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Viscosities and viscosity deviations are reported for the binary mixtures of 1,2-dichloroethane or 1,2-
dibromoethane with 1-butanol, 2-butanol, 2-methyl-1-propanol, and 2-methyl-2-propanol at 298.15 and
313.15 K. Viscosity deviations are negative for all the mixtures and decrease in absolute value when the
temperature increases.The kinematic viscosities were correlated by the equations of McAllister and Heric.
The Wu model was used to predict the viscosities of the systems.

Introduction

The viscosity behavior of binary mixtures containing
isomeric butanols seems to be strongly dependent on the
structure of butanol and weakly affected by the nature of
the second component; this behavior is confirmed by the
results present here. We report in this paper viscosity
measurements for the binary mixtures of 1,2-dichloro-
ethane or 1,2-dibromoethane with isomeric butanols (1-
butanol, 2-butanol, 2-methyl-1-propanol, and 2-methyl-2-
propanol) at 298.15 and 313.15 K.

This work follows our systematic study on transport
properties of liquid mixtures containing isomeric bu-
tanols: 1,3-dichloropropane (Lafuente et al., 1994), 1-chlo-
ro- and 1,4-dichlorobutane (Lafuente et al., 1996), 2-chloro-
2-methylpropane (Cea et al., 1994), 2-chlorobutane (Cea
et al., 1995), cyclohexane (Artigas et al., 1995), and
butylamine (Dominguez et al., 1995). The only literature
data available for these systems were the viscosities of 1,2-
dichloroethane with 1-butanol at 35 °C (Rajkumar et al.,
1984).

The group contribution method proposed by Wu has been
used to predict the viscosities of these mixtures.

Experimental Section

Chemicals. The liquids used were 1-butanol (>99.8%),
2-methyl-1-propanol and 2-methyl-2-propanol (>99.5%),
and 2-butanol and 1,2-dibromoethane (>99%) obtained
from Aldrich and 1,2-dichloroethane (>99.8%) provided by
Lab-Scan. Their purities were checked by a chromato-
graphic method, confirming the absence of other significant
organic components. All liquids were used without further
purification, and the isomeric butanols were stored over
type 0.3 nm activated molecular sieves from Merck.

Methods. Kinematic viscosities v were determined using
an Ubbelhode viscosimeter (inner diameter = 0.63 mm) and
a Schott-Gerate automatic measuring unit model AVS-440.
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Table 1. Densities p and Viscosities n of the Pure
Compounds at 298.15 and Comparison with Literature
Data

olkg-m—3 n/mPa-s

compound exptl lit. exptl lit.
1,2-dichloroethane 1245.63 1245.612 0.7644 0.779¢
1,2-dibromoethane 2168.50 2168.70° 1.6291  1.595¢
1-butanol 805.85 805.75 25562 2.5710
2-butanol 802.40 802.41 3.0596 2.998
2-methyl-1-propanol 797.98 797.8 3.3603 3.330
2-methyl-2-propanol 781.00 781.2 44126 4.438

a TRC (1980). b TRC (1964). ¢ Lide (1992).

The temperature was kept constant within +£0.01 K by
means of a Schott-Geréte thermostat. The viscosimeter was
calibrated with doubly-distilled water. At least four time
flow measurements were performed for each composition
and temperature, and the results were averaged. Kinetic
energy corrections were applied to the experimental data.
The uncertainty of the time flow measurements was +0.01
s, and the corresponding uncertainty in the kinematic
viscosity was +1 x 10~4 mm?-s~1. Densities p, required for
converting kinematic viscosities to absolute viscosities,
n = vp, were measured with an Anton-Paar DMA-58
vibrating tube densimeter automatically thermostated at
40.01 K. The uncertainty of the density measurements was
+1 x 1072 kg-m~3. The calibration was carried out with
deionized doubly-distilled water and dry air.

The mixtures were prepared by using a Mettler H20T
balance. The possible error in the mole fractions is esti-
mated to be <40.0001.

Table 1 shows the comparison of the experimental values
of density and viscosity of the chemicals with the literature
values at 298.15 K (Riddick et al., 1986).

