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Thermodynamic Properties of Binary Mixtures of p-Xylene with
Cyclohexane, Heptane, Octane, and N-Methyl-2-pyrrolidone at

Several Temperatures
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and Technology, Tianjin University, Tianjin 300072, PR China

Densities and viscosities for p-xylene with cyclohexane, heptane, octane, and N-methyl-2-pyrrolidone were
determined from (298.15 to 353.15) K and at atmospheric pressure. The measurements were carried out
over the whole range of composition, using a vibrating-tube density meter and a Ubbelohde viscometer.
Density and viscosity measurements were used to compute the excess molar volumes, VE, and viscosity
deviations, An. The excess molar volumes, VE, and viscosity deviations, Ay, have been fit to the Redlich—
Kister equation, and the coefficients and estimates of the standard error values are given.

Introduction

Studies on the viscosity and density of binary mixtures
along with other thermodynamic properties are being
increasingly used as tools for the investigation of the
properties of pure components and the nature of inter-
molecular interactions between liquid mixture constituents.
Accurate experimental data on the density and viscosity
of organic liquids and their binary mixtures are needed in
many engineering disciplines. Therefore, density, p, and
viscosity, 7, data of binary mixtures are important from
both a practical and theoretical viewpoint.

This is a part of our ongoing program of research on the
thermodynamic and transport properties of binary mix-
tures containing p-xylene. This paper presents new experi-
mental data of the density and viscosity from (303.15 to
323.15) K and atmospheric pressure for binary mixtures
of p-xylene with cyclohexane, heptane, octane, and N-methyl-
2-pyrrolidone over the whole composition range. From the
densities and viscosities, excess molar volumes and viscos-
ity deviations are calculated. The Redlich—Kister equation
was used to correlate the experimental excess molar
volumes and viscosity deviations.

Experimental Section

Materials. All chemicals used in this study were ob-
tained from Tianjin Reagent Company and purified by
distillation in which the middle fraction was collected,
except for N-methyl-2-pyrrolidone. The liquids were dried
over 0.4-nm molecular sieves and partially degassed by
ultrasound prior to their experimental use. The mass
fraction purities tested by gas chromatography were as
follows: p-xylene (>0.998), cyclohexane (>0.999), heptane
(>0.995), and octane (>0.993). The purity of the chemicals
used was confirmed by comparing the densities and
viscosities with those reported in the literature. In Table
1, we show the densities and viscosities determined in this
study as well as those available in the literature, for
comparison.

Apparatus and Procedure. The densities of the pure
components and their mixtures were measured with a high-
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Table 1. Comparison of Experimental and Literature
Values of Densities, p, and Viscosities, 7, for Pure

Compounds

plgrem—3

n/m-Pas

liquid T/K exptl

lit

exptl

lit

pxylene 298.15 0.85670

303.15 0.85235

313.15 0.84364
323.15 0.83490
cyclohexane 298.15 0.77382
303.15 0.76910
313.15 0.75960
323.15 0.74998
333.15 0.74023
heptane 298.15 0.67990

303.15 0.67565
313.15 0.66708
323.15 0.65837
333.15 0.64953
343.15 0.64047
octane 298.15 0.69988
303.15 0.69570
313.15 0.68746
N-methyl-2-pyrrolidone 298.15 1.02794
303.15 1.02347
313.15 1.01455
323.15 1.00566
333.15 0.99671

343.15 0.98775
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0.85648!
0.856722
0.8565°
0.65663*
0.85223
0.852394

0.84343
0.852392

0.773816
0.773857
0.77408
0.76928
0.76918
0.7596°
0.759510
0.7502411
0.749612
0.7046511
0.739912
0.679476
0.6795313
0.679314
0.6752813
0.675014
0.66666'3
0.666314
0.65741

0.638415
0.6985613
0.698414
0.6945213
0.694314
0.6863413
0.686214
1.027917
1.0285118
1.0287221
1.023401°
1.015720
1.015192¢
1.005420
1.006272!
0.9974%0
0.9974121
0.98846%!

