
JOURNhLOFCHROMATOGRAPHY 227 

CHROM. 5637 
: 

ADSORPTION PHENOMENA IN GAS-LIQUID CI-IROMATOGRAPHY 
# 

V.G.BERE%I<IN 

Institute of Petrochemical Syntheses, U.S.S,R. Academy of Sciences, iV.Toscorv (U.S.S.R.) 

SUMMARY 

The problem of adsorption in gas-liquid chromatography is briefly considered. 
Based on a derived generalized equation for retention volumes that is valid for real 
sorbents, methods of calculation of adsorption and absorption constants are developed. 
The ideas proposed are used to interpret experimental data. 

THEORETICAL 

The principal equilibrium chromatographic characteristic of a substance in 
gas chromatography (GC) is the retention volume. On the basis of relative or absolute 
values of the retention volumes of chromatographed compounds, both the qualitative 
composition of analysed mixtures and the various equilibrium physico-chemical 
characteristics of the compounds (partition coefficient, heat of solution, activity 
coefficient, etc.) are determined. 

In gas-liquid chromatography (GLC) ( see, for instance,’ refs. I and 2)) in 
accordance with the cliromatographic separation theory3, the relationship between 
t,he pure retention volume (VN) and the partition coefficient (Ke) is expressed by the 
equation 

where Ve is tile volume of the stationary liquid phase (SLP) in the column. 
PORTER et al.4 and ANDERSON AND MAPIER~ showed the validity of this rela- 

tionship for a number of specific systems by comparing the values of the partition 
coefficients determined by the chromatographic and classical, statistical methods. It 
follows from eqn. I that the value of the pure retention volume depends only on the 
partition coefficient of the chromatographed comp$und betiveen ~:th’e liquid andthe 
gaseous phases and the volume,of the stationary &juid:‘phase’in the~colunin;i: :I: ‘) 

It is interesting to note, however, that in their first tiork on, GL’C, J+E,+&ND 
MARTINS mentioned the phenomenon of adsorption-ofch&matograplikd substances. 
To reduce the adsorption of polar compounds (organic ,acids)’ on ‘the surface of the 
solid support, they modified it by using phosphorjc acid on kieselguhr as support and, 
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VARIATION IN RELATIVIZ RETENTION VOLUMES AS A FUNCTION OP SLP CONTENT AND THE TYPE 

01’ SOLID SUPPORT FOR DIPPBRENT COMPOUNDS ON THIODIPROPIONITRII.l~ AT 25” 

Cowapound Relative retention voZurnc 
-- 

Content of SLP on Ckromosorb Co~atc~lt of SLP on j?vebviclz 

w (74) (74) 
- -- 
r G r4 r G r2 

n-I-Iexanc I .oo 1.00 

n-Heptanc 2.96 2.61 

Benzene 7.64 - 

Cyclohcxnne 2.34 5.43 
2,2,4-Trimcthylpentanc 3.70 2,GI 

Propionic aldchydc 4.9 14.8 
Ethyl acetnte 10.3 27.4 
Methyl ethyl ltctonc 15.3 45.5 

1.00 I .oo 

2.39 2.87 
37.6 3.72 

7.82 1.53 
2.18 3.5 

- 2.97 
- 9.32 
- 11.5 

1.00 1.00 

2.85 2.84 
12.7 21.4 

3.25 5.15 
3.3 3.1 
EL07 13.5 

17.0 24.8 
25.9 41.0 

introducing stearic acid (10%) into silicone oil. In further work, a number of investi- 
gatorsv-l3 showed that the absolute and relative retention values, and also the shapes 
of the chromatographic zones, are determined nbt only by the properties of the SLP, 
but also by the type of the solid support used and, consequently, by the amount of the 
SLP on the solid support. As an example, Table I lists the relative retention values for 
certain compounds calculated by us from the data given in ref. 14. The tabulated data 
indicate that the relative retention values (including retention indices) ‘depend on the 
content, of SLP on the solid support, which is contrary to eqn. I. Thus, “pure” GLC 
in which tJle retention values and other chromatographic characteristics of compounds 
are determined only by the,properties of the SLP is often not realized in practice as 
it does not take i&o account the multi-phase (heterogeneous) nature of a real sorbent, 
which, in addition (0, the SLP, has at leas! two interfaces (gas phase-SLP and SLP- 
solid support) capable of adsotption (and hence retention) of chromatographed com- 
pounds. One of the simplest models of such a sorbent is shown,in Pig. I. 

