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mobile phase-liquid 
phase interface 
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of the height equivalent to a theoretical plate on the flow velocity of the carrier gas”‘: 
the variation in pore distribution in relation to the sorbent surface with an increase 
in LSP content on the solid support”-“-I’: the dependence of retention in the vicinity 
of the meltins point of the LSP”; and the results of special investigations of the 
support \vith the. use of a marked surface;_ 

Thereforel in considering the retention of volatile compounds. we have hence- 
forth adopted the model of complete or quasi-complete coverage of the surface of a 
solid support with an LSP film_ 

In agreement with the above_ a sorbent in GLC cannot be regarded solely as 
an LSP. At the LSP-gs support interface there is one surface phase (gas-liquid) 
and at the LSP-solid support inter&e another surface phase (liquid-solid). The 
properties of the LSP in a macrofilm on a solid support usually coincide with the 
properties of the bulk phase of the LSP. In the case of thin films (several molecular 
layers), it is necessary to take into account the efYect of the field of the solid support_ 
Thus. a sorbent in GLC is a polyphase sorbent. The development of the equilibrium 
theory of the retention of volatile compounds is associated with the contribution 
of the retentions on the separate phases of ;t sorbent to the total retention 
~olume”-*~-~~_ The retention value of a volatile substance is determined by its 
interaction with at least one bulk and two surface phases, namely the dissolution 
of the substance chromatographed in the LSP and its adsorption on the gas-LSP 
and LSP-solid support interfaces. For this case, the net retention volume ( 17&,.) can be 
represented bv the following equation within the frame\vork of the theory of equi- 
librium chronkography under the conditions of linear isotherms of dissolution and 
adsorption’“: 

where & is the distribution constant of the chromatographed compound in the gas- 
LSP system, ii;t is the adsorption constant of the chromrrtographrd compound in 
the gas-LSP surface system, KS is the adsorption constant of the chromrttographed 
compound in the LSP-solid support system, VI is the volume of LSP in the column. 
St is the total surfke area of the LSP at the LSP-gas interfke, and .Ss is the total 
surFace area of the LSP-solid support interface_ 

In the geneml case, when in a sorbent the number of phases capable of retain- 
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ing volatile subst:mces esceeds the above three phases, the fSollowing generalized 
equation is validl”: 

(2) 

where 1-i is the volume of the i-type LSP characterized by an effective distribution 
coctticient A;- == a I’_~/ari (LSP types: LSP in micropores. LSP in the macrolayer, erc.). 
S, is the area of a j-type surface characterized by a11 effective distribution coe!!icicnt 
A> (w&ace types: the surface of an uncovered support, the surface of an LSP niacro- 
iayx_ the surf&e of an LSP nionola_vcr, and so on). 

As a particularcase, it is possibIetoobtain,from eqn_ 1 and also from theequation 
for the retention volume in classical GLVL, the equation of Martin’“. the equation 

for the retention volun~ in gas-adsorption chromtnogaphy t-or macroporous adsor- 
bentP, etc. It should be stressed that in the general case, practical utilization of 
Fit7 =- 2 is coniplict~ted ;1s it rcquirrs the USC of additional qumtitative dutu on the 
distribution of the LSP over the surlke of the solid support. ie._ on the quantitative 
phase characteristics of the adsorbent used. Therefore, in practice. a simplified form 
&cqn_ 1 is usu:~II_v applied_ which describes the retention on a sorbent obtained \vith 

complete covertye of a solid support with an LSP macrofilm. This equation has bcsn 

used successfully in analyzin g adsorption phe~~o~nena and determining the distribution 
and adsorption constmts in GLC by ii nunibcr of investigators, SLICK as Condrr 
et d_L-‘. UiOIle et UI_ _ I!’ Gritchina xnd Drevingz”, Liao and Mortire”‘_ the present 
author and co-workers. and by other Lvorkers. It was sho\vn that the contribution of 
adsorption of the compounds chromato~r~tphsd to the retention volumr in G LC 
often has a considerable ~alur \vhich cannot be neglected. 

The adsorption ot‘ volatile substttncss to he analyzed on the surtke phases 
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of the sorbent must also esert an effect upon the relative retention value9 that are 
used in identifying chromatogrrtphic zones. 

