J. Chem. Eng. Dat&006,51, 2225-2232 2225

Studies on Thermodynamic and Transport Properties of Binary Mixtures of
Acetonitrile with Some Cyclic Ethers at Different Temperatures by Volumetric,
Viscometric, and Interferometric Techniques

Mousumi Das and Mahendra N. Roy*
Department of Chemistry, University of North Bengal, Darjeeling-734013, India

Densities and viscosities of the binary mixtures of acetronitrile with tetrahydrofuran, 1,3-dioxolane, and 1,4-
dioxane were measured over the entire range of composition at (298.15, 308.15, and 318.15) K. Ultrasonic speeds
of these binary mixtures have also been measured at 298.15 K. From the experimental data, values of excess
molar volumes Y F), viscosity deviationsAz), and deviations in isentropic compressibilitks) have been
calculated. These results were fitted to Redtigtister polynomial equation. The density and viscosity data were
analyzed by some semiempirical viscosity models, and the results have been discussed in terms of molecular
interactions and structural effects. The excess properties were found to be either negative or positive depending
on the molecular interactions and the nature of liquid mixtures. To explore the nature of the interactions, various
thermodynamic parameters (e.g., intermolecular free length, specific acoustic impedance, etc.) have also been
derived from the density and ultrasonic speed data.

Introduction viscosity and acoustic data of binary mixtures in terms of pure

L . . . . component properties.
The mixing of different solvents gives rise to solutions that P prop

generally do not behave ideally. This deviation from ideality is Experimental Section
expressed by many thermodynamic variables, particularly by — Materials. Acetonitrile (Merck, India) was distilled from®s
excess properties. Excess thermodynamic properties of solventand then from Cakdin an all-glass distillation apparat&&The
mixtures correspond to the difference between the actual prop-middle fraction was collected. 1,4-Dioxane (Merck, India) was
erty and the property if the system behaves ideally and, thus, kept several days over potassium hydroxide (KOH), refluxed
are useful in the study of molecular interactions and arrange- for 24 h, and distilled over lithium aluminum hydride (LiAl
ments. In particular, they reflect the interactions that take place as described earliér.1,3-Dioxolane (LR) was purified by
between solutesolute, solute-solvent, and solvertsolvent standard methods. It was refluxed with Pedd then fraction-
species. ally distilled after addition of xylené? Tetrahydrofuran (Merck,
This work is a part of our program to provide data for the India) was kept several days over potassium hydroxide (KOH),
characterization of the molecular interactions between solventsrefluxed for 24 h, and distilled over LiAlldas described
in binary system&3 Acetronitrile is a dipolar aprotic solvent  earlier!* The purity of the solvents was ascertained by GLC
lacking strong specific intermolecular forces, where dipole  and also by comparing experimental values of densities and
dipole forces predominaté,and tetrahydrofuran, 1,3-dioxolane, viscosities with available literature as listed in Table 1.
and 1,4-dioxane are cyclic ethers differing in the number and  Apparatus and Procedurelhe densities were measured with
position of oxygen atom and methylene gréupTetrahydro- an Ostwald-Sprengel type pycnometer having a bulb volume
furan, 1,3-dioxolane, and 1,4-dioxane are versatile solvents usedof 25 cn¥ and an internal diameter of the capillary of about 0.1
in the separation of saturated and unsaturated hydrocarbons, ircm, calibrated at (298.15, 308.15, and 318.15) K with doubly
pharmaceutical synthesis, and serve as solvents for manydistilled water and benzene. The pycnometer with the test solu-
polymers. Acetonitrile has important technological applications, tion was equilibrated in a thermostatic water bath maintained

namely, in battery industry and plating techniq@és. at+ 0.01 K of the desired temperature, removed from the bath,
In the present paper, we report densities, viscosities, and ultra-Properly dried, and weighed in an electronic balance. The evap-

sonic speeds for the binary systems of acetonitfiléetrahy- oration losses remained insignificant during the time of actual

drofuran, acetronitrilet-1,3-dioxolane, and acetronitrile1,4- measurements. Averages of triplicate measurements were taken

dioxane at the temperatures of (298.15, 308.15, and 318.15) Kinto account.
and atmospheric pressure over the entire composition range. The mixtures were prepared by mixing known volume of pure
The experimental data are used to calculate excess molar volliquids in air-tight stoppered bottles. The reproducibility in mole
umes ¥ E), deviations in viscosity/A#), and deviations in isen-  fraction was withint 0.0002. The mass measurements, accurate
tropic compressibility AK) of the mixtures. Various thermo-  to = 0.01 mg, were made on a digital electronic analytical bal-
dynamic parameters (e.g., intermolecular free length, specific ance (Mettler, AG 285, Switzerland). The total uncertainty of
acoustic impedance, etc.) and their deviations have also beerflensity is+ 3 x 104 g-cm™3, and that of temperature i&
derived from the density and ultrasonic speed data. These result$.01 K.
are useful for the interpretation of the nature of interactions that  The viscosity was measured by means of a suspended
occur between acetonitrile and the cyclic ethers. The work also Ubbelohde type viscometer, which was calibrated at 298.15 K
provides a test of various empirical equations to correlate with triple-distilled water and purified methanol using density
and viscosity values from the literature. The flow times were
* Corresponding author. E-mail: mahendraroy@yahoo.co.in. Fa91- accurate tot 0.1 s, and the uncertainty in the viscosity mea-
0353-2581546. surements, based on our work on several pure liquids, was with-
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Table 1. Comparison of Densityp, Viscosity 7, and Sound Speeds with Literature Data at the Experimental Temperatures

