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Densities and viscosities forN-formylmorpholine (NFM) withp-xylene,m-xylene, ando-xylene were determined
over several temperatures at atmospheric pressure. The measurements were carried out over the whole range of
mole fractions, using a vibrating-tube densimeter and an Ubbelohde viscometer. Density and viscosity data were
used to compute the excess molar volumes (VE) and viscosity deviations (∆η). The excess molar volumes,VE,
and viscosity deviations,∆η, have been fitted to the Redlich-Kister equation.

Introduction

N-Formylmorpholine (NFM) is a highly polar and dense
solvent with good stability as an extractive agent and has been
successfully used in industry for the extraction and extractive
distillation of pure monocyclic aromatic hydrocarbons from
petroleum feedstocks.1 To our knowledge, limited reports on
physical properties of binary mixtures containing NFM are
available in the literature.2-5

This paper is part of our systematic program of research on
the measurement of physical and transport properties of binary
liquid mixtures containing NFM.6 Density and viscosity data
for the binary systems NFM+ p-xylene,+ o-xylene, and+
m-xylene from (298.15 to 353.15) K were determined. From
the densities and viscosities, excess molar volumes and viscosity
deviations were calculated. The Redlich-Kister equation was
used to correlate the experimental excess molar volumes and
viscosity deviations.

Experimental Section

Materials. m-Xylene ando-xylene were supplied by Tianjin
Reagent Co. NFM was supplied by Shanghai Chemical Reagent
Co. p-Xylene was supplied by Tianjin Petroleum Engineering
Company. NFM was purified by distillation. Other liquids were
subject to no further purification. All were dried over 0.4 nm
molecular sieves and particularly degassed by ultrasound prior
to their experimental use. The mass fraction purities tested by
gas chromatography were as follows: NFM (> 0.995),p-xylene
(> 0.998), o-xylene (> 0.995), m-xylene (> 0.995). The
densities and viscosities determined in this study were compared
with the literature data in Table 1.

Apparatus and Procedure.The densities of the pure com-
ponents and their mixtures were measured with a high-precision
vibrating-tube digital density meter (Density/Specific Gravity
Meter DA 505, KEM, Japan) whose measurement cell temper-
ature was controlled automatically within( 0.01 K of the
selected value. The uncertainty in density measurements was
( 5‚10-5 g‚cm-3. Density measurements were reproducible to
( 3‚10-5 g‚cm-3. The average uncertainty in molar excess
volumes was less than( 0.0002 cm3‚mol-1. A BS224S balance

with a precision of( 0.1 mg was used. The average uncertainty
in the mole fraction of the mixtures was less than( 0.0001.
All molar quantities were based on the IUPAC relative atomic
mass table. The viscosities of pure liquids and the mixtures
were measured at atmospheric pressure and at different tem-
peratures using an Ubbelohde suspended-level viscometer. The
uncertainty of viscosity deviations was within( 0.003 mPa‚s.
The density and viscosity of the pure compounds are given in
Table 1 and compared with the literature values. It can be seen
that the measured results agree well with literature values.

* To whom correspondence should be addressed. E-mail: mapeisheng@
tju.edu.cn.

Figure 1. Excess molar volume variation and viscosity deviation variation
with mole fraction to the systemp-xylene (1)+ NFM (2) for experimental
values: 9, 298.15 K;b, 303.15 K;2, 313.15 K;1, 323.15 K;[, 333.15
K; f, 343.15 K;×, 353.15 K.
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Results and Discussion

Excess molar volumes were calculated from our measure-
ments according to the following equation

wherex1 andx2 are mole fractions;M1 andM2 are the molar
masses; andF1 andF2 are the densities of pure components 1
and 2, respectively. Quantities without subscripts refer to the
mixture. The viscosity deviations were calculated from the
following relation

where η is the viscosity of mixtures andη1 and η2 are the
viscosities of pure components 1 and 2, respectively. The values

of VE and ∆η for each mixture were fitted to the Redlich-
Kister polynominal equation7

whereY ) VE or ∆η; Ai are adjustable parameters; andx1 is
the mole fraction of component 1. In each case, the optimum
parameters of coefficientsAi were determined from an examina-
tion of the variation of the average absolute deviations and
standard deviations

wheren is the total number of experimental values.

