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KINETIC ELUCIDATION OF GAS CHROMATOGRAPHIC PEAKS OF LEADING AND TRAILING SHAPES
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In general one observes a gas chromatographic peak of leading
type at lower temperature and trailing shape at higher temperature.
This fact is attributable to the slowness of vaporization and dis-
solution rate in the partition process. A mathematical treatment
of the kinetics of nonequilibrium partition was developed and the
theoretical prediction could clearly elucidate the asymmetric
shapes observed at inadequate column temperatures.

The asymmetric shapes of gas chromatographic peaks, i.e., the trailing and
leading types observed at higher and lower column temperatures, respectively, were
experimentally confirmed}) As to this fact, there has been given only a qualita-
tive explanation that the partition isotherm of a solute component between the
mobile and stationary phases is nonlinear, as described in several monographs%_4)
A mathematical model for nonlinear partition based on the numerical solution by
means of computer was proposed§) The theory by SchmauchG) explains only the lead-
ing type peak, and on the contrary the papers by the Littlewood school7’8) and
othersg’lo) deal with only the trailing peak expressed as the convolution of expo-
nential decay constant. The derivative method for gas chromatograph developed by
Saitoh et al%1_16) is not only very useful in trace analysis but also gives impor-
tant knowledges about the asymmetric shapes.

17)

The system of differential equations expressing the changes of concentra-

tions in the mobile and stationary phases with time was integrated and the outlet
concentration in the mobile phase C (£, €) is rounded into a Gaussian distribution

shown by
cie, &) = A& (1)
E = 1T - t (2)
A= pGCt 7021 (3)

2
G& = x/.z_n_—f? @‘F(—E%) (4)

In these equations, £ is the column length, € time, Tk retention time, f% and
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P the pressure at the outlet and inlet, Co the solute concentration injected
with a time duration fo ’ 44 the peak area and O is the standard deviation of
the Gaussian distribution &G (&). The change of the solute concentration in the

stationary phase with time is shown by
3 Cs
FiK2s = —x(Ce —KC 5
S 8 ot ( ) ) (5)

where 7‘} is the fraction by volume of stationary phase, & and oK are the rate
constants of dissolution and vaporization, respectively. At the appropriate
temperature, both the rate constants of dissolution and vaporization being great,
the term in the left-hand side of eqgn. 5 is negligibly small compared with two

terms in the right-hand side. Then, one has the partition coefficient:
h = Lo S8 (®)
C cw, £)

At lower temperature, however, the solute equilibration does not hold, since
the rate of vaporization is slow. 1In this case the major part of solute exists in
the stationary phase and egqn. 5 is transformed into the ordinary differential

equation concerning the stationary phase concentration.

1 = AK )
0(& Ce, &) + L Cs(e, &) G (& R0

with
-1
z = KX
(8)
With the boundary condition shown by

CS (_é’ €) =0 for € = £ o (9)

one derives

Ci, €) =-%P(-£)J G'(X)‘@XP( ) (10)

18)

Such an expression is found in the book by Littlewood, however, it has remained

undeveloped. Upon applying the integration by parts successively one derives

¢
Gf(%)wﬁo(%) oA = Z%p(% {Gr - z26% 226”7 fT“L...} (11)
0
Thus, the outlet concentration is given by
CW € =A(¢G —= - z"CTw— 236-(3)4- ) (12)
Eqn. 12 represents the leading peak, as shown in Fig. 1.

On the other hand, at higher temperature the solute mainly exists in the
mobile phase, and eqn. 5 is transformed by means of egns. 4 and 6 into the
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ordinary differential equation concerning the mobile phase concentration given by

A _ 1 - - A e (g)
e C &) Sl & = Gre (13)
Integration of this equation yields

(3)

ce g = A +zgleere” 267 ) a

As shown in Fig. 1, this expression shows the trailing peak. It should be empha-
sized that egns. 12 and 14 can also be derived by the successive insertion of

COLUMN OUTLET CONCENTRATION
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Fig. 1. Theoretical elution profiles calculated with the following values.
Curve A, ¥=0, 0 =11.1; curve B, Z = 4.44, 0 = 11.1; curve C, Z = 0,
g =7.25; curve D, ¥ = 3.26, (0 = 7.25 s.

The Gaussian distribution shown by dashed lines (curves A and C) corresponds to
X = 0. Curves B and D show the leading and trailing peaks calculated by egns.
12 and 14, respectively.
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egns. 4 and 6 into egns. 7 and 13. It is now concluded that the asymmetric gas
chromatographic peaks are expressed by the series consisting of the Gaussian dis-
tribution G(E) and its derivatives G}OU. Integration of egns. 12 and 14 with
respect to & in the interval from -oo to +o0o yields A , representing the

law of conservation of mass.

The theoretical elution profiles calculated including the derivatives until
fifth order by means of egns. 12 and 14, showing the peaks of leading and trailing
type, respectively, are reproduced in Fig. 1. When the value Z was smaller than
0.450 , egns. 12 and 14 was found to fit well. A symmetric Gaussian peak is
obtained when G =0, and the distortion of peak becomes more remarkable with
increasing value of Z . Phe mathematical analysis of the experimentally observed
gas chromatograms of asymmetric shapes has been carried out successfully by the
aid of the familiar curve fitting method. The results will be published in the

near future.

Thanks are due to Dr. Kunio Ohzeki for his kind discussions.
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