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INTRODUC’lXON 

The large number of stationary-phase liquids described in the literature and ‘offered 

for sale by suppliers is bewildering to the gas chromatograplzer. The choice of a suitable 

stationary phase. for a given separation of volatile compounds can be facilitated by 

a study of the balance of intermolecular forces between the solute and solvent, A 

qualitative prediction of the retention behaviour of a solute on a given phase can be 

made using the vapour pressure of the solute and ‘the classification of liquids first 

proposed by EWELL,, HARRISON AND BERG 1. This has been.discussed in some detail by 

KEULE~ANS~, AMBROSE AND AWSROSE~ and HARDY AND POLLARD”. 

In gas chromatography, apart from the vapour pressure of the solute, the most 

important single factor governing the magnitude of the solute retention on a stationary 

phase is the nett electron donor-acceptor interaction between solute and solvent. 

The most common ,esample of this is hydrogen-bond formation. The electron donor- 

acceptor properties of both solute and stationary-phase liquid can be used as a basis 

for a quantitative classification of phases and as a basis for a method of identification 

of unknown ,volatile compounds by gas chromatography, 

,, , 

hIOLECULAR STRUCTURE AND ENTERNOLECULAR INTERACTIONS 
,* 

First we must consider briefly the structure of the molecules, their intermolecular 

interactions. and the factors ,which govern ,the specific retention volume of a solute. 

Non-polar molekules in gas chromatography are confined mainly’to gases and saturated 

;,hy’drocarbons., .Polar molecules contain’one or more:polar atoms or ‘groups together 

with a neutral ,or non-polar part, usually saturated hydrocarbon chains. The polar 

part may be the strongly electronegative atoms I;;‘, 0 or N or electron attracting 

;groups, e.2. I -NO,, -C=N, -Cl?, or electron repelling groups such as -NMe,, -CH,, 

-CMe&. -0Me.. It. is the type :and number .of polar groups in a molecule relative to 

the size,of the.neutral~part which ,determin,es ,the:polarity ordistribution of electrons 

.on .the :differcnt parts, of the molecule. If the ‘molecule contains double bonds with ‘; 
their mobile,+electrons this allows electron attracting or repelling groups to transmit 

‘their effects further through ‘the hydrocarbon part of the molecule than is possible 

with saturated hydrocarbon chains. ,*Most pol& molecules can act as electron donors 

or acceptors or botli, >giyen ‘the!required environment,, but ‘usually’ one effect is Jpre- 

~:.d&i$.&: .it’ is’ the’, concent&fion ‘of elkctrons.,.or the,~~electroti.$$#.$ &n&y which 

,,‘govems, the potential donor or acceptor property:of the molecule.8:, i 0 “’ : s ’ 

c,.., , ,i,.- :. ‘; ‘: ,.,; >. ,‘; ,‘/,/’ 8, , 

J. C/&~omato~,, :10 (1963) 284-293 
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In compounds which; form / hydrogen bonds with electron ‘donors the proton, 
because of its small size, can present a concentrated area of effective positive charge 
(low electron density) close to a donor ,molecule which has an’ area of high ekctron 
density. For esample :’ chloroform has. a low’ concentration of excess electrons spread 
over the three chlorine atoms leaving a concentrated deficit of electrons on the proton. 
The compound I-nitropropqn,? has an excess of electrqns. on the nitro group nncl a 
deficit of elixtkons o’k’thd &methylqe group while +e remaining part of the .allcyl 
chain is substantiaUy neutral. .The amino. hydrogen atoms of primary and secondary 
an$n,es act as acceptor site+ wl$le..the nitrogen ot tertiary amines act as donors. In 
aromatic, compounds the& ‘can $e: an .escess or deficit .of flYelectrons on each side, of 
the ring. depending on :wlie&er the, substituent groups, are, electron repelling ,or at-, 
tracting. In aromatic compoun,ds,both the w-electron atmosphere of the rkg and tpc 
substituent groups can act as donor or acceptor sites. Steric hindrance may also @lay 
an important part in the availability of donor or acceptor sites. For example: the . 
work of FITZGERALD”~~ show that z,6-climethvlphenol has a larger retention volume 
than the close .boiling +methylphen,ol on the donor-type phase diaminodiphenyl. 
sulphbne ‘and z;6-diniethylpyridine has a lirger ret’eritiori Gblume ‘than the cl&& 
boiling 3-methylpyridine on the acceptor-type phase triS-(z-&yano&l!yl)-nittiomktlia’ne. 