0.6078

0.5715

0.5080
0.4599
0.9027
0.8205
0.6963
0.5984
0.5195
0.4009

0.3750
0.3373
0.3074
0.2793
0.2541
0.5174
0.4843
0.4318
1.6832
1.5544
1.3321
1.1602
1.0222

0.9084

0.6045°
0.6031°
0.6110*

0.57622
0.5694°
0.5762*
0.50643

0.4580°
0.9062¢
0.8928

0.8138
0.804°
0.682°
0.702710
0.60511
0.603312
0.52911
0.527712
0.40226
0.38814

0.36913
0.36814
0.33513
0.33314
0.3031%
0.276016
0.25215
0.5064

0.48113
0.47714
0.43113
0.425
1.68717
1.656%!
1.322%1
1.175%
1.03521

0.9212t
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Table 2. Densities, p, Viscosities, 7, Excess Molar Volumes, VE, and Viscosity Deviations, Ay, for the Binary Mixtures
from 298.15 K to 353.15 K

X1 olgrem—3 n/mPa-s VE/cm3-mol ! An/mPa-s X1 plgrem3 n/mPa-s VE/cm3-mol ! An/mPa-s
(x)p-Xylene + (1 — x1)Cyclohexane

T=298.15 K
0.0000 0.77382 0.9027 0.0000 0.000 0.5431 0.81738 0.6326 0.5892 —-0.114
0.0809 0.77958 0.8232 0.2532 —0.056 0.6491 0.82654 0.6219 0.5008 —0.095
0.1655 0.78602 0.7570 0.4354 —0.098 0.7603 0.83616 0.6175 0.3707 —0.067
0.2537 0.79296 0.7177 0.5679 —0.112 0.8771 0.84617 0.6139 0.2097 —0.037
0.3457 0.80058 0.6773 0.6243 —0.126 1.0000 0.8567 0.6162 0.0000 0.000
0.4422 0.80868 0.6575 0.6387 —0.119

T=303.15 K
0.0000 0.76910 0.8205 0.0000 0.000 0.5431 0.81289 0.5868 0.5903 —0.098
0.0809 0.77492 0.7475 0.2514 —0.053 0.6491 0.82209 0.5787 0.5008 —0.080
0.1655 0.78139 0.6992 0.4357 —0.080 0.7603 0.83171 0.5726 0.3755 —0.059
0.2537 0.78836 0.6524 0.5697 —0.105 0.8771 0.84179 0.5701 0.2091 —0.032
0.3457 0.79602 0.6311 0.6256 —0.103 1.0000 0.85235 0.5715 0.0000 0.000
0.4422 0.80415 0.6059 0.6408 —0.105

T=313.15K
0.0000 0.75961 0.6963 —0.0015 0.000 0.5431 0.80391 0.5185 0.5873 —0.076
0.0809 0.7655 0.6401 0.2543 —0.041 0.6491 0.81316 0.5108 0.5009 —0.063
0.1655 0.77207 0.5981 0.4372 —0.067 0.7603 0.82286 0.5110 0.3744 —0.042
0.2537 0.77914 0.5739 0.5691 —0.075 0.8771 0.833 0.5052 0.2099 —0.026
0.3457 0.78688 0.5481 0.6246 —0.083 1.0000 0.84364 0.5080 0.0000 0.000
0.4422 0.7951 0.5313 0.6377 —0.082

T=323.15K
0.0000 0.74998 0.5984 0.0000 0.000 0.5431 0.79486 0.4638 0.5837 —0.059
0.0809 0.75599 0.5594 0.2538 —0.028 0.6491 0.80419 0.4580 0.4974 —0.051
0.1655 0.76267 0.5260 0.4348 —0.049 0.7603 0.81398 0.4569 0.3697 —0.036
0.2537 0.76983 0.5037 0.5673 —0.059 0.8771 0.82418 0.4567 0.2090 —0.020
0.3457 0.77765 0.4861 0.6236 —0.065 1.0000 0.83490 0.4599 0.0000 0.000
0.4422 0.78598 0.4722 0.6326 —0.065

T=333.15K
0.0000 0.74023 0.5195 0.0000 0.000 0.5431 0.78572 0.4186 0.5784 —0.052
0.0809 0.74636 0.4874 0.2523 —0.025 0.6491 0.79514 0.4131 0.4918 —0.048
0.1655 0.75314 0.4646 0.4337 —0.040 0.7603 0.805 0.4109 0.3670 —0.040
0.2537 0.76042 0.4520 0.5627 —0.045 0.8771 0.8153 0.4124 0.2051 —0.028
0.3457 0.76833 0.4338 0.6191 —0.055 1.0000 0.82609 0.4298 0.0000 0.000
0.4422 0.776'74 0.4230 0.6295 —0.057