Table 1. Comparison of Experimental and Literature Values of Densities,G, and Viscosities,η, for Pure Components

F/g‚cm-3 η/mPa‚s F/g‚cm-3 η/mPa‚s

liquid T/K exptl lit. exptl lit. liquid T/K exptl lit. exptl lit.

NFM 298.15 1.14598 1.146213 7.666 7.874 o-xylene 298.15 0.87511 0.875018 0.761 0.75814

1.146282 6.743 0.875539 0.76115

303.15 1.14155 1.142264 6.626 6.754 303.15 0.87085 0.871514 0.709 0.71114

313.15 1.13310 1.13331 5.057 5.134 0.8707316 0.70816

1.106773 323.15 0.85421 0.8537915 0.558 0.55515

p-xylene 298.15 0.85670 0.856738 0.612 0.61110 m-xylene 298.15 0.85990 0.859779 0.584 0.58116

0.856629 0.61312 0.8600019 0.58814

303.15 0.85235 0.8522710 0.575 0.57610 303.15 0.85555 0.8554916 0.553 0.55216

0.8523911 0.57013 0.8558717 0.55514

313.15 0.84364 0.8436112 0.513 0.50913 323.15 0.83855 0.8382515 0.448 0.44415

0.843713

Figure 2. Excess molar volume variation and viscosity deviation variation
with mole fraction to the systemo-xylene (1)+ NFM (2) for experimental
values: 9, 298.15 K;b, 303.15 K;2, 313.15 K;1, 323.15 K;[, 333.15
K; f, 343.15 K;×, 353.15 K.
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Figure 3. Excess molar volume variation and viscosity deviation variation
with mole fraction to the systemm-xylene (1)+ NFM (2) for experimental
values: 9, 298.15 K;b, 303.15 K;2, 313.15 K;1, 323.15 K;[, 333.15
K; f, 343.15 K;×, 353.15 K.
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Table 2. DensitiesG, Viscositiesη, Excess Molar VolumesVE, and Viscosity Deviations∆η for the Binary Mixtures at Different Temperatures

F η VE ∆η F η VE ∆η F η VE ∆η

x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s

(x) p-Xylene+ (1-x) NFM

T ) 298.15 K
0.0000 1.14598 7.6556 0.0000 0.000 0.4000 1.02164 2.3114-0.6446 -2.533 0.8000 0.90908 0.8844 -0.4323 -1.138
0.1000 1.11374 5.4734 -0.2529 -1.483 0.5000 0.99245 1.8368 -0.6772 -2.341 0.9000 0.88288 0.7310 -0.2807 -0.582
0.2000 1.08177 3.9965 -0.3751 -2.258 0.6000 0.96383 1.3799 -0.6382 -2.054 1.0000 0.85670 0.6120 0.0000 0.000
0.3000 1.05163 3.0082 -0.5653 -2.541 0.7000 0.93600 1.0991 -0.5497 -1.629

T ) 303.15 K
0.0000 1.14155 6.5981 0.0000 0.000 0.4000 1.01718 2.1075-0.6561 -2.099 0.8000 0.90463 0.8240 -0.4386 -0.962
0.1000 1.10929 4.7742 -0.2565 -1.244 0.5000 0.98797 1.7003 -0.6870 -1.948 0.9000 0.87845 0.6863 -0.2849 -0.491
0.2000 1.07732 3.5569 -0.3824 -1.859 0.6000 0.95934 1.2951 -0.6454 -1.701 1.0000 0.85235 0.5756 0.0000 0.000
0.3000 1.04715 2.7162 -0.5730 -2.095 0.7000 0.93152 1.0179 -0.5557 -1.373

