This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

s e STEVEN . CRANG Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHADLOGH Retention Time in Nonlinear Gas-Liquid Chromatography. Influence of the
v .| Sample Size

Jean-Yves Lenoir%; Alexandre Rojey*
@ INSTITUT FRANCAIS DU PETROLE RUEIL-MALMAISON, FRANCE

To cite this Article Lenoir, Jean-Yves and Rojey, Alexandre(1970) 'Retention Time in Nonlinear Gas-Liquid
Chromatography. Influence of the Sample Size', Separation Science and Technology, 5: 5, 545 — 554

To link to this Article: DOI: 10.1080/00372367008055518
URL: http://dx.doi.org/10.1080/00372367008055518

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/00372367008055518
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:36 25 January 2011

Downl oaded At:

SEPARATION SCIENCE, 5(5), pp. 545-554, October, 1970

Retention Time in Nonlinear Gas—Liquid
Chromatography. Influence of the Sample Size

JEAN-YVES LENOIR and ALEXANDRE ROJEY
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Summary

It is shown that sample size has a significant effect on the retention
time in gas-liquid chromatography. The retention time was measured
accurately by detecting the entry impulse as well as the response impulse.

The deviation from the retention time at infinite dilution is shown to
be a consequence of a nonlinearity in the basic transfer relations. A
specific approach based on a method of moments is proposed. It is
assumed that the activity coefficient of the solute in the liquid phase
does not vary with the concentration.

This deviation is correlated in terms of a single dimensionless param-
eter, and the agreement with the experimental data is good.

INTRODUCTION

Among the applications of gas-liquid chromatography, the determi-
nation of thermodynamic parameters by measuring retention times is
of great importance. Many papers deal with the attempt to measure
activity and partition coefficients, heats of solutions, crossed second
virial coefficients, and excess properties of mixing. A general review
of the subject is given by Kobayashi, Chappelear, and Deans (1),
and the formulas relating these different thermodynamic parameters
to the retention time at infinite dilution can be found elsewhere (2).

The effect of a finite concentration of the solute is considered in the
following, and the retention time at infinite dilution is related to the
retention time measured for a given sample size.

545
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EXPERIMENTAL RESULTS

The apparatus which has been used is very similar to a conventional
gas-liquid chromatography unit, equipped with a thermal conductivity
detector. The carrier gas, containing the sample, goes through the
detector twice before entering and after leaving the column. The entry
impulse is known as well as the response impulse which allows an ac-
curate measurement to be made of the retention time. The flow rate
of the carrier gas is regulated by needle valves and measured when
it leaves the column by a soap-bubble flowmeter at atmospheric pres-
sure. The volume of pure solute injected is determined by measuring
the peak area. Different columns of various lengths (from 0.5 to
2m} and various diameters (34 or 34 in.) are used. They are packed
with Fluoropak and immersed in a liquid bath at 25 + 0.1°C.

The solutes are light gases such as propane, n-butane, isobutane,
propylene, propyne, and 1,3-butadiene. Heptadecane is the solvent.

The solubility of all the gases considered is low, and the molar
liquid fraction of the solute is small compared with the molar vapor
fraction. This molar liquid fraction has no significant influence on the
solute activity coefficient in the liquid phase. It will be assumed that
this activity coefficient remains constant and independent of the solute
concentration. This excludes some systems for which the activity
coefficient varies rapidly with the concentration.

Figure 1 shows how the variation of the volume of the sample (in
microliters) affects the retention time (in scconds) when the flow rate
remains constant. The deviation from the retention time at infinite
dilution (obtained by extrapolation) is equal to 10% for the largest
sample injected. Tt appears that neglecting this deviation can lead
to an important error in the value of the activity coefficient.

REVIEW OF PREVIOUS RESEARCH

Many authors (3-8) have noticed the variation of the retention
time with the feed volume in gas chromatography. A great amount of
rescareh has been done in an attempt to predict the effect of a variable
activity coefficient or of a nonlinear adsorption isotherm (9-17). But
it has also been recognized that, even if the partition coefficient re-
mains constant, the retention time varies with the sample size as a
result of the solute partial pressure gradient along the column. Bosan-
quet and Morgan (12, 13) first pointed out the importance of solute
concentration; Schay (74) and Golay (15) analyzed the progression
of a square wave. For finite concentrations a correction was proposed,
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FIG. 1. Retention time vs injected volume. Solute: Propylene. Solvent:
Heptadecane.

based on the consideration that the veloeity of the mobile phase is
greater in the pulse region. Peterson and Helfferich (6) have applied
this theory to various cases, but their analysis is correet only if it is
possible to assume that a constant solute concentration exists in the
pulse region during its progression along the column. It appears pos-
sible to determine a correlation between the retention time and the
sample size based on more general assumptions.

