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ABSTRACT

An association model is presented to reproduce the vapor-liquid equilibria of binary
mixtures of simple aliphatic amines in saturated hydrocarbons over the whole mole fraction
range with good accuracy in terms of linear association, with allowance for a non-polar
interaction term. The model is able to explain the spectroscopic property of dilute solutions
of aniline in cyclohexane and also to represent the vapor-liquid equilibrium and excess
enthalpy data of binary amine-organic compound mixtures with an addition of solvation
equilibrium between the terminal amino group of the amine chains and a solvating molecule.
The predictive ability of the model is shown by good agreement between calculated and
experimental vapor-liquid and liquid-liquid equilibrium results for ternary mixtures of
aniline with hydrocarbons.

INTRODUCTION

The self-association of simple aliphatic amines in saturated hydrocarbons
has been studied from the vapor pressure isotherms by means of the theory
of ideal associated solution using a two-constant model [1,2]. The model
contains the dimerization constant and the other for the formation of higher
polymers. Wolff and Landeck [2] stated that the equations of the model
permit at least a formal description of the considered solutions with only
minor faults almost over the entire range of mole fractions. It is not possible
to describe the thermodynamic properties of liquid mixtures of aniline with
organic compounds by use of the ideal association theory, because the
theory is unable to predict phase-separation observed in aniline-saturated
hydrocarbon mixtures.

In this paper, we propose an association model with a non-polar interac-
tion term for the accurate representation of the vapor pressure isotherms of
binary mixtures of simple aliphatic amines with saturated hydrocarbons and
tetrachloromethane as well as the phase equilibrium and excess enthalpy
data of binary aniline-organic compound mixtures. Predicted ternary
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vapor-liquid and liquid-liquid equilibrium results obtained from the pro-
posed model with only binary parameters are compared with experimental
data for mixtures of aniline with hydrocarbons.

ASSOCIATION MODEL

Our proposed model assumes linear association for the amine in accor-
dance with the previous approaches [1,2] and solvation between the terminal
amino group of the amine chains and an active unassociated compound,
with allowance for a non-polar interaction term given by the NRTL equa-
tion [3]. In ternary amine mixtures, A stands for the amine, B for the active
unassociated compound, and C for the saturated hydrocarbon.

Three equilibrium constants for the formation of chemical complexes, A ,,
A,,,, and A B, are defined in terms of mole fractions, respectively.

A +A =A, K2=xAz/xil (1)
A +A =A, K=x, /xsx, foralli>1 (2)
A, +B=AB Kap=Xa /XA X, (3)

The temperature dependence of K,, K and K,; is given by the van’t
Hoff relation

91ln K,/8(1/T)=~h,/R 91n K/3(1/T)= —h/R
The activity coefficient of any component I in the ternary mixture is
expressed by

X, XJ: 7Gxy x,G,, %xRTRJGRJ
= 1I1( X1 ) ’ ZGKIXK ’ ; ZGKJXK TH ZGKJXK ©)
K K K
where xf = 1 for an unassociated component,
T =ay/T (6)
G, = exp(—ay ) (7)

and the nonrandomness parameter a,;(= «;;) is set as 0.3 [3]. The binary
parameters, a;, and a,,, are obtained from experimental phase equilibrium
data reduction.

The nominal mole fraction of each component is expressed in terms of the
monomeric mole fractions of the components.

xA=(1+KABxBI)[xA1+sz,i](2—z)/(1—z)zl/S (8)
xB={xB,+KABXB1[XA,+K2xi,/(1—z)]}/S (%)
Xe=Xx¢c,/S (10)
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where z = Kx, and the stoichiometric sum § is given by
2
S = (1+ Kppxp, )| xa, + Kpx3, (2= 2)/(1 - 2)7]
+KABxB1[xAl+K2x/2\]/(1—Z)] +XB]+XCI (11)

The sum of the mole fractions of all chemical species present in the
mixture must be unity.
o0

3 xA’(linear) +Y Xppt+Xp +Xc = (l + KABxB])[xA] + szil/(l - z)]

i=1 i=1
+xp +xc =1 (12)
Equations (8)-(12) are used to solve x, , xp, and x., if the equilibrium

constants are known.
At pure amine state eqn. (12) reduces to

xX + Kox/(1—-z%) =1 (13)