.,‘. ,. 

,, ‘.. ‘, ,. : 
THE FACTORS GOVERNING THE RETENTION VOLUME 

. 

N ocv let us consider the factors governing the retention: volume. If ideal behaviour is 
assumed in the gas phase the partial pressure of a solute I above a solution in solvent 
2 at temperature, T” I< ‘is given by : 

$1 = Wl = ~lYl$JOl 

where x1 and y, are the mole fractions of solute I in the liquid and vapour respectively, 
P is the total,pressure, PO, is the ‘vapour pressure of solute I at .T “I< and y1 is the 
activity coc#icient of component I, (referred to the standarcl’state of pure liquid solute 
at the-same temperature and pressure). The partition coefficient I< has been detined3 as : 

: ; ..’ : 

J<=x’..Z,2_-.““:= 
n&5!- ‘, ,_ :’ 

Yl. nnr y*1jvl n pIl ywrpol 
; ‘, ‘. ‘, ,. 

where 9zs and VZ?~ are, the moles per ml in the stationary phase and mobile ‘phase r‘es- 
ljectively &d y”’ refers t’o infinitd dilution. The sfiecific retention ,volu.me per gram of 
statioriary phase F’g is given !y3:’ 

‘.I ‘1 ,. 

‘, 

:, _k- 273 
r/,= -- 

‘,. .: , ‘, p&T : 

., 8, (.’ .( 
’ : .“’ 

iYhere ‘pi is the density of the stationary phase at the.ticblumn temperature T. Then : 
, 

(, 31, ( (’ ; ,. 
” :’ 273 R” : I ":" 

,: ,. 5' .‘. 

~/g=--.--- .I : 

ML 7+Yp"f. 
~ 

., J. Cl1ronzatog., IO (1963) 28L+-2g3 
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where ML is the molecular weight of the stationary-phase liquid, The,absolute reten- 
tion, volume I/ is given by : 

NRT’ 
., 

T’ = --- 
Y*lpL 

" 

4' 

where N is the number of moles of stationary phase on the column and T is the tern; 
peraturd at, which the volumetric flowrate is expressed. ’ 

For ideal solutions y” = r and VO is inversely’ proportional to the valjour ‘p&s- 
sure of tlie compound. However, in gas chr’omatography there is usually a largd’mole- 
cular ‘size difference between the volatile component and the stationary ,pliase So, 
even when’these are both nornial paraffks, there is a small negative deviation from 
Raoult’s laiv due to entropy ‘effects. This is of the form7 : 

* 
log y--J = D(921 - n2)2 

; 

‘. 

where qzl and ?b2 are the number of carbon atoms in the, solute and solvent and 4 is i 
corktant ‘htiving a negative’value. 

Many volatile compourids and stationary phases form non-ideal solutions so 
.that .V, is, controlled by both p” and y” and for a given PO, yV is controlled by the 
value of y* , ‘,’ 

The value of y” is determined by the balance of intermolecular forces between 
the’,mclecules of solute I: and, stationary-phase liquid 2. For solutions where excess 
diitropy effects are small we have: 

where E is the energy of interaction between the molecules. High values of E may be 
due to dipole, induced dipole and electron donor-acceptor interactions. Let us consider 
three’circumstances. ” ” 1 

(I’) E,l j!l w d omilzaM. Here.the solute has,a high ,positive value of log y and there- 
forti i,.small retentioti volume relative to a conipound.of the.same’boiling point which 
forms an ideal solution. For example: associated compounds such as nitromethane 
and methanol on the non-polar phase Apiezon L. (This is equivalent to saying that 
at the high temperature ‘an,d low concentration in the liquid phase these compounds 
are much less associated than in the pure liquid state and would therefore have a 
much higher “effective,‘! p”.) : : , 

: .(2) &, p ye hf omimmt. The solute has a. high positive value of.log y and therefore a 
smaller’retention volume than a compound of the sar@‘boi,ling point ~hjch form,s an’ 
ideal solution; e.g. saturated hydrocarbons on a,glycerol phase. ’ 

.’ ‘(3) ~9x2 P ye owkant. d Here electron’ donor-acceptor interaction between the 
solute.and solvent leads to a negative value of log y and thus to long retention times, 
e.gl ~x,r,z~trichloroethane on Reoplex 400 or primary amines on polyethylene glycol. 