T ) 313.15 K
0.0000 1.13310 5.0678 0.0000 0.000 0.4000 1.00858 1.7819-0.6756 -1.458 0.8000 0.89604 0.7219 -0.4515 -0.701
0.1000 1.10082 3.7803 -0.2672 -0.820 0.5000 0.97934 1.4434 -0.7054 -1.389 0.9000 0.86986 0.6047 -0.2892 -0.361
0.2000 1.06874 2.8646 -0.3911 -1.284 0.6000 0.95071 1.0976 -0.6623 -1.234 1.0000 0.84364 0.5140 0.0000 0.000
0.3000 1.03859 2.2427 -0.5919 -1.451 0.7000 0.92291 0.8763 -0.5729 -1.001

T ) 323.15 K
0.0000 1.12459 4.0357 0.0000 0.000 0.4000 0.99992 1.5277-0.6993 -1.078 0.8000 0.88734 0.6357 -0.4644 -0.539
0.1000 1.09224 3.0589 -0.2744 -0.601 0.5000 0.97062 1.2634 -0.7253 -1.033 0.9000 0.86117 0.5387 -0.2950 -0.278
0.2000 1.06014 2.3776 -0.4061 -0.928 0.6000 0.94202 0.9440 -0.6849 -0.941 1.0000 0.83490 0.4641 0.0000 0.000
0.3000 1.02994 1.8932 -0.6110 -1.057 0.7000 0.91418 0.7736 -0.5875 -0.756

T ) 333.15 K
0.0000 1.11541 3.3035 0.0000 0.000 0.4000 0.99060 1.3359-0.7218 -0.827 0.8000 0.87808 0.5690 -0.4830 -0.420
0.1000 1.08302 2.5546 -0.2843 -0.435 0.5000 0.96132 1.1182 -0.7521 -0.806 0.9000 0.85193 0.4839 -0.3059 -0.217
0.2000 1.05088 2.0149 -0.4214 -0.690 0.6000 0.93266 0.8353 -0.7035 -0.726 1.0000 0.82609 0.4171 0.0000 0.000
0.3000 1.02067 1.6270 -0.6342 -0.792 0.7000 0.90485 0.6871 -0.6030 -0.588

T ) 343.15 K
0.0000 1.10682 2.7822 0.0000 0.000 0.4000 0.98183 1.1843-0.7505 -0.642 0.8000 0.86919 0.5086 -0.4934 -0.344
0.1000 1.07438 2.1628 -0.2958 -0.339 0.5000 0.95250 1.0025 -0.7782 -0.630 0.9000 0.84304 0.4403 -0.3073 -0.175
0.2000 1.04217 1.7377 -0.4378 -0.530 0.6000 0.92379 0.7287 -0.7246 -0.595 1.0000 0.81717 0.3809 0.0000 0.000
0.3000 1.01194 1.4192 -0.6600 -0.612 0.7000 0.89599 0.6127 -0.6230 -0.476

T ) 353.15 K
0.0000 1.09787 2.3680 0.0000 0.000 0.4000 0.97269 1.0616-0.7811 -0.533 0.8000 0.86000 0.4610 -0.5144 -0.283
0.1000 1.06540 1.9003 -0.3104 -0.226 0.5000 0.94331 0.9077 -0.8085 -0.524 0.9000 0.83388 0.4009 -0.3235 -0.144
0.2000 1.03311 1.5198 -0.4571 -0.410 0.6000 0.91458 0.6454 -0.7504 -0.484 1.0000 0.80822 0.3487 0.0000 0.000
0.3000 1.00287 1.2601 -0.6906 -0.472 0.7000 0.88682 0.5416 -0.6525 -0.400

(x) o-Xylene+ (1-x) NFM

T ) 298.15 K
0.0000 1.14598 7.6556 0.0000 0.000 0.4000 1.02986 2.8697-0.4958 -2.028 0.8000 0.92389 1.1221 -0.3343 -1.017
0.1000 1.11607 5.9359 -0.2581 -1.030 0.5000 1.00245 2.2333 -0.5132 -1.965 0.9000 0.89933 0.9104 -0.1851 -0.540
0.2000 1.08689 4.5820 -0.3582 -1.699 0.6000 0.97578 1.7444 -0.5008 -1.774 1.0000 0.87511 0.7610 0.0000 0.000
0.3000 1.05797 3.6022 -0.4404 -1.985 0.7000 0.94968 1.3851 -0.4384 -1.444