,. The non-reproducibility of experimental results and their dependence on the 
type ,of solid, support used and .the amount of SLP on the support, and other similar 
phenomena, which point to a li’mited range of applicability of eqn. I, were at first 
explained qualitatively by the adsorption of chromatographed compounds on the 
surface of the solid support3~7--12J~, S pecial effective methods were developed to 
reduce the adsqrption activity of solid supports in GC such as the use of small addi- 

.’ 

Fii.’ I: ‘Sihijiifikl &ib&t’mo$~l; I’ A carrier gas; 2. = stntionary liquid phase; 3 = solid support. 
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tions of polar compounds (modifiers), processing with active silicone compounds in 
order to transform the surface hydroxyl groups into .non-active groups and coating 
the surface of the support with a. film of an. inert solid compound (see, for instance, 
refs. 3 and IS). 

MARTIN~~J’ was the first to demonstrate theoretically and experimentally the 
necessity of supplementing eqn. I with a term that takes into account the adsorption 
of chromatographed compounds on the gas-SLJ? interface. Ele also showed that there 
is agreement between the adsorption coefficients of chromatographed compounds on 
the surface of the SLP as measured by the chromatographic method and by the 
classical method according to the Gibbs equation. The pure retention volume per 
unit weight of the sorbent, V’JQ,, is described, according to MARTINEZ, by the equation 

where VBr and Seu are, respectively, the volume of the liquid phase and the area of the 
gas-SLP interface in the column referred to I g of the sorbent, and KQa is the parti- 
tion coefficient of the chromatographed substance in the system gas-SLP surface. 
For the pure retention volume, MARTIN’S equation can be represented by 

(3) 

where S, is the total area of the gas-SLP interface of the sorbent in the column. 
The next step in the development of the retention theory was made by KELLER 

AND STEWART~~@, who proposed an equation that took into account the adsorption 
of the chromatographed substance on the surface of the solid support. In the terms 
used by us, the KELLER-STEWART equation can be written as: 

VN = K, V@ + I&J ss (4) 

where I<, is the partition coefficient of the gas-SLP surface on the boundary with the 
solid support and Se is the surface area of the solid support covered with a layer of 
SLP. It should be emphasized that in their work KELLER AND STEWART~*J~ noticed 
that the retention volume equation may be supplemented by a term that takes into 
account the adsorption on the gas-SLP interface according to MARTIN. 

A qualitative analysis of experimental data which took into consideration, in 
addition to dissolution in the SLI?, also the adsorption of the chromatographed 
substance on the SLP-solid support interface, .was first carried out by BEREZRIN 
and coworkersaa+. These authors also showed ‘the significance of multi-term reten- 
tion-value equations for determining the physico-chemical properties of solutions 
from GC data. 

In the general case, retention is determined both by dissolution in the SLP and 
by adsorption on its interfaces with the gas and the solid support. 

If the retention volume is an additive function of the retention on the separate 
phases of a real sorbent, then the following equation22 is valid : 

where VN is the pure retention volume of the chromatographed compound, 

(5) 

& 
avx, 

= avl .the coefficient of partition of the compound.in a system gas-SLP ,of the 
t 
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i-type (for instance SLP in a macrolayer, SLP in a microlayer and SLP in fine 
aI% capillaries), ‘VC’ is the.volume of an i-type SLP in the column, KJ = - 
8% 

is the par- 

tition coefficient in a system gas-surface of the j-type (for, instance, gas-pure solid 
support interface, gas-monomolecular layer of SLP on the support interface and 
gas-macrolayer of SLP interface), and SJ is the area of the j-type surfacein the column, 
Eqn. 5 appears to be sufficiently general, and the following particular cases can be 
obtained from it : a retention-volume equation for classical GLC (see eqn. I), MAR- 
TIN’S equation (see eqns. 2 and 3), the KELLER AND STEWART equation (see eqn. 4), 
and also 'KISELEV'S equation 23 for gas-adsorption chromatography : 

‘Tr, = I-T'ST (6) 
where 1’~ is the partition constant in the gas-solid system, and ST is the surface area 
of the solid: Unfortunately, the practical utilization of eqn. 5 in the general case is 
rather complicated, since it requires additional data on the phase characteristics of 
the sorbent. ‘- 

With a sufficient amount of SLP on the solid support, when complete coverage 
of the surface by a liquid macrofilm is achieved (see Fig. I), eqn. 5 is simplified and 
converted into the following three-term retention-volume equation : 

’ ,’ Eqn. 7 takes into account the dissolution of the chromatographed compound in 
the SLP and its adsorption on the interfaces of the SLP with the gas and the solid 
support. For the case of linear isotherms of dissolution and adsorption, partition 
constants are independent of concentration. 