:; ,.,I, .;PIFRCqIX .i?t ad.* have ,stuclied:and correlated the S,value of y? for a ,wide range, of. 
:‘solutes and solvents. 

, z’ ,Il’l+3 effects of these intermolecular interactions arc often larger at lower tempera- 
tures. 1 : ,,: 

,;;,,;.; ,, .‘:.:, ‘;I ‘(I,“, ,. .,,, ‘. ‘, J. Cl~i’&tnlog., IO (rgC3) zS4-293 
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,,: ,, 
CLASSIFICATION OI? STATIONARY’-PHASES ’ ’ ’ .‘a’ 1.’ I ., .i 1 
\ ‘_;s’::.: ..,, :_ .“I,. :.’ ,“. .j I, ..’ ‘14 ,... ‘:::‘, ,. ,, ! 

&I appr0ximat.e measure of the electron donor or ,accc,ptor ,$&e&es’~of~ k 
.’ .;; 

stationary. 
phase can be obtained from the ratio of the retention volumes of t&o compounds 
of about the same boiling point, one an’aeceptor and one a donor. ,Table I shows 
examples of this method based on retentiondata measured at 125’ C on a number of 

TAULE r 

ACCEPTOR/DONO~ RETIZNTION RATIOS ON PHASES 

KEO 
Xl.. I 150 

DGS 
Al?L 
ur-:Bis 
ZONUL 
FCP 
ga x 
AROC.LOiI 
TNB 

I.GG 
I.Gj. 
I.10 
0.6Gg 
o.sgo 
o.gzs 
0.874 
o.s40 
o.G30 
1.2-j 

1.32 
.I.64 
1.2G 

I.74 
1.32 , 
0.595 
0.572 
0.98~. 

: 0.720’., 
0. .jGS 

r.17 

- 

- 
o.gss 
- 
- 
0.622, 
- 

I, 
- 

0.490 

’ - 2.52 

2.14 I.79 
J-73 2.YS 

0.676 0.48 
o.S62 ( 0.70 

” 0.433 0.91 

0.700 . 0.705 
0.714 ,‘, 0.700 
0.705 0.507 
- ‘, 1.01’ 

: ,I 

l Tlic plmscs arc iclentificd uncler Fig. 1. 

phases using the apparatus and methods described by BROWN?.:A high value of the 
ratio indicates”‘a donor-type phase while a low,, value. indicates’ an ‘acceptor-type. 
The selectivity ‘of a given ‘phase for a particular; separation h& been.,determined by 
FAYER~O who uses the ratio of retentiok of two homologous series corrected to identi: 
cali boiling point as. a selectivity, ceefficidnt. h sir&& aplkdach ‘hks’be’en “use:d;;by 
IXUEBNE~F whd used the retention ratio’ ,of methanol, to ,. alkane : to determine .the 

,,.!: “poljrityiin~de?c”‘of’surface acti+e.ggents. ,, : ,.’ ,’ ‘y. :. “.“” ” ‘, .;‘, 
/I 

.,.“, 
‘,‘s;. 

,,/ The .use of .the yb; of ,only two compounds,’ don&&id &xx&&, t,o’. determine .the : , 
properties of a~stritionary~plxkes doeslnot give much information about the rel,ative 
polarity of :the:,pliase and ‘does not :,permit one to, distinguish readily bet’~een’a’&n- 
polar phase aid o&which has both donor and acceptor properties. If, however, three 
iqt compounds are,us,ed, one non-p&r, one, an,acceptor:and, one, a donor ,it,,is possible 
to,clet&mine the reltitivelpel.arity of the’phasezas well, as,its donor or A,cce@tor’potential. 
If Viii, Vbl and Vlt, are the; retePtio;i,‘,)p’iumes of, the ricC&&.r,,,the &ce@k:atjd ,don$r 
coml~,ou’nds $1 the &se we can &kid& *$6 “,retc’ntion, fractio,ns’.‘. ,; ,t. I ) :: I , : ‘il ‘,’ : : ;> : 