T ) 303.15 K
0.0000 1.14155 6.5981 0.0000 0.000 0.4000 1.02543 2.5842-0.4992 -1.658 0.8000 0.91955 1.0341 -0.3355 -0.853
0.1000 1.11162 5.1802 -0.2589 -0.829 0.5000 0.99806 2.0341 -0.5194 -1.619 0.9000 0.89502 0.8483 -0.1850 -0.450
0.2000 1.08241 4.0539 -0.3572 -1.370 0.6000 0.97139 1.5834 -0.5044 -1.481 1.0000 0.87085 0.7095 0.0000 0.000
0.3000 1.05353 3.2311 -0.4435 -1.600 0.7000 0.94533 1.2707 -0.4433 -1.205

T ) 313.15 K
0.0000 1.13310 5.0678 0.0000 0.000 0.4000 1.01691 2.1424-0.5066 -1.148 0.8000 0.91112 0.8894 -0.3397 -0.625
0.1000 1.10315 4.0628 -0.2643 -0.560 0.5000 0.98956 1.7102 -0.5276 -1.146 0.9000 0.88668 0.7328 -0.1870 -0.337
0.2000 1.07395 3.2431 -0.3679 -0.940 0.6000 0.96291 1.3471 -0.5118 -1.055 1.0000 0.86258 0.6261 0.0000 0.000
0.3000 1.04499 2.6267 -0.4484 -1.108 0.7000 0.93686 1.0801 -0.4461 -0.878

T ) 323.15 K
0.0000 1.12459 4.0357 0.0000 0.000 0.4000 1.00830 1.7999-0.5154 -0.844 0.8000 0.90263 0.7789 -0.3428 -0.474
0.1000 1.09459 3.2942 -0.2677 -0.393 0.5000 0.98101 1.4670 -0.5405 -0.839 0.9000 0.87826 0.6556 -0.1917 -0.250
0.2000 1.06541 2.6707 -0.3782 -0.672 0.6000 0.95437 1.1614 -0.5228 -0.787 1.0000 0.85421 0.5584 0.0000 0.000
0.3000 1.03646 2.1944 -0.4628 -0.798 0.7000 0.92835 0.9316 -0.4558 -0.670

T ) 333.15 K
0.0000 1.11541 3.3035 0.0000 0.000 0.4000 0.99911 1.5558-0.5277 -0.627 0.8000 0.89355 0.6844 -0.3547 -0.377
0.1000 1.08541 2.7350 -0.2756 -0.288 0.5000 0.97184 1.2803 -0.5555 -0.625 0.9000 0.86922 0.5801 -0.1925 -0.202
0.2000 1.05621 2.2565 -0.3889 -0.489 0.6000 0.94523 1.0250 -0.5377 -0.597 1.0000 0.84526 0.5020 0.0000 0.000
0.3000 1.02723 1.8762 -0.4727 -0.586 0.7000 0.91924 0.8156 -0.4677 -0.516

T ) 343.15 K
0.0000 1.10682 2.7822 0.0000 0.000 0.4000 0.99042 1.3514-0.5438 -0.499 0.8000 0.88486 0.6086 -0.3608 -0.311
0.1000 1.07679 2.3216 -0.2835 -0.227 0.5000 0.96316 1.1469 -0.5740 -0.4977 0.9000 0.86059 0.5214 -0.1967 -0.166
0.2000 1.04754 1.9347 -0.3992 -0.384 0.6000 0.93654 0.9085 -0.5541 -0.477 1.0000 0.83668 0.4544 0.0000 0.000
0.3000 1.01855 1.6371 -0.4870 -0.466 0.7000 0.91056 0.7215 -0.4808 -0.421

T ) 353.15 K
0.0000 1.09787 2.3680 0.0000 0.000 0.4000 0.98142 1.1911-0.5651 -0.395 0.8000 0.87586 0.5502 -0.3749 -0.254
0.1000 1.06782 2.0071 -0.2925 -0.165 0.5000 0.95416 1.0231 -0.5958 -0.394 0.9000 0.85171 0.4716 -0.2109 -0.137
0.2000 1.03856 1.6975 -0.4146 -0.281 0.6000 0.92753 0.8132 -0.5724 -0.382 1.0000 0.82779 0.4136 0.0000 0.000
0.3000 1.00955 1.4432 -0.5053 -0.358 0.7000 0.90156 0.6440 -0.4957 -0.335

