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Abstract

Ternary excess molar enthalpies for (1-propanol + 2-propanol + 1,4-dioxane) mixture have been measured with a flow calorimeter at
T=298.15K and atmospheric pressure. Constant contours for the ternary experimental results were calculated by a polynomial equatior
Further, the results have been compared with those calculated from a UNIQUAC formalism taking into consideration the molecular self- and
cross-association of two alcohols and the solvation among the alcohols and 1,4-dioxane. The results predicted by using binary paramete
obtained from the corresponding binary results alone are in good agreement with the experimental values.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction range the mixtures of (1-propanol + 2-propanol) are exother-

mic while those of 1,4-dioxane with either 1-propanol or
The liquid mixtures of cyclic ethers are highly non-ideal 2-propanol are endothermic.

and a significant amount of work on thermodynamic prop-

erties of 1,4-dioxane mixtures with alcohdls-6], hydro-

carbong7-9], and watef10] has been published. But very 2. Experimental

little attention has been paid to the excess molar enthalpies

of ternary alcohol—cyclic ether mixtures. This prompted us  1-Propanol and 2-propanol used in this investigation were

to study the excess molar enthalpies of 1,4-dioxane or oxanethe same as used in our earlier wgte] and 1,4-dioxane

ternary systems involving methanol, ethanol, 1-propanol or with mass fraction purity >0.998 was purchased from Aldrich

2-propanol atr'=298.15K. This paper presents the excess Chemical Co. Chemicals were kept in sealed dark bottles

molar enthalpies of (1-propanol + 2-propanol + 1,4-dioxane) dried over molecular sieves (3A 1/16, 4A 1/16) 2-3 weeks

ternary mixtures af’=298.15K. The ternary results are prior to their use to eliminate the residual traces of water. All

compared with a UNIQUAC prediction. Excess enthalpies of the chemicals were manipulated under an inert nitrogen

of the binary mixtures have been reported previously: (1- atmosphere. No significant peaks of impurities for all the

propanol + 2-propanoliL1]; (1-propanol + 1,4-dioxangZ]; components were detected by gas chromatography.

and (2-propanol + 1,4-dioxang)]. In the full concentration Experimental measurements were carried out with
a previously described[13,14] flow calorimeter at
298.15+ 0.005 K. The errors in the excess molar enthalpy
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Three series of measurements were performed bysented inTable 1, along withHE ;,; calculated from Eq.
adding 1,4-dioxane to binary mixtures composed of (1). The values were correlated usmgthefollowmg equation:
{x}1-propanok- (1 — x})2-propanol}. The mixtures were
prepared by mass using a balance (AEX—180, Shimadzu) 1xoxadd
ensuring accuracy in the mole fractions of #0Thus, the  HE 103 = HE 1o+ HE 13+ HE p3+ —oroo 22 2)
ternary excess molar enthalp&gﬁ123 can be expressed as kT

Hr% 13= A H,'% +(1— x3) HE 1 1 whereH . are the binary excess molar enthalpies and were
’ ' fittedto a ponnomlaI equation of the form

where AHE is the measured excess molar enthalpy
for the pseudobinary mixturesH,'TEL12 the excess molar
enthalpy of the initial binary mixturefsc; 1-propanoh- (1 — m ij J molt ) = Xix; Z an(x; — x;)"~ 1 3
x})2-propanol}, ands the mole fraction of 1,4-dioxane. The n=1
values ofH E .1patthree specified compositions (approximate
composmons of these mixtures were 25, 50, and 75mol% |n each case, the optimum number of coefficigntsas
of component 1) were interpolated by means of a spline—fit ascertained from the variation of the standard deviation
method. with the number of parametens
The coefficient, of Eq. (3) and the standard deviatian
calculated for the three constituent binary mixtures are sum-
3. Results and discussion marized inTable 2.Fig. 1lillustrates the experimental excess
molar enthalpies of the constituent binary mixtures together
The experimentaA HE for the ternary mixture of (1-  with the calculated results from E@). The termA1,3in Eq.
propanol + 2-propanol + 1,4-dioxane) at 298.15K are pre- (2), stands for the ternary contribution to the magnitude was

Table 1
Experimental excess molar enthalpies of 1-propanol (1) + 2—propano| (2) + 1,4-dioxane (3) mixture at 298.15K
x) = 0.2499,HF, , = —37.9(Imol™) x) = 0.5000,HE ;, = —45.0 (Jmol™") x) = 0.7500,HE ;, = —35.0 (Jmol™!)
x1 x2 AHE HE 153 x1 x2 AHE HE 153 x1 x2 AHE HE 153
@mor)  (gmor? @mor)  (gmor? @mor)  (gmor?

