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-Tlaenatuno~~~~Tnthelinesr~~~*faparcialmo~free 
+gy ofsoh@on on a retention index value for all sdstmxs’anaii.on a 
ismmnaq pw, has hem -. A simp!e procedure for .esw the 
t_iiik& df in~iecular interaction energie5 afkr replacement of r&al&l radkab 
with- or unsaturated radic&inaIiphaticsulphidesanddisulphidcshasbeen 
evabtui variation!3 of intemlokllIar interaction erlcrgies of the fbrlctional group _ mctamkc tiliatridec8a~ with the disp lacwxentoftheSatomintothecatban 
rhawwe been dewmined. 



The interpretation ofpohuity in gas chromatography dies fdrl that acci$kd’IIi 
physicat &emktry_ CompkteIy %on-poIaP phases do not exist, because aII of them 
. . 
mtaract inductMy’wIth spbstanccstlMIi&velsrgFdipok -6 eg., with. 
ni~(dipolemomentp=3.6D).otberexamjrlts~~~p;dini- 
trobcee, which have no dipok moments but are cap&k of formingzapkxcs 
with some polar statiouary phases, aud the polar componcut will account for a con- 
&kTabk proportion of the total free energy of sohltioli: 

AG = AGa + (AG, + AG,_.J 

Inoutopinion.polarityinchtamatographymnstbede~bythecapadty 
for various intamokuIlar intcfactious and IueUWed @antitativdyintbevaIucsof 
AG. As it is imp~&Me to fmd one substaucc that is capable of utuiergoing simul- 
taneousIy alI of the po!%iik kinds of intemlokcuIar inter8ctions with tbe stationary 
p~six~havebea,~~~forevahtating~potarity:thtpartial 
mdarfibeenagyoftbe~~~~ofthengfIrant~~(AGCsj)~the 
AG v&es of McReynoIds’ five test SII~Y&BMXS. To estimate the polarity of the 
stationaryphase,theAGvaIuesarecakul&d Eromthe~onpCCViousIyproposlcd 
‘by&: 

AG- -2.3RT[k 1m --Ioan -&flog(*)] 
w~eI,istherttentionindexofasabstancc,eis~densityofthestationaryphase 
at the temperatare of auaIysis (TOK); V, is the spa56c rctcution voltrme of an 
t+alkane with n carbon atoms, which is givcu by the cqpation 

. log V,=a+bn 
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ikolu -1 radicals being replaced with isoalkyl radicab in aliphatic SuIphids and 
dimlphide& _ . 
. 

-AL - 

The gas cbromatographic anAy& of sulphidcs and disulptides with alkyi, 
isoakyl and ~rad.ic&listedinTabksI-IVwasperformedonaPye 
U&am 104 chromatograph equipped with a hue-ionization deta%or. Glass 
cdumns(21OxOAcm)~packcdwith~chmmosorbWAWDMcS 
(S&lOO mesh) (Johns-Mimilte, Denver, Colo., U.&L) with 5% of stationary phase 
Apiezon M (Ap+¶) and polyethylene glrcal loo0 (PEG-1000). The columns were 
conditioned for u) h at 250 “C for Ap-M aud at 155 “C for PEG-1UOO. Sampks 
(OS @ of sabstana~~~)weninjectcdwithaHamilton~~~~thcuppcr 
layer of the chromatographic support The temperatum of analysis was 130 “C and 
the flow-rae of the carrier gas (high-purity nitrogen) was varied within the range 
l&~oO mymirL 

The retention of sulphur~ntaining substan~ as expressed by th; Kovats 
retention index relative to N fialkanes, was determined. The retention indices 
for the investigated compounds have been published previously? To obtain the 
thcrmodynamk fknctions of solution, the retention volame, V, for n-dccane was 
dckrmined ftom the @on7 

t’ is the corrected rekntion time for decane; 
v is the bulk flow-rate of nitrogen carrier gas meamred at room tempezature 

with a foam flow-rate meter; 
wisthemassofstationaryphaseinthecolumn; 
T,isroomtcmpexaturc(“K); 
Iisafactor~gintoaccountthtpnssurtdropinthccolumn: 

j=1 (p~p~-l E 2 a/Jw - 1 1 

isthcwrrcctionforwatcrvapourpres5urc at room tcmperaturc 
@ues of V, for n-decane on Apiexon M and PEG-loo0, the vabk of the 

b~~~ineqn.3andthedensitic$ofthestationaryphasesat130”Careas 
fdtows: Apiezon M, J+. (n-aeaure )=151.7~~b=O~aade=O.840~~; 
PEGlOW, V, ( n-decane) = 219 ml/g, 6 = 0.211 and e = 1.086 g/cm?. The densities 
were cala&ed &om e at 20 ‘C (ref. 8) with the coefkient of volume -0% 
a = 0.001 cd/T (l&L 9x taken into aafmut. 