I. :. ,. ! ,I 
,’ ‘. : .I:,)‘,,,, 

: 

and similarly Ea and Fct and these can,be plotted on a triangular graph.~The,.retention 
volumes of rt-decane; x,1,2-trichloroetnanqand diosane were measured on a numberof 
phases at :125?! the; retention- fractio&. calculated. to; give’ theL.:classification.,of, 
phases shown:iniEig; r: YThe~non-polar,phas,esz are:close to:.t,he~~iz-decane;apex.andhave 
higli’.-.value’s of ;F,i and :the, polar phases.,, have-.loiv,;values,, of, Fn;J3e-z accep.tor-.typ,e 

,’ I . ., ’ : :. ‘,’ : ‘_ ,.,, ‘.:, u’ J. Ctlronlnlog., 10 (rgG3) 254-293 
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phases are towards the diosane,apex and have a high value of I;cl and a low value of 
Fa, while the donor-type ,phases are towards the trichloroethnne apex and have a 
high,value ofFa,and’a low’value ofFdS ‘, ‘I ‘:: .’ : “. ‘, : .I 1 ,‘. I, 81” 

. ‘. ,’ .,, ,, /. .,,.I. ,, : _’ :, 

., b I ‘. :’ ” ‘. ,:, :‘,/,/ ,, 

.; 

,, ‘., :’ 

” 

.,.. . 
Fig. .1’. ~CIassification~of.stationar~ p’hases. I;’ ,,, F,, Fd’ are retention fractions (see text) calc&,tccl 
from retention datameasured at 125~,by’the author.‘The phases arc: ‘APL =’ Apiezon”L (Metro- 
politan, Vickers) ; XF I 105,' Xl? 1150 '= : cyanoethylatcd silicones (General Electric) with.5 o/0 ,ancl 
50 y. cyanocthyl groups; AROCLOR = Aroclor 12G2 (Monsanto) chlorinated d,iphcnyI;, Q&r I 7 
fluorinated silicone (Applied Science ,Labs.) ; m-Bis =I liz-bis;(?lz-phcnoxjtphcnqxy) -benzene -(East- ” 
man) ; TCR = ’ tricrcsyl phos@hate”(AIbright and Wilsdn) ‘: ,%onyI,‘=k Zonyl E7 (Du Pont) pyromel, 
Iitic perfluoro :ester.; DGS ; F : diethylene glycol succinate (Research Specialities Co.),; : I??? : =, 
polyethylene, glycol 15,oo (Carbide ‘and Carbon) ; RRO.,,== Reoplex ,409 (Geigy) ; TFJ3 T 1,,3,5; 
trinitrobenzene : TCI? = ;dicster of tetrachlorophthahc acid and r-H;r-l-i,s-I-I-oct’afluoro-r-pcntariol, .,. ; , , I,‘:1 ‘, : _, ,’ i ; ’ I ., . ; I. ,. ; : : 

.., ,: 

““” !&ni&,rly, ,‘usjng the. retention djta of ,McNAI$, ,‘%ENN~~~J atid’ BI$WN~ for 
I 

,:,! : ‘I ,, ,’ , : ,’ : ‘,, , ,” : 
g?-hexanc;;ethanol ‘atid z-butarione at rooO”C’ we’ have ‘the classificationof the’,phases ,_ 
shotin, ‘&Fig. 2; The position ‘on ,the triangul$rgra$h ‘for ‘a giv& ,phase i‘s’deterniined 

.; 

by the choice of the three t’est compounds and ‘these can be, varied to’&iit .a *j&&&l& 
problem. The, “functional group, retention ratio” to be, described below can be used 
with advantage i,nstead of the.retention volume of a single compound in the classifi- 
cation of phases by this method. 
I ;‘, , ‘. 
,.,,,, ,:I,.. ~~he’$rmb,krj of .,dotior-type. phases..availnble’:.to, j the ‘gas ;,chromatogr~~her.,is,,ade- 
‘~uatdi!6u~:tl!ere.are few’strong acceljtor-type.phases suitable for ,use over’. a range lof 
temper,atiire.;:Manji strong acceptor compounds have a:‘,rigid molecular .‘structurc 
‘whidh:‘;~~es::them,melting ‘points close ;to:a, temperature* where’.they:.htive.,:an~appre.ci7 
fable : vap,our :;pr&surei The’ : compound ~di+butyl tetrachlorophthalatc lisl : i15 useful 

