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ABSTRACT

The association constant and the enthalpy of hydrogen-bond formation for pure aliphatic
alcohols have been determined from the vapor pressures of the pure alcohols as a function of
temperature using Brandani’s method, based on the homomorph concept which uses ethers
instead of saturated hydrocarbons as the homomorphs of alcohols. The results of phase
equilibrium and excess enthalpy data reduction obtained with the new association parameters
are comparable with those derived from Brandani’s values.

INTRODUCTION

A new method, based on an association model, was presented by Brandani
[1] for determining the enthalpy of hydrogen-bond formation and the
equilibrium association constant for pure liquid compounds. The method
needed the experimental vapor pressures of the pure liquids as a function of
temperature and adopted the saturated hydrocarbons as the homomorphs of
pure hydrogen-bonded liquids. Brandani’s association parameters have been
used in the UNIQUAC associated-solution theory to reduce vapor-liquid
and liquid-liquid equilibrium and excess molar enthalpy data for associated
solutions [2—-6]. An alternative method [7], based on the Flory—Huggins
relation, used the isomeric ether as the alcohol’s homomorph and assumed
the volume change of mixing. Association parameters derived from the latter
method should not be used in the UNIQUAC associated-solution theory,
because the theory assumes no volume change.

This paper presents the association constant and the enthalpy of hydro-
gen-bond formation for pure aliphatic alcohols derived from Brandani’s
procedure, which adopts the ether as the alcohol’s homomorph. The new
association parameters will be used with the revised UNIQUAC associated-
solution theory [4-6] to analyze vapor-liquid and liquid-liquid equilibrium
and excess molar enthalpy data for mixtures including two alcohols.
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ESTIMATION OF ASSOCIATION PARAMETERS FOR ALIPHATIC ALCOHOLS

I assume that the pure alcohol forms linear polymers by consecutive
reactions expressed as A, + A; = A, and the equilibrium association con-

stant K, for these reactions is defined by

0
A

20l 7 +1forallz (1)
K, 1s independent of the degree of association. The enthalpy of hydrogen-
bond formation h, fixes the temperature dependence of the association
constant by the van’t Hoff relation and is assumed to be temperature-inde-
pendent.
According to Brandani’s method [1], the vapor pressure of the pure
alcohol is calculated by
Py =13,x3 P} exp| (P} = P}) (0% — BY)/RT] (2
where yA is the act1v1ty coefficient of the pure alcohol monomer adjusted to
zero pressure, x, is the mole fraction of the monomer in the pure alcohol,
P} is the vapor pressure of the hypothetical fluid, vy is the molar pure
alcohol volume estimated from the modified Rackett equation [8] and Bf is
the free contribution to the second virial coefficient calculated from the
correlation of Hayden and O’Connell [9] with the related parameters given
by Prausnitz et al. [10].
Ya, is expressed as
o) gy
lnyA 1n——+1———' (3)
x$

A=

0
A, Xa,

where the segment fraction of the pure alcohol monomer (<I>,2]) and xgl are
given as follows

142K, — (1+4K,)" @
2K?

xa, =1-K,®; (5)

The vapor pressures of the ethers are used to estimate P;. Ambrose et al.
[11] have measured the vapor pressures of some ethers as the homomorph of
the alcohol: dimethyl ether for ethanol; ethyl methyl ether for 1-propanol;
propyl methyl ether for 1-butanol; isopropyl methyl ether for isobutanol;
butyl methyl ether for 1-pentanol; decyl methyl ether for 1-undecanol.
Ambrose et al. have given a general equation to represent their measured

vapor pressure data for a number of ethers in terms of the effective carbon
number in the ether n*

log,, P (kPa) =7.1972 4+ 0.1752n* — (916.74 + 184.766n*)T"!
—(9.6590 + 1.17110n* 10T
—(1.34082 — 0.152687n*)10~°T? (6)