(x)p-Xylene + (1 — x1)Heptane

T=298.15 K
0.0000 0.5431 0.4009 0.0000 0.000 0.5431 0.77651 0.4807 —0.0889 —0.046
0.0948 0.6491 0.4074 —0.0232 —0.014 0.6491 0.79516 0.5047 —0.0761 —0.044
0.1911 0.7603 0.4176 —0.0383 —0.024 0.7603 0.81474 0.5331 —0.0619 —0.038
0.2880 0.8771 0.4295 —0.0522 —0.033 0.8771 0.83524 0.5714 —0.0315 —0.022
0.3865 1.0000 0.4436 —0.0703 —0.041 1.0000 0.8567 0.6162 0.0000 0.000
0.4856 0.5431 0.4598 —0.0724 —0.046

T=303.15 K
0.0000 0.67565 0.3750 0.0000 0.0000 0.5861 0.77219 0.4496 —0.0962 —0.041
0.0948 0.69005 0.3820 —0.0243 —0.012 0.6877 0.79083 0.4716 —0.0824 —0.039
0.1911 0.70512 0.3912 —0.0439 —0.021 0.7906 0.81042 0.4979 —0.0696 —0.032
0.2880 0.72075 0.4019 —0.0577 —0.030 0.8949 0.83091 0.5308 —0.0364 —0.020
0.3865 0.73720 0.4154 —0.0771 —0.036 1.0000 0.85235 0.5715 0.0000 0.000
0.4856 0.75424 0.4304 —0.0816 —0.040

T=313.15 K
0.0000 0.66708 0.3373 0.0000 0.000 0.5431 0.76352 0.4034 —0.1136 —0.034
0.0948 0.68145 0.3440 —0.0280 —0.010 0.6491 0.78215 0.4234 —0.0981 —0.031
0.1911 0.69652 0.3523 —0.0563 —0.018 0.7603 0.80171 0.4440 —0.0787 —0.028
0.2880 0.71212 0.3623 —0.0710 —0.024 0.8771 0.82221 0.4729 —0.0435 —0.017
0.3865 0.72857 0.3740 —0.0960 —0.029 1.0000 0.84364 0.5080 0.0000 0.000
0.4856 0.74557 0.3865 —0.0966 —0.034

T=323.15K
0.0000 0.65837 0.3074 0.0000 0.000 0.5861 0.75477 0.3683 —0.1337 —0.029
0.0948 0.67273 0.3136 —0.0349 —0.008 0.6877 0.77341 0.3835 —0.1177 —0.028
0.1911 0.68779 0.3211 —0.0687 —0.016 0.7906 0.79297 0.4041 —0.0940 —0.024
0.2880 0.70338 0.3304 —0.0869 —0.021 0.8949 0.81345 0.4285 —0.0490 —0.015
0.3865 0.71983 0.3408 —0.1160 —0.026 1.0000 0.83490 0.4599 0.0000 0.000

0.4856 0.73682 0.3529 —0.1164 —0.029
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Table 2. (Continued)

X1 olgrem—3 n/mPa-s VE/cm3-mol 1 An/mPa-s X1 p/grem3 n/mPa-s VE/em3-mol 1 An/mPa-s
(x)p-Xylene + (1 — x1)Heptane

T=333.15K
0.0000 0.64953 0.2793 0.0000 0.000 0.5431 0.74592 0.3345 —0.1558 —0.033
0.0948 0.66388 0.2848 —0.0417 —0.009 0.6491 0.76457 0.3537 —0.1379 —0.029
0.1911 0.67895 0.2922 —0.0850 —0.016 0.7603 0.78415 0.3712 —-0.1117 —0.027
0.2880 0.69452 0.2997 —0.1038 —0.023 0.8771 0.80464 0.3973 —0.0597 —0.017
0.3865 0.71098 0.3097 —0.1384 —0.028 1.0000 0.82609 0.4298 0.0000 0.000
0.4856 0.72797 0.3201 —0.1394 —0.032

T=343.15K
0.0000 0.64047 0.2541 0.0000 0.000 0.5431 0.73691 0.3030 —0.1815 —0.024
0.0948 0.65483 0.2612 —0.0524 —0.005 0.6491 0.75557 0.3166 —0.1592 —0.023
0.1911 0.66989 0.2658 —0.0996 —0.012 0.7603 0.77517 0.3317 —0.1278 —0.021
0.2880 0.68548 0.2730 —0.1263 —0.017 0.8771 0.79569 0.3498 —0.0691 —0.015
0.3865 0.70194 0.2818 —0.1626 —0.020 1.0000 0.81717 0.3783 0.0000 0.000
0.4856 0.71894 0.2915 —0.1643 —0.023

