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Excess Molar Enthalpies for the Methanol-1-Butanol-Benzene

System at 25 °C

Isamu Nagata® and Kazuhiro Tamura

Department of Chemical Engineering, Kanazawa University, Kanazawa 920, Japan

Excess molar enthalpies at 25 °C for
methanol-1-butanol-benzene were measured with an
Isothermal dilution calorimeter. The experimental results
agree well with those calculated from the UNIQUAC
associated-solution model with two association constants
for alcohols, three solvation constants for complex
tormatlon, and binary Interaction parameters.

Introduction

Ternary excess molar enthalpies of 23 systems containing
two aliphatic alcohols and one saturated hydrocarbon have
been collected; however, those of systems of two alcohols with
one unsaturated hydrocarbon are not filed in the compilation of
Christensen et al. (7) and experimental results on only such two
systems involving benzene at 25 °C have been reported from
this laboratory: for ethanol-1-propanoi-benzene (2) and for
methanol-2-butanol-benzene (3).  As part of a program to
provide excess molar enthalpies on ternary systems formed by
two alcohols and one unsaturated hydrocarbon, this paper re-
ports the experimental results of the methanol-1-butanol-
benzene system at 25 °C. The experimental results are com-
pared with those caiculated from the UNIQUAC associated-
solution model (2). Excess molar enthalpies at 25 °C for the
three binary systems forming the ternary system are available

0021-9568/88/1733-0283%01.50/0

from the literature: methanol-1-butanol (4); methanol-benzene
(&); 1-butanol-benzene (5).

Experimental Section

Analytical grade 1-butano! of specific purity 99.8 mol %,
purchased from Wako Pure Chemical Industries Ltd., was di-
rectly used. C.P. methanol, treated with anhydrous copper
sulfate, was distilled in a 1-m glass column packed with
McMahon packing. C.P. benzene was purified by recrystalli-
zation three times. Densities of three chemicals at 25 °C,
measured with an Anton Paar DMA40 densimeter, agreed ex-
cellently with the literature values (6). The isothermal dilution
calorimeter as described by Nagata and Kazuma (7) was used
to obtain ternary excess molar enthalpies. 'The experimental
error involved in observed values was £0.5% over the mole
fraction range studied. Each experimental run was performed
by adding benzene to a binary mixture of methanol and 1-bu-
tanol. A ternary mixture is regarded as a pseudobinary system
made up of one binary mixture and benzene. One mole of the
ternary mixture is prepared by mixing (1 - x ;) of the initial binary
mixture and x ; of component 3. The ternary excess molar
enthalpy H:,; at x,, x5, and x, can be given as

His = AH + (1 - x)H,, (M

where AH, is the observed molar excess enthalpy for the

© 1988 American Chemical Society
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Table I. Experimental Excess Molar Enthalpies for the Ternary System Methanol (1)-1-Butanol (2)-Benzene (3) at 25 °C®