(x) m-Xylene+ (1-x) NFM

T ) 298.15 K
0.0000 1.14598 7.6556 0.0000 0.000 0.4000 1.02233 2.3401-0.5558 -2.487 0.8000 0.91104 0.8664 -0.3628 -1.132
0.1000 1.11379 5.5083 -0.2643 -1.440 0.5000 0.99334 1.7918 -0.5750 -2.328 0.9000 0.88520 0.7069 -0.2162 -0.585
0.2000 1.08263 4.0465 -0.3771 -2.194 0.6000 0.96521 1.3803 -0.5564 -2.032 1.0000 0.85990 0.5848 0.0000 0.000
0.3000 1.05213 3.0491 -0.4943 -2.485 0.7000 0.93773 1.0823 -0.4798 -1.623
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Table 2 (Continued)

F η VE ∆η F η VE ∆η F η VE ∆η

x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s x g‚cm-3 mPa‚s cm3‚mol-1 mPa‚s

(x) m-Xylene+ (1-x) NFM

T ) 303.15 K
0.0000 1.14155 6.5981 0.0000 0.000 0.4000 1.01793 2.1325-0.5692 -2.047 0.8000 0.90667 0.8124 -0.3718 -0.949
0.1000 1.10931 4.8259 -0.2641 -1.167 0.5000 0.98893 1.6464 -0.5837 -1.929 0.9000 0.88081 0.6603 -0.2173 -0.497
0.2000 1.07817 3.5894 -0.3815 -1.799 0.6000 0.96085 1.2674 -0.5728 -1.703 1.0000 0.85555 0.5531 0.0000 0.000
0.3000 1.04767 2.7409 -0.5005 -2.043 0.7000 0.93331 1.0015 -0.4864 -1.365

T ) 313.15 K
0.0000 1.13310 5.0678 0.0000 0.000 0.4000 1.00935 1.7775-0.5836 -1.462 0.8000 0.89812 0.7080 -0.3778 -0.703
0.1000 1.10077 3.7928 -0.2664 -0.817 0.5000 0.98036 1.3813 -0.6033 -1.401 0.9000 0.87234 0.5860 -0.2250 -0.368
0.2000 1.06964 2.8863 -0.3922 -1.267 0.6000 0.95224 1.0761 -0.5827 -1.249 1.0000 0.84711 0.4970 0.0000 0.000
0.3000 1.03915 2.2574 -0.5180 -1.439 0.7000 0.92477 0.8623 -0.5004 -1.005

T ) 323.15 K
0.0000 1.12459 4.0357 0.0000 0.000 0.4000 1.00070 1.5219-0.6014 -1.079 0.8000 0.88945 0.6298 -0.3833 -0.536
0.1000 1.09224 3.0806 -0.2765 -0.596 0.5000 0.97175 1.1921 -0.6251 -1.050 0.9000 0.86378 0.5286 -0.2371 -0.279
0.2000 1.06108 2.4002 -0.4083 -0.918 0.6000 0.94363 0.9311 -0.6062 -0.952 1.0000 0.83855 0.4488 0.0000 0.000
0.3000 1.03053 1.9050 -0.5349 -1.054 0.7000 0.91610 0.7574 -0.5126 -0.767

T ) 333.15 K
0.0000 1.11541 3.3035 0.0000 0.000 0.4000 0.99144 1.3037-0.6227 -0.842 0.8000 0.88024 0.5600 -0.3955 -0.428
0.1000 1.08304 2.5651 -0.2863 -0.449 0.5000 0.96249 1.0402 -0.6493 -0.816 0.9000 0.85459 0.4742 -0.2414 -0.225
0.2000 1.05186 2.0425 -0.4246 -0.682 0.6000 0.93440 0.8270 -0.6296 -0.740 1.0000 0.82943 0.4101 0.0000 0.000
0.3000 1.02132 1.6401 -0.5584 -0.795 0.7000 0.90688 0.6716 -0.5318 -0.606