o0 -
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TABLE 1

Results of the fit for vapor pressure data of alcohols

Substance Temperature range Absolute arithmetic
(°0) mean deviation
(Torr)
Methanol 1.7-60 0.89
Ethanol 19.6-75 0.58
1-Propanol 48.1-90 0.09
2-Propanol 52.3-80 0.06
1-Butanol 78.6-115 0.18
2-Butanol 67.7-95 0.25
iso-Butanol 69.9-105 0.24
tert-Butanol 56.8-80 0.23
1-Pentanol 74.8-135 0.66
1-Hexanol 52.2-155 1.01
1-Heptanol 63.6-175 1.04
1-Octanol 78.9-190 1.04
1-Nonanol 140.0-195 0.69
1-Decanol 170.0-230 0.55

and stated that if used with the values of n* in table 4 of ref. 11, eqn. (6)
reproduces the values obtained in the correlation for all the other com-
pounds, including those whose properties were estimated, nearly as well.

The following values of n* for ethers corresponding to other alcohols
were used: 1 for methanol; 2.60 for 2-propanol, 3.605 for 2-butanol and
3.366 for tert-butanol are halves of those for diisopropyl ether, di-s-butyl
ether and di-t-butyl ether, respectively. Values of n* for 1-hexanol to
1-decanol were obtained by linear interpolation between 5.260 of butyl
methyl ether for 1-pentanol and 11.3 of decyl methyl ether for 1-undecanol
[11]: 6.267 for 1-hexanol; 7.273 for 1-heptanol; 8.280 for 1-octanol; 9.287 for
1-nonanol; 10.293 for 1-decanol.

K, at 50°C and A, for 14 aliphatic alcohols were calculated by minimiz-
ing the objective function defined by

F=Y [Pfi’(exp) - Pfil(calc)]2 (7)

=1

where eqn. (2) was used to calculate Pi(calc) and P;(exp) was obtained
from the Antoine equation [12] at each of 21 equally spaced points in the
temperature range listed in Table 1, where the absolute average deviation
between calculated and experimental vapor pressures are reported for 14
alcohols. Table 2 compares the association parameters obtained in this work
with those estimated by Brandani [1]. The values of the enthalpy of hydro-
gen-bond formation obtained here are usually lower than Brandani’s values
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TABLE 2

Association parameters for alcohols

Substance K, (50°C) —h, (kJmol™")
| In° I I1

Methanol 173.9 125.1 25.4 23.6
Ethanol 1104 103.2 259 23.6
1-Propanol 87.0 89.9 27.0 23.6
2-Propanol 49.1 71.9 26.4 23.9
1-Butanol 69.5 83.0 27.1 233
2-Butanol 31.1 57.7 25.9 22.6
iso-Butanol 50.6 67.0 26.0 23.0
tert-Butanol 23.1 30.5 25.9 21.5
1-Pentanol 47.7 67.8 24.5 22.8
1-Hexanol 40.8 59.6 249 22.4
1-Heptanol 40.7 49.8 25.9 22.1
1-Octanol 39.5 41.2 24.9 21.9
1-Nonanol 321 21.9
1-Decanol 36.8 25.3 20.3 21.8

2 1, Brandani [1].
® 1, This work.

and are comparable to the enthalpies of dilution of ethanol in saturated
hydrocarbons at 25°C [13].

ASSOCIATION THEORY

The UNIQUAC associated-solution theory [4-6] gives the activity coeffi-
cient of any component in a mixture including two alcohols and the excess
molar enthalpy of the mixture as follows.

Binary mixtures containing two alcohols

A and B stand for alcohols. The alcohol B associates linearly as does
alcohol A. These two alcohols solvate each other to yield linear copolymers
whose general formulas are (A,B),, A,(BA,), (BA)), and B/(A B,),
where the indices i, j, kK and / can be any integers from 1 to infinity. I
assume that the solvated species (A,B)), is not identical with (BA)),.
because the last molecule of the former B has a free hydroxyl group and the
last one of the latter A has it.