AG = (AP/loo).& -23RT[Iog(~) -b?l] 

From eqn 8, it follows that A and B depend on the &as chromatog&k cbacte+ 
hticsofn-alkancson~invcsti~tulstati~phase: 

B = A~/100 = dOI_,_ (9) 

~~bCSCCLl~Orneqn.9,Bisthcfnccaergy~~~tolrrtentton~ 
unit,cahIatcdtiomthevalucofbdetc - ~fkomcqn.3or4.Usingcq~8we 
shaucxprcssAas 

A =-23RT[log(+$) -&!I 

andcqn.5,witheqn.9beingtakcninto acaHm~willthaIbewrittenasfolIows: 

AG=AGL,Z,+A (10) 
If 

AG,,Z, = (11) 

WCObh 

AG=AGI,+A (12) 

Fromcqal%itfonowstbatAcanbefonwltxpetimentafbr’forevaysEatianary 
MbyanatysjnPa only. From tke spaS,c rcta~tion volume, V, 
SSBdiDgtothCwdlkJl~cquation’l 

AG =-23RTIog(qg) .. _ (13) 
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~fi6dtht~ofthepartialmo~frceerrergyof~l~~ofanngtkaneinthe 
stationary~Fromeqns.7and9wefiadAG,, arsdcalcafate*partialmOh 

fret energy of solution cq&mht to the retention Wex for m mallcame (AC& and 
theu f%m eqn ltidetamim A: -. 

A = AG-AGI, (14) 
Itcapkseenfromsqa14.thatAinmp.SrCPlCSCPfSthC~~betwetnthe 
ckgy c&Mated from the retention in& based on the energy correspondiag to 
1 retention index unit (AG,,a as obtaiuai from rr-alkancs and the fk eucrgy of 
solution de&mined from the specifk retention volume. From eqns. 9-12 it follows 
that.knowingthevalntofI,andthatofbforrr-alkanes,onecan~~~the 
partial molar fke energy of solution for any substance x. The value of AGI= is 
always greader than AG, and, therefore, A is ahvays positive: it is the energy having 
the sign opposite to that of the f&e energy of solution. ExperimentaI verification of 
eqn. 14 has been performed on aliphatic and cyclic sulphides, mercaptans, aromatic 
sulphursozttaiuing ampounds- and methyl es- of t&w acidsL5_ The equasions 
obtained for suIphur-containing compounds on Apiezon M and PEG-1000 at 
130 “C and for fatty acid methyl esters on SE-30 and Silar SCP at 200 “C have the 
following form: 

A= = -4.98 I, + 793 (15) 

A= =- 3.89 I, + 1052 (16) 

#&J =- 3.35 1, + 751 (17) 

A=- =- 3.oOf, + la46 (18) 

As~by~~~~~RandBinsqn.SaretIrereforedepcndentonty 
on the gas chromatographic charactuistcs of the tz-dkanes used for the calculation 
of the retention index. B is the fkee energy corresponding to 1 retention index unit 
but the physical mcaniug of R is not char. Possiily, A is the cncrgy expendcd by 
rr-alkancs to overcome the surf.. tension of the stationary phase. In 1962 Anvaer 
et uf.” indicated that the free cue= of solution includes not only the ene+es of 
~~orkntativt,indadiveand~~~o~butalsotheenergyerrpended 
to move apart the solvent mokzuh The magaitudc of this energy depends on 
the shape of the mokde of the dissolved substance and tke surf&e tension of the 
stqtionay phase. Later, a similar idea was put forward by Sakharov and co- 
worker@*. However, for A to be regahd as the energy expended on the penem 
tionof~mo~intothcstationaryphastlaytrit~ncoessary to conduct 
additional speciaI investigations. 