;“.‘: :. ; ‘: ‘. J,‘_‘.‘,,‘. , : ,, 0 ,: J. Clwomalo~. , zo (xgG3) ‘r84-293 
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iweak acceptor-type phase (Fig. SZ) ,ibut it: h&s Sufficient alkyl conten’f ,to give ; appreci- 
able ~retention~values for- aliphatic hydrocarbotis; If: this: cotipokd, could, be,modified 
by &placing the butyl groupsby more strbngly electron~withdrawitig non~hydroctirbon 

i.,, : ,, :’ I’.’ ,.., .:‘, ,. ;. ,, :: : ,, : .’ , : ” .,’ .: :.. : ‘. ,‘:” ( i ;, .; .,+I. 

,. 

‘,., ..’ 

Fig: 2.’ Clas+ificstio’n of sktionary phks. F,,, F”,‘Fti ‘are retention, fractions (see ,tdxt), calculated 
from the retention data at IOOOC and G7OC of ,BROWN 0, McNAIR~~, :TIZNNBY1?,~anCi’:Ii~UPPIJ. The 
phases are: APL = Apiczqn I;;’ SQUAL = squalane:, Sil-zoo 
methylphenyl silicone (General Electric 8 I 705) ; .S&alc 

=, Silicone DC-260; Me-Ph-Sil ‘= 

“ate; BCP’ A 
= stearvl alcohol ;’ ‘DNP & dinonyl ‘phthal- 

.d+‘-buti te~rachloropht~~latc,;; ~~!.~.‘= benzyldiphenyl, ,DIN .,=: di:F-octyl este,r. of 
&4+dinit&dii;hdnic acid, i,TCP “’ 
pyle& ‘&cdl ; ‘?GS 

7 tr~,drdkyl.p$osphatc ;‘ PEG’ ti 
= diethylcne gljrkol’ succinate; ,DPT 

<pply&lxylene &&$ ; J?llfG .+ bolypid- 
4 = diphenqil foiniati’ide : IDPN’ = i&ii& 

dipropionitrile; ODPN = ‘oxydipropionitrilc; TDPN = thiodipropionitrile; TCEP - 1;2;+tris- 
’ (z-cyanoethyl)-propane: FL-PIC = ,fluorene picratc; FCP = dies$er of tetrachlorophthalic acid and 

:, ” ,I ,. .‘,. .,!;,‘i,‘, ;’ :‘,;,: I’ ,: I-I-I, I-H, 5-H:octafluoro:I.-pentanol. ,: .’ ;’ : .’ : : : : ,F j,< i :: :: ,,!, .;: .,,,l I j. i’” I 
I. : : I. .:., ,,,.., .* ‘, (3 ,,::.i., :, :.:,I, : )*‘..,,,” b,‘, I,! ,;r ;.!_, 1,; ‘.,.“,;,,. !’ .: .:‘:\ ;i ,) ,‘f’.’ /I ,: [ ,. I’. “: ” -‘. 1 

groups a more polar, and more strongly.acceptor-typ,e ‘phase should be’ o&kiried;,:The 
‘diester 1 of +, tetrachlor,ophthalic &id ‘, with :1 :,I~H,I-H;5-EI-octa~u~~~~I-pentano;l’. , &as 
.madc and on,:testing.provkdto.be’a’much:strongc~,.acdeptor,than:t,he!butylles,ter as’jcan 

:,b&‘sken ifrom ,l?i& A..Tliis~stable $uoro&ter ‘is: ailiquid ,at room $emperatur& and has’ a 
,,;boiling pdint,of: r80°,~/o.6,mm..I_I~;;~.“, ‘:, ,I ::.., ‘..‘i. !‘. :” :.-. I:::’ J.:,; :.~~,~:,!,~;_~, i,;; ,,,, ;,I\,) ;.l,,J; 

4, ,. ,I ‘., ,! : I I ( >’ ~ ; i ! ,’ : ..!c.,, ,’ : ‘., ‘I ::.,;.. .: ;,r ( j I, ‘,, : I. (: ,: .,,. ,,:t; :.,,;..E,‘.‘!‘,!: ‘, ;, :... ; *. .’ , . . ; , ;’ . I ,,.:.. ;’ ‘I. :,‘i.,,‘i; ::I 
’ 