Various relative retention values are used for identification*_ Known relative 
retention vaiues can be represented as particular cases of the espression” 

(3) 

where R is the relative retention vaIue in a given coordinate s_vstem. P and k are 
constants for a given coordinate system, z-z. r ,,t and z-,& are the corrected (net) retention 
values of the ith compound and the zzzth and zzth standard substances (or their functions) 
and &ill1 and ~lz-,~,,~ are the differences of the corrected retention values (or of their 
functions)_ 

In gas chromatography, for determinations under isothermal conditions, it 
has been recommended that one should use the relative retention vaiue3-‘-‘, the reten- 
tion factorZ”-27 and the arithmetic factor-, \vhich is also used for measurt’nients in 
temperature programming3_ A characteristic similar to the arithmetic factor was 
proposed by Vigder_gauz and co-workers 31’-31_ The indicated vttlues can be obt~~inccl 
as particuIar cases of eqn_ 3 (Table I)_ 

As mainly the rehttive retention volume and the retention factor are us&d in 
practical chromatography, let us consider the effect of adsorption specifically for 
these two relative quantities. Fi g. 2 shows the dependence of the retention tctor for 
a number of compounds on squalane as a function of the retention factor of the same 
compounds on polyethylene &co1 300 with the use of different solid supports [in 
plotting the graph, use was made of experimental results obtained by Evans and 



IDENTIFICATION OF GC ZONES IN PRACTICAL GLC as1 

Smith”“. It follows from Fig. 2 that the effect of the solid support on the retention 
factor is considerable. The change in the retention factor exceeds 100 for some com- 
pounds. depending on the solid support. 

It was generally believed in chromatography until recently that the relative 
retention value is determined solely by the ratio of the distrkution constants of the 
given and the standard compounds between the sas and liquid phases and hence it 
is the chromntographic constant of a chemical compound_ Therefore. the values of 
the relative retention volume were used as a basis for identification of chromato- 
graphic zones. i.e., qualitative chromatographic analysis of the mixtures to be 
separated_ 

Because of adsorption phenomena in partition cllromsto~raph;, the problem 
of identifictltion of chromatogrnphic zones should be considered from another vie\\-- 
point_ As a result of adsorption durin, a’ chromato~r~iphic separations. the relative 
retention value is determined_ in general_ not only by the ratio of the distribution 
constants of the given and the standard compomids (see. for instance. ret I ). but 
also by the adsorption properties of the solid support. the content of the liquid 
sttttionary phase on the solid support. the ph:lse characteristics of the sorbent. \vhich 
depend. in particular_ on the conditions of its preparation. etc_7-1”_ As an estm~plr. 
Fig_ 3 depicts the dependence of the relative retention volume on the content of the 
LSP cm the solid support cttlculated by us from the data of Pecsok cv d_:‘:~_ It follo~vs 
from the data listed that the relative retention value during adsorption in the chro- 
matographic process is not a chromntogrr~phic constant of it compourid. Indeed. in 
general_ on the strength of cqn- 2_ the relative retention can be espressed by the 
equation 

where I’_v is the mt retention volumr of the subst:mcc on a polyphase sorbent, I,‘.v.\~ 



\‘_ G. BEREZKIN 

is the net retention volume of the substance adopted as the standard, Ki is the cqui- 
Iibrium constant of the substance between the gaseous and stationary liquid phases, 
KIIr is the equilibrium constant of the standard substance between the gas phase and 
the LSP, I\fi is the equilibrium constant between the mobile phase and the i-type 
LSP, rii is the volume of the i-type LSP in the chromatographic column. KAj is the 
equilibrium constant between the LSP and the j-Jype inter&e, and .Y& is the area of 
-thej-type surface in the columti. Thus. the relative retention value in the general case 
cannot be used for the identification of compounds on the basis of data published in 
the literature, as the production of sorbents havin g identical phase characteristics, 
with the same LSP distribution on the solid support in diRerent laboratories using 
different batches of commercial kateriak is.virtualI~ impossible in most instances; 

It shouId be noted that the known methods for the moditication of solid 
diatomaceous supports (for instance_ silanizarion) or the use of pol_vmer (PTFE) 
supports decrease the role of adsorption phenomena_ but the contribution of adsorp- 
tion to the reIative retention value often remains considerable (sec. for instance_ 
ref.._ 34 and 35). The use of capillary columns does not solve the problem of intcr- 
laboratory reproducibiiity, as the contribution of adsorption stiI1 remains apprecia-. 
bIe3”. Therefore. for chromatography to be used estsnsively as a method of quali- 
tative ansl_vsis, it iz necessary to devise methods for detcrminins the distribution 
constant ratio on the basis of esperimentally determined relative retention values. 
Some of the versions of these merhods. based on the use of the dependcnces of the 
relative retention values on the reciprocal of the LSP content on a solid support. arc 
considered below_ 

If the retention volume is determined esciusively by the dissolution; of the 
chromatographed substance in the LSP and the adsorption at interfaces with a mobile 
phase and a solid support (this is rather often the ~xse~-~~-‘.‘-‘“). eqn. 4 simplitics. and 
the rejative retention volume can be espressed by the equation 