The activity coefficients of both components are expressed by

1 1 V4 Y ()
Inyy=In| — | +r| — - —(—) (ln—A-!-l———A)
Ya (I)AO,xA A Vo V) 5 [49a 9, 0,

T T,
+q,,‘l—ln(0A + Ggmgs) + 03( g +BH/;TBA -4, +A;ATAB )} (8)
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oy 1 1 Z i) o)
1 In R —(—) (1n—B+1——E
n YB (Dgle B( Vg V) 2 qB 03 03
gyl —In(8, + .7.,) + 6 ( T Tea (9)
e B ATAB A 0B + HATAB HA + BBTBA

where the nominal segment fraction ®, the nominal surface fraction 8. and
the coefficient 7 are given by

¢, = rAxA/( FaX A T erB)

Oy =rgxp/(rax,+ rgxp) (10)
On = drxa/(gaxa + qpXsp)

s = qpxp/(qaXa + qXp) (11)
Tga = exp(—ag,/T)

Tap = exp(—aap/T) (12)

r and ¢ are the pure-component structural parameters estimated by the
method of Vera et al. [14] and the energy parameters. ag, and a,g. are
obtained in fitting the theory to experimental phase equilibrium data.

The monomer segments fractions, ®, and ®. are obtained from the
following mass balance equations

rAKAB§ASB

@, =S, + - .
(1 - rArBKABSASB)
X[2+rBKABSA(z—rArBKiBSASB) +rAKABSB] (13)
_ KA\pS\S
®, =S, + Iy ABZA B .
(1 - rArBKABSASB)
X [2 4 r,KapSp(2 — rargK25SaSe) + rsKapSa| (14)
where the sums S,, Sz, S, and Sy are defined by
= 2
Sa=®,/(1-K,0,) (15)
= 2
Sp=05 /(1 - KDy ) (16)
Sa = (DA‘/(l - KA(DA,) (17)
Sp=®5 /(1 - Kpby) (18)

The true molar volume of the binary mixture V is expressed as

1 _ & 4 2 4 ﬁ 4 ﬁ rArBK;iBZSASB 4 ﬁ (19)
Voo rarsKap A ry (1 — rArBKABSASB) rs
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At pure alcohol states, @y is given by eqn. (4). ®3 . VY and Vg are obtained
by

142K, — (1+4K,)"°
5, = SURL L) (20)
‘ 2K,
l/VA?:(l _KAQ)/SI)/"A (21)
1/Ve=(1- K@ )/ry (22)
The excess molar enthalpy of the mixture is given by
_ Uo, — Uy —
HE = hox, | 2~ U000 | + hyxy| —r — U9
b, ' o, '

( l_/A ( Xg XA ) EAXA(I)A, 5
+h + + 2 —rarp K@, O, UU
] A[KABUA q)BrA q)ArB q)A ( A"B™ABY A * BYA B)

+UAUBXB(DB,:|+hB[ (73 ( Xp_, _*a )

Uy K\pUp | @pra N
Uﬁxﬁfbﬁ1 UAUBqu)Al
5. (2= rargK 2@, @5 UnUs) + U

( Xp |, Xa )(1+rArBKA2B¢)A1¢)B1UAUB)
Qpra Dare K

2( Upxa@s Ugxp®y )}} rArBK/iB(DA(DBUAUB
1 _+_ 1 1 1

+hag

2 s (1 - rArBK/qu)Alq)BIUAUB)Z
_R gaxafp O7pa 95X 0a LN (23)
(0y + 0575a) 3(1/T)  (8y+ Oatap) a(1/T)

where UA, Ug, U, and Uy, respectively, are defined by
aA = KACDA,/(] - KACDA,)Z (24)
UBZKBCI)B,/(l _KB‘I)BI)Z (25)
Un= 1/(1 - KAq)A\) (26)
UB=1/(1 _KB(I)B,) (27)

It is assumed that ap, and a,y are linearly dependent on temperature.
aga = Ca + D (T —273.15)
asp=Cy+ Dy(T—273.15) (28)
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Ternary mixtures containing two alcohols and one active nonassociating compo-
nent

In the mixture exist associated species and solvated ones whose general
forms are A, B, (A,B),. A,(BA,), (BA),, B(A B, AC (AB)C,
A,(B,A,),C, BC, (BA)),Cand B(A B,),C, where the indices i. /. k and /
can go from 1 to infinity.