Results and Discussion

The experimental values of viscosities (kinematic and
absolute) and densities for the binary mixtures are given
in Table 2.
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Table 2. Experimental Viscosities and Viscosity Deviations for 1,2-Dichloroethane or 1,2-Dibromoethane with Isomeric
Butanols

X1 vimm?2-s~1 olkg-m—3 n/mPa-s An/mPa-s X1 vimm?2-s~1 olkg-m—3 n/mPa-s An/mPa-s
1,2-Dichloroethane (1) + 1-Butanol (2) at 298.15 K
0.0000 3.1721 805.84 2.5562 0.0000 0.6047 0.8880 1052.03 0.9342 —0.5385
0.0967 2.5130 842.42 2.1170 —0.2659 0.7050 0.7747 1097.97 0.8506 —0.4424
0.1970 1.9770 881.18 1.7421 —0.4611 0.8027 0.6938 1144.57 0.7941 —0.3239
0.3011 1.5600 922.63 1.4393 —0.5774 0.9027 0.6400 1194.38 0.7644 —0.1744
0.4015 1.2610 963.92 1.2155 —0.6213 1.0000 0.6137 1245.56 0.7644 0.0000
0.5343 0.9916 1020.77 1.0122 —0.5867
1,2-Dichloroethane (1) + 2-Butanol (2) at 298.15 K
0.0000 3.8131 802.39 3.0596 0.0000 0.6034 0.7908 1045.27 0.8266 —0.8481
0.1002 2.4730 838.98 2.0748 —0.7548 0.7052 0.7072 1092.48 0.7726 —0.6684
0.2003 1.7504 876.83 1.5348 —1.0651 0.8039 0.6505 1140.81 0.7421 —0.4724
0.3217 1.2733 924.68 1.1774 —1.1438 0.8980 0.6184 1189.36 0.7355 —0.2630
0.4000 1.0912 956.84 1.0441 —1.0974 1.0000 0.6137 1245.56 0.7644 0.0000
0.5051 0.9073 1001.54 0.9087 —0.9916
1,2-Dichloroethane (1) + 2-Methyl-1-propanol (2) at 298.15 K
0.0000 4.2110 797.98 3.3603 0.0000 0.6087 0.8913 1049.25 0.9352 —0.8450
0.1033 2.9450 837.11 2.4653 —0.6268 0.7088 0.7600 1096.05 0.8330 —0.6873
0.2035 2.1560 876.39 1.8895 —0.9426 0.8037 0.6837 1142.46 0.7811 —0.4929
0.3040 1.6430 917.10 1.5068 —1.0644 0.8988 0.6300 1190.95 0.7503 —0.2768
0.4062 1.2940 959.89 1.2421 —1.0638 1.0000 0.6137 1245.56 0.7644 0.0000
0.5061 1.0500 1003.14 1.0533 —0.9932
1,2-Dichloroethane (1) + 2-Methyl-2-propanol (2) at 298.15 K
0.0000 5.6499 781.00 4.4126 0.0000 0.6020 0.8264 1032.07 0.8529 —1.3635
0.0999 3.1806 817.49 2.6001 —1.4481 0.7041 0.7323 1082.21 0.7925 —1.0514
0.2056 1.9961 858.42 1.7135 —1.9490 0.8009 0.6732 1132.35 0.7623 —0.7285
0.3032 1.4370 898.26 1.2908 —2.0157 0.9017 0.6319 1187.69 0.7505 —0.3725
0.4064 1.1431 942.44 1.0773 —1.8527 1.0000 0.6137 1245.56 0.7644 0.0000
0.5057 0.9496 986.94 0.9372 —1.6305
1,2-Dichloroethane (1) + 1-Butanol (2) at 313.15 K
0.0000 2.2090 794.57 1.7552 0.0000 0.6047 0.7050 1034.18 0.7291 —0.3462
0.0967 1.7740 829.99 1.4724 —0.1741 0.7050 0.6241 1079.15 0.6735 —0.2892