IDENTfl;I&&)~; & oRGbr;ri’c ‘C&,&U’N’I>S BY :GAS ,,CHR&&j&ik& :! 
,’ ., : ; ‘, ; ., 1 ..,.: k;.i_ i , ..; L, .:. ,.‘.. ,: ‘, ,. ,. ,,‘,:.. ,. : i : ‘, , ,, ! ,:, :,:;, ‘. ; I,. ‘.’ :. : , ‘,: -, _ ., i’,’ ;’ 2.: : ‘, , ( . ;>. :;.’ i 

,If : we: rever&the~$rocedure~ just ‘described lfor the classification:of ph&escand- run! a’ 
.tiumber bf;tiompound%onrthree selected,phases;!one.tieutral, tine &n acceptbr,and,one a 
.‘donor’:and: plot %he t%ire&~‘affiriit$ fractio&$analogous- to: the :‘ret&ntion ..fra’ctions’?’ 

J. Chvomalog.. IO (1963) 28+-293 
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on’ a triangular, diagram we Shave,a,,method,.for studying the.donor-acceptor,properties 
;of:.the.: volatile, compounds; In an karlier communicationlP the author ;proposed, this 
method. for.’ the ,identification of compounds,.by gas. chromatography.~ From, Fig., I 

of the earlier communication and from Fig, 3 of this paper which is based on data of 
HORNING el aZ.1° it can be seen that the position on the graph is governed by the relative 
strength of molecular interaction of the donor, acceptor and neutral parts of the 

‘.(.,/. 
., 

,‘. I 

., ‘/ ‘.;,_,’ ..,, ,. 
:, : ,‘. ., ;, 
,. ..r: .., i 'A2NGS (. ..’ 

.:. .~ 

‘. 

‘I& ‘3.’ Icki~ifichtion of steroids. A 1, AAz, A, sffin’ity’ ‘fkctions ‘(SC& BRO&N~~) from thd data ‘df 
E~ORN~NG et &\a. Phases i SE 30 =’ silicone; NC;!% + ” -, :, ‘it ncopmtil glycol suctiinatd; Ql? I A fl~o~in’atekl 

‘.’ 
,’ :.i: : ., ‘, ,si@dnti. ,,, .m > , ,, : : 

,’ ‘, 1’ .:‘, , : : ; (,,., ., 

molecules with the stationary-phase, liquids, the position of a given compound is 
fixed for 3 given phases and the-position of a member of a homologous series-depends 
onthe. length of the,hydrocarbon. chain. :.I j .I 

1.~:. The .value of this method of identifying volatile compounds by, gas chromatog- 
raphy :would be improved considerably if- the effect of hydrocarbon chain length. on 
<the :retent,ion r volume, could be eliminated; and we, could study the behaviour. of,: the 
functional .groups alone. This can be done by taking ,the ratio or-log off the, ratio,of 
,Vi of a. compound RX containing the functional group X to the V, of a suitable 
homomo~h,.hydrq~rbon, .e.g. Vg .B-hexanol/vg m-he+ne, or. nifrobenaene/benzenc. 
For- a homologous series of compounds cofitaining the ,same functional group we 
should.. expect) .this to be a constantr at ;‘a given temperature as :the, graphs .of log vV 
,agahist :,carbon number. for (two, homologous :series are’ often almost. parallel straight 
lines;.7Values,of the !‘functional>group,retention ratio,“, Vg RX/V, RH for a’number of 

;:, :’ ‘:’ J. Clrromalog.. 10 (x963) dq-zg3 
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d~ff,eren~,:,.ho,~ologous: series, on .various I phases’ are shown in, Table: 31;' iThese’/tiere 
calculated’ from ;the 4dat,a: of BROW~~;~:MCNRIR~~ and cAUPPx4. using extrs.l5olation,.‘of 
the:.plot of. :yg.Y.R,,R. against carbon number to.-obtain.values for F’i of, the....two. ~.lower ,. 
hydrocarbon :homomorphs~,.It can: be,.seen that the functional group retention \ratios 
are constant to’ within,ltlle :accuracy of ,the experimental .data. The choice of :,homo- 
morph, hydrocarboli. can be made .to suit, the, problem; for example, ,the. homomorph 

, ,“. , .,I, :: .:, I; *..I ,‘.‘:: .,. .). ; 2 ,.. 

