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The isobaric general coexistence equation has been sug- 
gested by Tao ( 5 )  as a rigorous method of calculating 
the heats of vaporization of mixtures. Lee and Edmister 
( 2 )  have applied this method to two systems and indicate 
that the greatest source of error lies in the method of 
smoothing and differentiating the isobaric temperature- 
composition data. In this work a rigorous form of the iso- 
baric general coexistence equation is developed, and a 
method of correlating the temperature-composition data 
is derived which minimizes the errors involved and insures 
that the results are thermodynamically consistent. 

THEORY 

The starting point for the derivation is taken from Van 
Ness (6). For a single phase binary system 

at constant pressure where 

(2) AH' = H i d  - 
is the enthalpy deviation from ided gas behavior. Since 
the vapor and liquid fugacities are equal at equilibrium, 
writing Equation ( 1) for both phases and subtracting gives 

where 

1 -  AH')^ - (AH')L] ( 4 )  A'H = - - - ~ ( A H ' )  
RT2 RT', 

Expanding the right-hand side of Equation (3)  gives 

A'H a[ln(E/fh1)i 1 
(Y - x) aT Y 

where the ordinary derivative is constrained to saturation, 
but the partial derivatives are not. Define 

Then substituting into Equation (5) and rearranging gives 
the isobaric general coexistence equation 

Correspondence concerning this communication should be addressed 
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In order to evaluate Equation (8) from the correlations 
already developed for the propane-propene system ( 3 )  
and to evaluate dy/dT with as little error as possible the 
following change in variables was effected 

dy dy dx 
(9) 

dT dx dT 

at constant pressure and saturation. Also under these con- 
ditions 

- - _ - -  

and consequently it can be shown that 

Substituting into Equation (8) gives 

A' H 

(Y - x) Y 
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Fig. 1. Saturated enthalpies for the propane- 
propene system. 
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TABLE 1. CONSTANTS FOR RELATIVE VOLATILITY CORRELATION 
0.0 6 x 6 1.0; -20 4 T L 100 

ci5 
i 1 2 3 4 5 

i 
1 5.34779333-001 - 6.2943642E -02 1.0166224E+00 -3.9297979E+00 2.7766818E+ 00 
2 - 1.21351903-01 - 1.1981030E -01 - l.O690262E+OO 3.6228312E+OO -2.5104115E+00 
3 3.0524790E -02 5.2702310E -02 3.6819313E -01 - 1.2569626E + 00 8.7610066E -01 
4 -5.5703472E -03 - 8.4538 150E - 03 - 5.3536964E -02 1.9241811E-01 - 1.3602916E-01 

7.8301447E - 03 5 3.2059418E-04 5.3411150E -04 2.8398149E -03 - 1.0909691E-02 

where the ordinary derivatives are constrained to satura- 
tion but the partial derivatives are not. 

The advantage of Equation (12) is that dx/dT can be 
evaluated from the vapor pressure correlation 

TABLE 2. ( cont. ) 

T = 40 

Hi" = 5697 
2 Y 

Hz"d = 5274 
H L  H v  P = F ( x ,  T )  

already developed and only the second-order effect 
d(lna)/dx must be cross correlated from the isothermal 
a - x data. If Equation (8) were used to evaluate dy/dT 
it would be necessary to cross correlate the isothermal 
P - y data which would lead to the same numerical prob- 
lems encountered by Lee and Edmister ( 2 ) .  

METHOD OF CALCULATION 

In Equation (12), (ar/aT), and (ar/ay)T were eval- 
uated analytically from the Redlich-Kwong equation of 
state and dx/dT was evaluated analytically from the vapor 
pressure correlation developed previously (3) .  d (  lna) /dx 
was calculated from the empirical correlation 
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The constants Cij in Equation (14) were evaluated by least 
square analysis of the isothermal - x - P data previ- 
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ously published ( 3 ) ,  and the constants are given in Table 
1. Equation (14) fits the isothermal 01 - x - P data within 
0.0003 units of relative volatility over a temperature range 

To evaluate the saturated enthalpies from A'H it was 
first necessary to calculate the ideal gas enthalpies for both 
the vapor and liquid phases. This information was cor- 
related from the data given in API Research Project 44 (1 ) 
pages 582 and 594 where the standard states are ideal 
gases at O'R. HV was calculated from Equation ( 2 )  using 
the Redlich-Kwong equation of state to determine the 
enthalpy deviation for the gas,  AH')^ was determined 
from Equation (4)  where A'H was calculated from Equa- 
tion (12) .  Finally, H L  was calculated by applying Equa- 
tion (2)  to the liquid phase. 

of -20 to 100°F.' 