T p x 107%/(kg-m~3) nl(mPas) u/(m-s1)
pure solvent K expt lit. expt lit. expt lit.
acetonitrile 298.15 0.7768 0.77686 0.3443 0.3448 1713.2
308.15 0.7654 0.7656% 0.3124 0.312%
318.15 0.7547 0.75498 0.2891 0.289%
tetrahydrofuran 298.15 0.8808 0.8807 0.4631 0.463% 1292.2 129%
308.15 0.8715 0.87%2 0.4276 0.427%
318.15 0.8608 0.86%2 0.3903 0.3902
1,4-dioxane 298.15 1.0287 1.0282 1.1779 1178 1344.4 1358
308.15 1.0168 1.0168 0.9985 0.99%
318.15 1.0047 1.00526 0.8909 0.90%
1,3 dioxolane 298.15 1.0577 1.05862 0.5878 0.588® 1338.2 1338.%8
308.15 1.0463 1.04620 0.5128
318.15 1.0344 1.03364 0.4580

Table 2. Values of Densityp, Viscosity 7, Excess Molar VolumeV E, Viscosity Deviation Ay, and Grunberg—Nissan, Tamura—Kurata, and
Hind Interaction Parameters dip, T12, and Hi, for Binary Mixtures

px 1073 n VEx 10° An px 1038 n VEx 10° An
X1 kgom=  mPas mf-mol-?! mPas dio T Hy X1 kgom=2 mPas mfmol-! mPas dio T Hq
Acetonitrile + Tetrahydrofuran
298.15 K
0 0.8808  0.4631 0 0 0 0 0 0.7249 0.8162 0.3701 —0.062 —0.007 —0.047 0.384 0.387
0.1633 0.8703 0.4419 —0.104 —0.002 0.011 0.393 0.397 0.8039 0.8058 0.3611-0.037 —0.007 -—0.067 0.382 0.383
0.3052 0.8595 0.4236 —0.142 —0.003 0.006 0.392 0.396 0.8754 0.7959 0.3539-0.020 —0.005 -0.087 0.380 0.380
0.4295 0.8486 0.4075 —0.145 -0.005 —0.002 0.390 0.394 0.9405 0.7862 0.3481—-0.007 —0.003 -0.119 0.376 0.375
0.5394 0.8376 0.3932 —0.124 —-0.006 —0.015 0.389 0.392 1 0.7768  0.3443 0 0 0 0 0
0.6372 0.8268 0.3808 —0.093 —0.007 —0.029 0.387 0.389
308.15 K
0 0.8715  0.4276 0 0 0 0 0 0.7249 0.8057 0.3321 —0.082 —0.012 -0.126 0.338 0.339
0.1633 0.8604 0.4066 —0.070 —0.002 0.006 0.357 0.361 0.8039 0.7953 0.3242-0.066 —0.011 -0.155 0.336 0.336
0.3052 0.8492 0.3875 —0.099 -0.005 —0.013 0.353 0.358 0.8754 0.7852 0.3184—-0.049 —0.008 —0.184 0.333 0.332
0.4295 0.8380 0.3701 —0.110 -0.008 —0.039 0.349 0.354 0.9405 0.7752 0.3145-0.028 —0.005 -0.214 0.331 0.328
0.5394 0.8270 0.3550 —0.106 —0.012 —-0.067 0.345 0.349 1 0.7654  0.3124 0 0 0 0 0
0.6372 0.8162 0.3425 —0.096 —0.012 —0.095 0.342 0.345
318.15K
0 0.8608  0.3903 0 0 0 0 0 0.7249 0.7963 0.3001 —0.196 —0.017 —0.349 0.298 0.298
0.1633 0.8510 0.3683 —0.201 —0.005 —0.106 0.313 0.319 0.8039 0.7855 0.2938—0.141 —0.015 —0.443 0.294 0.292
0.3052 0.8405 0.3497 —0.290 —-0.010 —0.135 0.311 0.317 0.8754 0.7750 0.2901—-0.094 —0.012 —-0.581 0.291 0.287
0.4295 0.8296 0.3340 —0.311 —-0.013 —-0.169 0.309 0.313 0.9405 0.7647 0.2879—-0.045 —0.007 —0.960 0.284 0.276
0.5394 0.8184 0.3202 —-0.288 —0.016 —0.218 0.305 0.308 1 0.7547  0.2890 0 0 0 0 0
0.6372 0.8073 0.3089 —0.245 -0.017 -0.277 0.301 0.303
Acetonitrile+ 1,3-Dioxolane
298.15 K
0 1.0577  0.5878 0 0 0 0 0 0.7302 0.8721 0.3591 —-0.197 -0.051 -0.519 0.330 0.337
0.1670 1.0227 0.5233 —0.124 —-0.024 —0.193 0.355 0.380 0.8081 0.8465 0.3444—0.160 —0.047 -0.660 0.314 0.315
0.3109 0.9899 0.4737 —-0.233 —-0.038 —0.231 0.355 0.376 0.8783 0.8221 0.3380—-0.111 —0.036 —0.782 0.301 0.298
0.4361 0.9585 0.4360 —0.277 —0.046 —0.266 0.355 0.373 0.9420 0.7989 0.3366—0.062 —0.022 —-0.982 0.277 0.266
0.5461 0.9282 0.4046 —0.268 —0.0502 —0.328 0.350 0.364 1 0.7768  0.3443 0 0 0 0 0
0.6435 0.8994 0.3783 —0.239 —0.053 —0.421 0.340 0.351