The activity coefficient of component I is

/ n o n (Z ®, P,
Iny,=1n : +————-—(—) (ln—+1——)
Y: ¢2x, VIO v ) 4q, ®, @,
v l1-(X o, ) - ¥ et 2
a; n 1T (29)
J J ZHKTKJ
K
where ®,, 8,, V°, V and 1, are expressed as follows:
(Dlzrlxl/ZerJ (30)
J
b, = QIXI/Z‘IJXJ (31)
J
1/V0={(1—-K,®})/r, (32
I ¥
_l_=£/\_+§g+(_2_+&+§_a rars K ApSaSs
Viora  rs rareKag 74 7B (l - rArBK,iBSASB)
O
C
rargrcK2gSaS
+ + Sy | K+ | —— + Si|K ATBLCTIABTATD
(rBKAB A) AC (rAKAB B) Bc] (1 - rArBKf‘BSASB)
(33)
7 =exp(—ay/T) (34)

®2 =1 for component C, ®7 and @} are given by egns. (4) and (20).
The monomer segment fractions, ®,, ®5 and ®., are numerically
solved from the following mass balance equations:

"AKAB§ASB
(1 - rArBK/iBSASB)Z
X {2 + ’BKABSA(2 - rArBK/iBSASB) + A K\pSp

@, = (1 + 7, Kac®c,)Sa +

+(I)C1[(rAKAC + ’BKBC) + rargKapKacSa

X (2 = rarsK 3aSaSs) + raraKapKpcSs] ) (35)



b
(o)
[«

rBKABSAEB
(1 - rArBK:BSASB)Z
X {2 + ’?AKABSB(z — raraKapSaSy) + reKapSa

Gy =(1+rpKuc®c)S, +

+(I)C, [(rAKAC +rKpc) + rarpKapKpc Sy

X(z_rArBKiBSASB) +rArBKABKACSA]} (36)

(8 (DC,{l FreK Sy + re Ky Sy

rarercK2uSaSpy | Kac Ky h
BC_ABOA [ + —25 4 K oSy + KpeSy (37)
(1 - rArBKABSASB) rgKap  7aKap

The excess molar enthalpy of the mixture is expressed as
U, Uy,
+thB( :;)BB‘ - UE?‘D%I)
TAKac®Pc, x\Pa,

(I)A
"BKBC‘DC,XB‘DB,

(I)B

EA XB XA UAXA(DAI 2
+( hA{ TRA ( ot rBQA) S (2 = rarg K 2s®s @5 Uy )
5AUBXB(I)B. [( rgKpcxp + raKacXa )Es‘_
(S

Up®,,

o,

HE=hAxA( - UJ®g,

+ (hA(_]A + hACUA)

+ (hBl_]B + hBCUB)

U2y IaKap®Pp rgKap@s | Uy
rAKACUAxA(DAl rBKBCL_]AUBxB(D B,
B N (2 = rarp K 2p@a @ ULy ) + 0.0,
(73 ( Xg XA ) EBXB(I)B, 5
+h + 2—rry K@, 0, UU,
B{KABUB rA(DB qu)A (DB ( ATB*ABTA ¥ B YA B)

UAUBXA‘I)AI L ® [( rgKpexg N rAKACxA) (73
ATBTATA L ~B
U@, Sl 7aKap®p  rpKap®s U

rBKBC[_/Bx 5P, N KAC(—/BUAXA@A,
+ T—(z — rargK2p®, @ UpUy ) + U,

2
+hAB{( Xp + Xa )(1+rArBKABq)A,q)B,UAUB)