RESULTS AND CONCLUSIONS 

The calculated saturated enthalpies are given in Table 2 
and are shown graphically in Figure 1. Obviously, the 
effect of mixing on the heat of vaporization is quite small 
and for practical purposes can be ignored. Probably the 
major source of error in these data is the equation to cor- 
relate the isothermal P - x data. Although the use of 
Equation ( 12) to calculate A'H eliminates numerical dif- 
ferentiation problems, errors in Equation (13) ,  whether 
due to the form of the equation or to the experimental 
data on which it is based, will be reflected in the resulting 
enthalpies. The results of this work and also the work on 
relative volatilities indicate that when applying the gen- 
eral coexistence equation to calculate thermodynamic prop- 
erties of close boiling mixtures the greatest effort should 
be expended on the accurate measurement of vapor pres- 
sure. 

a Reamer and Sage (4) have measured the vapor-pressures, composi- 
tions, and specific volumes of mixtures of propane and propene at 100'F. 
and 160°F.; and these data were used by Manley and Swift (3) to help 
calculate the relative volatility of propene to propane at 130°F. However, 
since the yriginal data of this study were limited to 100"F., and since 
the primary purpose of this paper is to demonstrate one method of cal- 
cnlating heats of  vaporization, no effort was made to extend the enthalpy 
data to 130°F. 

NOTATION 

Cij 
F 

; 
H 

4 H  
A'H 
P 
R 
T 
Ta 

II 
zi 

H i d  

N 

ff 

= constants for relative volatility correlation 
= function representing vapor pressure correlation 

= fugacity of component i in solution, Ib./sq.in.abs. 
= enthalpy, B.t.u./lb.,-mole 
= ideal gas enthalpy, B.t.u./lb.,-molc 
= Hid - H ,  B.t.u./lb.,-mole 

= pressure, Ib./sq.in.abs. 
= ideal gas constant, B.t.u./lb.,-mole"R, 
= temperature, O F .  

= temperature, O R .  
= mole fraction propene in liquid 
= mole fraction propene in vapor 
= mole fraction component i 
= relative volatility, [ y ( 1 - x) ] /[x ( 1 - y ) ] 

= [ ( A H ' ) "  - ( L ~ H ' ) ~ ] / R T ~ ' ,  OR.-' 

A 

4i 
Superscripts 
L = liquid phase 
V = vapor phase 

Subscripts 
1 = propane 
2 = propene 

= fugacity coefficient of component i in solution 
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Estimation of Effective Molecular Quadrupole Moments 
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Quadrupole-dipole interactions can produce important 
contributions to the second virial coefficient B (1, 2 )  and 
compressibility factor 2, of highly dipolar gases such as 
water, ammonia, the alcohols, and the ketones. The im- 
portance of quadrupole interactions in quadrupole gases 
such as Nz, 0 2 ,  NO, CO, Cop, CzH2, CzH4, and Fz is well 
known ( 3 ,  4 ) .  Although for dipolar gases B" (0, y, r, y ,  q )  
and Z,(T, ,  P,, r, 7, q ) ,  the dependency of the criti- 
cal constants on 7, y and q should be recognized in cor- 
responding states correlations of the compressibility factor. 

Quadrupole moments can be estimated from quantum 

mechanics (based on an assumed form of the wavefunc- 
tion) or extracted from microwave line broadening, pres- 
sure-induced infrared absorption, nuclear spin relaxation, 
induced birefringence, anisotropy in diamagnetic suscep- 
tibility, and other measurements. A comprehensive survey 
of literature values before 1966 is available ( 5 ) .  Except 
for water, few references as yet pertain to molecules which 
are not cylindrically symmetric. Differences of the order 
of 2 x 10-26 esu-cm2 or more are still common although 
values for several axially symmetric molecules such as 0 2 ,  

N2, and C 0 2  are known with greater certainty. A simple 
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