A special investigation into the nature of the coverage of a solid support by an 
SLP film for a number of real systems by the method of solid-surface markers showed 
that, for stationary phases effectively wetting the support surface and with a content 
of SLP exceeding I-3%; complete coverage of the solid support by the liquid film is 
attaineds”. For this sorbent model (see Fig. I), the system of equations for the case of 
equilibrium elution chromatography of a substance with the action of longitudinal 
wash-out factors, with allowance for adsorption in ‘the SLP and adsorption on the 
SLP interfaces, may be written as follows: 

ae =fdc) 
,I,. 

a = f&J 
a8 = fee(a) 

(9) 

(10) 

(11) 

where U .is the linear velocity of t,he carrier gas, x is a coordinate, t is the time, C is the 
volume concentration of the chromatographed substance in the gaseous phase, a is 
the’voIume concentration of the substance in the SLP, a@ is the surface concentration 
of, the. 'substance, ‘on the’gas-SLP interface, as is the surface concentration of the 
substance on the SLP-solid support interface, err is the fraction of the gaseous phase 
throughout the column’ section, ea is the fraction of SLP throughout the column 
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section, erre is the ratio of the area of the SLP-solid support to the sorhent volume, 
@es is the ratio of the area of the SLP-solid support interface to the sorbent volumee 
and D* is the effective coefficient of longitudinal diffusion. 

Eqn. 9 and II are equations of the adsorption isotherm of the chromatographed 1 

substance on the gas-SLP and SLP-solid support interfaces, and eqn. 10 is the equa- 
tion of the isotherm of adsorption (dissolution) in the SLP. Eqn. IO differs from the 
usual type of equation (see,’ for instance, ref. 25) by the presence of two additional 
terms-the third and the fifth. The introduction of these terms deals with adsorption 
on the interfaces of the SLP with the carrier gas and the solid support. In a similar 
manner it is also possible $0 take into account the other types of retention considered 
above. The solution of an equation of the type of eqn. S has already been described in 
the literature (see, for example, ref. 26), 

By solving eqns. 8-11, it is possible to determine the rate of.motion of the peak 
of the chromatographic zone and, consequently, the value of the pure retention 
volume, I/TN : 

VN = f ‘e V’e -I- f ‘ge Se -Jr f ‘e *f ‘es l Sa (14 

where 

Eqn. 12 establishes a relationship between the retention volume and the 
characteristics of the sorbent used when the entire surface of the support is covered 
with a macrolayer of SLP. It makes allowance for dissolution in the SLP and adsorp- 
tion on its interfaces. 

Using an analogous method, one can obtain the general eqn. 5 as well. For the 
three-phase sorbent model under review, if the a.dsorption and sorption isotherms are 
linear (i.e., f'ge = .Kge;f'ea = ICB;f'e = K,), the retention-volume equation can be 
represented as follows22: 

VN = I<, Vc -t_ Ii’,, Se + I<, Kg S, (7) 

A similar equation was used by CONDER s! ai.28 in analysing the role of adsorp- 
tion phenomena in GLC. A method for determining all three constants in eqn. 7 cha- 
racterizing dissolution and adsorption on separate phases of the sorbent has been 
describedsz. The method is based on the use of the experimentally obtained de- 
pendences 

, 
S es = @( Ve8) (14) 

where VN#, See and Ve, are, respectively,‘the pure retention volume, the gas-SLP 
interface area and the volume of SLP referred to I g of the solid support. In these 
terms, eqn. 7 should be given thus: 

‘CrN, = .Kb V,* + I<*, Sea + Ke ICa S,, ” (15) 
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where Se, js th.e specific surface Area of the solid support. It should be emphasized 
that the dependence in eqn. 14 is generally non-linear14JO~21~27. 