0.1970 1.4310 867.58 1.2415 —0.2922 0.8027 0.5659 1124.58 0.6364 —0.2164
0.3011 1.1570 907.87 1.0504 —0.3663 0.9027 0.5274 1173.30 0.6188 —0.1215
0.4015 0.9573 948.19 0.9077 —0.3961 1.0000 0.5155 1224.05 0.6310 0.0000
0.5343 0.7762 1003.74 0.7791 —0.3754
1,2-Dichloroethane (1) + 2-Butanol (2) at 313.15 K
0.0000 2.2610 789.65 1.7854 0.0000 0.6034 0.6290 1027.66 0.6464 —0.4424
0.1002 1.6486 825.55 1.3610 —0.3087 0.7052 0.5743 1074.00 0.6168 —0.3545
0.2003 1.2473 862.58 1.0759 —0.4783 0.8039 0.5366 1121.13 0.6016 —0.2557
0.3217 0.9456 909.37 0.8599 —0.5541 0.8980 0.5148 1168.61 0.6016 —0.1471
0.4000 0.8201 940.86 0.7716 —0.5520 1.0000 0.5155 1224.05 0.6310 0.0000
0.5051 0.7056 984.84 0.6949 —0.5074
1,2-Dichloroethane (1) + 2- Methyl -1-propanol (2) at 313.15 K
0.0000 2.6630 785.77 2.0925 0.0000 0.6087 0.6997 1030.87 0.7213 —0.4815
0.1033 1.9633 823.92 1.6176 —0.3239 0.7088 0.6217 1076.89 0.6695 —0.3871
0.2035 1.5070 861.98 1.2990 —0.4960 0.8037 0.5622 1122.20 0.6309 —0.2869
0.3040 1.1940 901.59 1.0765 —0.5717 0.8988 0.5281 1170.04 0.6179 —0.1610
0.4062 0.9633 943.32 0.9087 —0.5901 1.0000 0.5155 1224.05 0.6310 0.0000
0.5061 0.8098 985.68 0.7982 —0.5546
1,2-Dichloroethane (1) + 2-Methyl-2-propanol (2) at 313.15 K
0.0000 2.7310 764.74 2.0885 0.0000 0.6020 0.6579 1011.86 0.6657 —0.5454
0.0999 1.8072 800.46 1.4466 —0.4963 0.7041 0.5942 1061.60 0.6308 —0.4315
0.2056 1.2852 840.80 1.0806 —0.7082 0.8009 0.5534 1111.31 0.6150 —0.3062
0.3032 1.0240 880.08 0.9012 —0.7454 0.9017 0.5287 1166.45 0.6167 —0.1576
0.4064 0.8528 923.55 0.7876 —0.7086 1.0000 0.5155 1224.05 0.6310 0.0000
0.5057 0.7347 967.47 0.7108 —0.6406
1,2-Dibromoethane (1) + 1-Butanol (2) at 298.15 K
0.0000 3.1721 805.84 2.5562 0.0000 0.6088 0.9299 1610.71 1.4978 —0.4940
0.1011 2.4532 935.35 2.2946 —0.1679 0.7057 0.8344 1745.09 1.4561 —0.4458
0.2045 1.8909 1069.49 2.0223 —0.3443 0.7989 0.7714 1876.72 1.4477 —0.3679
0.3026 1.5211 1198.28 1.8227 —0.4530 0.8972 0.7334 2018.00 1.4800 —0.2445
0.4200 1.2240 1354.41 1.6578 —0.5090 1.0000 0.7513 2168.37 1.6291 0.0000
0.4876 1.0951 1445.35 1.5828 —0.5213
1,2-Dibromoethane (1) + 2-Butanol (2) at 298.15 K
0.0000 3.8131 802.39 3.0596 0.0000 0.6015 0.8448 1593.99 1.3466 —0.8526
0.1035 2.3718 933.81 2.2148 —0.6967 0.7048 0.7749 1737.64 1.3465 —0.7049
0.2013 1.7050 1059.59 1.8066 —0.9650 0.7997 0.7335 1872.12 1.3732 —0.5424
0.3038 1.3187 1193.37 1.5737 —1.0513 0.9006 0.7193 2018.77 1.4521 —0.3192
0.3979 1.1023 1317.97 1.4528 —1.0376 1.0000 0.7513 2168.37 1.6291 0.0000