(x)p-Xylene + (1 — x1)Octane

T=298.15K
0.0000 0.69990 0.5206 0.0000 0.000 0.6174 0.78605 0.5393 0.0329 —0.040
0.1068 0.71290 0.5185 0.0114 —-0.012 0.7152 0.80261 0.5515 0.0252 —0.037
0.2121 0.72639 0.5172 0.0260 —0.024 0.8113 0.81983 0.5678 0.0156 —0.030
0.3156 0.74039 0.5216 0.0348 —0.029 0.9065 0.83791 0.5905 0.0056 —-0.017
0.4178 0.75501 0.5273 0.0378 —-0.033 1.0000 0.85670 0.6162 0.0000 0.000
0.5184 0.77021 0.5297 0.0380 —0.040

T=303.15 K
0.0000 0.69572 0.4837 0.0000 0.000 0.6174 0.78176 0.5020 0.0297 —0.036
0.1068 0.70871 0.4829 0.0080 —-0.010 0.7152 0.79830 0.5139 0.0224 —0.033
0.2121 0.72217 0.4825 0.0239 —0.020 0.8113 0.81551 0.5299 0.0137 —-0.025
0.3156 0.73615 0.4833 0.0332 —0.028 0.9065 0.83352 0.5489 0.0085 -0.014
0.4178 0.75077 0.4919 0.0366 —0.028 1.0000 0.85235 0.5715 0.0000 0.000
0.5184 0.76593 0.4930 0.0367 —0.036

T=313.15K
0.0000 0.68750 0.4306 0 0 0.6174 0.77323 0.4483 0.0262 —0.030
0.1068 0.70044 0.4298 0.0059 —0.009 0.7152 0.78972 0.4586 0.0193 —0.027
0.2121 0.71385 0.4298 0.0209 —-0.017 0.8113 0.80689 0.4722 0.0115 —-0.021
0.3156 0.72778 0.4331 0.0291 —0.022 0.9065 0.82489 0.4895 0.0053 —-0.011
0.4178 0.74231 0.4373 0.0336 —0.026 1.0000 0.84364 0.5080 0.0000 0.000
0.5184 0.75745 0.4418 0.0340 —0.029

T=323.15K
0.0000 0.67937 0.3864 0.0000 0.000 0.6174 0.76473 0.4057 0.0227 —0.026
0.1068 0.69226 0.3877 0.0017 —0.007 0.7152 0.78117 0.4143 0.0145 —0.025
0.2121 0.70560 0.3903 0.0173 —0.012 0.8113 0.79831 0.4269 0.0105 —0.019
0.3156 0.71947 0.3901 0.0245 —0.020 0.9065 0.81620 0.4409 0.0053 —0.012
0.4178 0.73393 0.3952 0.0313 —0.022 1.0000 0.83490 0.4599 0.0000 0.000
0.5184 0.74901 0.3997 0.0298 —-0.025

T=333.15K
0.0000 0.67102 0.3495 0.0000 0.000 0.6174 0.75608 0.3753 0.0191 —0.024
0.1068 0.68383 0.3528 0.0077 —0.005 0.7152 0.77247 0.3858 0.0131 —0.021
0.2121 0.69715 0.3552 0.0140 —0.011 0.8113 0.78952 0.3961 0.0084 —0.019
0.3156 0.71096 0.3571 0.0226 —0.018 0.9065 0.80743 0.4138 0.0031 —0.008
0.4178 0.72538 0.3617 0.0270 —0.021 1.0000 0.82609 0.4298 0.0000 0.000
0.5184 0.74041 0.3671 0.0252 —0.024

T=343.15K
0.0000 0.66254 0.3139 0.0000 0.000 0.6174 0.74730 0.3329 0.0164 —0.021
0.1068 0.67529 0.3167 0.0081 —0.004 0.7152 0.76364 0.3410 0.0123 —0.019
0.2121 0.68857 0.3164 0.0119 —0.011 0.8113 0.78065 0.3481 0.0075 —0.018
0.3156 0.70232 0.3185 0.0201 —0.016 0.9065 0.79853 0.3588 0.0037 —0.013
0.4178 0.71669 0.3223 0.0248 —0.019 1.0000 0.81717 0.3783 0.0000 0.000
0.5184 0.73168 0.3271 0.0228 —0.020