T ) 343.15 K
0.0000 1.10682 2.7822 0.0000 0.000 0.4000 0.98270 1.1519-0.6498 -0.667 0.8000 0.87141 0.5062 -0.4073 -0.350
0.1000 1.07439 2.1769 -0.2956 -0.364 0.5000 0.95377 0.9208 -0.6742 -0.657 0.9000 0.84579 0.4332 -0.2491 -0.182
0.2000 1.04320 1.7557 -0.4445 -0.545 0.6000 0.92559 0.7349 -0.6527 -0.602 1.0000 0.82066 0.3748 0.0000 0.000
0.3000 1.01260 1.4341 -0.5814 -0.625 0.7000 0.89811 0.6000 -0.5575 -0.496

T ) 353.15 K
0.0000 1.09787 2.3680 0.0000 0.000 0.4000 0.97363 1.0327-0.6801 -0.525 0.8000 0.86229 0.4575 -0.4244 -0.291
0.1000 1.06542 1.8783 -0.3091 -0.287 0.5000 0.94467 0.8347 -0.7067 -0.521 0.9000 0.83663 0.3927 -0.2506 -0.153
0.2000 1.03417 1.5479 -0.4637 -0.415 0.6000 0.91649 0.6650 -0.6830 -0.488 1.0000 0.81158 0.3440 0.0000 0.000
0.3000 1.00354 1.2714 -0.6067 -0.489 0.7000 0.88896 0.5387 -0.5775 -0.412

Table 3. Coefficients of the Redlich-Kister Equation and Standard Deviations for Excess Molar Volumes and Viscosity Deviations of Mixtures

T/K property A0 A1 A2 A3 A4 AAD SD

(x) p-Xylene+ (1-x) NFM
298.15 VE/cm3‚mol-1 -2.7278 0.0767 1.2043 -0.6055 -2.3314 0.0204 0.0120

∆η/mPa‚s -9.4053 5.0912 -3.3076 1.9104 0.0026 0.0066
303.15 VE/cm3‚mol-1 -2.7664 0.1020 1.2255 -0.6568 -2.3845 0.0199 0.0116

∆η/mPa‚s -7.7998 4.0095 -2.8565 1.8784 0.0009 0.0019
313.15 VE/cm3‚mol-1 -2.8431 0.0960 1.2157 -0.6183 -2.3668 0.0230 0.0136

∆η/mPa‚s -5.5580 2.4797 -1.6943 1.2626 0.0053 0.0081
323.15 VE/cm3‚mol-1 -2.9315 0.1195 1.2218 -0.6424 -2.3409 0.0223 0.0135

∆η/mPa‚s -4.1471 1.5716 -1.1805 1.1312 0.0062 0.0058
333.15 VE/cm3‚mol-1 -3.0258 0.1649 1.2415 -0.7512 -2.4370 0.0227 0.0142

∆η/mPa‚s -3.2087 1.1059 -0.6623 0.6989 0.0067 0.0045
343.15 VE/cm3‚mol-1 -3.1316 0.2003 1.2505 -0.7218 -2.3547 0.0244 0.0153

∆η/mPa‚s -2.5379 0.6235 -0.5019 0.8737 0.0093 0.0058
353.15 VE/cm3‚mol-1 -3.2526 0.2239 1.2013 -0.7890 -2.3745 0.0254 0.0167

∆η/mPa‚s -2.1064 0.4730 -0.0229 0.2586 0.0140 0.0080

(x) o-Xylene+ (1-x) NFM
298.15 VE/cm3‚mol-1 -2.0698 -0.1591 0.0740 0.9576 -1.0471 0.0095 0.0040

∆η/mPa‚s -7.8831 3.0505 -1.5348 0.8509 0.0087 0.0163
303.15 VE/cm3‚mol-1 -2.0910 -0.1742 0.1295 0.9832 -1.0823 0.0107 0.0045