The excess enthalpy of the ternary mixture is expressed by the sum of

chemical and physical contribution terms.
hE = hfhem + hghys (14)

thhem = {(1 + KABxB])[h2K2xi|/(1 —-z)+ thKxi,/(l - 2)2]

+ hABKABxBl[xA, + szzzx,/(l - Z)]}/S

— x| haKox22/(1 = 2%) + hKG Kx g2 /(1 = 2] /5 (15)
a(’rJIGJI) 0Gx/
;xj_a(T/_TT B ;TJIGJIX.I;'XKWT_)

hEhys = R2x1

- ;Gmxx (ZGKIxK)Z (16)

In binary excess enthalpy fit, the energy parameters are assumed to be
temperature-dependent linearly.

a, = C, + D,(T—273.15) (17)

The infrared spectroscopic data [4] provide a fraction of the number of
the monomeric aniline in the stoichiometric number of aniline molecules, .

B = fa/iM
XA, 1

Y ix, 1+K,x,((2-2)/(1~2)
i=1

(18)

where ¢, is the apparent molar absorptivity and e,, is the extrapolated value
of ¢, at infinite dilution of aniline, the molar absorptivity of monomer.
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TABLE 1

Association parameters for pure amines

Substance K, K —h, —h Temp.  Ref.
(Kmol™) (Kmol™YH (°0)

Methylamine 1.1 25 100 9.0 20 2
Ethylamine 1.0 23 10.0 9.0 20 2
Dimethylamine 0.9 1.5 9.0 9.0 20 1
n-Propylamine 1.0 19 7.0 8.0 20 2
n-Butylamine 0.6 1.2 9.0 9.0 60 This work
Diethylamine 0.3 0.4 9.0 9.0 60 This work
n-Hexylamine 0.8 0.9 9.0 9.0 60 This work
Dipropylamine 0.2 0.1 60 This work
Diisopropylamine 0.1 0.2 60 This work
Aniline 234 465 100 9.0 50 This work

CALCULATED RESULTS AND DISCUSSION
Reproduction of binary experimental data

The association constants and enthalpies of hydrogen bond of pure
amines are listed in Table 1. These association parameters of some aliphatic
amines were taken from Wolff and Landeck [2] and those of the other
aliphatic amines were obtained in this work from the constants of the
Wilson equation as described previously [1,2]. The infrared spectroscopic
data of dilute solutions of aniline in cyclohexane at different temperatures
[4] enabled us to obtain the set of association constants of aniline at each
temperature as given in Table 2. This was done by minimizing the following
objective function

N (xA, - QA,)Z B, — B, :
F=1Y% 5 +( — ) (19)

i=1 o 03

X

TABLE 2

Results obtained in fitting the model to spectroscopic data of aniline-cyclohexane mixtures

Temp. K, K Root-mean-square
O deviation
88 (x10%)

20 334014 * 7.39(0.32) ® 3.4

30 3.11 (0.12) 5.78 (0.30) 34

35 2.78 (0.10) 5.71 (0.25) 34

40 2.83 (0.09) 5.13(0.24) 2.9

50 2.34 (0.08) 4.65(0.27) 36

60 2.07 (0.08) 4.23 (0.27) 43

70 1.85 (0.10) 3.66 (0.36) 6.0

2 Parentheses show estimated standard deviation.
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Mole fraction of aniline

Fig. 1. Infrared spectroscopic data for fraction of monomer for aniline+ cyclohexane.
Calculated ( ). Experimental (@) [4]. Note that the ordinates for 30, 35, 40, 50, 60 and
70°C curves are displaced upwards by 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6, respectively, to avoid
overlap.

where a circumflex designates the calculated true value corresponding to
each experimental point and the estimated standard deviations in the
measured values were taken as: o, =0.005 and oz = 0.02. We used the 8
data in the region of aniline concentration less than 1.5 M [4]. K, and K at
50°C were selected for aniline. The enthalpies of hydrogen bonds were
derived from the plot of In K vs. 1/T as shown in Fig. 1. Figure 2 shows
that the model reproduces the infrared spectroscopic data with satisfactory
accuracy.
Vapor-liquid equilibrium data were reduced by use of eqn. (20).