T=353.15K
0.0000 0.65380 0.2840 0.0000 0.000 0.6174 0.73837 0.3016 0.0144 —0.016
0.1068 0.66651 0.2856 0.0065 —0.004 0.7152 0.75470 0.3113 0.0103 —0.011
0.2121 0.67975 0.2877 0.0112 —0.008 0.8113 0.77170 0.3174 0.0060 —0.011
0.3156 0.69348 0.2897 0.0172 —0.011 0.9065 0.78957 0.3264 0.0040 —0.007
0.4178 0.70782 0.2939 0.0205 —0.013 1.0000 0.80822 0.3382 0.0000 0.000
0.5184 0.72278 0.2984 0.0198 —0.014
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Table 2. (Continued)

X1 olgrem—3 n/mPa-s VE/cm3-mol 1 An/mPa-s X1 p/grem3 n/mPa-s VE/em3-mol 1 An/mPa-s
(x)p-Xylene + (1 — x1)N-Methyl-2-pyrrolidone

T=303.15K
0.0000 1.02347 1.5544 0.0000 0 0.5836 0.91947 0.8327 —0.7443 —0.148
0.0947 1.00571 1.3594 —0.2502 —0.102 0.6854 0.90273 0.7753 —0.6887 —0.105
0.1893 0.98837 1.2386 —0.4562 —0.130 0.7888 0.88585 0.7001 —0.5374 —0.079
0.2858 0.97107 1.1290 —0.6191 —0.144 0.8937 0.86904 0.6291 —0.3081 —0.047
0.3838 0.95382 1.0195 —0.7271 —0.158 1.0000 0.85235 0.5715 0.0000 0
0.4830 0.93656 0.9203 —0.7622 —0.159

T=313.15K
0.0000 1.01455 1.3321 0.0000 0.000 0.5836 0.91056 0.7296 —0.7507 —0.122
0.0947 0.99679 1.1732 —0.2549 —0.081 0.6854 0.89386 0.6862 —0.6953 —0.081
0.1893 0.97945 1.0701 —0.4643 —0.106 0.7888 0.87702 0.6190 —0.5418 —0.063
0.2858 0.96214 0.9754 —0.6282 —-0.121 0.8937 0.86027 0.5579 —0.3113 —0.038
0.3838 0.9449 0.8894 —0.7376 —0.126 1.0000 0.84364 0.5080 0.0000 0.000
0.4830 0.92768 0.8070 —0.7757 —0.127

T=323.15K
0.0000 1.00566 1.1602 0.0000 0.000 0.5836 0.90168 0.6521 —0.7626 —0.099
0.0947 0.98788 1.0234 —0.2586 —0.070 0.6854 0.88499 0.6084 —0.7043 —0.072
0.1893 0.97053 0.9373 —-0.4712 —0.090 0.7888 0.86816 0.5517 —0.5453 —0.056
0.2858 0.95321 0.8571 —0.6367 —0.103 0.8937 0.85146 0.4998 —0.3125 —0.035
0.3838 0.93597 0.7795 —0.7472 -0.112 1.0000 0.83490 0.4599 0.0000 0.000
0.4830 0.91877 0.7084 —0.7867 —-0.114

T=333.15K
0.0000 0.99671 1.0222 0.0000 0.000 0.5836 0.89271 0.5828 —-0.7721 —0.094
0.0947 0.97893 0.9019 —0.2647 —0.064 0.6854 0.87603 0.5437 —0.7109 —0.072
0.1893 0.96155 0.8316 —0.4788 —0.078 0.7888 0.85921 0.4947 —0.5459 —0.060
0.2858 0.94423 0.7602 —0.6474 —0.093 0.8937 0.84256 0.4504 —0.3108 —0.042
0.3838 0.92699 0.6940 —0.7592 —-0.101 1.0000 0.82609 0.4298 0.0000 0.000
0.4830 0.9098 0.6321 —0.7991 —0.104

T=2343.15 K
0.0000 0.98775 0.9084 0.0000 0 0.5836 0.88372 0.5173 —0.7901 —0.082
0.0947 0.96995 0.8009 —0.2705 —0.057 0.6854 0.86704 0.4921 —0.7258 —0.053
0.1893 0.95256 0.7371 —0.4897 -0.071 0.7888 0.85022 0.4476 —0.5548 —0.043
0.2858 0.93523 0.6810 —0.6618 —-0.076 0.8937 0.83361 0.4081 —-0.3171 —0.026
0.3838 0.91798 0.6209 —-0.7753 —0.084 1.0000 0.81717 0.3783 0.0000 0
0.4830 0.90082 0.5686 —0.8197 —0.084