0.2374  0.7126 415.1 379.1 0.4750  0.4750 395.3 348.8 0.7125  0.2375 374.1 340.9
0.2249  0.6751 795.8 761.7 0.4500  0.4500 766.0 722.0 0.6750  0.2250 723.0 691.5
0.2125 0.6375 1089.8 1057.6 0.4250 0.4250 1045.0 1003.3 0.6375  0.2125 996.3 966.6
0.2000 0.6000  1332.2 1301.8 0.4000 0.4000 1276.5 1237.3 0.6000 0.2000 1224.1 1196.1
0.1875 0.5625  1529.0 1500.6 0.3750 0.3750  1469.6 1432.9 0.5625 0.1875 14127 1386.5
0.1750 0.5250 1682.8 1656.3 0.3500 0.3500  1620.9 1586.6 0.5250 0.1750  1565.7 1541.2
0.1625 0.4875 1801.2 1776.5 0.3250 0.3250 1741.4 1709.6 0.4875 0.1625 1683.4 1660.6
0.1500 0.4500 1883.6 1860.8 0.3000 0.3000 1817.4 1788.0 0.4500 0.1500 1759.5 17385
0.1375 0.4125  1928.0 1907.1 0.2750 0.2750 1871.4 1844.5 0.4125 0.1375 1806.4 1787.1
0.1250 0.3750 1937.4 1918.4 0.2500 0.2500 1878.7 1854.2 0.3750 0.1250 1821.2 1803.7
0.1125 0.3375 1905.4 1888.3 0.2250 0.2250 1849.1 1827.0 0.3375 0.1125 1797.8 1782.1
0.1000  0.3000  1841.3 1826.2 0.2000  0.2000  1792.0 1772.5 0.3000 0.1000 17445 1730.5
0.0875 0.2625  1747.1 1733.8 0.1750 0.1750 1701.4 1684.3 0.2625 0.0875 1658.4 1646.1
0.0750 0.2250 1618.3 1606.9 0.1500 0.1500 1575.4 1560.7 0.2250 0.0750  1537.7 1527.2
0.0625 0.1875  1446.3 1436.8 0.1250  0.1250 14115 1399.3 0.1875 0.0625 1376.0 1367.3
0.0500 0.1500  1238.9 1231.3 0.1000 0.1000 1210.6 1200.8 0.1500 0.0500 1182.4 1175.4
0.0375 0.1125 1001.3 995.6 0.0750  0.0750 970.9 963.6 0.1125  0.0375 946.0 940.8
0.0250  0.0750 715.2 711.4 0.0500  0.0500 689.8 684.9 0.0750  0.0250 682.5 679.0
0.0125  0.0375 389.2 387.3 0.0250  0.0250 373.7 371.3 0.0375  0.0125 365.7 363.9

& Ternary mixtures were prepared by mixing pure 1,4-dioxane {ith-propanoh- (1 — x)2-propanol}.
Table 2
Coefficientss, (Jmol1) of Eq. (3) and standard deviations
System (1+2) ay az as as o(HE) (Imolt)
1-Propanol + 2-propandl —195.64 14.56 3.16 —2.68 0.20
1-Propanol + 1,4-dioxafe 7076.00 17.80 845.00 508.30 3.17
2-Propanol + 1,4-dioxarie 8034.00 688.70 1074.50 —3.80 4.34

a[11].

b [5].

° [4].
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Fig. 1. Excess molar enthalpié& (J mol~1) of constituent binary mixtures
at 298.15K. 1-Propanol {}+ 2-propanol (z): (®) Polak et al.[11]; 1-
propanol (x) + 1,4-dioxane (x): (o) Tamura and Bhuiyafg]; 2-propanol
(x1) + 1,4-dioxane (z): (A) Bhuiyan and Tamurf4]; (—) calculated from
Eq.(3); (---) correlated by the association model.

correlated by the following expression:

P .
S bj(l—2x3) 7t
j=1

1—k(1—2x3)

The values of the coefficients; and k, the absolute
arithmetic mean deviation, and the standard deviation
obtained in fitting Eqs(2) and (4) to the experimental
ternary HE are by = —0.1876, b, =1.3148, b3 = —1.1959,
ba=—4.7629, b5=9.2818, bg=17.127, b7=-8.3762,
bg=—15.495, k=-1.0823, §(HE)=3.5Jmoll, and
o(HE) =461 mol™ for the (1-propanol + 2-propanol + 1,4-
dioxane) system Edq2) was used to calculate contour lines
of constantiE 123 Plotted inFig. 2for the (1-propanol + 2-
propanol +1, 4 -dioxane) system.

The excess enthalpp HE reported is mainly resulted
from two contributions of opposite signs: (i) a positive
term due to the disruption of alkanol-alkanol hydrogen

A1z
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Fig. 2. Contours for constant values @it ,,(Imol?) for the (1-
propanol + 2-propanol + 1,4-dioxane) system at 298.15K (—) calculated
from Eq.(2).