0.5007 0.9478 1456.21 1.3802 —0.9631
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Table 2 (Continued)

X1 v/mm?2-s~1 olkg-m—3 n/mPa-s An/mPa-s X1 vimm?2-s~1 olkg-m—3 n/mPa-s An/mPa-s
1,2-Dibromoethane (1) + 2-Methyl-1-propanol (2) at 298.15 K
0.0000 4.2110 797.98 3.3603 0.0000 0.5980 0.9543 1590.07 15174 —0.8076
0.1046 2.8460 931.90 2.6522 —0.5270 0.6783 0.8661 1702.00 1.4741 —0.7119
0.2018 2.0928 1057.87 2.2139 —0.7970 0.7952 0.7776 1867.93 1.4525 —0.5311
0.3054 1.5906 1193.95 1.8991 —0.9325 0.9005 0.7366 2020.64 1.4884 —0.3130
0.3845 1.3440 1299.26 1.7462 —0.9485 1.0000 0.7513 2168.37 1.6291 0.0000
0.5011 1.0876 1456.79 1.5844 —0.9084
1,2-Dibromoethane (1) + 2-Methyl-2-propanol (2) at 298.15 K
0.0000 5.6499 781.00 4.4126 0.0000 0.6110 0.8854 1588.43 1.4064 —1.3055
0.1079 3.0190 914.97 2.7623 —1.3500 0.7079 0.8032 1727.47 1.3875 —1.0547
0.2078 1.9175 1042.50 1.9990 —1.8352 0.8062 0.7504 1872.20 1.4049 —0.7636
0.3106 1.4464 1177.06 1.7025 —1.8455 0.9029 0.7278 2018.41 1.4690 —0.4304
0.4103 1.1726 1310.51 1.5367 —1.7338 1.0000 0.7513 2168.37 1.6291 0.0000
0.5130 0.9935 1451.13 1.4417 —1.5430
1,2-Dibromoethane (1) + 1-Butanol (2) at 313.15 K
0.0000 2.2090 794.57 1.7552 0.0000 0.6088 0.7260 1587.19 1.1523 —0.3302
0.1011 1.7280 922.45 1.5940 —0.1159 0.7004 0.6646 1712.46 1.1381 —0.3033
0.2045 1.3690 1054.42 1.4435 —0.2201 0.8022 0.6181 1853.91 1.1459 —0.2499
0.3026 1.1170 1181.02 1.3192 —0.3004 0.8972 0.5952 1988.58 1.1836 —0.1697
0.4191 0.9179 1333.37 1.2239 —0.3435 1.0000 0.6114 2138.04 1.3072 0.0000
0.4876 0.8360 1424.28 1.1907 —0.3461
1,2-Dibromoethane (1) + 2-Butanol (2) at 313.15 K
0.0000 2.2610 789.65 1.7854 0.0000 0.6015 0.6497 1568.88 1.0193 —0.4785
0.1035 1.5215 918.96 1.3982 —0.3377 0.7048 0.6085 1711.09 1.0412 —0.4072
0.2013 1.1581 1042.66 1.2075 —0.4816 0.7997 0.5869 1844.27 1.0824 —0.3206
0.3038 0.9355 1174.24 1.0985 —0.5416 0.9006 0.5840 1989.55 1.1619 —0.1928
0.3979 0.8062 1296.82 1.0455 —0.5496 1.0000 0.6114 2138.04 1.3072 0.0000
0.5007 0.7121 1433.09 1.0205 —0.5255
1,2-Dibromoethane (1) + 2-Methyl-1-propanol (2) at 313.15 K
0.0000 2.6630 785.77 2.0925 0.0000 0.5980 0.7231 1566.31 1.1326 —0.4903
0.1046 1.8646 917.78 1.7113 —0.2991 0.6783 0.6689 1677.08 1.1218 —0.4380
0.2018 1.4216 1041.92 1.4812 —0.4528 0.7952 0.6171 1841.03 1.1361 —0.3319
0.3054 1.1185 1176.04 1.3154 —0.5373 0.9005 0.5957 1992.28 1.1868 —0.1985
0.3845 0.9664 1279.70 1.2367 —0.5539 1.0000 0.6114 2138.04 1.3072 0.0000
0.5011 0.8113 1434.98 1.1642 —0.5348
1,2-Dibromoethane (1) + 2-Methyl-2-propanol (2) at 313.15 K
0.0000 2.7310 764.74 2.0885 0.0000 0.6110 0.6803 1562.25 1.0628 —0.5483
0.1079 1.6849 897.86 1.5128 —0.4914 0.7079 0.6317 1699.86 1.0738 —0.4616
0.2078 1.2488 1023.54 1.2782 —0.6479 0.8062 0.6046 1842.71 1.1141 —0.3445
0.3106 0.9998 1155.83 1.1556 —0.6902 0.9029 0.5978 1987.29 1.1880 —0.1951
0.4103 0.8560 1287.85 1.1024 —0.6653 1.0000 0.6114 2138.04 1.3072 0.0000
0.5130 0.7503 1426.36 1.0702 —0.6175