@y rp®, K,p

( U x, &, Ugxy®y )
2 1 + 1
@, Dy
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+CI>Cl

rgKpcxg + IaKacXa
ra®p rp®,

(1+ rargK25@s @5 Upls)
X

Kap
) rAKACUAxA(DA, 4 rBKBCUBxB(DBl
D, Dy
UA'qu)A, X
+ [hAC’AKAC‘I’c,( o, + rAK:B(I)A + th’BKBC‘I’C,
UBXB(I)BI X 2
X ( o, + Koy (1 - rArBKABCI)AICI)BlUAUB)
¥ a7y,
rarg K2 @, ® UU 79(1/T
% ATBHAB*A B YAVB . _qulx, J ( / ) (38)
(1 - rArBK/iB(I)A(I)BUAUB) ! Lo,
1 1 J
where a,, is expressed by
a, =C,+ D,(T—-273.15) (39)

CALCULATED RESULTS
Binary mixtures

The excess molar enthalpies of binary mixtures containing normal aliphatic
alcohols are positive (heat is absorbed) and those of some binary mixtures of
normal and branched alcohols are negative (heat is evolved). The theory is
able to reproduce these data as shown below. Table 3 shows the binary
calculated results for alcohol-alcohol mixtures obtained by use of several
sets of K5 and h,, without addition of the energy parameters and some of
the results are compared with experimental values in Figs. 1 and 2. These
figures indicate that the experimental data of methanol-2-propanol and
ethanol-1-pentanol mixtures are reproduced with only selected sets of K,,
and A, and this is not the case for methanol-1-butanol, where additional
energy parameters should be included for the accurate correlation of the
experimental data.

Vapor-liquid equilibrium data reduction was carried out by use of the
thermodynamic equation

&, P=v,x,0,Pf exP[UHP - PIS)/RT] (40)

where y, P, P° and R are the vapor-phase mole fraction, total pressure,
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TABLE 3

Results of fitting the UNIQUAC associated-solution theory to excess molar enthalpies for
binary alcohol-alcohol mixtures at 25°C with the chemical contribution term alone

Mixture (A~B) K, 5(50°C) —h,p (kI mol™')  Absolute arith. Ref.
mean deviation
(J mol™ 1)
Methanol-ethanol 83 23.6 1.28 15
96 235 1.68
104 23.45 2.64
112 234 3.61
Methanol-1-propanol 58 23.6 6.66 15
67 235 4.58
Methanol-2-propanol 76 23.75 3.25 16
77 23.75 3.75
82 23.70 3.14
Ethanol-1-propanol 48 23.6 0.72 15
Ethanol-1-pentanol 33 23.2 3.44 17
1-Propanol-1-pentanol 28 23.2 1.45 18
1-Butanol-2-butanol 33 229 3.58 19

pure-component vapor pressure and gas constant. The fugacity coefficients,
¢, and ¢;, were calculated from the volume-explicit equation of state
truncated after the second term. The second virial coefficients were esti-
mated from the method of Hayden and O’Connell [9]. Pure-component
vapor pressures were calculated from the Antoine equation whose parame-
ters were taken from the literature [20,21].

The computer program used, based on the maximum likelihood principle,
was similar to that described by Prausnitz et al. [10]. The standard devia-
tions in the measured variables were taken as o, = 1.0 Torr, o,=0.05 K,
o, = 0.001 and o, = 0.003.

Parameter estimation from mutual solubilities was performed by solving
eqn. (41) for any component /.

(xﬂ'l)l = (xﬂ’l)” (41)
where the indices, I and II, represent equilibrium liquid phases.

Table 4 lists the values of the solvation equilibrium constants and
enthalpies of complex formation used in binary and ternary phase equi-
librium and excess enthalpy data calculations.