308.15 K
0 1.0463  0.5128 0 0 0 0 0 0.7302 0.8619 0.3251 —0.297 —0.041 -0.477 0.302 0.307
0.1670 1.0116 0.4618 —0.160 —0.018 —0.158 0.330 0.349 0.8081 0.8361 0.3134—-0.248 —0.038 —0.593 0.290 0.292
0.3109 0.9792 0.4235 —-0.295 —-0.027 —-0.174 0.333 0.349 0.8783 0.8116 0.3077—-0.190 -—0.029 -0.706 0.279 0.277
0.4361 0.9478 0.3913 —0.352 —0.034 —0.221 0.329 0.343 0.9420 0.7882 0.3070—-0.114 —0.017 -0.845 0.264 0.257
0.5461 0.9177 0.3646 —0.357 —0.034 —-0.284 0.323 0334 1 0.7654  0.3124 0 0 0 0 0
0.6435 0.8890 0.3419 —-0.334 —0.042 -0.377 0.312 0.321
318.15K
0 1.0344  0.4580 0 0 0 0 0 0.7302 0.8511 0.2910 —0.342 —0.044 -0.597 0.260 0.262
0.1670 1.0003 0.4132 —-0.202 -0.017 —0.188 0.297 0.313 0.8081 0.8255 0.2817—-0.290 —0.040 —0.737 0.246 0.245
0.3109 0.9679 0.3791 —-0.336 —0.026 —0.215 0.298 0.311 0.8783 0.8009 0.2780—0.219 -—0.032 —-0.890 0.231 0.225
0.4361 0.9366 0.3502 —0.390 —0.034 —0.275 0.292 0.304 0.9420 0.7775 0.2797-0.128 —0.019 —-1.093 0.210 0.198
0.5461 0.9065 0.3263 —0.392 —-0.039 —-0.354 0.284 0.293 1 0.7547  0.2891 0 0 0 0 0
0.6435 0.8780 0.3065 —0.369 —0.043 —0.460 0.274 0.280
Acetonitrile+ 1,4-Dioxane
298.15 K
0 1.0287  1.1780 0 0 0 0 0 0.7630 0.8645 0.4099 —0.237 —0.132 —-0.648 0.396 0.353
0.1926  0.9976  0.9468 —0.100 —0.071 0.119 0.534 0.414 0.8336 0.8412 0.3679-0.191 —0.115 —-0.998 0.346 0.322
0.3492 0.9686 0.7720 —0.193 —0.115 0.031 0.509 0.403 0.8957 0.8185 0.3482-0.115 —0.083 —1.253 0.316 0.310
0.4791 0.9410 0.6349 —-0.258 —0.144 —-0.115 0.473 0.383 0.9508 0.7972 0.3389—-0.057 —0.046 —1.632 0.265 0.280
0.5886 0.9146 0.5315 —-0.289 —0.156 —0.297 0.440 0.365 1 0.7768  0.3443 0 0 0 0 0
0.6822 0.8891 0.4573 —0.275 —0.152 —-0.494 0.411 0.352
308.15 K
0 1.0168  0.9985 0 0 0 0 0 0.7630 0.8430 0.4079 —0.301 —0.067 —0.048 0.424 0.469
0.1926  0.9812 0.8244 —0.194 —0.042 0.207 0.432 0520 0.8336 0.8212 0.3775-0.229 —0.049 -0.029 0.438 0.478
0.3492 0.9484 0.6862 —0.288 —0.073 0.135 0.415 0.495 0.8957 0.8014 0.3531-0.168 —0.031 0.014 0.453 0.490
0.4791 0.9187 0.5802 —0.342 —0.090 0.055 0.405 0.475 0.9508 0.7828  0.3340-0.090 —0.012 0.207 0.486 0.525
0.5886 0.8914 0.5030 —0.357 —0.092 —0.007 0.405 0.466 1 0.7654  0.3124 0 0 0 0 0
0.6822 0.8661 0.4477 —0.331 —0.083 —0.044 0.412 0.464
318.15K
0 1.0047  0.8909 0 0 0 0 0.7630 0.8430 0.3542-0.364 —0.078 —0.352 0.341 0.375
0.1926  0.9755 0.7189 —0.254 —0.056 0.015 0.322 0.409 0.8336 0.8193 0.3354-0.276 —0.054 —0.279 0.366 0.395
0.3492 0.9468 0.5994 —-0.364 —0.081 —0.014 0.337 0.411 0.8957 0.7968 0.3194-0.188 —0.033 —0.190 0.389 0.416
0.4791 09194 05014 —-0.430 —0.101 —0.143 0.324 0.387 0.9508 0.7752 0.3076—0.093 —0.011 0.142 0.438 0.471
0.5886  0.8930 0.4305 —0.450 —0.106 —0.268 0.318 0.370 1 0.7547  0.2891 0 0 0 0
0.6822 0.8675 0.3854 —0.421 —0.095 -0.324 0.328 0.371
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Figure 1. Excess molar volume$/() for binary mixtures of acetonitrile
(1) with @, tetrahydrofuranm, 1,3-dioxolane; and, 1,4-dioxane at 298.15
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Figure 2. Viscosity deviationsA#) for binary mixtures of acetonitrile (1)
with @, tetrahydrofuran®, 1,3-dioxolane; and, 1,4-dioxane at 298.15
K.