The kinematic viscosities were correlated by using the
following equations:

McAllister (1960)

Inv=x.2Inwv, + 3%, In v, + 3x%,° In v, +
%, In v, — In[x; + x,M,/M,] + 3x,%x, In[(2 +
M,/M,)/3] + 3%,x,” IN[(1 + 2M,/M,)/3] + X, IN(M,/M,)
1)
where v refers to the kinematic viscosity of the mixture, x;
and x, are the mole fractions of components 1 and 2, v;
and v, are the corresponding kinematic viscosities, M; and

M, are molecular masses of the components, and v;, and
v, are adjustable parameters characteristic of the system.

Heric (1966)
Inv=x, In(vy;M,) + x, In(v,M,) — In(x;M; + x,M,) +
X1 Xo[0t, + @' 15(X; = X)] (2) (2)

in which oy, and o'y, are also adjustable parameters.
The estimated parameters of the viscosity equations and

the corresponding mean relative standard deviation (MRSD)
are shown in Table 3. The MSRD, expressed in percent, is
defined as

cal\2]1/2
i

exp

i=N [viscosity;

1 — viscosity
MSRD = 100 x N Z
£

exp

viscosity;

®3)

where N is the number of experimental data.

The equations of McAllister and Heric correlated very
well the viscosity data, especially those corresponding to
mixtures containing 1-butanol and 2-methyl-1-propanol,
and they give about the same results.

Viscosity deviations were calculated from our measure-
ments according to the following equation:

Av =v — (Xy171 + Xo17,) 4)

where 7 is the absolute viscosity of the mixture and »; and
17, are the absolute viscosities of components 1 and 2.
This function is gathered in Table 2 and graphically
represented in Figures 1—4.
The values of viscosity deviations at each temperature
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Table 3. Correlation and Prediction of Viscosities for 1,2-Dichloroethane or 1,2-Dibromoethane with Isomeric Butanols