T=353.15K
0.0000 0.97876 0.8127 0.0000 0.000 0.5836 0.87466 0.4761 —0.8035 —0.060
0.0947 0.96094 0.7219 —0.2766 —0.046 0.6854 0.85797 0.4466 —0.7344 —-0.041
0.1893 0.94354 0.6637 —-0.5011 —0.059 0.7888 0.84116 0.4072 —0.5582 —0.031
0.2858 0.92619 0.6119 —0.6758 —0.065 0.8937 0.82456 0.3726 —0.3129 —-0.016
0.3838 0.90893 0.5610 —0.7910 —-0.070 1.0000 0.80822 0.3382 0.0000 0.000
0.4830 0.89178 0.5127 —0.8374 -0.071

precision vibrating-tube digital density meter (density/
specific gravity meter DA 505, KEM, Japan) whose mea-
surement cell temperature was controlled automatically
within +0.01 K of the selected value. Before each series of
measurements, we calibrated the instrument at atmo-
spheric pressure with doubly distilled water and dry air.
Densities of both water and dry air at the various working
temperatures were given by the manufacturer in the
instruction manual. The calibration was accepted if the
measurements were within +5 x 107° geem™3 of the
published values. The uncertainty in the density measure-
ments was +5 x 107% g-em 3. Density measurements were
reproducible to &3 x 107% g-em~3. The liquid mixtures were
prepared by weight using a BP210s balance accurate to
within £0.01 mg. The average uncertainty in the composi-
tions (mole fraction) of the mixtures was estimated to be
less than +0.0001. The molar excess volumes were calcu-
lated from composition—density data with an uncertainty
of better than +0.002 cm?3-mol~!. All molar quantities were
based on the ITUPAC relative atomic mass table.

The viscosities of pure liquids and the mixtures were
measured at atmospheric pressure and at different tem-

peratures using several Ubbelohde suspended-level vis-
cometers. The viscometer was immersed in a well-stirred
water bath (Lauda, Germany) with temperature control to
within +£0.01 K. The efflux time was measured with a
handheld digital stopwatch capable of measuring time to
within 0.01 s. Experiments were repeated a minimum of
four times at each temperature for all compositions, and
the results were averaged. The viscosity # of the liquid was
then calculated from the following relationship

v=L=pt -0 (1)
P

where 7 is the absolute (dynamic) viscosity, p is the density,
t is the flow time, v is the kinetic viscosity, and %2 and 6
are the viscometer constant and the Hagenbach correction
factor, respectively.

The calibration of the viscometer was carried out with
doubly distilled water and doubly distilled benzene. Care
was taken to reduce evaporation during the measurements.
The uncertainty in the values is within £0.003 mPa-s.

In the experiment, the density and viscosity for one
composition sample were measured at different tempera-
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Table 3. Coefficients of the Redlich—Kister Equation and Standard Deviations for Excess Molar Volumes and Viscosity

