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Note 

The application of gas-liquid chromatography to the determination of the 
temperature dependence of the excess partial molar enthalpy of mixing at 
infinite dilution* 

IRENE0 KIKIC and PAOLO ALESSI 

The application ofgas-liquid chromatography (GLC) to the determination of 
infinite dilution activity coetlicients of volatile solutes in z.i solvent of low volatility is 

we11 known_ The experimental results hzlve been used by various workers both for the 
characterization ofthe solvents used as stationary phases and for the evaluation of the 
effect of non-ideaiity in the gas phase. 

From experimental values of activity coefficients, one can determine GF’ 

(escess partial molar free energy ofcomponent iat infinite dilution) and, if an intervtd 
of temperature is considered, also the excess partial molar enthalpy of mixing at inli- 
nite dilution: 

(1) 

and the escess partial molar entropy at infinite dilution, Sk-‘_ Generally, the tempera- 
ture interval in which a stationary phase is studied is not very large and therefore the 
excess partial molar enthalpy of mixinI ~1 calculated bv eqn. I is nearly constant with 
temperattire. 

In studying the behaviour of hydrocarbon solutes in glycols’ in a temperature 
interval of 50 ‘C, we have not noticed any appreciable change in Rf-x_ In contmst. 
in the determination of activity coefficients of hydrocarbon solutes in phthalate esters 
in the temperature interval from 25 to 125 ‘C, no linear relationship between In :-pi’_ 
and IjT WBS found. We have attributed this effect, which cannot be ascribed to esperi- 
mental errors. to the change in RF-II with temperature. 

It is thus possible to use GLC for evaluatin g the excess partial molar heat 
capacity of component i at inlinite dilution’: 

The importance of the determination ofthis quzlntity, for which only few data 
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have been reported, is evident; in hct, its knowledge permits the evaluation. of the 

chancre in Rf-” with temperature. -_ 
The activity coetficients can be calculated exactly at any temperature by means 

of the relationship 

In this work, the values of A and B and the values of c’ii;’ for hydrocarbon 
solutes lvere cnlculated, so that the activity coefficients of a solute in the plitlialate 

esters could be determined at any temperature. 

TABLE I 

NATURAL LOGARITHMS OF INFINITE DILUTION ACTIVITY COEFFICIENTS OF 
HYDROCARBONS tin ;*f ) IN 2-ETHYLHESYL PHTHALATE AT VARIOUS TEMPERA- 
TURES 

TABLE II 

NATURAL LOGARITHMS OF INFINITE DILUTIOX XCTISITY COEFFICIENTS OF HY- 
DROCARBOXS (111 :‘F) IX BUTYLBESZYL I’HTHALXTE AT VARIOUS TEhlPERATURES 

CllttIpllttttd Itt ;*;= 

73tttpwttttt-c I “h) 

2Y.S 

1.35 
1.51 
I.62 
1.X1 
1.01 
1.1 I 
1.01 
1.12 

--OS1 
--0.01 1 

1.17 
1.1’1 
1 _-I3 
I.56 
0.M 
1.10 
0.s 
0.96 

--- 0.11 
-- 0.076 

3-u 

I-03 
1.15 
I.26 
I.37 
0.75) 
0.97 
0.7; 
034 

.- 0.16 
-0.10 

_:i_: 

0.94 
I .0-l 
1.15 
I.77 
0.74 
0.87 
0.6 I 
0.7s 
0.17 

~-a1 1 
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ESPERlMEKTAL 

The activity coefficients of hydrocarbons in two phthtdate esters wxe detcr- 

mined according to ref. 3. The vtirious quantities appearins in the equation which 
gives the activity coetticients were evaluated according to refs. 3 and 4. 

The GLC apparatus was ;L thermal conductivity chromntograph (Fractovap 

Model R, Carlo Erbtt, Milan, Italy)- The solvents and solutes used were reagent-grade 
products obtained from Fluktl (Buck, Switzerland), Monsanto (St. Louis, Mo., 
U_S_A_) and Union Carbide (New York, N-Y., U.S.A.). 

RESULTS AND DISCUSSION 

Tables I and II give the natural logarithms of the infinite dilution activity 
coefficients of some hydrocarbon solutes, calculated according to refs. 3 and 4, at 
various temperatures in two stationary phases (2-cthylhesyl and butylbenzyl phthalate)_ 

By using the least-squares method, the values of the constants in eqn. 3 were 
calculated for each solute in the two stationary phases (T:dAcs III and IV). 

TABLE Ill 

CONSTAXTS OF EQX 3 FOR HYDROCARBONS IN I-ETHYLtlESYL. PHTHALXTE 

T-ABLE IV 

lS26_‘1 
1956.60 
1064.30 
1156.0 1 

SlS.00 
1031.40 
97 1.0s 

131t.m 
5622% 

1396.1) i 

coxxAx-rs OF EQN_ 3 FOR HYD~~OCARB~NS 

M-Hesant‘ 
rr-Hieptanc 
rr-Octane 
I-Htxrx~ 
t -Hrprcne 
C@~hartne 
Meth~lc\-clohcsane 
Benzene 
T0ILllXl~ 

2-tw.93 
1W1.01 
172-!.so 
1617.70 
l905.01 
t593_ II 
1757.30 
s39.71 

105 t 20 

35.91 
- 37.0 I 

_ 39-1s 
‘)c ___ 0.5 

- ‘9.SS 
_ 1-l -3’5 --_- 

__ 75.3 

- 15.15 
-- 1s.s-l 
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In support ot‘ the validity of the correlation, Figs_ 1 and 7 show, as esarnplts, 

the espcrimental activity coettkients of hydrocarbons with siscarbon atoms, nt various 
mnperatures. and the curve ofeqn. 3 obtained usin g the parameters in Tables III and 
IV. All the c$:x values are negative and about 10 cal~rnole- “IL 

In the lhnologous series ofmparattins, c!; ‘: increases in absolute value with 

increasing molecular weight of the solute. A simtlar variation is also found for are- 
matic hydrocarbons, olefins and cycloparatlins_ 

When the type of solute is changed, in butylbenzyl pl~thalate as stationary 
phase, cE:x increases in absolute value on passin, ~7 from aromatic hydrocarbons, 
through c$kparaffins and olefins, to paratlins, while in I-ethylhe@ phthalate, the 
olefins have the lokvest c:: ?‘;Llues. The other two constants also show a regular varia- 
tion with the molecular ;veight and the nature of the solute. 

The eti;ct of the nature of the stationary phase on c$yx will also be investigated 
on ;I larger nutnber ofphthalate esters, and the results will b; published in a subsequent 
paper. 
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