in & 0.03 % of the reported value. Details of the methods and Table 3. Values of Ultrasonic Speedsi, Isentropic Compressibility
techniques of density and viscosity measurements have beers Deviations in Isentropic Compressibility AKs, Deviations in

described earligtt13.14

Speeds of sound were determined by a multifrequency ultra-
sonic interferometer (Mittal Enterprise, New Delhi) working at
5 MHz, calibrated with water, methanol, and benzene at 298.15
K. The details of the methods and techniques have been
described earlieft1® The uncertainty of ultrasonic speed
measurements i¢ 0.2 m s'L.

Results and Discussion

The physical properties of the pure liquids along with their
literature values are recorded in Table 1. However no literature
data for viscosity of 1,3-dioxolane at (308.15 and 318.15) K

and sound speed of acetonitrile at 298.15 K were available to

Intermolecular Free Length (ALs), and Deviations in Specific
Acoustic Impedance AZ) for Binary Mixtures at 298.15 K

u Ksx 102 AKgx 1012 AL¢ AZ
X1 mest Pal Pal A kgrm2-s1
Acetonitrile+ Tetrahydrofuran

0 1292.2 679.94 0 0
0.1633  1344.3 635.81 —4.72 —0.0004 0.3119
0.3052  1395.2 597.70 —8.16 —0.0013 2.2063
0.4295  1443.9 565.25 —10.64 —0.0020 4.3811
0.5394  1490.4 537.47 -12.11 —0.0025 6.2800
0.6372  1533.8 514.14 -11.73 —0.0027 7.2298
0.7249  1573.6 494.81 -9.96 —0.0023 6.5553
0.8039  1610.3 478.56 —7.36 —0.0015 4.5467
0.8754 16455 464.04 —4.62 —0.0008 2.8429
0.9405  1679.0 451.20 -1.75 —0.0001 0.6821
1 1713.2 438.59 0 0 0

Acetonitrile+ 1,3-Dioxolane

- _ % 1338.2 527.95 0 0

us. Table 2 lists the experimental values of densitigsand 8'%%8 ﬁgg.g igg.gg —lg.}é —8.8822 g.;gé(l)

viscosities i) of the binary mixtures along with the corre- 57367 14815 47534 1365  —00024 155741

sponding mole fractions of acetronitrilg;), excess molar vol- 8.221% %gég.g ﬁgi.gg —%g.gg _8'8823 58'24118%
E H H H H H H . . . - . —U. .

umes Y E), viscosity deviationsAr), and interaction parameters 7355 18978 449.15 _1356 00045 276649

(di2, T1z, andHjp) at all the experimental temperatures. The g.ggg% %ggg.g ﬁg%g _19'3279 —8.88% ig%gig
E H H . . . —7. —0. .

p[ots of VE and Ay aga|n§b<1 at 298.15 K are rgprgsgnted i 09420 16864 24014 365 —0.0015 86832
Figures 1 and 2, respectively. Because of similarity in nature, 1 1713.2 438.61 0 0 0
the plots at the other two temperatures are not presented here. Laaan As%e7t%r11itrile+ 1,4-8ioxane o

The excess molar volume¥ E) were calculated using eq 01926 13963 1104 _6.79 0.0007 3.7000

1:15.16 0.3492  1451.0 490.37 —12.82 —0.0015 9.1001

0.4791  1498.4 47332  -16.98 -0.0025  15.5741

. 0.5886  1540.2 46091  —18.52 -0.0036  25.0101

£ o 1 1 0.6822  1575.7 453.00  -17.15 —-0.0045  29.1401

VE=Y§ xM|-— = 1) 0.7630  1606.5 44820  -13.93 —-0.0042  27.6649

L o »p 0.8336  1633.5 44552 -9.60 -0.0034  23.1053

= i 0.8957  1660.1 443.32 —5.64 -0.0023  16.1342

where p is the density of the mixtureM;, x, and p; are the (1)'9508 11761836_'23 f:;g:élf 72'36 70'8012 8(',6832

molecular weight, mole fraction, and densityitsf component,
respectively. The estimated uncertainty %6F is from (0.001
to 0.014) cn-molL.