∆η/mPa‚s -6.4991 2.1749 -1.1062 0.9739 0.0088 0.0134
313.15 VE/cm3‚mol-1 -2.1204 -0.1639 0.1454 1.0179 -1.1583 0.0084 0.0034

∆η/mPa‚s -4.5846 1.2448 -0.7636 0.6963 0.0111 0.0113
323.15 VE/cm3‚mol-1 -2.1669 -0.1365 0.1161 0.9926 -1.0977 0.0051 0.0025

∆η/mPa‚s -3.3906 0.6970 -0.4527 0.6132 0.0128 0.0089
333.15 VE/cm3‚mol-1 -2.2226 -0.1753 0.0860 1.1153 -1.0518 0.0062 0.0027

∆η/mPa‚s -2.5354 0.3600 -0.4189 0.4505 0.0121 0.0061
343.15 VE/cm3‚mol-1 -2.2958 -0.1736 0.1805 1.1594 -1.1777 0.0054 0.0026

∆η/mPa‚s -2.0237 0.2321 -0.3696 0.3391 0.0129 0.0052
353.15 VE/cm3‚mol-1 -2.3812 -0.1329 0.2435 1.0479 -1.3866 0.0045 0.0022

∆η/mPa‚s -1.6070 0.1154 -0.1753 0.1054 0.0098 0.0033

(x) m-Xylene+ (1-x) NFM
298.15 VE/cm3‚mol-1 -2.3268 -0.0402 0.4606 0.5054 -1.4819 0.0104 0.0060

∆η/mPa‚s -9.3004 4.8118 -3.0441 1.8498 0.0027 0.0047
303.15 VE/cm3‚mol-1 -2.3758 -0.0558 0.4865 0.5072 -1.4280 0.0125 0.0065

∆η/mPa‚s -7.7216 3.7694 -2.4104 1.5450 0.0051 0.0078
313.15 VE/cm3‚mol-1 -2.4400 -0.0038 0.4875 0.3855 -1.3979 0.0095 0.0057

∆η/mPa‚s -5.5823 2.3147 -1.5535 1.4192 0.0078 0.0077
323.15 VE/cm3‚mol-1 -2.5310 0.0175 0.6859 0.3849 -1.7833 0.0101 0.0056

∆η/mPa‚s -4.1892 1.4739 -1.0089 1.2504 0.0080 0.0061
333.15 VE/cm3‚mol-1 -2.6260 0.0207 0.6582 0.4415 -1.6920 0.0110 0.0063

∆η/mPa‚s -3.2570 1.0018 -0.6606 0.8642 0.0081 0.0043
343.15 VE/cm3‚mol-1 -2.7291 0.0316 0.5987 0.4638 -1.5621 0.0120 0.0065

∆η/mPa‚s -2.6126 0.6234 -0.5622 1.0264 0.0104 0.0046
353.15 VE/cm3‚mol-1 -2.8567 0.0276 0.6754 0.5721 -1.5915 0.0095 0.0059

∆η/mPa‚s -2.0828 0.3149 -0.4563 0.9400 0.0121 0.0044
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The experimental results at different temperatures and at
atmospheric pressure are listed in Table 2 and shown graphically
in Figures 1, 2, and 3. The values of the parametersAi together
with the average absolute deviations and standard deviations
are listed in Table 3. It can be seen from the figures thatVE

values for these two binary mixtures over the whole composition
range are negative and that the absolute value ofVE increases
with rising temperature. The figures also show the viscosity
deviations for these two binary mixtures, plotted against mole
fraction of xylenes at several temperatures. The viscosity
deviations for these systems at selected temperatures are negative
over the entire composition range.

Conclusion

Densities and viscosities of the binary systems of NFM+
p-xylene,+ o-xylene, and+ m-xylene have been measured at
several temperatures and for the whole composition range. The
excess molar volumes and viscosity deviations were computed
and fitted to the Redlich-Kister equation. Excess molar volumes
and viscosity deviations show a systematic change with increas-
ing temperature.VE values are negative for all the mixtures over
the entire composition range and become more negative with
increasing temperature. The deviations of viscosity,∆η, are
also negative and become less negative with increasing tem-
perature.
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