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Retention Time in Nonlinear Gas-liquid 
Chromatography. Influence of the Sample Size 

JEAN-YVES LENOIR and ALEXANDRE ROJEY 
INSTITUT FRANCAIS DU PETROLB 
RUEILZMALMAISON, FRANCE 

Summary 

It is shown that sample siac 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. I t  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 ( I ) ,  
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 a t  infinite dilution is related to the 
retention time measured for a given sample size. 
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546 J.-Y. LENOIR AND A. ROJEY 

EXPERIMENTAL RESULTS 

The apparatus which has been used is very similar to  a conventional 
gas-liquid chroinatography 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 tlie 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 coluinn by a map-bubble flowmeter a t  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 
2 m) and various diameters l?/s or 1/4 in.) are used. They are packed 
with Fluoropak and immersed in a liquid bath a t  25 & 0.1"C. 

The solutes are light gaseh such as propane, n-butane, isobutane, 
propylene, propyne, and 1,3-butadienc. IIeptadecane 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. I t  will be assumed that 
this activity coefficient remains constant and independent of the solute 
concentration. This excludes ~ o n i c  hy,ctem5 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 ~econds)  n-hen the flow rate 
remains constant. The deviation from the retention time at infinite 
dilution (obtained by extrapolation) is cqual to 10% for the largest 
sample injected. It appears that  neglecting this deviation can lcad 
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 thr  feed volume in gas chromatography. iz great amount of 
research has been done in an attempt to  predict the effect of a variable 
activity coefficient or of a nonlinear adsorption isotherm (9-11). But  
it has also beell recognized that,  evc'n if the partition coefficient re- 
mains constant, the retention tinit. varie3 with the sample size as a 
result of the bolute partial p m s u r e  gr;ldicnt along thc column. Bosan- 
quct and hIorgan (12, 13) fir,it pointcd out the importance of solute 
concentration; Scliay (14) and Colay (15) analyzed the progression 
of a square wave. For finite concentr:itions a correction was proposed. 
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FIG. 1. Retention time vs injectcd volume. Solute: Propylene. Solvent: 
Heptatlccanr. 

based on the consideration that the velocity of the mobile phase is 
greater in the pulse region. Peterson and Helfferich (6) have applied 
this theory to various cases, but their arialysis is correct only if i t  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. I n  order 
to establish these relations the following assumptions will be made: 
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548 J.-Y. LENOIR AND A. ROJEY 

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. Th,ere is no influence of heat of sorption. 

Let E 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 21 denotes the ratio 
F/S.  

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

moles of A 
moles of A + moles of carrier gas C, = 

moles of A C'=--  c, - ' 1 - C, moles of carrier gas 
In  the liquid phase, only the mole fraction Ci is needed. 
At equilibrium, 

C, = mC1 
Tlhe differential cquations relating CL and c', or Ci to z and to time 

t are obtained by a material balance on A around an element dz. 

a €H a v - Ci + - - C ,  + Ka(C, - mCl) = 0 
az v d t  

As C, is equal to the ratio Ci/ (1 + C;,), this system can be solved 
for Ci and CL. The differential equations relating CL and Ci  to z and 
t are nonlinear on account of the nonlinearity of thc relation betwccn 
C ,  and C,l. If the solute concentration remains small, CL and C, can 
be equated, and the differcntial equations hecome linear. 

At t = O  
The boundary conditions are: 

C' = c1 = 0 (3) 
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RETENTION TIME IN NONLINEAR GLC 549 

A t z = O  

c;(t) = CL,(t) (4) 

The boundary condition (4) introduces the time function CL = 
C Le(t ) ,  representing the entry impulse. As the injection time is very 
short, the entry impulse is practically equivalent t o  a Dirac impulse 
S ( t ) ,  a t  t = 0. 

If thc set of Eqs. (1) and (2) is expressed in terms of Laplace trans- 
form variables C,, C";, andFL,  it is possible to  e l imina tez .  

The system of equations reduces to: 

-- 

d -  - -c; + nC, = 0 dx (5) 

The factor T is a function of p :  

(6) 
EH Kar(1 - H )  

mKaV + ~ ( 1  - H ) p  

p being the Laplace operator. 
Instead of trying to  solve Eq. (5) in the general nonlinear case land 

to  inverse C,, it is possible to make use of the method of moments 
which enables the retention time tR to be determined directly. 

tCi ( t )  dt and CLo the 

- 

If C;(') represents the first moment, Cffl - ' -1- 
surface of the impulse curve CL( t )  , CLo = 1," Ci  ( t )  d t ,  then: 

q l '  

Go t R  = __ 

Let N be the number of moles of A introduced a t  t = 0. 