¢y P =x,v,9; Pr exp[u,L(P - PIS)/RT] (20)
where y is the vapor-phase mole fraction, P is the total pressure, and P° is
the pure-component vapor pressure, which is calculated from the Antoine
equation. Table 3 lists Antoine constants [5-7]. The pure-liquid molar
volumes o' are estimated from the modified Rackett equation [8]. The
fugacity coefficients, ¢ at P and ¢° at P*, are calculated by

P
In ¢, = 22)’1311 - Z ZylyJBIJ RT (21)
I I J

where the second virial coefficients B,, are estimated from the generalized
method of Hayden and O’Connell [9].
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Fig. 2. Temperature dependence of K, and K obtained from infrared spectroscopic data for
aniline. Lines correspond to values of K,, K, h, and h given in Table 1.

Parameter estimation, based on the maximum likelihood principle [10],
was performed by minimizing the objective function

Y (Pi‘i’i)z (T,— T,)z (xA,_—'iAi)z (yA,—j)A )2
F=Y ——+ ——+ > + -
i=1 Op Or o, o,

where op = 1.0 Torr, 67=0.05°C, o, = 0.001, and o, = 0.003.

(22)

TABLE 3

Antoine parameters for pure compounds

Substance Antoine constants ? Ref.
A B C
Methylamine 7.33690 1011.532 233.286 5
Ethylamine 7.38605 1137.300 235.850 5
Dimethylamine 7.08212 960.242 221.667 5
n-Propylamine 6.92651 1044.051 210.836 5
n-Butylamine 7.21300 1308.400 224.190 5
Diethylamine 5.80159 583.279 144.145 )
n-Hexylamine 7.17000 1486.100 213.800 S
Dipropylamine 7.20663 1415.400 218.000 5
Diisopropylamine 7.80430 1758.500 273.150 5
Aniline 7.46441 1840.790 216.923 5
Tetrachloromethane 6.89406 1219.583 227.160 6
Acetone 7.23157 1277.030 237.230 6
n-Butane 6.82485 943.453 239.711 7
Benzene 6.90565 1211.033 220.790 6
Cyclohexane 6.84498 1203.526 222.863 6
n-Hexane 6.87776 1171.530 224.366 6
Toluene 6.95464 1344.800 219.482 6
Methylcyclohexane 6.82689 1272.864 221.630 6
n-Heptane 6.90240 1268.115 216.900 6
n-Nonane 6.93513 1428.811 201.619 6

? log P* (Torr) =A— B/[C+t(°C)].
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TABLE 4

Solvation equilibrium constants and enthalpies of complex formation

Mixture (A-B) Kap —hap Temp.
(kI mol™1) &)
Methylamine~tetrachloromethane 1.5 7 20
Dimethylamine-tetrachloromethane 1.5 7 20
Diethylamine-tetrachloromethane 1.2 7 20
Aniline—acetone 4.0 14 40
Aniline-benzene 1.5 7 25
Aniline—tetrachloromethane 0.2 5 25
Aniline—toluene 1.5 7 25

Binary solubility data provide a set of parameters by solving eqn. (23) for
component / using the Newton-Raphson iterative method.

(YIXI)] = ('YIXI)H (23)

where the superscripts I and II denote two liquid phases in equilibrium.
Table 4 gives the solvation equilibrium constants and enthalpies of
complex formation between unlike molecules. The values of K,; were
tentatively assumed in this work, because experimental values of K,z were
not available to us. h,p for methylamine-tetrachloromethane and ethyl-
amine—tetrachloromethane were taken from Wolff and Wiirtz [11] and the
same value was assumed for dimethylamine-tetrachloromethane. 4,5 for
aniline—tetrachloromethane was assumed to be equal to that of benzene-

2500 100 T T R T
(b)
2000 80 | 1 1
b W
H "
£ 1500 & 60
) <
u =
2 E]
s 4
v 1000 o 40 |
H N
o A o
500 20 F g
0 0 i — 1 b 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Mole fraction of component 1 Mole fracrion of component 1

Fig. 3. Vapor-liquid equilibria for aliphatic amine + saturated hydrocarbon. Experimental:
(a), I, methylamine + n-hexane at 20°C (®) [16], II, ethylamine + n-hexane at 20°C (a) [15];
(b), I, methylamine + n-butane at —55°C (a) [15], II, methylamine + n-hexane at —55° C (®)
[16]. Calculated ( ).
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T T T T T T T LS
(a)
1200 f ﬂ
2000
5 L
= & 1500
o o
3 5
a2 0
® ¢ 1000
& o
500
0
0 0.2 0.4 0.6 0.8 1
Mole fraction of component 1 Mole fraction of component 1