An can be computed using eq'®Y’

]
Anp=mn— ) (Xm) (2)
=
wherey is the absolute viscosity of the mixtung;and»; are
the mole fraction and viscosity @h component in the mixture,
respectively. The estimated uncertainty foy is from (0.001
to 0.003) mPss.
It is seen that, the values ¥fF and Ay (see Table 2) for all
the experimental binary mixtures are negative over the entire

V E for the three systems are in the following order:

acetronitrile+ 1,4-dioxane> acetronitrile+ 1,3-dioxolane>
acetronitrile+ tetrahydrofuran

Negative values o¥ E18indicate a specific interaction between
the mixing components. The chemical or specific interaction
between the mixing molecules results in a volume decrease.
The negative values &f E for the binary mixtures of acetonitrile
with the ethers may be attributed to the dipole-induced dipole
interactions between the mixing componetits.

The molar volumes of acetonitrile are (52.84, 53.63, and 54)
cm?-mol1, and those of tetrahydrofuran, 1,3-dioxolane, and 1,4-

range of composition and temperature. The negative values ofdioxane are (81.87, 82.74, and 83.77Famol~%; (70.03, 70.80,
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Figure 3. Deviations in isentropic compressibilithKs) for binary mixtures

e he ) ‘ Figure 5. Deviations in specific acoustic impedancaAZ) for binary
gfoazentgr;:rggéll)swrl(th » tetrahydrofuranM, 1,3-dioxolane; and, 1,4- mixtures of acetonitrile (1) witi#, tetrahydrofuranm, 1,3-dioxolane; and
ioxi . .

A, 1,4-dioxane at 298.15 K.

0.0000 0.0000 . L
I Isentropic compressibilityK) values were calculated from
-0.0005 - 2 { -0.0005 experimental densities and speeds of soung using
-0.0010 - _ -0.0010 _
] Ke= () ! ©)
00015 - 00015 where Ks gives the isentropic compressibility for thith
00020 1 1 component of the mixture. We also derived the deviations in
+-00020 : ; P o -

- ] isentropic compressibilityAKs), deviations in intermolecular
¢ 0005 i + 4 -0.0025 free length ALy), and deviations in specific acoustic impedance
3 L 1 AZ) for the binary mixtures usin
é\ 00030 1 0000 (AZ) y 9
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Figure 4. Deviations in intermolecular free lengthl(s) for binary mixtures =

gf acetonitrile (1) with®, tetrahydrofuran®, 1,3-dioxolane; ana, 1,4- whereKs, Ly, andZ are the isentropic compressibility, inter-
loxane at 298.15 K. molecular free length, and specific acoustic impedance of the

and 71.62) critmol~%; and (85.65, 86.66, and 87.70) &mol 1 mixture andx;, K, Lsi, andZ are the mole fraction, isentropic

at (298.15, 308.15, and 318.15) K, respectively. It is clear that compressibility, intermolecular free length, and specific acoustic

the molar volume values of acetonitrile and the other compo- impedance ofith component in the mixture, respectively.

nents differ considerably; hence, nonassociated acetonitrile mole-Experimental values of, Ks, AKs, ALy, andAZ are listed in

cules are interstitially accommodated into clusters of ethers Table 3, and the plots &Ks, ALs, andAZ againstx; are shown

yielding a negative contribution to observ®(F values. This  in Figures 3 to 5.

implies that the complex-forming interactions are almost absent  For the investigated binary mixtures, the deviations in

in the experimental binary systems; therefore, obsergd isentropic compressibility are negative. The composition de-

values are also negative. pendence oAKs for the investigated binary mixtures is shown

From close observation of Table 2, it is seen that the negative in Figure 3; it shows thal\Ks decrease in the following order:

V Evalues are much higher than those/of for all the binary L . o .

systems under consideration. This clearly supports mere addition@cetronitrile+ 1,4-dioxane> acetonitrilet 1,3-dioxolane>

of acetonitrile molecules into aggregates of the other compo- acetonitrile+ tetrahydrofuran

nents?0 These results can be explained in terms of molecular interactions

Table 4. van der Waals Constanth, Molecular Radius r, Geometrical Volume B, Collision Factor S, Molar Speed of SoundR, Available
Volume V,, Intermolecular Free Length L;, Molar Volume at Absolute Zero Vo, Molar Surface Area Y, and Specific Acoustic ImpedanceZ of
the Pure Components at 298.15 K

b x 10° r B x 1 S Rx 10° Va x 10P L¢ Vo x 10° Y x 1074 Zx 1073
pure solvent m nm m-mol~1 m3-mol~1+(m-s )13 m3 A m3 A kg-m?-s—1
acetonitrile 4.94 0.170 1.24 4.58 632.32 —3.74 0.431 5.658 21.82 1330.81
tetrahydrofuran 7.66 0.197 1.91 3.45 891.72 1.57 0.536 6.612 29.22 1138.17
1,3-dioxolane 6.57 0.187 1.64 3.57 771.81 1.15 0.473 5.858 26.38 1415.41