(7) 

N = FC;(t) dt (8) 

Therefore 

with I being the volume of the sample of A ,  and V F  the volumetric 
flow rate of carrier gas. 

The moments C;(") of the response impulse may be obtained by 
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550 J.-Y. LENOIR AND A. ROJEY 

successix-e derivation with respcct t o  the Laplace operator p and by 
use of the relation: 

Therefore, the mean retention timc tll inay be directly calculated by 
differentiating both sideb of ELI. ( 5 )  with respect to p :  

In  this equation, C',," repremit- the integral ( I Q  ( t ~  d t ,  slid 7 ,  is /om 
equal t o  [ d ~ / d p ] , , ~  

In the general nonliiiear case, C,," i- differelit from c';", arid d1erea.s 
('Lo remains coiibtant. C"g,  i> a function of 2 .  For a n i r a c  cntry impulse, 
C,, starts from zero ant1 tends tonard\ ('i0 as thc iinpulbc w r ~ - ( >  
flattens. In  order to intcgmtc the tliffcrc~itial Eq. (111, i t  i h  necc-sa~y 
to  estimate the function C',,o ( z ) .  

(15) 

One way of doing this consl-ts of introtlucilig thc lincar approxi- 
mation value of C i ( z , t )  into integral (15) 'I% integral is intlepcntlclit 
of any translation of the impulse curve. 

The number of transfer units in gas-liquid clirornatography is high 
(16) .  I n  this cabe, whcn the assumption of linearity i,i inatlc, ('i may 
br represented with good accuracy hy the Gaus&i curve: 

Th,e variance u is given by:  
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€(l - H )  
u = ad;= 

na 

Therefore: 

Equation (11) becomes: 

Integration is done first, on x and then on t .  Finally, at  z = L :  

wit'h : 

551 

(17) 

m 

t f t  1 is the mean retention time caiculatcd by assuming linearity and 
is given by Eq.  (14). I n  Eq. (21),  us is the variance of the response 
impulse and CLo = I / V F .  

COMPARISON WITH EXPERIMENTS 

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

I t  is now possible to plot the experimental value of ~p versus the 
dimensionless parameter CLa /us. 

Thc product ~ . t ~ ~ ~  is taken a i  the difference between the retention 
timc at  infinite dilution tR l  obtained by extrapolation (see Fig. 1) 
and the measured retention time t,? for a given sample size: 

tR1 - t R  
'f'exp = ___ 

t R  1 
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552 J.-Y. LENOIR AND A. ROJEY 

FIG. 2. Relative deviation of retention time froin i ts  infinitr dilution 
value vs dimensionless p:iranic,trr Cl,io. Solntc-s: (0 )  propane, (X )  
propylene, (+) butane, (A) isobutane, (+) I,3-butadiene, and (0) 

propgne. Solvent: Heptadecane. (-) theoretical curve. 

These experimental values of (D are cornpared with the values of (p 

calculated from Eq. (21) on a digital computer. They arc plotted in 
Fig. 2. The agreement is good, and the deviations between cxperirnental 
and predicted values do not exceed the cxperirnental cri’or in the values 
of the measured parameters. 

CONCLUSION 

The deviation of the retention time from it? ideal value based on 
the linear assumption has been expressed in terms of the siiiglc 
parameter Ci0/uq. This deviation is shown to depcad not only on the 
sample size but also, through us, on the length of the column and its 
elution properties. 

It should bc noted that  the correlation givcn appliea only when 
the variance u9 is much greater than u ~ ,  the variance of the entry 
impulbe which has bccn assumed t o  be instantaneous. If not, the 
integration can be modified to take into account this new condition 
at z = 0. 
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RETENTION TIME IN NONLINEAR GLC 553 

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 
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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 curve 
time integral of the impulse curve 
flow rate of carrier gas 
void fraction of the column occupied by the gaseous 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 

ratio of u over -& 
Dirac impulse 
porosity of the solids 
function of p 
ratio of tat 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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