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Activity Coefficients at Infinite Dilution: Alcohols and Esters in 
n-Hexadecane, Alcohols in Ethyl Octanoate, and Esters in 
1 -0ctadecanol 

V. John Comanita, Robert A. Greenkorn, and Kwang-Chu Chao' 
School of Chemical Engineering, Purdue University, West Lafayette, Indiana 47907 

Gas-liquid parlltlon chromatography was used to determine 
Infinite dilution activity coeff lclenls in binary liquid solutions 
at 100-140 'C. The binary systems studied are: alcohols 
and esters in n-hexadecane, alcohols in ethyl octanoate, 
and esters in 1-octadecanol. 

Infinite dilution activity coefficients in binary solutions are 
important quantities in solution thermodynamics. They define 
useful boundary conditions in the integration of the Gibbs-Duhem 
equation, and are therefore valuable for the description of the 
solution behavior of the entire binary solution system. Schreiber 
and Eckert (5) showed that the Wilson equation gives consis- 
tently reliable results when the equation constants are deter- 
mined from infinite dilution activity coefficients and the same 
results hold when the equation is extended to multicomponent 
systems. 

In this work we determine the infinite dilution activity coeffi- 
cients in a number of systems: methanol, ethanol, propanol, and 
1-butanol in n-hexadecane and in ethyl octanoate; methyl ace- 
tate, methyl propionate, and ethyl propionate in n-hexadecane 
and in 1-octadecanol. The molecules studied contain structural 
groups of wide interest. We are interested in determining the 
interaction properties of these groups from analysis of these and 
other data. Meanwhile the present data can be of direct interest 
for the description of the behavior of the binary solutions stud- 
ied. 

The gas-liquid partition chromatograph and experimental 
procedure that we used in this work have been described ( 7, 6'). 
Retention time was determined as the elapsed time required by 
the injected solute to travel through the chromatograph column 
in which the packing was loaded with the solvent. The solute was 
carried by the helium elution gas through a conductivity cell both 
before and after passing through the chromatograph column. 
The time of the conductivity cell output peak was recorded as 
a digital signal accurate to 0.1 s. The equilibrium vaporization 
ratio K of the solute was obtained from the retention time and 
was found to be reproducible to about 3%. 

The column temperature is controlled to within f0.25 OC, 
pressure to f0.02 atm, and flow rate to 2%. Detailed error 
analysis of the contributing factors showed the uncertainty of 
the measured K values to be about 3 % in agreement with the 
directly observed uncertainty. 

K values were obtained from the direct experimental ob- 

nz, RTa 

servables by 

(1) Ki =-- 
PaFa (h, - t g )  

The equation has been described (6'). The symbols are explained 
in the glossary section. Kvalues were determined at four pres- 
sures for each temperature. Figure 1 illustrates the results with 
propanol in n-hexadecane. 

From plots like Figure 1 interpolation was made to obtain K 
values at a conveniently low pressure, fixed at 1.7 atm in this 

10 

9 

8 

7 

6 

5 

4 

K 

3 

2 

I 

P,  ATM.  

Figure 1. K values of propanol at infinite dilution in He-rrhexadec- 
ane. 
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Table 1. K Valuer, Vapor Pressures, Fugclclty Cooffkl.ntr, and InHnlte DlMlon Adlvlty Coefflclents ol Alcohok In n-Hexadecane at 1.70 atm 

K Po# atm 4 0  Y' K PO, atm do Y" 

Methanol 
Ethanol 
Propanol 
l-ButanOl 

Methanol 
Ethanol 
Propanol 
1-Butanol 

16.40 
7.10 
2.70 
1.15 

24.60 
11.60 
4.85 
2.20 

3.452 
2.226 
1.100 
0.53 

8.213 
5.685 
3.022 
1.50 

loo OC 
0.941 
0.949 
0.966 
0.976 

130 OC 
0.906 
0.913 
0.940 
0.959 

8.59 
5.71 
4.32 
3.77 

5.62 
3.80 
2.90 
2.60 

21.60 
10.10 
4.00 
1.78 

27.20 
13.00 
5.70 
2.65 

6.255 
4.243 
2.208 
1.08 

10.630 
7.486 
4.055 
2.05 

120 O C  
0.919 
0.927 
0.950 
0.965 

140 OC 
0.890 
0.897 
0.978 
0.951 

6.39 
4.37 
3.24 
2.90 

4.89 
3.29 
2.58 
2.30 

Table II. K-Values, Vapor Pressures, Fugadty cod(lClent8, and Inflnlto Dlluth Adlvlty Coefflclents of Alcohols In Ethyl Octanoate at 1.70 atrn 