In the graphical determination of partition coefficients, it is advisable to use the 
following ,relationships obtained from eqn. ~5 : 

VN, - &&e = KeVcs + Ice *I’, *Sss (17) 

where V~tt = f (L %t) is a certain arbitrary reference point, i.e., the value of the 

0 

Fig. 2. Graphical determination of absorption and adsorption constants of n-butyl ethyl ether 
and dependence of contributions of absorption and adsorption to retention volume on content 
of ‘thiodipropionitrile on firebrick. 
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TABLE II 

CONTRIRUl’ION Ol.? ADSORPTION ON THE THIODIPROI’IONITRILE 

VOLUME : 

233 

INTERPHASE TO THE RETENTION 

Substance Contribution of adsorption ou 
the inter~lcase (“/o) (8.8% SLP 
on the solid wpport) 

Gas-SLP SLP-soEid support 

Ethyl scctatc 

Acctonc 
. 

2,2,+Trimethyl- 
pcntanc 

Cyclohexanc 

Fircbrick, 
Chromosorb W 
Firebrick, 
Chromosorb W 
Firebrick, 
Chromosorb W 
Firebriclc, 
Chromosorb W 

439 3.3 0.000323 
456 3.3 0.00327 

430 0.85 0,00274 
437 0.85 ‘0.00235 

14.0 2.4 0*0043 
IS.0 2.4 0,001g 
32.8 0.47 0.0027 
33.6 0.47 0,001g 

IS.1 10.6 

is.6 3.35 
4.5 10.3 
I.53 3.61 

79.4 2.71 
57.1 1.27 
25.7 8.00 
10.3 2.72 

pure retention volume at definite constant values of V,, and s,,. The reference point 
is evidently best selected in the range of large values of Ve8, where reproducibility is 
higher. 

As an example, Fig. 2 shows the graphical determination of absorption and 
adsorption constants and their respective contributions for n-butyl ethyl ether on 
thiodipropionitrile carried out by us on the basis of the experimental data in ref. 14. 

In Table II are listed absorption and adsorption constants for certain chromato- 
graphed compounds as calculated by us from the data in ref. 14. It follows from Table 
II that the contribution of adsorption on the SLP interfaces is considerable, reaching 
in some cases 46% of the retention volume. 

Certain important conclusions that follow from taking into account adsorption 
phenomena in GLC are now considered. 

STUDY OF THE INTERACTION OF A DISSOLVED SUBSTANCE WITN THE STATIONARY 

LIQUID PHASE UNDER CONDITIONS FOR WHI&I THE CNROMATOGRAPWED SUBSTANCES 

ARE ADSORBED ON STATIONARY LIQUID PHASE INTERFACES 

The application OY well-known GLC methods in studying the interaction of a 
dissolved substance with a non-volatile SLP and the identification of the analysed 
components requires, in general, the isolation from ‘the entire retention volume of the 
portion due solely to the dissolution of the chromatographed substances in the SLP. 
The explanation lies in the fact that, as indicated above, adsorption on interfaces can 
make a considerable contribution, to the value of the. retention volume. 

In the, light of available data on the contribution of adsorption to retention 
values, it is necessary to refine the methods previously used for deterniining the speci- 
fic retention volume for the SLP and the partition constant (see, for instance, ref. 3). 
In determining these values, it is impossible,,in general, to proceed directly from an 
experimentally. obt,aine,d: value of the pure retenti,on volume ; the contribution asso- 
ciated, only,‘with dissolution in the SLP should be isolated: , 

!TIN~~ 9 273 .’ 
b= w 

s*T 
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where ~~~~ is the portion of the pure retention value due only to dissolution in the 
SLP, ,r is the absolute temperature of the column and T/v, is the weight of SLP in the 
column. 

To determine the partition constant of volatile substances in the gas-SLP 
system, it is possible to use eqn. IG or the similar eqn. rg : 

However, owing to the fact that the use of eqns. 16,x7 and ICJ requires, in general, the 
measurement of both the retention volume,and the gas-SLP interface as a function 
of the SLP content (see eqns. 13 and 14)~ simplified methods were proposed for deter- 
mining the partition constant of volatile compounds in the gas-SLP system based 
solely on the dependence of the retention volume on the SLP ‘contant. If both parts 
of eqn. 15 are divided by Ve8, the second term on the right-hand side of the equation 
will tend to zero at high SLP contents and, hence, extrapolating the dependence 

it is possible to determine Ice: (20) 