1,4-dioxane 8.07 0.200 2.02 3.57 945.32 1.37 0.477 7.197 30.26 1382.98
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and structural effects. There is a parallel in the qualitative 1420 - . 7 1420
behavior of theAKs and theV E curves (Figures 1 and 3). ol et '\-\ - 1400
Figures 4 and 5 shows th&il; values are positive for all 1380 | \'\.'\\ J 1380
the binary mixture and thakZ behaves in a manner opposite 130 [ "\\.. 110
to AL;. Positive and negative deviations in these functions from - N ]
linear dependence on composition of the mixtures indicate the 140 70
extent of association or dissociation between the mixing com- 20 " 1
ponents! The observed values @fKs and AL; can be qual- T 1300 /./ 1300
itatively explained by considering the following factors: (i) the g) 1280 [ " 4 1280
mutual disruption of associates present in pure liquids, (ii) % e[ ./' 1 1260
dipole-induced interaction between the mixing liquids, and (i) ~ ., r 11240
interstitial accommodation of one component into another. The - _/ ]
second two factors contribute negatitdKs and AL; values. 120 / 1
Observed negative value oKs and AL for the mixtures over 1200 |- u - 1200
the entire range of composition implies that the weak dipole- 180 [ _/ -1 1180
induced interactions are predominant between the unlike mol- 10y =~ . {1160
ecules along with interstitial accommodation between the 01 02 03 04 05 06 07 08 09 10
component3215Thus the graded behaviors of these functions
support the results obtained earlier. %

In an attempt to explore the nature of the interactions Figure 6. Z values for binary mixtures of acetonitrile (1) witi®,
occurring between the mixing components, various thermody- tetrahydrofuranm, 1,3-dioxolane; ana, 1,4-dioxane at 298.15 K.
namic parametets 25 such as intermolecular free lengtly)

specific acoustic impedanc&)( van der Waals constarb)( Relative AssociationRa, Molecular AssociationMa, Available

momcu"f"r radiusr{, geometrical volumeR), molar surface area Volume V,, and Specific Acoustic ImpedanceZ of Binary Mixtures
(Y), available volume\(s), molar speed of soundR}, relative at 298.15 K

associationRa), and molecular associatioMg) of the binary

Table 5. Intermolecular Free Length L;, Molar Speed of SoundR,

. . Ly Rx 10° Vax 100 Z x 1072
mixtures have been calculated using -
X1 A m3-moI*1-(m-s*1)1’3 Ra Ma m3 kg.mz.s—l
— Acetonitrile+ Tetrahydrofuran
Lt = KyKs () 0.1633 0.5186 911.85 1214705911 118 1169.94
— @®) 0.3052 0.5029 842.69 1.18480.634 872 1199.17
=up 0.4295 0.4890 791.88 1.15650.6681  6.26 1225.29
0.5394 0.4768 753.03 1129506961 4.19 1248.36
M RT M2\ 0.6372 0.4664 722.31 1104307193 243 1268.15
b= (M) - (3L [1+ _] —1 ©) 0.7249 0.4575 697.28 1.08090.7389  9.41 1284.37
P P2 3RT) 0.8039 0.4500 676.55 1.059-0.7558 —3.58 1297.58
0.8754 0.4431 659.27 1.03850.7703 —1.55 1309.65
3h \1/3 0.9405 0.4369 644.61 1.01890.7831 —2.65 1320.03
r= (]_67-[N) (10) Acetonitrile+ 1,3-Dioxolane
0.1670 0.4654 937.98 1.37730.4928  8.64 1403.98
4 4 0.3109 0.4587 860.66 1.322405567 626 1397.31
B =N (11) 0.4361 0.4523 804.77 1.27150.6074  4.32  1394.09
0.5461 0.4462 762.5 1224306487 2.66 1394.22
_ 13 0.6435 0.4412 729.26 1.180+0.6831  1.25 1390.11
Y = (367NB) (12) 0.7302 0.4378 702.28 1.139+0.7124  7.42 1381.30
0.8081 0.4354 679.94 1101307373 —9.61 1370.15
vey—([1-u 13 0.8783 0.4335 661.37 1065207591 —1.93 1357.24
a= U (13) 0.9420 0.4319 645.71 1.03170.7779 —2.85 1344.40
Acetonitrile+ 1,4-Dioxane
Vo=V-V, (14) 0.1926 0.4654 1039.22 1.37390.5033  9.08  1395.94
0.3492 0.4555 917.01 1317905677 6.05 1405.44
Mu3 0.4791 0.4475 837.8 1.26670.6173  3.84 1409.99
R = MU (15) 0.5886 0.4416 782.14 1219906569 215 1408.67
o 0.6822 0.4378 740.65 1.17690.6897  8.45 1400.95
0.7630 0.4354 708.61 1137607173 —2.21 1388.82
emi)[ u \¥3 0.8336 0.4341 683.07 1100207407 —112 13741
Ry = (16) 0.8957 0.4331 662.64 1.0648-0.7611 —2.00 1358.79
AT 0.9508 0.4320 645.97 1.03170.7788 —2.85 1344.32
umi><
Ma=15 -1 (7) values decrease for the mixtures with increasing mole fraction
of acetonitrile. This implies strongly dissociative interactions
XU between the unlike molecules in the mixtufégs

=

whereK is a temperature-dependent constafstis volume at

absolute zero, and; is taken as 1600 m3. These parameters

are listed in Table 4 for the pure components and in Table 5

for the binary mixtures. Plots &, L;, R, Ma, andRa againstx;

are shown in Figures 6 to 10. m
The plots ofZ and L for the mixtures behave in opposite Yf = xixj; ax — xj)k (18)

manner, and these figures do not exhibit any sudden variation =

in their behavior. This implies the absence of any complex

formatior?* between the mixing components, which is further whereYﬁ refers to an excess property §, Ay, AKg, ALs, and

supported by the linear variationsRfRa, andMa of the binary AZ) for eachi—j binary pair, andy; is the mole fraction ofth

mixtures against mole fractions of acetonitdfeMa and Ra component, an@y represents the coefficients. The values of

