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SUMMARY 

The chromatographic determination of the temperature dependence of binary 
diffusion coefficients is shown to be of su&ient precision to permit the calculation 
of intermolecular force constants. With peak widths restricted to manual measure- 
ment, the precision in E/I% and G is of the order of 20%. 

INTRODUCXION 

In principIe, both the parameters s/k and (3 in the Lennard-Jones 12-6 poten- 
tial function of intermolecuk distance r 

q = 4E [(g - (-g] U) 

can be determined exactIy from measurement of the diffusion coefficients at two dif- 
ferent temperatures. The well-depth, E, is first determined by solving for .s/k from the 
expression for the ratio g of the coilision intee,mls (let Tz > T,): 

The collision integrals, iRI (i = 1,2), are the reduced (1, 1) collision integrals and are 
functions of the reduced temperatures: 

.n, = [q-&l’*]* = [q-&J’* (T;,)], (i = f,2) (3) 

The value of c/k thus obtained is inserted in the expression for the diffusion coefficient, 
&. and solved for o, i.e. 

(4) 
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where 

P= 
-M, = 
T2 = 
T; = 
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pressure (atm); 
molecular mass of species i; 
temperature (“K) 
?&;l& 

In practice, this information is neither easily extracted nor, in general, can it be 
unambiguously extracted, particularly c/k. 

The ratio 5 = s2,/sZ, is a unique function of E/k but depends on the functional 
form of the potential. It is well known that the simpie Lennard-Iones 12-6 potential 
can be regarded only as an approximation of the true potential and that its appli- 
cability becomes increasingiy inexact with increasing size and non-sphericity of the 
molecular pairs. This implies an ill-defined envelope of uncertainty around the theo- 
rerical line in Fig. 1, which in turn gives rise to an uncertainty .4(+), in the E/k values 
obtained as the ordinate in the intersection of these lines with the experimentally 
determined right-hand side of eqn. 2. In addition, there is the uncertainty &e/k), that 
results from the measurements of D,, T, and Pi (i = 1,2)_ A(s/kje increases with 

decreasing slope in the theoretical line. A(E/@, and 4(&/k& together result in an un- 
certainty A(.c/k), as indicated in Fi g. 1. The present concern is not with the theoretical 
uncertainties but an important consequence should be kept in mind, viz., that dif- 
ferent pairs of temperatures can yield different values for s/k even if the experimental 
data are exact. 

EXPERIMENTAL 
UNCERTAINTY 

THEORETICAL 
YNCERTAfNTY 

Fig 1. Illustration of unsertainties in the determination of c/k. 

The present study is a test of the theory at a prescribed level of uncertainty and 
is not an example of the best that the chromatographic method has to oIFer,~ but 
should rather be regarded as an exploration of its potential. It is hoped that corre- 
spondence of the experimental results with the theoretic4 I&dictions will provide 
the justification for an attempt to realize its full potential_within the b&s of current 
technology_ 
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it was shown earlier’ that a maximum slope in s2,/.Qz is obtained for pairs 
of temperatures corresponding to reduced temperatures T,’ * 0.7 and Tl > 10. 
Under these conditions, s/k can be expected to be about an order of magnitude more 
tincertain than the uncertainties in the measurements of ‘he diffusion coefficients. Un- 
fortunately, this ideal is not readily attainable in practice and a considerably higher 
amplification factor is the rule rather than the exception. 

En order to appreciate the diflicuhies involved, it is useful to consider some 
pertinent examples. The work of BundeZ on H2-Nz, RumpeP on He-N, and Strunk4 
on He-Ar, He-air, CO,-He, CO,+& and CO&r gave no unique solutions for .s/k 
and G. Indeed, Rumpel was unable to obtain any intersections and Strunk was un- 
abie to obtain intersections for four of the gas pairs he studied. If the semi-empirical 
correlations recommended by Marrero and Masons are used, at temperatures of 
about 300 and 500 “K, values of e/k obtained for the gas pairs N,-Ar and CH,-He 
are 112 “K and 85 “K, respectively, in comparison with the values of 82 “IS and 33 
“K, respectively, obtained from the application of combination rules to force constants 
obtained from viscosity value@. 

It follows from eqn. 2 that 

(5) 

and 

where Var = variance_ Eqns. 5 and 5 apply to systematic and random errors, re- 
spectively. In contrast to the determination of diffusion coefficients per se, e/k is seen 
to be iess-sensitive to systematic errors. As these are also diffcult to quantify, atten- 
tion will be restricted to the random errors. Beth Var P/P’ and Var T/T2 are expected 
to be substantially less than Var D/D*. 

Using the experimental results from a recent paper’ with the values Tr = 300 
“K, T2 = 500 “K and {Var D)/p m 5 - 10W5, (var 6)/B is obtained as approximately 
10W4. This corresponds to a deviation in s/k of about 20% based on an actual plot 
of the information in Fig. 1. 

RESULl-S 

The results obtained are summarized in Table I. The empirical combining 
laws relating force constants between unlike molecules to those between like molecules 
are6 

and 

.!& = (&l&3+ (8) 
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where d&v,, is the measured increase in the square of the peak width at half-height 
as measured on the recorder paper and u, is the Iinear gas flow velocity inthe coiumn’. 
The chart paper speed, u,, and the time, tz, during which flow is stopped are regarded 
as constant for temperatures TX and T2_ If the dimensions of the column are indepen- 
dent of temperature, and the retention time flow method is used, eqn. 3 reduces to 

For one determination of E/k, only four measured values are required at each temper- 
ature: dtv,, retention time (t& T and P. The determination of force constants is 
therefore not subject to possible uncertainties in column dimensions, as was the case 
in the determination of diffusion coefficients. 

Inspection of Table I shows that the present method has definite possibilities 
and that, once the necessary refinements have been made, it could become a standard 
procedure for the determination of intermolecular force constants. 
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