Experimental work is comparatively scarce. Porter, Deal, and
Stross (9) have presented an experimental curve showing the variation
of the apparent retention volume with the sample size, but the time
origin is the time of introduction of the sample, and the correction
includes the effect of band spreading in the injection chamber as well
as the deviation due to finite concentrations in the column itself.

CORRELATION BETWEEN THE RETENTION TIME AND THE SAMPLE SIZE

The variation of the retention time versus the sample size must be
the result of a nonlinearity in the basic transfer relations. In order
to establish these relations the following assumptions will be made:
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1. Constant activity coefficient of the solute in the liquid phase.
2. Constant total pressure along the column.

3. The carrier gas and the solute behave as ideal gases.

4. There is no influence of heat of sorption.

Let € be the porosity of the solids in the column, S the section of the
column, H the vacuum fraction occupied by the gaseous phase, a
the liquid-gas interfacial area per unit volume, V' the mobile phase
molar volume, and K the transfer coefficient. A section in the column
is located by its distance z from the entry. The flow rate F of the
carrier gas is expressed in moles per unit time, and v denotes the ratio
F/8.

If a large amount of component 4 is injected, it becomes necessary
to distinguish between the coneentration C,, the mole fraction of 4
in the gaseous phase, and the concentration C| defined on an A free
basis.

C - moles of 4
?  moles of A + moles of carrier gas
¢ = C, _ moles of A

1 — C, moles of carrier gas
In the liquid phase, only the mole fraction C; is needed.
At equilibrium,
Cg = mCl

The differential equations relating €', and C, or C; to z and to time
¢t are obtained by a material balance on 4 around an element dz.

8 ., o

v&cg+iﬁ&c,,+z{a<c,,—mcl)=o (1)
—H) 8

il_V—@é_t , = Ka(C, — mCy) = 0 @)

As C, is equal to the ratio C,/(1 + C;.), this system ean be solved
for C; and C,. The differential equations relating C, and C; to ¢ and
¢t are nonlinear on account of the nonlinearity of the relation between
C, and €. If the solute concentration remains small, C; and C, can
be equated, and the differential equations become linear.

The boundary conditions are:

At t=0

C;,:CIZO (3)



14:36 25 January 2011

Downl oaded At:

RETENTION TIME IN NONLINEAR GLC 549

At z=0
Co(ty = Co () (4)

The boundary condition (4) introduces the time funection C] =
C ,(t), representing the entry impulse. As the injection time is very
short, the entry impulse is practically equivalent to a Dirac impulse
S(t), at t = 0.

If the set of Egs. (1) and (2) is expressed in terms of Laplace trans-
form variables C,, C! and (7, it is possible to eliminate CL.

The system of equations reduces to:

L0 +4C, =0 (5)

The factor = is a function of p:

pleld Kae(1 — H)

=5 [—V‘ T onKaV + e = H)p] ©)

p being the Laplace operator.

Instead of trying to solve Eq. (5) in the general nonlinear case and
to inverse C,, it is possible to make use of the method of moments
which enables the retention time fz to be determined directly.

If C;V represents the first moment, C; = / : tC,(t) dt and C; the

surface of the impulse curve C((t), C; = f: C,(t) dt, then:

oW
Let N be the number of moles of A introduced at ¢t = 0.
N = ["FCi de ®)
Therefore:
N _ L
Co =F =V ©

with I being the volume of the sample of A, and VF the volumetric
flow rate of carrier gas.
The moments C™ of the response impulse may be obtained by
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suceessive derivation with respeet to the Laplace operator p and by
use of the relation:

dp

Therefore, the mean retention time ¢, may be directly calculated by
differentiating both sides of Eq. (5) with respect to p:

Cy = (—1)» [dc] (10)
p=0

d 7 4
aTng(D = 1!'1(/{,U (11)

In this equation, (', represents the integral /(;w('g(t) dt, and =, 1s

equal to [d=/dplp.