H%B! AHE]’ H]15237 AHgv
X, X9 J-mol! Jmol™! x4 X9 J-mol! J-mol?
x,’ = 0.2504, HY, = 87.1 J-mol™!
0.2476 0.7412 106.8 20.6 0.0962 0.2879 999.3 965.8
0.2380 0.7127 175.6 92.7 0.0854 0.2557 1007.8 978.1
0.2232 0.6683 284.4 206.8 0.0774 0.2319 1005.6 978.7
0.2023 0.6055 441.7 371.3 0.0748 0.2238 1003.1 977.1
0.1798 0.5383 604.4 541.8 0.0739 0.2211 1001.3 975.6
0.1618 0.4845 724.9 668.5 0.0698 0.2088 995.1 970.8
0.1461 0.4375 818.2 767.3 0.0644 0.1929 982.4 960.0
0.1398 0.4185 851.8 803.1 0.0583 0.1747 963.2 942.9
0.1354 0.4053 873.7 826.6 0.0513 0.1536 933.0 915.1
0.1316 0.3941 890.9 845.1 0.0467 0.1397 908.4 892.1
0.1211 0.3624 934.4 892.3 0.0421 0.1260 879.3 864.7
0.1069 0.3199 978.1 940.9 0.0404 0.1211 867.9 853.8
x, = 0.4994, HE, = 142.3 J-mol™
0.4936 0.4949 157.6 16.9 0.2177 0.2183 864.4 802.3
0.4574 0.4767 208.6 73.1 0.1971 0.1976 886.5 830.3
0.4479 0.4490 288.4 160.7 0.1792 0.1797 898.2 847.1
0.4164 0.4175 382.0 263.3 0.1716 0.1720 901.2 852.3
0.3820 0.3829 485.9 377.0 0.1702 0.1706 900.2 851.7
0.3504 0.3513 578.1 478.2 0.1570 0.1574 900.7 856.0
0.3255 0.3263 646.7 554.0 0.1399 0.1403 894.3 854.5
0.3032 0.3039 704.5 618.0 0.1221 0.1224 878.6 843.8
0.3021 0.3029 706.2 620.1 0.1069 0.1071 856.4 825.9
0.2889 0.2896 736.5 654.2 0.0966 0.0968 836.1 808.5
0.2667 0.2674 783.4 707.4 0.0902 0.0905 820.9 795.2
0.2427 0.2433 828.3 759.1
x,’ = 0.7501, HE, = 134.2 J-mol!
0.7372 0.2456 154.6 22.7 0.3635 0.1211 730.0 664.9
0.7142 0.2379 191.3 63.5 0.3286 0.1094 761.9 703.1
0.6781 0.2258 251.0 129.7 0.3163 0.1053 768.9 712.3
0.6342 0.2112 326.5 213.0 0.3000 0.0999 779.5 725.8
0.5886 0.1960 404.3 299.0 0.2993 0.0997 782.2 728.7
0.5464 0.1820 475.3 377.6 0.2816 0.0938 789.2 738.8
0.5108 0.1701 533.2 441.8 0.2564 0.0854 798.8 752.9
0.4847 0.1614 574.2 487.5 0.2315 0.0771 803.1 761.7
0.4956 0.1651 556.7 468.0 0.2063 0.0687 800.7 763.8
0.4723 0.1573 591.4 506.9 0.1891 0.0630 795.7 761.8
0.4389 0.1462 640.0 561.5 0.1859 0.0619 793.8 760.6
0.4011 0.1336 688.5 616.7
¢Ternary mixtures were prepared by mixing pure benzene with [x,’methanol + (1 - x,")1-butanol].
Table II. Smoothing Equations for Three Binary Systems at 25 °C
AAD, g,
system HE 1.4, J-mol™? Jemol™! Jemol™! ref
methanol (1)-1-butanol (2) x1%2[569.66 — 246.36(x5 — x;) + 79.06(x, — x,)% - 0.2 0.3 2
35.52(x5 — )% + 17.11(xg — 29)4]
methanol (1)-benzene (3) 104,25/ [4.0084 — 2.4775(x3 - x,;) — 0.2986(x3 — x,)% - 1.1 2.4 3
0.4673(x5 — x1)® — 0.0729(x3 = x,)* - 0.0560(x3 — x;)%]
1-butanol (2)-benzene (3) 10%x3/[2.3998 ~ 1.3476 (x3 — x,) + 0.2829(x; - xg)? - 2.9 6.8 3

0.4224(x3 — x5)° — 0.2194(x5 ~ x9)* ~ 0.1379(x5 — x5)]

pseudobinary mixture and H5, is the binary excess molar en-
thalpy of the methanol (1)-1-butanol (2) system. Values of HE,‘,
at three concentrations were interpolated by using a spline-fit
method. Equation 1 does not invoive any approximation (8).

Table 1 lists the ternary excess molar enthalpies H,, of the
methanol (1)-1-butanol (2)-benzene (3) system at 25 °C. The
values of H,, were adequately correlated by

Hig = Hiy + Hig + Hg + XXX 30,5 (2

where
6 N
Ay /RT = 2b,(1 - 2xg)" (3)
i=1

Equation 2 was used by Van Ness and his co-workers (9, 70)
in correlating their ternary excess molar enthalpy results.
Equation 3 is different from that suggested by Van Ness and
his co-workers and was used in our previous papers (2, 3).

Table 11 gives expressions for H5,, Hi,, and H, taken from the
literature (4, 5). The coefficients of eq 3 together with the
absolute arithmetic mean deviation AAD and standard deviation
o were obtained from an unweighted least-squares method: b,
= _2.6201, b, = 2.2693, b, = -1.2294, b, = 5.4605, by =
-14.1932, b, = 8.9962, AAD = 3.0 J-mol’, and ¢ = 3.9
J-mol'. Figure 1 shows lines of constant ternary excess molar
enthalpies calculated by use of eq 2 and 3.