Fig. 4. Vapor-liquid equilibria for (a) aliphatic amine+ saturated hydrocarbon and (b)
aliphatic amine + tetrachloromethane. Experimental: (a), I, dimethylamine + n-hexane at 20°C
(® {17], 1I, diethylamine + n-heptane at 35°C (a) [19]; (b) I, methylamine +
tetrachloromethane at 20°C (®) [11], 1I, dimethylamine+ tetrachloromethane at 20°C (a)
[21]. Calculated ( ).

tetrachloromethane [12]. h,y for aniline~benzene was taken from Whetsel
and Lady [13]). h,p for aniline-acetone was approximately obtained by
taking the difference between h of the aniline chains and the extrapolated
value of experimental h®/x,x, at infinite dilution of aniline using a correlat-
ing equation given by Christensen et al. [14].

Torr
Torr

Pressure,
Pressure,

. ' A 'S A 1 - d
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Mole fraction of aniline Mole fraction of aniline

Fig. 5. Vapor-liquid equilibria for (a) aniline + methylcyclohexane at 90°C and (b) aniline +
toluene at 90°C. Experimental (@): (a) [25], (b) [24]. Calculated ( ).
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T ™ T T 4000
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B a— +
. i
1000
. 3F ]
2F ]
1
N 1 I ' O
0 0.2 0.4 0.6 0.8 1
Mole fraction of aniline Mole fraction of aniline

Fig. 6. Vapor-liquid equilibria for (a) aniline + tetrachloromethane at 50°C and (b) aniline +
acetone at 40 and 113.52°C. Experimental: (a) (®) [26], (b) 40°C (@), 113.52°C (O) [23].
Calculated ( ).

Binary calculated results of phase equilibrium data are summarized in
Table 5 for aliphatic amine mixtures and in Table 6 for aniline mixtures.
Figures 3—6 show the calculated and experimental vapor-liquid equilibrium
results for representative binary mixtures.

T T T T L S L T
(a) (b)
2000 B I
500
. <
1 |
2 1 o
& =}
~ 1500 | E el
N o 4 +— —+ t
A o
—~ —~
« ]
r= r
g J =
¢ 1000 | I s
] @ -500 F 4
p 3
w % o
s00 | ]
-10Q0 E
.
N L " L " L L "
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Mole fraction of aniline Mole fraction of aniline

Fig. 7. Molar excess enthalpies for aniline mixtures. Experimental: (a) I, aniline + cyclohexane
at 35°C (@) and 50°C (a) [33], II, aniline+ tetrachloromethane at 25°C (O) [14]; (b) I,
aniline + benzene at 30°C (®) [32), 11, aniline + acetone at 25°C (@) [14]. Calculated ( ).




317

vL LSV 08690  TOLEOL  00'€6T VL p00 9€ 144 §T  QURYIRIWOIOOBNN-3UI[IUY

€€ €S€€T—  T980'E  OL'T6 1LTEPL €T 200 6Y 4 0s
€€ 960~  IEWPT  6L'88T 08°ZSH1 LT %00 9L u 33 auexayodAI-sulfIuY
€ 1£66°€ 9€STY  OP'8L8 168211 9L SO0 34 14 3 auozZURq-uIIUY
vl 161TS 88€6'9  PL'EESL  LO'PEET vy 910 U €1 T auojRoE—JUIIUY

> )] oD (o1x) Qo) (LW Guod

q Ya Ne) ho, xQ 9 349 erep .)

BEN| s1ajoweIed SUOIIBIAID 2IENDS-UBIW-]00Y Jo ‘oN ‘dwa (d-V) sanmixipy

SaImIX1W JuTIuE Jo sa1d[eIua $SI0Xd IR[OW O] [9pOW Y3 UL UI PIUTEIqO SINSI Areurg

LITdVL



318

TABLE 8

Predicted results of ternary vapor-liquid equilibria for mixtures of aniline with hydrocarbons