Eqn. 2 makes it possiik to obtain data for thermodynamic calculations of the 
contriitions made by the individual units or functional groups of the substances 
being an@sed to the partial molar fne energy of solution As it follows from 
eqa5fott(~0SUb~5~dP,analysedononestationaryphaseatagiven 
tempcratun,thc~~~~tbeirpartialmolar~energiesofsotrrtioncan 
befz&ulatedQfkomtheequation , . 

’ &AC), i -O&23 Rim 2. : (A~/lOO) d I, (19) 
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where t5 +, is-the dliiiice between the retention indices of substances i andj and 8 
&&ermmedfkomeqn.3or4. . 

EqIL 19atablesoneto~thecnergy~~cin~eforcesofinter- 
molecular interactions of the two compared substancq which makes it possible to 
evahmte the energy contributions of dierent strucauatunitsofamoleculeorofa 
fuuctloual $roup tq the fire csxergy of solution. 

Eqnl9wasu.sedbyustoaso&iCnthedit&eesintheewgyofdis- 
per&e intera&on with the polar and non-polar stationary phases of allql radicals 
with normal and iso structutes, as~pliiied by aliphatic suiphides and disulphides. 

TableIshowsthevaluescalcukd for the partial molar fke energies of 
solution, b (AG)-, for dkalhyl sulphides and their isomeric n-aikyl isoalkyl 
mlphities in Apiam M and PEG-1000. If we compare the variation of the 
61 kb values on Apkzoa M and PEG1000 it appears that the amtributioh of the 
radicalsisditraentanddependsontttepolarityoftbe~onaryphase.Infad, 
thisisnotso.Iftheenttgycornspondingto1~teationindexunitistakeninto 
accouut, it turns out that a change in the free energies of solution caused by the_ 
isoradicatrcplacingthcnormalradical,b(A~,isvirtuallythesameonbo~the 
polar and the not-polar stationary phase in sulphides and disulphides (see Table I). 

Shnilar results were obtahted by the aualysis of d&-z&l disulphides and their 
isomeric u-alhyl isoalkyl disulphib With the replacement of the ~orsual radicsl 
with~isoradicaliadisulpbides,aswellasiasulphides,thevalueofb(dG),,is 
seentokspecificforeachradicalaadtobevirtuallythesamtonboththcpolarand 
the non-polar stationary phases (see Table I). 

Comparison of the data iu Table I makes it possible to draw the conchtsion 
that b(AG)..I, mprerents ey the change in the energy of dkpersive interaction 
of iso radicals (as compared with normal radicals) with the polar and the non-polar 
stationary phase, which does not depend on the nature of the fimctional group, 
-S- and +. It should also be noted that the energy of diqersive interaction 
dm with kere&ng branching of the radical. For example, for both sulphides 
and disulphides, the replacement of n-butyl with fe~.-butyl results in a reduction iu 
the fkee w of solution of 473-525 cal/moIe in Apiczoa M ad 498-526 cd/mole 
in PEGlooO. ‘Ihe less brauched is the radi& the lower is the value of g(AG),,_L, 
e.g.., what rr-amyl is replaced with isoamyl, the observed change in the inter- 
moiecular interaction is only 18!LZl4 Cal/mole with Apiezon M and 171-214 Cal/ 
mole with PEGlooO. This may be asscciated with the formation of a @eater number 
0f~ardsoftbeaormalradicalswiththesEationaryphasemolecalcsthanofthc. 
more compact iso radic& which rcduccs the energy of intermoiecular interaction of 
tbe~withthe~~phase.Itis~e~intenstingtostadythenature 
of the variations of NAG)._, and, in our opinion. this wiU be us&I in elaborating 
the theory of solntiolS. 

A &as chro~phic study of sulphides and disulphides with -1 radicals 
containingadonbleandatriplecarho~ bond made it possiile to obtain data 
on the variation of.the mergy of intekolecular interaction ofunsaturated radicals 
with pokaad non-polar stationary phases Table II gives the values of &AC);.- 
for snlphidcs and dkmlphidcs. The replacemen t of HSlLyl and Spropyl with vinyl and 
allyliadicals.-~v~y.~in8.verysligbt~inthcenergyof~~- 
molecular i&action with-the nonpolar stationary phese. The picture m 
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AUiXp~OQ~palatPEGlooO~~~: llwa@mdQllp~anddisul- 
phmanveudinthecohmln!onger~~~~ camponnds,i-e.sthe 
seqaenotOfdUliOllOf~~~hoomparisonWlthApicuwM.ASCaU 
lie set0 fkom Tab!e II, the energ$--~‘in~on witb PEGlWO, when 
adoubkbondisias&edintotlknormalradkl,inrreasos on avesage by 191-211 
cal/mo~andtheiusertionofatripkbondresnltsinaIfddkcrease intheenergyof 
~~O~in~~withthe~tionary~.Inthis~We~probaMy 