Deviations of Mixtures

T/IK property Ay Aq Ao As Ay o
(x)p-Xylene + (1 — x1)Cyclohexane
298.15 VE/ecm3-mol ! 2.467 -0.970 0.123 0.147 0.240 0.0021
An/mPa-s —0.466 0.221 —0.149 0.057 0.049 0.0020
303.15 VE/ecm3-mol ! 2.469 —0.961 0.213 0.135 0.061 0.0023
An/mPa-s —0.406 0.174 —0.025 0.101 —0.158 0.0015
313.15 VE/ecm3-mol ! 2.460 —0.954 0.227 0.104 0.110 0.0022
An/mPa-s —0.315 0.158 —0.002 0.039 -0.172 0.0014
323.15 VE/em3-mol 1 2.447 -0.973 0.194 0.138 0.177 0.0023
An/mPa-s —0.247 0.115 —-0.071 0.005 0.038 0.0006
333.15 VE/em3-mol 1 2.426 —0.969 0.221 0.109 0.116 0.0019
An/mPa-s —0.220 0.040 -0.016 —0.022 -0.170 0.0010
(x) p-Xylene + (1 — x1)Heptane
298.15 VE/ecm3-mol 1 -0.319 -0.169 0.028 0.201 0.000 0.0019
An/mPa-s —0.244 0.016 0.482 —0.643 0.225 0.0004
303.15 VE/ecm3-mol ! —0.348 —0.165 —0.013 0.156 0.051 0.0019
An/mPa-s 0.001 0.007 —0.251 0.203 —0.092 0.0004
313.15 VE/ecm3-mol ! —0.416 —0.141 —0.030 0.096 0.099 0.0025
An/mPa-s —0.206 0.234 -0.212 0.079 0.001 0.0004
323.15 VE/ecm3-mol ! —0.497 —0.168 —0.078 0.161 0.204 0.0026
An/mPa-s -0.212 0.498 -1.029 1.064 —0.419 0.0001
333.15 VE/ecm3-mol ! —0.586 —0.167 —0.137 0.129 0.272 0.0031
An/mPa-s —-0.214 0.419 —0.922 1.100 —0.488 0.0006
343.15 VE/em3-mol 1 —0.691 -0.169 —-0.089 0.150 0.183 0.0029
An/mPa-s —0.220 0.658 —-1.169 0.767 —0.062 0.0003
(x)p-Xylene + (1 — x1)Octane
298.15 VE/ecm3-mol 1 0.151 —0.048 —0.027 0.029 -0.100 0.0024
An/mPa-s —0.152 —0.063 —0.069 0.033 0.077 0.0006
303.15 VE/ecm3-mol ! 0.146 —0.081 —0.087 0.142 —0.002 0.0066
An/mPa-s -0.137 —0.045 —0.029 0.010 0.044 0.0008
313.15 VE/ecm3-mol ! 0.132 -0.071 —0.084 0.114 —0.045 0.0058
An/mPa-s -0.113 —0.044 —0.040 0.032 0.061 0.0002
323.15 VE/ecm3-mol ! 0.118 —0.0715 -0.115 0.133 0.019 0.0026
An/mPa-s —0.100 —0.043 0.010 —0.005 —0.026 0.0005
333.15 VE/ecm3-mol ! 0.103 —0.043 —0.125 0.023 0.087 0.0065
An/mPa-s —0.093 —0.040 —0.024 0.013 0.072 0.0006
343.15 VE/em3-mol 1 0.0936 —0.0348 —0.143 0.018 0.151 0.0078
An/mPa-s —0.080 —0.009 -0.017 —0.095 —0.020 0.0003
353.15 VE/cm3-mol 1 0.080 —0.038 -0.120 0.038 0.1312 0.0029
An/mPa-s —0.057 —0.012 0.012 —0.015 —0.027 0.0005
(x)p-Xylene + (1 — x1)N-Methyl-2-pyrrolidone
303.15 VE/ecm3+mol ! —3.066 —0.170 —0.301 —0.056 0.434 0.0033
An/mPa-s —0.635 0.184 0.380 0.351 —1.080 0.0019
313.15 VE/ecm3-mol ! —3.108 —0.141 —0.267 —0.082 0.374 0.0035
An/mPa-s —0.509 0.187 0.257 0.214 —0.782 0.0025
323.15 VE/em3-mol 1 —3.154 -0.139 —0.222 —0.051 0.350 0.0033
An/mPa-s —0.443 0.161 0.259 0.162 —0.761 0.0015
333.15 VE/ecm3-mol ! —3.203 —-0.116 —0.131 0.000 0.268 0.0036
An/mPa-s -0.411 0.098 0.246 0.103 —0.834 0.0015
343.15 VE/em3-mol 1 —3.281 —0.104 —0.056 —-0.016 0.176 0.0035
An/mPa-s -0.339 0.098 0.240 0.202 —0.697 0.0019
353.15 VE/em3-mol 1 —3.344 —0.081 —0.024 0.064 0.252 0.0035
An/mPa-s -0.271 0.119 0.143 0.154 —-0.414 0.0013

tures. Densities and viscosities of pure compounds are
reported in Table 1 together with the corresponding
literature values.

Results and Discussion

The experimental values of density and viscosity for
binary mixtures at different temperatures and atmospheric
pressure are listed in Table 2. Excess volumes were
calculated from our measurements according to the follow-
ing equation

_ oM +x,My 2, My xMy
P P1 P2

VE

(2)

where x1 and x, are mole fractions, M; and M are the molar

masses, and p; and py are the densities of pure components
1 and 2, respectively. Quantities without subscripts refer
to the mixture.