M.M.H. Bhuiyan, K. Tamura / Thermochimica Acta 437 (2005) 34-38

1900 |

1400 |

HE ot

900 |

400 |

-100

Fig. 3. Excess molar enthalpiégﬁ_lzg(.] mol?1) for the ternary mixtures
of {1-propanol (x) + 2-propanol (x) + 1,4-dioxane ()} at 298.15K: (®)
x} = 0.25; (a)x] = 0.50;(O) x; = 0.75; (—) calculated from Eq2); (---)
predicted from the association model.

bonds, and (ii) a negative term due to the formation of
C4HgOs---HO-hydrogen-bonded complexes.

The positive excess enthalpy of the pseudobinary mixtures
as shownimable lindicates the predominance of the disrup-
tion of the existing hydrogen bonds of the alkanol multimers
over the formation of weak hydrogen bonds between linear
alkanol multimers and cyclic 1,4-dioxane molecules during
the mixing process.

Fig. 3 compares the experimental ternat§f, with the
results calculated from Eq(2) for the (1-propanol+ 2-
propanol + 1,4-dioxane) system.

The thermodynamic excess properties of ternary mixtures
reflect differences in the molecular size, shape, and interac-
tions among three components; therefore, it is of importance
to use ternary data for testing models for the prediction. The
experimental ternaryits were compared with those pre-
dicted by a UNIQUAC associated-solution mofeb]. The
model assumes linear associating polymers of 1-propanol (A)
and 2-propanol (B) molecules and the multisolvation of poly-
mers result in homopolymers {Aand B) and copolymers
{(A;B))r, Ai(BjA1, (BiAj)k, and B(A;By);}. The resulting
homopolymers, copolymers and 1,4-dioxane (C) as an active
nonassociating component form other complexg€:., A8;C,
A;(BjAr),C and B(A;By),C. Here subindices, j, k, and!/
go from one to infinity. The equilibrium constants for these
chemical complex-forming reactions are assumed to be inde-
pendent of the degree of self-association, cross-association,
and multisolvation. The equilibrium constants are tempera-

Table 3
Values of solvation constants and enthalpies of complex formation between
unlike molecules

System (A +B) Kag —hpag (kI mot1) T (K)
1-Propanol + 2-propandl 36.1 23.2 323.15
1-Propanol + 1,4-dioxafe ~ 45.0 16.3 298.15
2-Propanol + 1,4-dioxafie 21.0 16.3 298.15

a[12,13].

b [5].

° [4].
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Table 4
Binary parameters and absolute arithmetic mean deviations
System (A + B) No. of data points Cga (K) Cag (K) Dga DaB 8(HE) (3morlt)
1-Propanol + 2-propandl 19 204.09 29.25 0.7856 0.0339 0.07
1-Propanol + 1,4-dioxafe 19 —60.01 594.88 —0.3380 —0.4143 6.80
2-Propanol + 1,4-dioxafie 19 —305.00 420.38 —1.7526 1.0451 11.80
a[12,13].
b [5].
° [4].

ture dependent and are fixed by means of the following van't ~ The coefficientsC;; and D;; were obtained by using the

Hoff's equation: simplex method21] and the objective function is given by
m 2

sIn K _ _ﬁ (5) F= Z (ngp - H(I:Eal)k (8)

3(1/7) R k

The binary coefficients and the absolute arithmetic mean
The enthalpies of hydrogen bond formation are assumeddeviations (|H,E|) between the binary experimental and
to be independent of temperature. calculated values are inserted Wrable 4. Fig. 1 shows
The model gives the ternary excess molar enthalpy for thea comparison of the experimental binaHE with those
systems as the sum of the chemical and physical contribu-calculated by the association model. The model with the
tions: association and solvation constants and binary parameters
obtained solely from the corresponding binary correlation
predicted the ternary excess molar enthalpies. The absolute
arithmetic mean deviations between the experimental and
calculated excess molar enthalpies were 10.8 Ihébr
The chemical contribution term is related to the enthalpy the (1-propanol+ 2-propanol + 1,4-dioxane) system. Com-
of complex formation in the mixin§L6]. The physical con-  parison between the ternary experimerig] and predicted
tribution term is derived by applying the Gibbs—Helmholtz results obtained from the association model are shown in
relation to the residual term of the UNIQUAC equatiam]. Fig. 3 for the system. The correlated and predicted values
The equilibrium association constants at 323.15K and the show a fair agreement with the experimental data.
enthalpies of hydrogen bond formation of alcohols A and B
were taken from the ref§18,19]. The structural parameters
of complexes are expressed as the sum of parameters of eacReferences
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