The mixing functionsVE, An, AKs Al;, and AZ were
represented mathematically by the following type of Redtich
Kister equatiof® (eq 18) for correlating the experimental data:
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Figure 7. L; values for binary mixtures of acetonitrile (1) wit, Figure 9. Ma values for binary mixtures of acetonitrile (1) wité,
tetrahydrofuranm, 1,3-dioxolane; and, 1,4-dioxane at 298.15 K. tetrahydrofuranm, 1,3-dioxolane; and, 1,4-dioxane at 298.15 K.
1050 |- A - 1050 140 | - 1.40
1000 |- -| 1000 135 {135
e 950 - - 950
4 | = | 1.30 [ - 1.30
= * A
w900 | - 900
g L \. \ ] 125 | 4125
. 850 . - 850 3
[}
g [ \ \ a 120 4120
«s 800 - . - 800
=) *
g I \{ \ 115 | - 1.15
< 750- \‘ A\ - 750 I
¥ 700 - \, A 1700 110 |- 1110
x N
L J\x\ ]
650 |- 4 650 1.05 - - 1.05
eool— 1 L1 ) 600 1.00 L 1.00
01 02 03 04 05 06 07 08 09 10 00 0.1 1.0
X *
Figure 8. R values for binary mixtures of acetonitrile (1) witie, Figure 10. Ra values for binary mixtures of acetonitrile (1) wit#,
tetrahydrofuranM, 1,3-dioxolane; ana, 1,4-dioxane at 298.15 K. tetrahydrofuran®, 1,3-dioxolane; ana, 1,4-dioxane at 298.15 K.
coefficients &) were determined by a multiple-regression and the pure components:
analysis based on the least-squares method and were sum-
marized along with the standard deviations between the j j
experimental and fitted values of the respective functions in n=exp[y (xInn)+d,| |x] (20)

Table 6. The standard deviation was calculated using

n (Y, — Y5 ) 172 whered;; is a constant proportional to the interchange energy.
i,exp i,ca .
o= - (19) It may be regarded as an approximate measure of the strength
= n—p of molecular interactions between the mixing components. The

values of the interchange parametey,( have been calculated

where n is the number of experimental points am is using eq 20 as a function of the composition of the binary liquid

the number of adjustable parameters. The smalhlues for mixtures of acetronitrile with tetrahydrofuran (1,3-dioxolane and

excess properties indicate that the fits are good for the presentl,4-dioxane) and are listed in Table 2.

study. Tamura and Kuratd put forward the following equation for
Several semiempirical models have been proposed from timethe viscosity of the binary liquid mixtures:

to time to estimate the dynamic viscosity of the binary liquid

mixtures in terms of pure-component d&t¥ and to interpret

the molecular interactions in these mixtures. Some of them we

examined are as follows:

i
n= > %¢m+ 2Ty, [’W’i]ll2

(21)

Grunberg and Nissdhhave suggested the following loga- where Ty, is the interaction parameter amg is the volume
rithmic relation between the viscosity of the binary mixtures fraction ofith pure component in the mixture.



Journal of Chemical and Engineering Data, Vol. 51, No. 6, 200831

Table 6. Redlich—Kister Coefficients ax and Standard Deviationse for the Binary Mixtures

