -0.1013 1.3278
0.9646 0.0111 12453 1245.3 1243.3 1244.1 1238.6 0 00.1644 0.1025 0.5437
1.0000 0.0000 1244.0 1244.0 1244.0 1244.0 12440 __ _ __ __

REFERENCES

[1]1. Mozo, I.G. Fuente, J.A. Gonzalez, J.C. Coldo&hem. Thermody201Q 42, 17.

[2] R. Kumar, R. Mahesh, B. Shanmugapriyan, V. Kannapipaian J. Pure Appl. Phys2012 50, 633.
[3] H. lloukhani, B. SamieyPhys. Chem. Lig2007,45, 571.

[4] R. Mehra, A. K. Gaur]). Chem. Engg. Dat2008 53, 863.

[5] N.V. Sastry, R.R. Thakor, M.C. Patél,Mol. Lig, 2009 114, 13.

[6] A.J. Treszczanowicz, T. Treszczanowielyid Phase Equilih.1997, 135, 179.

[7]1 R. Mehra, R. Isranindian J. Pure Appl. Phys200Q 38, 341.

[8] R. Mehra, A. Guptandian J. Chem.2001, 40A, 505.

[9]1 R. Dean, J. Moulins, A. Maclnnis, R. M. Palepinys. Chem. Lig2009 47, 302.

[10]R. Mehra, A. K. GaurJ. Ind. Council Chem2009 26, 85.

[11]R. Kubendranl, F. L. A. Khan, J. Asghar, M. Aralanatj and J. Udayaseelairch. Appl. Sci. Res2011, 3,
568.

[12]R. Mehra, R. Isranindian J. Chem. TechnpR002 9, 341.

[13]R. Mehra, R. Israni]. Indian Chem. Soc2004 81, 227.

[14]1R. Mehra,Z. Phys. Chem2005 219, 425.

[15]R. Mehra, A.K. Gaur]). Modern Chemistry & Chemical Technolpg911, 2, 24.

132
Scholars Research Library



Rita Mehra et al Arch. Appl. Sci. Res., 2013, 5 (1):124-133

[16]R. Mehra, M. Pancholi. Ind. Council Chem200§ 23, 44.

[17]J.A. Reddlich, W.B. Bungir, T.K. Sakna; Organic\aaits — Physical Properties and methods of putifina
Wiley Intersiciences, New YorKk,986 4.

[18]J.A. Dean; Lange’s Handbook of Chemistry, McGraw, flew York, 1987, 13.

[19]D.R. Lide;CRCHandbook of Physics and Chemistry, Boca Raton, Merk, 2001, 81.
[20]M.A. Saraf, K. Chidambaram, A.R. Kumadr, Acous. Soc. Ind2001, 29, 288.

[21]R. Mehra, M. Pancholi. Pure Appl. Ultrason2005 27, 92.

[22]S.C. Bhatia, R. Bhatia, G.P. Dubdy,Chem. Thermody201Q 42, 114.

[23]G. Arul, M.S. Jafar, L. Palaniappaficta Phys. Chem. Sjr2008 24, 41.

[24]B. Jacobsonicta Chem. Scandl952, 5, 1485.

[25]P.M. Krishna, B.R. Kumar, B. Sathyanarayana, K.Jgothi, N. Satyanarayan&dian J. Pure Appl. Phys.
2009 47, 576.

[26]K.N. Malhotra, M. Chauharj. Pure Appl. Ultrason1996 18, 118.

[27]S.L. Oswal, R.L. Gardas, R.P. PhaldkMol. Lig, 2005 116, 109.

[28]C.V. Suryanarayana, J. KuppusariyAcous. Soc. Ind198], 4, 212.

[29]J.A. Gonzalez, |. Mozo, |.G. Feunte, J.C. Coldemochim. Act2006 441, 53.

[30]K. Vijayalakshmi, V. LalithaJ. Acous. Soc. Ind2004 32, 158.

[31]D. Muraligi, S. Sekar, A. Dhanalaksmi, A.R. Ramkunda Acous. Soc. Ind2001, 29, 345.
[32]C.V. Suryanarayanéndian J. Pure Appl. Phys1981 27, 751.

[33]0. Redlich, A.T. Kisterind. Eng. Chem1948 40, 345.

[34]F. Aguilar, F.E.M., Alaoui, J.J.Segovia, M.A. Viltenan, E.A. Monteral. Chem. Thermodyr201Q 42, 28.
[35]J.B. Parsa, M. Faraji. Mol. Lig, 2009 144, 102.

[36]B. JacobsonArkiv. Kemi, 195Q 2, 177.

[37]B. Jacobson]. Chem. Phys1952 20, 927.

[38]0. NomotoJ. Phys. Soc. Jprl958 13, 1528.

[39]10. NomotoJ. Phys. Soc. Jprl956 11, 1146.

[40]M. Blandamer, D. Waddingtod, Phys. Chem197Q 74, 2569.

[41]J. Glinski,J. Chem. Phys2003 18, 2301.

[42]M. Kalidoss, R. Srinivasamoorthy, Pure Appl. Ultrason1997, 9, 4.

[43]G. Maheshwari, M. Singll. Indian Chem. So2002 79, 659.

[44]1R.J. Fort, W.R. Moorelrans. Faraday Soc1966 62, 1112.

[45]J.S. Yadav, Dimple, V.K. Sharmé/orld Acad. Sci., Engg. Technd®009 55, 29.

[46]A. Ali, K. Tiwari, A.K. Nain, Indian J. Phys.200Q 74B, 351.

[47]1Z.P. Visak, A.G.M. Ferreira, I.M.A. Fonsech,Chem. Engg. Dat200Q 45, 926.
[48]S.C. Bhatia, N. Tripathi, G.P. Dubdpdian J. Chem.2003 42A, 2513.

[49]S. Singh, M. Singhindian J. Chem.2001,41A, 1588.

[50]N. Swami, V. Chakravorttyndian J. Chem.1996 35A, 395.

[51]T. Sumathi, J.U. Maheswatindian J. Pure Appl. Phys2009 47, 782.

[52]Z. Tong, D. Liao, G.C. Benson, C.Y.B. L@an. J. Chem1997, 75, 308.

133
Scholars Research Library