T=298.15K T=313.15K
model a b MRSD/% a b MRSD/%
1,2-Dichloroethane + 1-Butanol
McAllister? 0.6722 1.3845 0.33 0.5461 1.0298 0.42
HericP —1.0792 —0.2633 0.33 —1.0306 —0.2250 0.42
Wu-UNIFAC 9.90 8.19
Wu-ASOG 1.20 1.18
1,2-Dichloroethane + 2-Butanol
McAllister 0.6669 0.8558 1.59 0.5210 0.7269 0.68
Heric —2.0887 0.5383 1.59 —1.6583 0.2388 0.68
Wu-UNIFAC 14.95 8.01
Wu-ASOG 22.65 12.55
1,2-Dichloroethane + 2-Methyl-1-propanol
McAllister 0.6704 1.2809 0.90 0.5515 0.9617 0.56
Heric —1.6248 —0.0090 0.90 —1.3987 —0.0139 0.56
Wu-UNIFAC 3.24 3.00
Wu-ASOG 11.03 6.43
1,2-Dichloroethane + 2-Methyl-2-propanol
McAllister 0.7618 0.7309 2.08 0.5987 0.6451 1.60
Heric —2.7155 1.1712 2.08 —1.9122 0.7209 1.60
Wu-UNIFAC 36.86 14.71
Wu-ASOG 40.18 19.21
1,2-Dibromoethane + 1-Butanol
McAllister 0.6989 1.4095 0.86 0.5670 1.0256 0.81
Heric —1.0436 —0.3597 0.86 —0.9825 —0.2745 0.81
Wu-UNIFAC 7.93 7.12
Wu-ASOG 20.33 23.60
1,2-Dibromoethane + 2-Butanol
McAllister 0.7281 0.8617 2.23 0.5706 0.6635 1.74
Heric —1.9964 0.5317 2.23 —1.6612 0.3997 1.74
Wu-UNIFAC 13.90 8.90
Wu-ASOG 7.64 13.31
1,2-Dibromoethane + 2-Methyl-1-propanol
McAllister 0.7456 1.2335 1.22 0.5890 0.8817 1.06
Heric —-1.5717 0.0788 1.22 —1.4326 0.1028 1.06
Wu-UNIFAC 3.22 2.81
Wu-ASOG 12.19 16.80
1,2-Dibromoethane + 2-Methyl-2-propanol
McAllister 0.8192 0.7750 3.40 0.6316 0.6556 2.57
Heric —2.5684 1.0643 3.40 —1.8100 0.6647 2.57
Wu-UNIFAC 27.78 12.16
Wu-ASOG 13.60 11.64

da=vp, b=vy.Pa=ap b=

Table 4. Coefficients Ag and Standard Deviations for Eq 5

system T/K Ao A Az Az g
1,2-dichloroethane + 1-butanol 298.15 —2.4153 0.8118 —0.1625 —0.2464 0.0011
313.15 —1.5391 0.4667 —0.2031 —0.1577 0.0020
2-butanol 298.15 —3.9648 2.5333 —2.4771 1.4259 0.0066
313.15 —2.0451 1.1216 —0.7302 0.0295 0.0008
2-methyl-1-propanol 298.15 —3.9682 2.1066 —1.4620 0.3897 0.0052
313.15 —2.2194 1.0280 —0.6265 0.0769 0.0035
2-methyl-2-propanol 298.15 —6.5193 5.0256 —5.3333 3.6804 0.0190
313.15 —2.5614 1.6678 —1.6606 1.0360 0.0033
1,2-dibromoethane + 1-butanol 298.15 —2.0811 0.1757 —0.3143 —1.0186 0.0046
313.15 —1.3882 0.0830 —0.2430 —0.7084 0.0025
2-butanol 298.15 —3.8250 1.8469 —2.5452 1.0054 0.0097
313.15 —2.0896 0.7121 —-1.1977 0.3570 0.0044
2-methyl-1-propanol 298.15 —3.6051 1.4923 —1.4563 —0.2179 0.0051
313.15 —2.1382 0.6855 —0.8559 —0.1004 0.0024
2-methyl-2-propanol 298.15 —6.2138 4.2930 —5.2269 2.6358 0.0180
313.15 —2.4795 1.1156 —1.8262 1.1414 0.0061
were correlated with a Redlich—Kister polynomial equa- fraction of 1,2-dihaloethane. Table 4 lists the values of the
tion: parameters together with the standard deviations.
=N Viscosity deviations are negative over the whole compo-
— i sition range for all the mixtures. For a given 1,2-dihalo-
A =x(1 = %) Y Ay(2x, — 1)' (5) 9 9 '

ethane, viscosity deviations as absolute values at 298.15
K follow the sequence 1-butanol < 2-methyl-1-propanol <
where A; are adjustable parameters and x; is the mole 2-butanol < 2-methyl-2-propanol. At 313.15 K this se-