1 1
In the linear case, €y, = C;. Thus:
0 = mC)z (13)
by = e+ L1 — H) (14)
T m

In the general nonlincar case, € is different from ('7, and whereas
(,'[,0 remains constant, 'y is a function of z. For a Dirae entry impulse,
C,, starts from zero and tends towards (7 as the impulse curve
flattens. In order to integrate the differential Eq. (11), it 1s neeessary
to estimate the function €y ().

B R ) 5
o= |, T =

One way of doing this consists of introducing the linear approxi-
mation value of C,(z,t) into integral (15). This integral is independent
of any translation of the impulse curve.

The number of transfer units in gas-liquid chromatography is high
(16). In this case, when the assumption of lincarity is made, €', may
be represented with good accuracy by the Gaussian curve:

’ C,n (t -t )2 ’
c,ty = a\/gé;r exp {— —Taf— (16)

The variance ¢ is given by:



14:36 25 January 2011

Downl oaded At:

RETENTION TIME IN NONLINEAR GLC 551

- (1 —-H) [2z
U=a\/2=—m'—\/ﬁ<—a (17)
Therefore:
+ —u?(2 ]
(/Ygo(z) = Céu ¢ Clu (18)
V2 + —Gﬂ'— e~w2

Equation (11) becomes:

Q) + o2
C /dzf du (19)
\/2,”_)‘_ _ g—uti2
. -

Integration is done first on 2z and then on ¢. Finally, at z = L:

t}e = 'C—;U = l[gz 1 @ a's (20)
with:

(2)- %+ Ta) (o) - w
¢ Os ‘\/1r Os \/§ '\/imrs \/Z‘rra'g 3\/§

" <\/C§g”>2 (‘/CZ’“’> Z (_l)mn\/n +3 (\27:’0) =)

tp; is the mean retention time calculated by assuming linearity and
is given by Eq. (14). In Eq. (21), o, is the variance of the response
impulse and C; = I/VF.

COMPARISON WITH EXPERIMENTS

As shown above, the volumetric flow rate VF and the injected volume
I are measured for each experiment. The variance oy is determined
on the experimental chromatogram.

It is now possible to plot the experimental value of ¢ versus the
dimensionless parameter C ;u /s,

The product ¢-t,; is taken as the difference between the retention
time at infinite dilution ¢p; obtained by extrapolation (see Fig. 1)
and the measured retention time £, for a given sample size:

lri — lr

Pexp = t[fl
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FIG. 2. Relative deviation of retention time from its infinite dilution

value vs dimensionless parameter C:m/”' Solutes: (@) propane, (X)

propylene, () butane, (A) isobutane, (+) 1,3-butadiene, and (Q)
propyne. Solvent: Heptadecane. (—) theorctical curve.

These experimental values of ¢ are compared with the values of ¢
calculated from Eq. (21) on a digital computer. They are plotted in
Fig. 2. The agreement is good, and the deviations between experimental
and predicted values do not cxceed the cxperimental error in the values
of the measured parameters.

CONCLUSION

The deviation of the retention time from its ideal value based on
the linear assumption has been cxpressed in terms of the single
parameter C;U/as. This deviation is shown to depend not only on the
sample size but also, through o5, on the length of the column and its
elution properties.

It should be noted that the correlation given applies only when
the variance o, is muech greater than ., the variance of the entry
impulse which has been assumed to be instantancous. If not, the
integration can be modified to take into account this new condition
at z = 0.
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It appears that the theoretical approach proposed in this paper
could be extended to other cases, especially to the case of a variable
activity coefficient.
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Nomenclature

a
C,
C,
C,
Cy(n)
Goelt)
Cot)

YRS R~y

liquid gas interfacial area per unit volume
mole fraction of solute in the gaseous phase
mole fraction of solute in the liquid phase
mole fraction on a solute free basis

moment of order n of the impulse curve

entry impulse eurve

time integral of the impulse curve

flow rate of carrier gas

void fraction of the column occupied by the gasecus phase
injected volume of the solute

transfer coefficient

length of the column

equilibrium constant

number of moles of solute introduced at ¢t = 0.
Laplace operator

section of the column

retention time

infinite dilution retention time

flow rate per unit section

mobile phase molar volume

Greek Letters

o
6(8)
€

™
KD

a
Te
s

©

ratio of ¢ over V/z

Dirae impulse

porosity of the solids

function of p

ratio of t5; over L

variance of the impulse at z

variance of the impulse at z = 0

variance of the impulse at z = L

relative deviation from the infinite dilution retention time
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