The viscosity deviations were calculated from the fol-
lowing relation

An =n — (xym; + x5775) 3)

where 7 is the viscosity of the mixtures and #; and 7, are
the viscosities of components 1 and 2, respectively.

The values of VE and Ay for each mixture were fit to the
Redlich—Kister polynomial equation.

Y =01 —%)YA2x; — 1) (4)

1=
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Figure 1. Excess volume, VE, versus mole fraction, x1, for p-xylene (1) + (a) cyclohexane (2), (b) heptane (2), (c) octane (2), and (d)
N-methyl-2-pyrrolidone (2) at different temperatures 7: W, 298.15 K; @, 303.15 K; a, 313.15 K; v, 323.15 K; +, 333.15 K; x, 343.15 K;
—, 3563.15 K. Solid curves, calculated with the Redlich—Kister equation; symbols, experimental values.
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Figure 2. Deviation of viscosity, Az, versus mole fraction, x1, for p-xylene (1) + (a) cyclohexane (2), (b) heptane (2), (c) octane (2), and (d)
N-methyl-2-pyrrolidone (2) at different temperatures 7: W, 298.15 K; @, 303.15 K; a, 313.15 K; v, 323.15 K, +, 333.15 K; x, 343.15 K,
—, 353.15 K. Solid curves, calculated with the Redlich—Kister equation; symbols, experimental values.
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where Y = VE or Ay, A; represents the adjustable param-
eters, and x; is the mole fraction of component 1.

In each case, the optimum number of coefficients A; was
determined from an examination of the variation of the
standard deviation

Y v 21172
O'(Y) — ’;( caled exptl) ] (5)

n—m

where n is the total number of experimental values and m
is the number of parameters.

The excess molar volume data and the viscosity devia-
tions are presented in Table 2, and they are shown
graphically in Figures 1 and 2. Table 3 lists the values of
the A; parameters together with the standard deviations.

The variations of VE and An with the mole fraction of
p-xylene for the four systems studied at different temper-
atures are presented in Figures 1 and 2, respectively. It
can be seen from Figure 1 that V¥ values are positive for
the p-xylene + cyclohexane, + octane system and negative
for the p-xylene + heptane, N-methyl-2-pyrrolidone sys-
tems. The absolute VE values for binary mixtures of
p-xylene + octane, + heptane are much smaller than those
for the other two systems. For p-xylene with cyclohexane
and N-methyl-2-pyrrolidone, the absolute VE values show
a negligible temperature dependence. The dependence of
excess molar volume on the temperature for the system of
p-xylene with heptane decreases with increasing temper-
ature. However, for the binary system of p-xylene with
octane, the VF values increase with temperature.

For p-xylene + alkane mixtures, there are no specific
interactions between unlike molecules. The main contribu-
tion arises from the structure. Hence, the VE values are
very small for p-xylene + heptane, + octane. However, the
excess molar volumes of the system p-xylene + heptane
are negative, whereas those of the system p-xylene +
octane are positive, which may be related to the different
molecular packing due to the different molecular chain
lengths of the alkanes. With the p-xylene + cyclohexane
mixtures, the large, positive VE values indicate a prepon-
derance of the expansive effects associated with the rupture
of the homomolecular interactions. It also suggests weak
heteromolecular interactions.

Similar to self-association in pyridine and quinoline,?223
N-methyl-2-pyrrolidone is self-associating through hydro-
gen bonding. The negative values of VE can be attributed
to interactions of electron donor—acceptor type interactions
between p-xylene and N-methyl-2-pyrrolidone.

From Figure 2, it can be seen that Ay values for the four
binary systems analyzed in this work are negative over the
entire range of composition and decrease in absolute value
with increasing temperature. The Ay values for p-xylene
with heptane and octane are almost identical and very
small. The absolute value of the viscosity deviation is found
to vary in the following order: N-methyl-2-pyrrolidone >
cyclohexane > heptane ~ octane.

Conclusions

New experimental values of density and viscosity for the
system of the binary mixtures of p-xylene + cyclohexane,
heptane, octane, and N-methyl-2-pyrrolidone were deter-
mined from (298.15 to 353.15) K and atmospheric pressure.
The excess molar volume and viscosity deviations were
correlated using the Redlich—Kister polynomial equation.
The excess molar volume, VE, values are positive for the
p-xylene + cyclohexane + octane system and negative for
the p-xylene + heptane, N-methyl-2-pyrrolidone systems .

The viscosity deviations, Ay, are negative over the entire
range of composition and decrease in absolute value with
increasing temperature.
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