Mixture Temp. No. of Abs. arith. mean deviations Ref.
O da?a Vapor mole Pressure
points fraction (Torr)
(x10%)
Aniline- 1.2
benzene— 70 10 8.4 6.16 5
cyclohexane 9.0
Aniline— 1.0
toluene— 80 7 44 2.10 25
methylcyclohexane 4.1
Aniline— 1.5
toluene— 90 9 4.6 4.09 25
methylcyclohexane 4.5
Aniline- 1.2
toluene— 100.02 9 4.0 448 25
methylcyclohexane 4.1
TOLUENE
@ o
—
CYCLOHEXANE ANILINE
TOLUENE
BENZENE R
" o )
@ LA T, /@\
o 2 o n-HEPTANE * = * ANILINE
v .y N CYCLOHEXANE
n-HEXANE ANILINE
BENZENE
/‘A\/: X v- N
CYCLOHEXANE ANILINE )
BENZENE
n- HEF'TANE ANILINE n-HEPTANE * ANILINE

Fig. 8. Liquid-liquid equilibria for ternary aniline + hydrocarbon mixtures. Experimental: (®)
tie-line, (O) solubility; (a) n-hexane+ benzene+ aniline at 20°C [31]; (b) cyclohexane+
benzene+aniline at 20°C [30]; (c) n-heptane +benzene + aniline at 25°C [30]; (d) cyclohe-
xane + toluene + aniline at 20°C [30]; (e) »-heptane+ toluene + aniline at 40°C [30]; (f)
n-heptane + cyclohexane + aniline at 25°C [30]. Calculated ( )-
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TABLE 9

Comparison of calculated and experimental vapor-liquid equilibrium data for ternary
mixtures

Experimental Deviations ?
XA XB Ya VB P 8y Syp 8yc 6P
(Torr) (x10%) (Torr)

Aniline(A)-benzene(B)-cyclohexane(C) at 70°C

0.1602  0.6209 0.0070  0.6686  523.24 -03 2.0 -1.7 2.78
0.1673  0.4188 0.0086  0.4435  531.25 -03 6.3 —6.0 2.69
0.1660  0.1965 0.0110 0.2255  521.65 -0.7 —-4.8 54 212

0.3651 04756  0.0131 0.6220  453.20 -0.8 11.0 ~10.2 6.24
0.3737 03133 0.0139 0.3983  475.35 -1.0 -123 133 5.62

0.3721 01564 0.0154 0.1917  482.23 -1.2 -7.3 8.4 3.30
0.5248  0.3553  0.0176  0.5839 40096 —2.2 9.6 -74 15.43
0.5300 0.2268 0.0173  0.3394 43769 -2.1 -9.6 11.7 12.86
0.5170  0.1153  0.0173  0.1648 45542 2.1 -13.4 15.5 4.56
0.8332  0.0810 0.0352 0.2599  265.48 -21 -79 100 -6.07
Root-mean-square deviation 1.5 9.0 9.8 7.50

Aniline(A)-toluene(B)-methylcyclohexane(C) at 80°C

0.1001 0.8059 0.0140 0.8080  289.87 0.2 42 -44 -1.61
0.0976  0.6774 0.0141  0.6249 316.64 0.5 3.7 —41 -0.87
0.1035 04515 0.0166 0.3924 34598 0.5 -3.0 2.5 -1.62
0.1016  0.2224 0.0200 0.1920  368.29 0.4 -53 49 -0.95
0.1014  0.0866  0.0225 0.0775 376.21 -05 —-4.0 4.5 -1.67
0.3020 0.3530 0.0329 0.3371  316.52 -1.0 -2.7 3.7 1.46
0.5250  0.3580  0.0490  0.5090  246.51 -338 8.0 -4.2 6.54
Root-mean-square deviation 1.5 4.7 4.1 2.79

Aniline(A)-toluene(B)-methylcyclohexane(C) at 90°C

0.0995 0.8065 0.0156 0.8154  402.87 —-02 —4.9 3.1 0.56
0.0977 0.6773 00159 0.6321 437.54 -0.7 -59 6.6 —1.34
0.1020 0.4554 0.0185  0.3995  476.13 -11 22 -11 —-044
0.1013  0.2217  0.0220  0.1950  505.05 -0.7 7.7 =170 —-0.10
0.1012  0.0868  0.0246  0.0804  515.51 04 6.4 -6.9 0.89
03030 03550 0.0385  0.3425  430.93 0.7 -06 0.0 —-4.67
0.5230 03600 0.0580  0.5160  336.22 38 -13.0 9.1 —11.75
05020 0.2540 0.0511 02949  395.16 3.7 -0.6 -31 -109%4
0.5050 0.1320 0.0509  0.1311  432.32 23 -0.5 ~-1.8 —-6.07