,, i ! ,-JABLE, .I1 j 

,‘. ,‘:, :, ,/. FUNCTIONAL GROUP RE’iENTiCiN-RATIOS 
,(, ” .: : 

: ., ,, 

J%asc* ‘I DlN .Al=L : E?+PI~ DNJT S@.U.4 L A DOL:qo 
(. 1 

Tcrrrp.(,C”) rev . ,/ xob / ,100 roe II00 153 r5.3,. :..rs3 ( 

., GY<UfJ. , ‘s 5 ==o. >q,=o -OH .,yOH. ,, -cy ; I /. .-OH i-e ; -CL _. 

Carbon No. 3 - - 87 ‘. a.9 

“,*z’ 

15.0 11.0 6.25 ,’ 

4 
- - 81 9.8 
I 1.3 2.‘97 84 9,s 318 

15.4 I f.0 632 
15.G 10.8 6.28 

G 11.3 3.04 ‘, ,86 8.g;. ‘, 3.9 =5-s 10.4 6.15 

g ,.’ :A:;’ 
2.92 - ‘, 8.6 .’ ,, 14.9 - - 
.2.98 - ,- 

: : 
,;:; 15.0 - 2 

_. 

*These dataiwx calculated from the dataof BROWN~,MCNAIR~~~XI~ RAUPPld.The phases are 
iddntificd under Fig. 2. Adol-4o'is,g,xb-octadecen-I,Iz-diol. 

: 
I 

for z-pentanone could~,bi ~lpdntane or gz-pro$ne if the functional group is taken as 
-CO-CH,, or for the,;study of. the acceptor interactions of chloroform with donor 
phases the homomor$h ,could be, taken as fluorotrichloromethane. The best choice is 
probably the hydrocarbon having, the same carbon skeleton or ‘the same number of 
carbon atoms as th~e~~c,ompound co?taining the: functional group,.; In measuring these 
ratios for compounds ‘containing! functiorial grouks which interact strongly with .the 
stationary phase the retention volumes of the homomorph hydrocarbons may be too 
smallto be measured with’sufficient accuracy and it is recommendkd that these be 
determinecl fyom a log ,V, against carbon ‘number graph for ‘the higher members of 
the series. ‘t I’,, 81, ” 

‘The functional :group retention ratio for a few aromatic compounds has been 
cl&err&x& by l&1&17 lusing benzene as the homomorph. A similar approach has 
been emp!dyedI,b~~,~Llti~*~oHls with steroids. EVANS AND StiITHID~haVe' used ut-nonane 
as a universal...homomorph and KOVATS~~. .a more’ complicated function of “retention 
volumes which,he named the Retention Index and which EVANS AND SMUIITH~” state is, 
“roe, times, the carbpn, number of a, l~y&ietical hy,drocarbon having the sam,e reten,- 
@on, as the:: ~k&&$.‘~,‘~ S~&zb&2~. ~&k’&e. &j furtherand! uses: the :differenc.e 
between KOVATS’ Index: for a compound and for its homomorph: Another method for 
the identification of unknown compounds from retention data has been proposed 
recently -by .ME~ZF~I.TT AND WALSH~~, using .the ratio of retention :volumes:of~ theiun- 
known.on two:carefullyl chosen -phases. : s ” .’ : j ,I j 

. . 
1, i; Ii ; ‘,:I::‘!’ \: ,:.,.:; i’.:‘::“,‘::‘;,,I’...‘, ,i. ,, 

: Let ‘us return tothe functional.group retention ratio; The’value’of,this ratio for 
a given homologous series is a measure ‘of: the ,.interaction, of the functional’group,,x 
with the stationary phase. In fact'-RT:ln RX/RHis:the nett:free erierhchiiige AG 
on the transfer of.one mole of a compound RX fromth6 vapoui-at one'atniosphere 

‘. ! J. Ckromalog., IO (x963) 284-293 



in :the:.,mobile.phase to:solution at’s low given’ctincentratidn’in -the’stationary.pl&se 
plus ,thtitfor:,remov&l of’one mble OF the homoiniirph frb’ti:the;stationary pliase’+&ihe 
mobile phase: unddr the lsame. conditions.‘-Values ,of* the, function&l j&rotip! ret&t& 
ratio or:dG.;‘measured on one ormore stakionary phases,:are’.very use’ful’for the’identi- 
fication. of unknotin &inpounds;‘. ,This easily- measured. .therm,odynamic. ‘quantity 
,which, is .a qdantitative measure: of functiotial gro’up /to phase’ rinteraction c&n be 
divided into its enthalpy and entropy terms by measuring its temperature dependence. 