110 OC 120 OC 130 OC 
K p0.atm 4 Y" K p0,atm 4 7" K po, atm 4 Y" 

Methanol 6.40 4.688 0.929 2.50 7.35 6.255 0.919 2.17 8.50 8.213 0.906 1.94 
Ethanol 3.43 3.107 0.937 2.00 4.00 4.243 0.927 1.73 4.68 5.685 0.913 1.53 
Propanol 1.43 1.577 0.959 1.61 1.70 2.208 0.950 1.38 1.98 3.022 0.940 1.19 
1-Butanol 0.60 0.73 0.971 1.44 0.76 1.08 0.965 1.24 0.94 1.50 0.959 1.11 

Table 111. K Values, V a m  Pressures. Fwacitv Coefficients. and Inflnlte Dilution Adlvitv Coofllclents of Esters In n-Hexadecane at 1.70 atm 

K p0,atm 4 Y" K po, atm (Po Y" 

Methyl acetate 
Methyl propionate 
Ethyl propionate 

Methyl acetate 
Methyl propionate 
Ethyl propionate 

100 o c  120 o c  
3.42 3.66 0.93 1.71 5.02 5.98 0.89 1.60 
1.54 1.85 0.95 1.49 2.37 3.16 0.920 1.39 
0.825 0.99 1.00 1.41 1.32 1.83 0.950 1.29 

130 OC 140 O C  
6.00 7.53 0.87 1.56 7.05 9.33 0.85 1.51 
2.88 4.00 0.905 1.35 3.52 5.11 0.89 1.31 
1.65 2.40 0.935 1.25 2.03 3.08 0.92 1.21 

Table IV. K Values, Vapor Pressures, Fugaclty Coeflklents, and Infinlte Dllutlon Adlvlty cod(lclents of Esters In 1-Octadecanol at 1.70 atm 

110 OC 120 O C  130 OC 
K pO,atm (Po 7" K p0,atm (Po Y" K po,atm lpo 7" 

Methyl acetate 3.45 4.72 0.91 1.37 4.08 5.98 0.89 1.30 4.80 7.53 0.87 1.25 
Methyl propionate 1.62 2.48 0.935 1.19 1.97 3.16 0.920 1.15 2.35 4.00 0.905 1.10 
Ethyl propionate 0.90 1.40 0.965 1.13 1.12 1.83 0.950 1.10 1.37 2.40 0.935 1.04 

Table V. Sources and Purltles of Chemlcals 

Chemical Company Purity 

mHexadecane 
Ethyl octanoate 
1 -0ctadecanol 
Methanol 
Ethanol 
1-Propanol 

Methyl acetate 
Methyl propionate 
Ethyl propionate 

I-ButanOl 

Phillips 
Eastman 
Eastman 
Baker 
Mallinkcroft 
Fisher 
Matheson Coleman & Bell 
Eastman 
Eastman 
Eastman 

work, for calculating activity coefficient according to the 
equation 

"pure" 99% min 
95% min, bp range 91-93 OC at 13 mm 
95% mln, mp range: 56.5-58 O C  

"Reagent" 99.95% min, bp range: 64.6-64.9 O C  
Absolute anhydrous, 99.5% min 
"Reagent" 99.95% min, bp range 96.8-97.5 OC 
"Spectroqwlity" 99% min 
99.8% min, bp range 56.7-57.5 O C  

95% min, bp range 79-81 O C  

Bp range 97-99 OC, 95% min 

The equation has been described ( 7, 6). The activity coefficient 
was found to be independent of the pressure in the lower pres- 
sure range of the experiments where pKi remains constant at 
a given temperature, and 1.7 atm is conveniently in this 
range. 
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Tables I through IV show the liquid phase activity coefficients 
along with the fugacity coefficients bo and vapor pressures po 
of the pure solutes used in their calcdlations. The fugacity 
coefficient 4 of the solute vapor at infinite dilution in helium gas 
was also required in the calculations and was taken to be equal 
to 1. The $o values of the esters were obtained from the gen- 
eralized correlation by Lydersen, Greenkorn, and Hougen (4).  
The 6 values of the alcohols were calculated based on second 
virial coefficient data compiled by Dymond and Smith (2). The 
vapor pressures were taken from Jordan’s compilation (3), and 
extrapolated by means of a Cox chart where necessary. 