Table 5 presents the calculated result of binary phase equilibrium data
reduction. In the correlation of vapor-liquid equilibria for alcohol-alcohol
mixtures, various values of K,; were used with or without the energy
parameters. For a fixed value of K, the results obtained with the energy
parameters are better than those without the energy parameters. Many sets
of values of K,y and the energy parameters can reduce the experimental
data of these mixtures with good accuracy. Table 6 gives the calculated
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Fig. 1. Excess molar enthalpies for (a) methanol (1)-2-propanol (2) and (b) ethanol (1)-1-

pentanol (2) at 25°C. Experimental (@): (a) ref. 16; (b) ref. 17. Calculated: (a) (- —-—- )
Kap=70(50°C) and h oy =—23.75 kJ mol ~'; (——) K5 =76(50°C) and h,, = —23.75
kJ mol™ % (------ ) Kag=80(50°C) and h,p=—23.75 kJ mol™; (b) (-—-—-) K,g=

33(50°C) and h,p=—23.2 kJ mol ™ '; ( ) K5 =43(56°C) and h,53=—23 kI mol™';
G----- ) Kap=236(50°C) and h,p5=—23.2 kJ mol ™",

results of excess molar enthalpy. The accuracy of the correlation studied in
this paper is the same as that obtained in previous papers [4-6], indicating
that the results of data reduction are not sensitive to used association
parameters.
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kI mol 1.

TABLE 4

Solvation constants and enthalpies of complex formation

Mixture (A-B) K, (50°C) — hap (kI mol™Y)
Methanol-benzene 2 8.3

Methanol-chlorobenzene 3(55°C)

Methanol-ethanol 110 23.6

Methanol-2-propanol 80 23.75

Ethanol-benzene 2 8.3
2-Propanol-chlorobenzene 255°0)

2-Propanol-benzene 1.8 8.3
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Ternary mixtures

Table 7 shows the ternary predicted results of excess molar enthalpies for
18 mixtures containing two alcohols and one saturated hydrocarbon and one

TABLE 7

Predicted results of excess molar enthalpies for ternary mixtures containing two alcohols and
one hydrocarbon at 25°C

Mixture No. of Abs. arith. mean deviations Ref.
data — AHE (T mol ') AHF/HE (%)
points

Ethanol-1-propanol-cyclohexane 92 4.59 1.88 33

Ethanol-1-propanol- n-heptane 32 15.01 3.65 37

Ethanol-1-pentanol- n-heptane 35 13.59 4.86 37

Ethanol-1-octanol- n-heptane 30 5.82 1.86 37

Ethanol-1-decanol- n-heptane 30 7.23 2.04 37

Ethanol-1-propanol- n-octane 30 5.80 1.36 37

Ethanol-1-pentanol- n-octane 30 18.94 4.86 37

Ethanol-1-octanol- n-octane 30 19.03 484 37

Ethanol-1-decanol- n-octane 30 15.14 3.78 37

1-Propanol-1-pentanol- n-heptane 30 8.25 2.86 37

1-Propanol-1-octanol - n-heptane 35 9.98 3.64 37

1-Propanol-1-decanol- n-heptane 30 8.65 224 37

1-Propanol-1-pentanol- n-octane 37 12.32 3.00 37

1-Propanol-1-octanol- n-octane 30 7.08 1.93 37

1-Propanol-1-decanol- n-octane 30 7.60 1.74 37

1-Propanol-1-pentanol- n-tetradecane 30 6.00 1.80 37

1-Propnaol-1-octanol- n-tetradecane 35 14.62 3.47 37

1-Propanol-1-decanol- n-tetradecane 30 11.84 2.36 37

Ethanol-1-propanol-benzene 59 7.49 1.22 6

Overall mean deviation 10.47 2.81

TABLE 8

Ternary predicted results of vapor-liquid equilibria obtained from binary parameters

Mixture Temp. No. of  Absolute arithmetic mean Ref.