excess property T/IK a =4 a ag o
Acetonitrile + Tetrahydrofuran
VE x 10%/(m3-mol-?1) 298.15 —0.535 0.439 0.238 —0.157 0.004
308.15 —0.435 0.081 0.0001 —0.046 0.000
318.15 —1.198 0.489 0.054 —0.116 0.001
Anl(mPas) 298.15 —-0.023 —0.023 —0.014 0.000
308.15 —0.041 —0.044 0.001
318.15 —0.060 0.047 —0.023 0.000
AKs x 10%/(Pat) 298.15 —46.92 —20.28 16.04 28.30 0.101
AL/A 298.15 —0.0097 —0.0096 0.0079 0.0125 0.000
AZI(kg-m?-s~1) 298.15 22.9517 33.3804 —8.6910 —31.4791 0.195
Acetonitrile+ 1,3-Dioxolane
VE x 10%/(m3-mol-?) 298.15 —1.104 0.187 0.333 —0.650 0.002
308.15 —1.43 —0.288 0.014
318.15 —1.58 —0.014 —0.254 —-0.777 0.002
Anl(mPas) 298.15 —0.195 —0.080 —0.108 —0.059 0.001
308.15 -0.141 —0.090 —0.090 0.002
318.15 —0.148 —0.105 —-0.111 —0.022 0.000
AKs x 10%/(Pa?) 298.15 —59.82 —34.96 6.20 66.24 0.063
AL/A 298.15 —0.0134 0.0150 0.001
AZI(kg-m?-s~1) 298.15 86.9118 106.6348 1.712
Acetonitrile+ 1,4-Dioxane
VE x 10°9/(m3-mol-1) 298.15 —1.069 —0.714 0.219 0.424 0.005
308.15 —1.38 —0.368 —0.180 0.006
318.15 -1.77 -0.377 0.009
Anl(mPas) 298.15 —0.583 —0.279 —0.115 0.003
308.15 —0.365 -0.112 0.131 0.102 0.001
318.15 —0.408 —0.168 0.066 0.332 0.001
AKs x 10%/(Pat) 298.15 —70.22 —41.53 31.13 46.67 0.101
ALi/A 298.15 —0.0306 —0.0213 0.0143 0.0232 0.001
AZI(kg-m?-s~1) 298.15 213.9833 113.6827 —36.9828 —77.6469 0.163
Table 7. Parameters of McAllister Model, Heric and Brewer Parameters, and Standard Deviations for Kinematic Viscosities at Various
Temperatures
T McAllister (three-body model) McAllister (four-body model) Heric and Brewer parameter
K Uio V21 o V1112 V1122 V2221 g ax 10%cmp-s™t b x 10%/cm?-s1 cx 10%cn?-st o
Acetonitrile+ Tetrahydrofuran
298.15 0.4472 0.4953 0.004 0.4422 0.4809 0.3976 0.001 —0.1092 —0.0851 —-0.1719 0.009
308.15 0.3992 0.4621 0.004 0.3961 0.4358 0.4554 0.001 —0.6990 —0.0797 —0.0048 0.002
318.15 0.3481 0.4175 0.015 0.3499 0.3967 0.1921 0.003 —0.2939 —0.2417 —0.4706 0.025
Acetonitrile+ 1,3-Dioxolane
298.15 0.3181 0.4772 0.025 0.3339 0.4365 0.0950 0.011 —0.7160 —0.5678 —1.2469 0.063
308.15 0.3028 0.4280 0.021 0.3204 0.4244 0.2383 0.005 —0.4759 —0.2327 —0.7290 0.026
318.15 0.2541 0.3887 0.023 0.2739 0.3861 0.1297 0.006 —0.4963 —0.4096 —0.9001 0.042
Acetonitrile+ 1,4-Dioxane
298.15 0.3131 0.8765 0.054 0.2817 0.5868 0.0175 0.025 —1.8590 —2.0151 —2.7610 0.187
308.15 0.4955 0.0428 0.031 0.4467 0.2183 0.8251 0.025 —0.5120 ——3.4702 —2.8854 0.154
318.15 0.3815 0.2167 0.046 0.3034 0.0921 0.6748 0.046 —0.7564 —5.1889 —4.3310 0.230

The following viscosity model of Hind et &P may also mixtures with mole fraction. The three-body model is defined

interpret the molecular interactions: as

Inv=x.2Inv; + %> In v, + 3% In v, + 3%,%, I v,y —

j j

2 X,M 2 M,
7;—_2 m+ 2H[ 1% (22) + 222 4 3k, In|s+ =2
2 X 2| % In|x, M, 3%,%, In 3 + M,

whereHs, is the Hind interaction parameter.

In the present study, the values of interaction parameters 1he four-body model is given by
T12 and Hi, have been calculated from egs 21 and 22,
respectively, and are listed in Table 2. It is observed that for a

+ 3%,7%, In[

1 2M,
3+3M1 +

x> In’%j (23)

nov=x"Inv; + 4%, IN V37, + 6% X2 N v;,,+

given binary mixturel;, andH;, do not differ appreciably from A%,%° 1N V901 = 1N Vg + X" IN 0, — INf X, + X, % +
each other; this is in agreement with the view put forward by 1
E(zzrt and Moor&® in regard to the nature of parametdts and 4x13x2 In[% I 4&le] i lez x22 n % n Zlel i 4x1x23 In % i
. . . . L 3M M.,]
The McAllister multibody interaction mod®lis widely used 2 4 %, In 2 (24)
to correlate the kinematic viscosities & #/p)of the binary M, M,
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wherev, vy, andv, are kinematic viscosities of the mixture,

the pure acetonitrile and the corresponding second component

respectivelyvio, v21, V1112 V1122 andwvaoo; are model param-
eters;M; andx; are the molecular weight and mole fraction of
theith pure component in the mixture.

Table 7 records the parameters calculated using egs 23 and®
24 along with the standard deviations. It is seen that the values
of both the parameters are positive and adequate for all of the

binary mixtures.
Heric and Brewe® have proposed an equation for the
kinematic viscosity of the binary liquid mixtures:

V= X0; F X0, + XXof @+ B(X, — Xo) + C(X, — X»)7}  (25)

wherea, b, andc are model parameters ail andx; are the
molecular weight and mole fraction of tlih pure component
in the mixture, respectively.

The percentage standard deviaffbowas calculated using

y (100(Uexptl - vcalcd)/vexptl)z vz

% =

(26)

wheren represents the number of experimental points ransl
the number of coefficients.
The values of parametegs b, andc have been calculated
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615.
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using eq 25 and are listed in Table 7 along with the standard (26) Redlich, O.; Kister, A. T. Algebric representation of thermodynamic

deviations. A perusal of Table 7 shows that the values afid
b are negative for all of the binary mixtures.
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