Espnndins this equation in a Maclaurin series with respect to the wriabk I/rrJ_ \vc 
can write 

Note that a similar relationship is obtained when considering a more general 
equation !eqn_ 4) if an increased LSP content on a solid support increases only the 
thickness of rhe LSP fiIm_ In Fig. 4. the esperimental data of Pscsok C-V ~1.~ are 
presented in accordance with eqn_ 6. From this, it follows that the use of rqn. 6 
enables the distribution constant ratio, which is independent of the experimental con- 
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ditions, to be dctcrrnincd_ It is advisttblc to choose for the skmdard a substance for 
\vhich the retention is determined only by dissolution. In this e;tsc 

J r,s,, =- hrxr 1’1 (8) 

1 - :- 1c;;,, - + _ LF!/L - f- (IO) 
1’1 .\A1 3 1 

\\-here 1-1 is the wAumc of the LSP in the column, cfi is the LSP densir)-. and Pf is the 
prrccnta~c LSP content in the colu~nn (\vright of rhc solid support =k loo’:;,). 

Using eqns_ Y-IO_ \ve can represent eqn_ 6 by 

Eqn. I1 can be used in those casts \vhcrc the dctcrmination of I_,% is diffiailt. 
In Figs. 4-6 are sho\vn the depcndencrs of the relative retention \-olumc on 

the reciprocal of the LSP content on the solid support or on ~1 value proportional to 
it (see eqn. i 1. dcrivcd on the basis of the data of rcfs. 33 and 35). It follo\vs from 
Fip. 4-6 that the proposed methods cm be applied s~~ccrssf~~lly to determine the 
distribution constant ratio, the ~hcrmodynmnic charactcrisGc of a subsrancc from 
which one can idcntifv ir. The vaiucs of A;;,!n;,, obtained are independent of the LSP 
content and the type of solid wpport. 

In gas chromatogrtlphg. together \vith the relative retention ~ttl~&. cstcnsivc 
use is made of Kovrits‘ index system:‘i: 
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Fig_ 5_ Drpendencc of relatk retention volurnc (standard -2 methyl ethyl ketone) on reciprocal of 
LSP content, T.L Wcording to data of Pax& vr dzJ). Espcrimcntal conditions and notation ;1s in 
Fig. 3. 

where P’_v, is the net (or corrected) retention volun~e 01‘ an n-akane whose n~olecule 

contains z ectrbon atoms, I’_v cLe-Il is the net (or corrected) retention votume of an 
n-atkane whose molecule contains : -+- I carbon atoms, P-x is the net (or corrected) 
retention volume of the compound to be ma!yzed_ and 

For the set of standard Axtances, it is advisable to seiecr compounds for 
which the retention is determined esclusi\-c!y by dissotution in the LSP. In this case, 

Fig_ 6_ Dependence of rehtive retention volume (stztndard :- ethanol) on reciprocal of LSP volume 
(in rrmls of I g of solid snppon) (accordin, n LO data of ret-_ 35). 1 = II-But+mine: 2 = rr-he.xanc: 
3 = water. Experimental conditionsr LSP = dinonyl phthalate, S6’, solid support - Teflon. 
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espnnding the numerator of the second term of eqn. 12 in a Maclaurin series with 

(16) 

(17) 

For non-polar phases and medium-polarity phases_ the requirements lix- 
stxdtrrd compounds are usually met by n-alkanes. but in thecase of polar LSP it is 
advisable to choose polar compounds (for instance, n-alcohols) as st:andards. As an 
example_ Fig_ 7 shoed the dependence of the Kovrits‘ indices on the reciprocal of the 
LSP cmtent: in this case. the standards used lvere n-trlkttnes, and in xnother case 
n-ttlcohols (rc-calculated by us from the data of ref. 35). From the above information. 
it follo\vs that the use as standards of n-alcohoIs, whose retention_ in contrast to 
n-alkrtnes_ is largely determined by dissolution in the LSP. enabled stable Kovzits’ 
indices to be obtained for os~~eii-containinf compounds. but not fkx malkanes. 

In Fig. 8. the correspondin, ‘1 graphs for the determination of I” arc given for 
malkmes. The use of eqn. 15 enables the constant value I” to be determined in this 
case also. Similar results have been obtained upon treatment of the esperimental 
data:‘!‘. 