(21) 

This method was developed by CONDER et al .ae. A similar technique can be applied in 
determining Ice’ from eqn. 16 if one of the points at a moderate content of SLP on the 
solid support is chosen as the reference point: 

‘VNs - 

I ’ 
lim v Pi% 

eti - 
p = K, 

e8 
(24 

The publishedl~~l~~21~2’ d ependences of the area of the gas-SLP interface on the 
volun%e of, SI@ per L g of the support in the range of, SLP contents exceeding Z-SO/~ 
can be expressed approximately by the equation ,, ,I 

In this case, eqn; 16 can be represented only as a function of V,: 

j ‘VNg - ‘?&, ,= K ‘K,, - B I 

: .Ve*, - Ve* “-9,” 
(24) 

Fqn;‘z;C can also be, used for determining ICC. 
. -Pig; 3 illustrates the graphical determination of the partition constant of cyclo- 

.hexane on thiodopropionifrile by various rnethocls (eqns. 2,’ 22 and 24) from the 
exp,erimental data in ref. 14. The different methods yield almost identical ,valucs 
of ‘I(,. 
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___ 3M.S -6OD 

- spk era&m 

IFig, 3. Graphical cldxmnination of partition constant of cyclohcscnc on thioclipropionitrile zip- 
pliccl to firebrick and Chrornosorb W mxorcling to eqns. 21, 22 and 24. 

If adsorption on the gas-SLP interface is low compared with dissolution of the 

d&s SLP, z’.e., K,, dV,e < I<, (see eqn. IS>), then the dependence of the retention volume 

on the content of SLP on the solid support is expressed as a straight line, which is in 
fact often observed in practice, in particular for capillary fibres20. In this case, the 
retention volume equation may be as follows: 

VNa = I&! v,, + I<, ’ Ir’, ‘Sye (25) 

and this is used for determining the values of KC and K8. Pig. 4 shows the dependences 
of VJ,T# on V,, for two solid supports as measured by us, for inert spherochrome and 
for adsorption-active “IN%-600”. For a sorbent with inert spherochrome and 
K, w o, the straight line V,, = f(V,,) passes through the origin. For a sorbent with 
“INZ-6oo”, the dependence of the retention volume on the volume of SLP on a solid 
support is described by eqn. 25; the slope of the lines describing the dependence 
VNR = f(Vca) is almost identical for both supports. 

STUDY ‘OF THE ADSORPTION INTERACTIONS OF VOLATILE COMPOUNDS ON 
STATIOtiARY LIQUID PHASE INTERPACES WITH SOLID SUPPORT AND CARRIER GAS 

,’ 

MARTINSO stated in 1956 that “the method of gas chromatography is probably 
the easiest of all the existing methods for studying the thermodynamics of interaction 
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al 
cs 30 9s e 

Fig. 4. Dopondcncc of retention volumes ViVI of hoptync-z and benacnc on content 01 Apiezon 
I(: on two supports : IN&Boo and spherochrome. 

of a volatile dissolved substance with a non-volatile solvent, and its potential value 
as a method .for obtaining the relevant quantitative data is extremely high”. The 
development of GLC since then has corroborated this forecast, 

‘L%!r, it was shown that GC can also be used for the study of thermodynamic 
parameters of interactions of chromatographed compounds with the gas-stationary 
liquid phase interface’e and. the SLP-solid support (solid body) interfacealJJ1. Some 
investigators also indicated the possibility of determining other interactions that make 
a definite contribution to ,the’value of the retention, volumenr. - 

’ : From’ eqn. 16; 17’ and 19, there arises the possibility ,of measuring the adsorp- 

11 Chrom&@‘., 65 (1972)’ 227-240 
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‘l.‘ARLI!: v 
2 

VALUE 01’ THE RISTENTION VOLUME OF IiIZNZILNE DUE TO hl~SORP1’ION ON *rIrf3 SQUALANIC-SOLID 

SUPPORT IPU’TERI~ACE FOR VARIOUS SOLID SUPPORTS 
-_---- .._--..-__.-- . .._.-.. .-.._ -- ._--_-_- ._...... _-.. 