By using the values of the functional.,group retention ratio on three carefully 
selected phases it is possible 1:o plot the group. rc+ntion.iractions derived from them 
on a triangular graph which showS only one point for each class of compounds. 
Fig. 4 is such ‘a graph based oi the data of RROW~, &NA~R~‘J and RAUP&, This 
method can be employed for the idenfification .‘of unknbwn cotipounds pix&led 
that a method is available for transforming the unknowri compound into its unknown 

: * ! : : 0.s .,, :, ., _’ ,’ )1/, : I;. 0,7, I ,0.6;, . 8; 0.5 0.4.., ,, ‘, 0.3 : :, cf.2 yo.1 : : .i :, I Z!’ )I 

., =‘ alkyl!‘groyp ; q? 7, ,phenyl ,gro.up ; PEG - e polyethylcnc glycol;, T, :’ ‘,, ,: ,.c :J:..;: : I 

; 
,. 

:, .; ,,,;, .‘,‘Z ,!., :,.‘/,‘,* ,L ( ‘,\ ,: ,:“, .i: ,,.;, 3 
.’ (._ ,:, ,.. !, /_., ‘. 

.’ : . 
‘,.“:;:*‘,.,,,.y ‘, ‘,Z’ ., ‘..‘,.‘,, ,, .‘.,P. : .‘., , ,~‘,,~’ ’ “-;:‘,,,~~;i,:~iii_, ,,..~::; 

C,ib> .: 
hom&mdrph:so that %this can .also be :gas .chro&atograph&d on.*the ,sarnd~thr~e-‘Ijh~ses: 
:This 5 degradatidn ,has been done by micro vzi.$our-ijhase hydrdg6tiatjon.J &.a:nutib&+ 
‘,‘of!, oxygerii i’nitrogen .:and’,sulphur: tiompoundsmj by, :wdrkers) a& %he ‘~Bartlestille,~ v;S. ,: 
.~,g_re+u.,:of&fin~s Research: ~abora~orie@, 24.. :.t !‘,. ;‘A. 1 : I .+ ::, I, ,: ‘: i, Y. ..,; : .,:.\, : 8 ;;;.f ,‘i::! qy..!.,;,~~ ,‘r:; :> ;,:s;;: ,:;‘, ; 

’ Yf +~hen8tfi~:donor-;aticeptor:intera’ctioti be’tWden,a .pol&r solute and‘~‘yblqr.pl~a~~:5s: ‘I 1. ,. 

.riotitoo’lhigh:we.find-.that,,the free ,etiergy ‘changej:dG ;A.. -RZ: ln ~R~/R~iis,-a;..ddn~t&nt’,, 
,’ 

‘. ; ,‘ : :.:* : . 1 ; :~ ,d : ., .‘,,‘; . . . . . s b , ,J, Clwomatog., IO ‘(x963) zSq.-ig3, : 



ROLE OF. THE STATIONARY. :PHASE IN GAS ~‘di_iROyATOGRAPHY ,293: 

for .a given :homologotis series on a given phtise ,over a range of colurmi,temperatures. 
Howe&f,' if the specific. donor-adceptor interaction is large,-there? is in” difference:in, 
oriktational freedom on the phakbctweeti the polar cotipound and its homomo+ph 
leading to ‘a chaiige in .entropy:,,qd .this.- gi\rqs;a .yatiatioq, qf;;AG with temper&ure.’ 
For very strong interactions this rn;y lead ‘to. va&aiionAi entropy .and thus ifi :dG 
with the length of the ‘hydrocarbon part of ,thti.pol+r molecule, I ,,I 

.\, /,’ ;, ;..:,. ; ‘,,.’ ,.’ 

The molecular structure of volatile ‘s6ltites ’ and stationary-phase solvents, their 
molecular intei-actions; and the factors gpverking..th,e magnitude ofd the retention 
volumes are briefly discussed. 

;: ,I’ *‘,.., 1, .,,, ,:xi ~;.,.I’,..::‘;:’ ,“Z. 
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