90 Journal of Chemical and Engineering Data, Vol. 45, No. 1, 2000

0

-0.3 —

-1.5 -

2.1 | | i
0 0.2 0.4 0.6 0.8 1
X

Figure 1. Viscosity deviations of 1,2-dichloroethane (1) + isomeric
butanol (2) at T = 298.15 K as a function of mole fraction xi:
1-butanol (a); 2-butanol (O); 2-methyl-1-propanol (a); 2-methyl-
2-propanol (m); Redlich—Kister equation (—).
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Figure 2. Viscosity deviations of 1,2-dichloroethane (1) + isomeric
butanol (2) at T = 313.15 K as a function of mole fraction x;:
1-butanol (a); 2-butanol (O); 2-methyl-1-propanol (A); 2-methyl-
2-propanol (H); Redlich—Kister equation (—).

guence changes a little because in the case of 1,2-dichlo-
roethane the Az values for the mixture with 2-methyl-1-
propanol are more negative than those for the mixture with
2-butanol while in the case of 1,2-dibromoethane the An
values for the mixtures containing 2-methyl-1-propanol or
2-butanol are very similar. Minimum Ay values for branched
butanols are clearly shifted toward lower concentrations
of 1,2-dihaloethane. Viscosity deviations decrease in abso-
lute value when the temperature increases in such a way
that mixtures with 1-butanol show the lowest decrease and
mixtures with 2-methyl-2-propanol show the largest one.
Considering each isomeric butanol separately, the viscosity
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Figure 3. Viscosity deviations of 1,2-dibromoethane (1) + isomeric
butanol (2) at T = 298.15 K as a function of mole fraction xi:
1-butanol (a); 2-butanol (O); 2-methyl-1-propanol (A); 2-methyl-
2-propanol (m); Redlich—Kister equation (—).
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Figure 4. Viscosity deviations of 1,2-dibromoethane (1) + isomeric
butanol (2) at T = 313.15 K as a function of mole fraction x;:
1-butanol (a); 2-butanol (O); 2-methyl-1-propanol (A); 2-methyl-
2-propanol (M); Redlich—Kister equation (—).

deviations slightly decrease in absolute value from 1,2-
dichloroethane to 1,2-dibromoethane.

The predominant effect that governs the viscosity be-
havior is the breaking of the liquid-associated structure of
isomeric butanols by the mixing process that leads to
negative viscosity deviations (Fort and Moore, 1966). This
disassociation and breaking of the liquid structure of
butanols increases with branching, and therefore viscosity
deviations as absolute values for the mixtures containing
2-methyl-2-propanol are greater than those for the mix-
tures containing the other butanols. The existence of the
X—0OH interaction, X = Cl or Br, which leads to a positive
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viscosity deviation, has a minor importance, as is shown
by the similar viscosity behavior for systems containing
isomeric butanols and a,w-dichloroalkanes or haloalkanes
(Cea et al., 1994; Cea et al., 1995; Lafuente et al., 1994;
Lafuente et al., 1996) or even hexane (Franjo et al., 1995).

Viscosity Predictions. The Wu model was used to
predict the viscosities of the systems. This model is based
on the following modified Eyring viscosity equation for
liquid mixtures (Eyring et al., 1941):

5 _ G
hN (XiGi) - K
1=V TRT ©)

where h is Planck’s constant, N is Avogadro’'s number, V
is the molar volume of the liquid mixture, x; and G} are
the mole fraction and the Gibbs energy of activation for
viscous flow of component i, respectively, GE is the Gibbs
excess energy of the liquid mixture at the corresponding
mole fraction, A is an empirical factor, T is the absolute
temperature, and R is the gas constant. G can be ob-
tained from the corresponding viscosity and molar volume
of the pure compound by using eq 6 with x; = 1 and GE =
0. GE can be estimated by using several group contribution
methods; here we have employed the UNIFAC method
(Gmehling et al., 1993) and the ASOG method (Tochigi et
al., 1990), and the empirical factor A = 1 is used.

For all the systems the viscosities obtained experimen-
tally were compared with the predictions, and the mean
relative standard deviations are given in Table 4. These
values indicate that both the Wu-UNIFAC method and the
Wu-ASOG method provide a rather good prediction of
viscosity data except for mixtures containing 2-methyl-2-
propanol. The overall average MSRD is 11.4% for Wu-
UNIFAC and 14.6% for Wu-ASOG; the major average
deviation appears in the mixture of 1,2-dichloroethane with
2-methyl-2-propanol at 298.15 K.
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