The sources and purities of the chemicals used are shown in 
Table V. 

Glossary 

Fa 

Ki 
n 
p column pressure 
pa ambient pressure 
po vapor pressure 
R gas constant 
tRi 
te 

volumetric flow rate of elution gas at ambient condi- 

equilibrium yilx, for component i 
moles of stationary liquid phase on column packing 

tions 

retention time of solute i 
retention time of hypothetical “nonabsorbed” gas 

T absolute temperature 
5 absolute ambient temperature 
Vi 
L, 

yI 

4, 

bi0 

liquid molal volume of component i 
compressibility factor of elution gas at ambient condi- 

activity coefficient of component i in the liquid phase at 

fugacity coefficient of component i in the elution gas at 

fugacity coefficient of pure vapor i at Tand pio 

tions 

T 

T and p 
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Dew Point Study 
Dioxide System 

in the Vapor-Liquid Region of the 

Shuen-Cheng Hwang, Ho-mu Lin,? Patsy S. Chappelear,’* and Riki Kobayashi’ 
Department of Chemical Engineering, William Marsh Rice University, Houston, Texas 7700 7 

_ _ ~  

The elution technique has been used to study the vapor 
phase concentration along isotherms in the vapor-liquid 
region surrounding the vapor-solid region for the methane- 
carbon dioxide system. Temperatures from -65.00 to 
-184.00 O F  were investigated. The pressure range covered 
from the three-phase solid-liquid-vapor locus to the critical 
point or the vapor pressure of methane. Several 
temperatures matched a previous study in another 
laboratory In the vapor-solid region. Measurements were 
Intensified near the critical temperature of methane. 

There has been a number of studies of the vapor-liquid 
equilibrium of the methane-carbon dioxide system. However, 
most of these studies were made at higher temperatures well 
above the critical temperature of methane, only one investigation 
included temperatures below the critical temperature of meth- 
ane. 

Both vapor and liquid phases were studied by Arai et al. ( 7) 
at 59, 32, and -4 O F ;  by Kaminishi et al. (6) at 50, 32, -4, and 
-40 O F ;  and by Donnelly and Katz ( 4 )  at temperatures in the 
range 29 to -100 O F .  Sterner (70) measured vapor-liquid 
equilibria at -90, -95, and -100 O F ;  however, no critical points 

t Present address, School of Chemical Engineering, Purdue University, West 
Lafayette, Ind. 47907. 
$ Address correspondence to this author at McDermott Hudson Engineering 
Corp., Houston, Texas 77036. 

Met hane-Carbon 

were determined. The only investigation which covered the 
temperature range below methane critical temperature was that 
by Neumann and Watch (7) over the range of -64 to -148 
O F .  

The solid-liquid-vapor phase behavior of the methane-carbon 
dioxide system was studied by Pikaar (8) and by Davis, Rodewald, 
and Kurata (3). These experimental results have been useful in 
this investigation for the determination of the triple-point vapor 
composition locus. The vapor-solid equilibria by Pikaar (8) are 
used for examining the transition between vapor-liquid and 
vapor-solid regions. 

Equipment and Method 

In the elution technique, the presaturator and the equilibrium 
cell are charged with the less volatile component, carbon dioxide 
in this case. The more volatile component is added to provide 
the desired system pressure and then eluted through the cell, 
with a partial recycle to hasten equilibrium. The concentration 
of the eluted stream is monitored until steady state is 
achieved. 

The main equipment components which were used in the 
constant flow saturation method consisted of a 410 stainless- 
steel windowed cell with a pressure rating of 8000 psi, a 
cryostatic bath, a carrier gas metering pump, and analytic 
equipment. Extensive details of the equipment and method have 
been reported earlier (2). 

The flow chart of the equipment layout is shown in Figure 1. 

Journalof ChemicalandEngineering Data, Vol. 21, No. 4, 1976 493 