Solid sacpport A tlsovj%m ~vstenaion. vohcme 
(crn”/g of support) 

__ __._____ -. .._._ -_-_____ _.... __ ___. .._.. ..“_.. ~. 

Stcrchcmol s.2 
Stcrchernol modified with 

1 o/o tricthylenc glycol I.9 
Porcelain 3.5 
Chromosorb G 0.0 
Sodium chloriclc 0.0 
Chromosorb W 0.G 

---.---._- _.._ ---- . _..-._. __... . ..__.._. . . 
. 

system. It is well known that the adsorption properties of the adsorbing surface are 
determined by a set of properties of the solid support and of the SLP. The quantita- 
tive characteristic of the adsorption properties of the SLP-solid support interface is 
the value of the retention .volume due to the adsorption of the chromatographed 
compounds on the surface of I g of support covered with SLP: 

where Sse is the specific surface area of the solid support. The value of S,, decreases 
with increasing “inertness” of the support, Table V lists the values of the adsorption 
retention volume of benzene for various solid su.pports impregnated with squalane. 
The results obtained agree with the qualitative conceptions of the inertness of solid 
supports. It is interesting to note that modification of the surface of a solid support 
with small additions of polar compounds (for instance, triethylene glycol) reduces the 
adsorption of benzene by a factor of more than 4.. 

USE OF THE CONCEPT OF ADSORPTION 01; CHROMATOGI~APHIC COMPOUNDS ON 

STATIONARY LIQUID PHASE INTERFACES FOR THE INTI3RPRETATION OF CERTAIN 

COMMON PHENOMENA IN GAS-LIQUID CHROMATOGl~Al’HY 

The concept of adsorption on SLP interfaces developed by a number of investi- 
gators makes it possible to interpret quantitatively common phenomena in GLC such 
as the asymmetry of chromatographic zones, the non-reproducibility of retention 
values, and the dependence of retention’values on the volume of the analysed sample. 
It is usually correctly assumed that the asymmetry of chromatographic zones is due 
to the adsorption of the analysed compounds on the surface of the solid supporWJ2. 
The formation of asymmetric zones of the chromatographed substances follows from 
an analysis of eqn. 12 if the adsorption isotherm is non-linear. ‘For instance, if the 
adsorption isotherm of a substance on the SLP-solid support interface is expressed by 
the Freundlich equation : 

where a(l’and’a are the concentration of the substance on the surface and in the bulk 
of,SLP,! fespectively, and,a and p are constants (g < I). In this case, the retention 
volume equation may be written as follows: 

1. Cht’O?8latO~., 63 (1972) 227-240 
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From this equation, it follows that the value of the.retention volume increases with 
decreasing concentration of the substance in the gaseous phase, which explains the 
formation of a different tail to the zone. The asymmetry of the zone increases with an 
increase in (I - p). At /3 = I, the Freundlich isotherm transforms into the Henry 
equation and the chromatographic zone is symmetrical. In this connection, it should 
be pointed out that the formation of symmetrical zones. does not indicate the absence 
of adsorption on the surface of the solid support; it only indicates the absence of non- 
linear adsorption. Equations of the type-of eqns. 5, I2 and 28 may be taken as a 
basis for determining the parameters of the adsorption isotherm (of Preundlich, 
Langmuir, etc.)33~34. . 

Eqn. 12 can be used for the quantitative explanation of the dependence of the 
retention value on the sample size 3ag34. If the retention volume of a standard compound 
is determined only by dissolution in the SLP, i.e. 

(29) 

then the dependence of the relative volume of the 
analysed sample, g, is expressed by the equation: 

substance, VN,., on the size of the 

I., 
VNr = r<---- 

[ 
I 

e st 
_t & (5$!!)‘-” (!c$“] 

where C is a constant. The data of ref. 8 and our 
well by eqn. 30, 

(30) 

experimental data”4 are described 

In connection with the considerable contribution of adsorption interactions to 
the value of the retentiop volume and with their effect (especiaUy that of adsorption 
on the SLP-solid support interface) on the specific efficiency value, it would be ex- 
pedient to refine the currently accepted classification of chromatographic methods. In 
particular, it would be advisable to introduce the definition of gas (liquid-solid)-phase 
chromatography, because the chromatographic process is often determined both by 
the properties of the SLP and by those of the solid support, A more detailed classifi- 
cation should reflect the participation of volume phases as well as of surface phases. 

Adsorption phenomena thus play an important role in GLC and they should be 
taken into account in carrying out analytical and physico-chemical measurements. 
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