Root-mean-square deviation 20 6.1 54 5.96
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TABLE 9 (continued)

Experimental Deviations ?
XA Xg Ya VB P 8ya dyp dyc op
(Torr) (x10%) (Torr)

Aniline(A)~toluene(B)-methylcyclohexane(C) at 100.02°C

0.0986  0.8074 0.0174 0.8146  549.93 0.6 7.7 -8.3 -1.05
0.0972 0.6768 0.0176 0.6374 593.06 0.9 49 -57 0.13
0.1014 0.4566 0.0204 0.4056 641.94 1.2 -04 -0.8 -0.04
0.1006 0.2244 0.0235 0.2005 679.28 0.2 —6.5 6.3 0.78
0.1004 0.0886  0.0269 0.0791  691.05 -02 -23 25 ~-1.93
03020 0.3580 0.0444 03516 577.40 04 0.1 -0.5 431
0.5210 0.3620 0.0671  0.5209  450.74 -31 12.6 -9.5 13.60
0.4980 0.2580 0.0600 0.3030 525.24 -25 14 1.1 12.06
0.5060 0.1310 0.05%6 0.1344 571.74 -19 0.0 19 6.48
Root-man-square deviation 1.6 57 52 6.64

% Deviation = experimental value —calculated one.

In the correlation of binary excess enthalpy data, the coefficients of eqn.
(17) were obtained by minimizing the following objective function.

M| (xa, _xA) (T—j\"-)2 (h]-i—’ill-:‘)2
+ 13 1 + 1 1 24
‘; o? o7 o (24)

where o, = 0.0005, o, = 0.05°C, and ¢, = 0.01 A% J mol™".

Calculated results for excess enthalpies are given in Table 7. The calcu-
lated results are compared with the experimental data of four aniline
mixtures in Fig. 7.

Prediction of ternary vapor-liquid and liquid—liquid equilibria

Table 8 contains a summary for the absolute arithmetic mean deviations
between the calculated and experimental values in vapor-phase mole frac-
tions and total pressure for the four ternary mixtures investigated in this
work. Table 9 gives a detailed comparison of the experimental and calcu-
lated vapor-liquid equilibrium data of the ternary mixtures. Figure 8 shows
the agreement between the calculated and experimental solubility envelopes
of the five ternary mixtures of aniline with hydrocarbons.

In conclusion, the proposed model is successful in the quantitative repro-
duction of the thermodynamic and spectroscopic properties of binary amine
mixtures. The model permits good predictions of both vapor-liquid and
liquid-liquid equilibria for ternary aniline mixtures using binary phase
equilibrium data for the constituent binary pairs.
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LIST OF SYMBOLS

A, B, C
ary

¢, D,
F

Gy,

h,

h

hap

hE

K,

K
Kap
Py
R

S

T
oy
Xy

Yi
z

Greek letters

Oy
Yr
fa’ 6M

0., 0Og, Op,
GT’ Uy, Gh
Tr
?;

S
o

Subscripts

A B, C
A A
A,B
chem
I, J, K
phys

amine, nonassociating component and saturated hydrocarbon
NRTL constant

constants of eqn. (17)

objective function

coefficient as defined by exp(—a,;7,,)

enthalpy of formation of dimer

enthalpy of hydrogen bond formation in i-mer
enthalpy of formation of chemical complex A ,B
molar excess enthalpy

association constant of dimer formation

association constant of chain i-mer formation, i > 1
solvation constant of formation of chemical complex A ;B
total pressure

saturation pressure of pure component [

gas constant

stoichiometric sum

absolute temperature

liquid molar volume of pure component /
liquid-phase mole fraction of component /
vapor-phase mole fraction of component I
coefficient as defined by Kx,,

nonrandomness parameter of NRTL equation

coefficient as defined by eqn. (18)

activity coefficient of component /

apparent molar absorptivity and molar absorptivity of mono-
mer

standard deviations in liquid-phase mole fraction, B, pressure,
temperature, vapor-phase mole fraction, and excess enthalpy
coefficient as defined by a,,/T

vapor-phase fugacity coefficient of component 7

vapor-phase fugacity coefficient of pure component I at sys-
tem temperature T and pressure P;

amine, unassociating component, and saturated hydrocarbon
amine monomer and i-mer

complex formation between amine i-mer and component B
chemical

components

physical
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Superscripts
E excess
L liquid
] saturation
* pure amine
calculated
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