AS an esmnple, Fig. 9 shows the determination of the invariant value lvith 
respect to esperiment for the methyl ether of ruyristic acid and mdecanol. it follo\vs 
from Fig. 9 that the utilization as a solid support of n sutticiently inert Chromosorb. 
washed with an acid and treated with dimeth~ldichlorosiltlne, guwantees the absenctz 
of adsorption processes in GLC. Adsorption phenomena also nxtnifest themselves in 
capillary chromatogmphv”“_ In this case, ho\\-ever. o\ving to the f:tct that the deter- 
nkation of the values of si (or P) involves some ditliculties, it is advisable to srlcct. 
for wlttes proportional to the amount of the LSP in the capillary column, the value 
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Fig_ 7_ IX&t of choice of standard substances on dependence of retention factors upon reciprocal 
of fiP content (7;) on solid suppon (according to data of refs. 3s and 39)- I = ‘Heptanone: 2 : 
ethylbenzene: 3 = l-besanoner 1 = toluene: 5 = _ ?-penlanonc: 6 = brxxcnc. Standard substrtncL%: 

G-C,_ , rr-~]~~~~ (A)and C2-C, walcohob (B). Esperimentrtl conditions: LSP = Carbo\va.x 2OkL 
IZO’; stqqxm G Chrw-nosorb P_ 

Fis_ S_ Dependence of retention factors of rz-dodecane (I) and rr-nonane (2) (standards == CrC, I:- 
alcohols) on reciprocal of LSP content on solid support (y.2) (according to data of refs. 35 and 39). 
Experimental conditions as in Fig_ 7_ 

Fig_9. Dependence of rctenrion factors on reciprocal of LSP volume in column_ 1 = Methyl cthcr 

of myristic acid: 1 = u-dodecanol, 3 = Ctl alcohols: 4 = Cl0 alcohols. Experimenta conditions: 
LSP for I and 1 - Apiczon I_: LSP for 3 LI and 4 r; silicone oii DC-550: 1sOO’: solid support =z 

Chromosorb G washed with acid and modified with dimetbyldichlorosilaner cohJmn. IIW) X 0.3 Cnl. 



[DENTIFICATION OF GC ZONES IN PRACTICAL GLC 4s7 

of the extraction coefficient of a standard substance whose adsorption can be ne- 
glected_ In this case, we obtain eqm IS for the relative column volume: 

where 

j_ = n’.tlt S, -t Kli Rest Ss 
-1 vm T constant 

I;,,, is the dead volume of the column and X-,r the capacity ratio of the standard 

compound. 

TABLE 7 

COMPARISON OF RELATIVE RETENTION VALUES CALCULATED VIA EQNS_ 11 AND 
10 FROM DATA IN REF. 33 

Clmplmlcl E1pr. II Eqr1. 10 Experitmvttal drrtu’3 

Firdn-irk Chronmw~rl~ Firchrick, Cllmr?lo.nwl~. 
8.99” LSf 1, S.S’,, LSP 

._ 
rr-Hepr;lnc 0.015 0.0 16 0.019 0.079 0.045 

~Butyl ethyl ether 0.105 0.11: 0.113 0.119 0.151 

Ethyl ixctatc 0.350 0.549 0.533 0.619 0_590 

Fig. IO. Dependence of relative retention volume on reciprocal ofrstraction factor of capacity ratio. 

1 == Cyclohcsane: 2 I- benzene; 3 = mhesancr 4 = I.‘-dimethvlbutant_ 
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Fig. IO shows that the relative retention volume is a linear function of the 
reciprocal of the capacity ratio_ The intercept on the y-axis is”equa1 to I’“_ 

Thus, a linear equation of the type represented by eqn. IS can be used in 
capillary chromatography also. 

The question naturally arises whether it is possible to reduce the experimental 
time by rapid mea&rement of 1” and I”‘_ These values can be obtained by measuring 
I and V, with two different contents of the LSP on the solid support: 

where i, and I, are retention fktors with LSP contents I’, and P,. respectively, and 
VI and i/ are the relative retention volumes with LSP contents P, and P,, respec- 

riveI\-_ 

Table 2 gives the values of 1”’ calculated according to data of Pecsok ~‘f (I/.:~ 
by rqns_ [I and 20_ It follows from the data listed that both equations lead to similar 
rcsu!ts_ 

Accurate and meaningful relative retention data in GLC can be obtained only 

by correcting retention volumes for adsorption effects. In general, it is advisable to 
use at least two sorbtints impregnated with different amounts of stationary phase to 
check .the magnitude of the adsorption_ 

When the variation of the relative retention data depends appreciablv upon 
the loading of the support. it is necessary to use one of the methods described to 
take adsorption into account_ 
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SUMMARY 

Adsorption phenomena in GLC lead to a considerable inter-laboratory non- 
reproducibility of relative retention values on the basis of which chromatographic 
zones are identified_ This paper considers the application. for identification purposes. 
OF iimiting reiative retention values that are determined esclusively from the ratio of 

the distribution coefficients of the substance under study and the standard between 
the gas and liquid phases_ and su,, =ests methods for determining their values. 
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