(°0) data deviations
pomts A, (x10%) AP (Torr) AP/P (%)

Methanol- 6.4

ethanol- 25 24 6.7 3.7 2.6 38

benzene 83

Methanol- 6.7

2-propanol- 55 15 6.2 51 1.7 26

chlorobenzene 4.9
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Fig. 3. Solubility envelopes for mixtures containing two alcohols and one saturated hydro-
carbon, Experimental: tie-line (®); solubility (O). Calculated ( ). (A) Meth-
anol—ethanol-cyclohexane at 25°C [39]; (B) methanol-ethanol-methylcyclohexane at 25°C
[30]; (C) methanol-2-propanol-n-hexane at 5°C [29]; (D) methanol-2-propanol- n-hexane
at 25°C [29]; (E) methanol-2-propanol-cyclohexane at 25°C [40].

mixture including ethanol, 1-propanol and benzene. The overall mean devia-
tion for 19 mixtures is 10.47 J mol~!, which corresponds to 10.59 J mol !
obtained in previous papers [5,6]. The predicted results of vapor-liquid
equilibria for two mixtures are given in Table 7. The magnitude of the
deviations is similar to that obtained previously {4]. The values of K, for
alcohol—alcohol mixtures influence the calculated results of ternary
liquid-liquid equilibria for mixtures containing two alcohols. The parameter
set of K, =80 at 50°C and non-zero values of the energy parameters for
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the methanol—-ethanol mixture provided too large ternary solubility en-
velopes for methanol-ethanol-cyclohexane and methanol-ethanol-methyl-
cylohexane mixtures. The parameter set of K,z =110 at 50°C correctly
reproduces liquid-liquid equilibria for these mixtures as shown in Fig. 3.
Out of the parameters sets for the methanol-2-propanol mixture, the value
of K,5 =80 at 50°C gives the best calculated results of ternary liquid-liquid
equilibria for methanol-2-propanol-n-hexane and methanol-2-propanol-
cyclohexane mixtures (Fig, 3).
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LIST OF SYMBOLS

A B C alcohols and active nonassociating component

a,, binary interaction parameter

Bt free contribution to second virial coefficient

C,, D, coefficients of eqn. (39)

F objective function as defined by eqn. (7)

HE excess molar enthalpy

has hy enthalpies of hydrogen-bond formation of alcohols A and
B

haps Bac. hac  enthalpies of complex formation between unlike molecules

K., Ky association constants of alcohols A and B

K, Kacs Kye solvation constants between unlike molecules

n* effective number of carbon atoms in an ether molecule

P total pressure

P’ saturated vapor pressure of pure component /

q, molecular geometric area parameter of pure component [

R universal gas constant

T molecular geometric volume parameter of pure component
I

Sar Sy sums as defined by eqns. (15) and (16)

S.s Sp sums as defined by eqns. (17) and (18)

r absolute temperature

U,, Uy quantities as defined by eqns. (24) and (25)

Uy, Uy quantities as defined by eqns. (26) and (27)

vV true molar volume of alcohol mixture given by eqns. (19)
or (33)

| true molar volume of pure alcohol 7 given by eqn. (32)



Greek letters

molar liquid volume of pure component 7
liquid-phase mole fraction of component [/
vapor-phase mole fraction of component [
lattice coordination number equal to 10

Y, activity coefficient of component 7
0, surface fraction of component /
Op, Of,
o, O, standard deviations in pressure, temperature, liquid-phase mole
' fraction and vapor-phase mole fraction, respectively
T coefficient as defined by exp(—a,,/T)
b, segment fraction of component /
P, monomer segment fraction of component 7
¢, vapor-phase fugacity coefficient of component 7/
Lo vapor-phase fugacity coefficient of pure component I at T and
P;
Subscripts
A, B C alcohols and active nonassociating component
A, B,, C;, monomers of components A, B and C
A,, B, i-mers of alcohols
AB, AC, BC binary complexes
A,BC complex containing / molecules of alcohol A, j molecules of
alcohol B and one molecule of component C
AC complex containing / molecules of alcohol A and one mole-
cule of component C
B,C complex containing i molecules of alcohol B and one mole-
cule of component C
h hypothetical fluid
I, J, K components I, J and K
i, j, k, 1 i, j, k and /-mers of alcohols or indices
Subscript
0 pure-liquid reference state
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