Data Analysis

The UNIQUAC associated-solution model (77-174) is based
on the UNIQUAC model of Abrams and Prausnitz (75). The
UNIQUAC associated-solution mode! works much better than
the original UNIQUAC model in the correlation of binary va-
por-liquid equilibrium and excess enthalpy data and the pre-
diction of ternary vapor-liquid, liquid-liquid equilibrium, and ex-
cess molar enthalpy data from binary data for mixtures con-
taining one alcohol. The UNIQUAC associated-solution model
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Table III. Calculated Results for Three Binary Systems at 25 °C

no. of
-hys, ~ data  ADD, 0, parameters
system K,p(50 °C)  kdJ'mol?  points  Jmol?  Jmol? Cpa, K Css K Dg, Dup
methanol (A)-1-butanol (B) 85 23.2 19 1.1 2.4 130.99 117.28 0.1551 0.4395
methanol (A)-benzene (B) 4 8.3 10 1.7 2.6 1260.71 -190.34 2.1743 —-0.3827
1-butanol (A)-benzene (B) 2.5 8.3 10 9.3 13.2 618.02 361.31 1.6777 1.3346
Methanol experimental values and calculated results obtained in fitting the

TAVANVAN
AV'(\‘\‘A\\\\\‘ o
F/’A 7N \\A‘A\\“\“\‘\
VAV ANANANANA TN

) 1000 ~\

o] |
I o8 0.6 0.4 0.2 o]
Benzene X3 -Butanol
Figure 1. Curves of constant excess molar enthalpies at 25 °C.

has been revised to obtain improved calculated results of
thermodynamic properties for mixtures involving two alcohols
(2, 16, 17). The UNIQUAC associated-solution model for
ternary mixtures including two alcohols and one active nonas-
soclating component (2) assumes that the two alcohols (A and
B) and benzene (C) form linear chemical complexes: A, B,,
(AB))e, (B/A) ) AiB/AL), B(AB,), AC, BC, (AB)C, A-
(B;A)C, (B;A)),C, and B(A,Bk) C, where the indices /, j, k
and / go from one to infinity. Further assumptions are that the
association constants of the alcohols are independent of the
degree of association and the solvation constants are also not
concerned with the degree of association and solvation. Thus
the model includes totally five equilibrium constants: K, K5,
K ag K ac» and K gc. The model gives the ternary excess molar
enthalpy of the system as the sum of the chemical and physical
contributions -

HE = ’fhem + ’-ﬁhys (4)
Expressions for H,,,, and HEh s are not reproduced here to
save space. The temperature dependence of the energy pa-
rameters in f-thy$ is assumed to be given by

a, = Cy+ Dy(T - 273.15) (5)

The association constants of alcohols at 50 °C were taken
from Brandani (78): for methanol, 173.9; for 1-butanol, 69.5.
The enthalpy of hydrogen-bond formation was set as -23.2
kJ-mol™" for the alcohols (19), being independent of tempera-
ture. This value fixes the temperature dependence of the as-
soclation constants according to the van't Hoff relation. Pure-
component molecular structure constants were estimated by
the method of Vera et al. (20): for methanol, r = 1.15 and q
= 1.12; for 1-butanol, r = 2.77 and q¢ = 2.42; for benzene, r
= 2.56 and g = 2.05. Table III presents the absolute arith-
metic mean deviations and standard deviations between the

model to the binary experimental excess enthalpy data by
means of the simplex method (27), together with the solvation
constants and enthalpies of complex formation.

The absolute arithmetic mean deviation and standard devia-
tion between the ternary experimental and calculated values are
respectively 8.9 and 10.4 J-mol-', and the absolute relative
mean deviation is 1.6% for 70 data points, showing that
agreement is good.

Glossary

ag binary interation parameter

b, coefficient of eq 3

Cy, Dy coefficient of eq 5§

HE excess molar enthaipy

H chemical contribution term to excess molar enthalpy

physical contribution term to excess molar enthalpy
excess molar enthalpy for ternary mixture
L excess molar enthalpy for I-J binary mixture

AHE, excess molar enthalpy for pseudobinary mixture
composed of benzene and binary methanol-1-
butanol mixture

Ka Ky  association constants

K pg: solvation constants

Kac:
Kse

q pure component area parameter
r pure component volume parameter
T absolute temperature

X liquid-phase mole fraction

A function defined by eq 3

Reglstry No. Methanol, 67-56-1; 1-butanol, 71-36-3; benzene, 71-43-2.
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