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law (x Vs. 9 plot concave towards x axis) and zice zlelcsa. Furthermore,, since negative 
deviations from Henry’s law are often associated with positive deviations from Raoult’s 
law (which may be stated as eqn. (2) but with k equal to the vapour pressure of the 
pure solute) and vice versa, the skew ratio might be expected to correlate with 
deviations from Raoult’s law. 

ASHWORTH AND EVERETT’ have measured the solubilities of a series of low mole- 
cular weight hydrocarbons (C, to Cs) in dinonyl phthalate and in squalane, and the 
same systems have since been studied by G.L.C. 8*o. Only the solutions of the four 
normal alkanes and of 2,2-dimethylbutane in dinonyl phthalate show positive 
deviations from Raoult’s law in the low solute concentration region. In the other 
systems, including all the solutions in squalane, there are megalive deviations from 
Raoult’s law and positive deviations from Henry’s law over the whole of the con- 
centration range (o < x < 0.x) covered by the G.L.C. experiments. According to the 
foregoing argument, we should therefore expect skew ratios less than unity in these 
latter cases and that the skew ratio should decrease with increasing sample size. In fact, 
both in the work of EVERETT AND STODDARTB and more recent work in this laboratory0, 
while the value of the skew ratio obtained by extrapolating’ to zero sample size is 
always just less than unity*, the skew ratio always increases with increasing sample 
size, being in some cases greater than 3 for IO ,~l samples.’ 

This apparent contradiction between theory and experiment has previously been 
remarked upon by FREEGUARD AND STOCK~O, who have measured the vapour-liquid 
“isotherms”’ for these systems and found them all to be concave towards the con- 
centration axis. FREEGUARD AND STOCK state that this is the normal shape of the 
isotherm for all solutions of vapours in involatile liquids except those showing un- 
usually large negative deviations from Raoult’s law. While this is generally true, the 
situation is complicated by the fact that FREEGUARD AND STOCK have plotted their 
“isotherms” in terms of the amount of solute per gram of solvent rather than per ml 
of,‘solution. It is therefore worthwhile to examine again the question of the shape of 
the distribution isotherm, with the object of establishing rigorously its curvature, 
since this is the. property which through eqn. (I) determines the skew ratio of the 
elution peaks. 

The concentration of the solute in the liquid phase, defined as the number of moles 
of solute per unit volume of solution, is well approximated by 

n 
C= 

n8v8 -I- nv 

where Ita and ?z are the numbers of moles of solvent and solute respectively, and v8 
and v are the molar volumes of pure solvent and solute respectively. (The approxima- 
tiorrconsists in ignoring the volume of mixing, which is always small in, dilute solu- 
tions.) The relation between the concentration c and the mole fraction x of the solute, 
defined,by 

n 
X= 

n + nb 
(4) 

l The limiting value of the skew ratio is in every case between 0.80 and 0.85. The fact that it is 
less than unity is probably due to finite response times of the katharometer and recorderll. 
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whence 
d% ( > 2 ;p2 p=o = v&!Py”)2 [a -Pp” ($$-),=.] ’ (141 

1, 

where y” is the value towards which y tends as x tends to zero. Further, since 

while from eqn. (x2), 

we find 

Thus (d2c/d$+)+e is zero and R = I when 

Y-I 
=a=-. 

x= 0 r 

In general, from eqns. (I) and (14) 

r R z I according as &_z_z 
n-0. > y 

. 

(15) 

For molecules of equal size R = I when (d In y/d.~)~=c = o, while for molecules of 
different sizes the limiting slope of In y against x must reach a sufficiently large value 
in the range o to I. Since nearly all systems relevant to gas chromatography consist of 
mixtures of molecules of widely different sizes, it is of interest to see what predictions 
follow from the theories of such solutions. 

We consider first athermal solutions. The statistical theory gives12 

Yat.h = 
[Y - (Y - 1)X1+--l 

EC7 - (q - 1pp.E 
(17) 

where z is the average number of nearest neighbours in the quasi-lattice of the liquid, 
and 4 is defined by 

ZC? = ZY -22y f2. (18) 

We shall assume that Y in these equations can be identified with that defined earlier 
by the ratio of the molar volumes of the components (cJ ASHWORTH AND EYERETT~). 

Equation (17) can be written 

where 

yb-1 (1 _ ,+2-l 

Yath = - ’ -----, 
q+s (I -/32+‘" 

(19) 

Y-1 
a=-, as before; and 

Y (20) 
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Taking logarithms and differentiating we obtain 

d In Y&h -- = 
dx 

so that when x --z o 
(%__),=, = (z+)r*). 

Thus for athermal solutions 

If z + co and Y is large (i.e., the case of a high polymer solution 
approximation), 4 = y and so 

(21) 

(22) 

(23) 

in the Flory-IIuggins 

(24) 

and symmetrical elution peaks will be observed, at least for very small sample sizes. 
For non-athermal solutions, eqn. (17) ,must be multiplied by 

Yth 
s(= -xx) 2 

--- 1 -k? - 1)x 

where w is the “interchange energy” defined by 

w = z { 8’12 - *(@11 -I- 8'22) ) , 

and ~$3 are the pair interaction potentials12. This leads to 

and, adding this term to eqn. (22), 

Thus when zer is positive, as was found for all the solutions 
EVERETT, the limiting slope of In y against x is even less 
and the elution peaks will by more unsymmetrical. 

2w 

IzT’ ) 

(25) 

(26) 

(27) 

(28) 

studiedby ASHWORTHAND 

than for the atherrnalcase 

Peak symmetry will be observed only when w has a negative value satisfying 

The occurrence 
to mixtures with a 

Z$_(CC), (29) 

of large negative values of w is in fact extremely rare and limited 
highly polar component. Consequently, since most mixtures of 
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non-polar liquids of widely different molecular size are described with reasonable 
accuracy by the statistical theory of solutions, we conclude that the occurrence of 
skew ratios greater than unity must be regarded as normal in G.L.C. irrespective of 
the sign of moderato deviations from Henry’s law. 

. 
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SUMMARY 

An analysis is given of the relationship between peak shape and the deviation from 
ideality of the solution of vapour in the stationary phase. Earlier discussions have 
obscured the true situation by overlooking the mathematical consequence of assuming 
that the concentration of the solution is directly proportional to the mole fraction. 
A more rigorous analysis leads to a relationship between the nature of the peak 
asymmetry and the behaviour of the activity coefficient of the volatile solute in 
infinitely dilute solution. Comparison with the theory of mixtures of molecules of 
different sizes shows that asymmetry of the peak, with the slope of the trailing edge 
greater than that of the leading edge (skew ratio > I), must be regarded as normal in 
gas-liquid chromatography irrespective of the sign of moderate deviations from Henry’s 
law. 
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