ddhgwithaspedcdonoeacceptorintemtionof~~radicalwith 

ttPepdarPEG-1000.It~ofintenstthat,aswittr.~iso~variationofttte 
intexmolaazlarintcxactionenergyisspec&totheunsaturatedra~anddepemis 
oniyslightlyonthenatureoftbe-s-aud~fimctionalgroup& - 

Using McReynoIds’ tabW9 we calculated the v&es of g(dal, and 
d(~%ZlU8L forethersaddesteraAscanbeseenf?omTablelII,thechatacteristics 
obtained for isoaliphatic and -@ddhtlS~thCSWlCBsthOWObStZVd 
for~~~and~p~in~w~takingintoaccopnttheditferenctinthe 
anatysistempcratares.Ifirrtramokcularinteractianofafimctionatgmapwitha 
doable or tripIe bond of the radical is passl’ble in the molecule investi@& the 
vab.~ of b(AG.L.-,. wil&ofcourse,alsodepcndonthenatureofthelunctonal 
gnnrp. 

In m chromatography the total fke energy of solution is often rcgdcd as 
being the sum of the en- contributions from the individual groups of a mokcuk 
The piincipk of the additS@ of thermodynamic functions has been used- to 
classify stationary ph8ses proceeding from the fke energy of solution of fuuctional . 
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Gary a m ~.Abm&gt04h~ viecR$ of Novak and cO.WOdCCd-, 

for:*‘(cH&(cH&Jc’hamolo~ws !scrie& what x is the fhctional group, the 
fobwing equality is valid: 

. ‘_-_ _ - ~ . . 
AG-,= ‘ndbas+mdQ=+A~ (20) 

i ’ _ ,-* -. . . . . 
fromw~~Ttfollowsthattheoon~~~ofafimctionalgroPpto~fict~ 
ofso~~dasnotdependonitspositioninttremolcculeandisthcsameindift~t 
homologous sai* being dcscrii by eqa #). 

Vig the retention of a substance in gas chroma&graphi as being de&r- 
mined by the euesgy of intermokcular interactions with the stationary phase, one 
would expect the’charactnistics of the interactions, of both physical and chemiwl 
nature,‘to depend not only on the nun&r of atoms in the tictional group and its 
szezn iv po$ion in the pokcuk. The_place ?f the_functional_group 

termmes rts accessiiihty as segards m-on with the stat~omuy 
phase. It shotdd also not be excluded that murounding groups exert F. mutual eBcct 
an the capabiity of the f&lnctionaI group to enter into iutermokcukr interactious. 
From this point of view, it wouId be wrong to assert a priors that the energy con- 
tribution of the carboxyl group will be the same in the homologous series of salkyl 
Wtes and methyl esters of fatty acids. although, formally, these homologous 
series are both descrii by cqu. 20. 

To check this assumption. we StlxEed the gas chrom&ographic behaviour of 
metameric compounds, Le., isomers belongiug to the same class with the same 
number of carbon atoms but with difE&ent positions of the functional group. This 
makes it possiik to answer the question of whether it is comet, knowing the 
maguitude of the fhnctioual group’s contribution to the fict eucrgy of solution of oue 
homologous series, to regard this conm’bution as remaining uuchanm iu mother 
homologous S&&L Iu our study we chose the S- sulphide group for which, as was 
pxeviously established“, the energy of intermokcukr interaction with polar and non- 
pokrstatiorlasyphaWis&L&. - dbythcenergyofv8nderwaaxsphy&calfonrs. 

we fonowed the variation of the-s-group w contr.iion in thiatridW 
~e~as~movesintothealiphaticchain_COmparisOnof~rctention 
indices of the homologous series methyl rr-alttyl, ethy1 IHE& propyl -1 and 
brrtyl MU# suIphide# has shown that the ci~crgy umtrhxtions of AC?- apd 
A~~thC-inthCEttctamers studi~aQdarc~tothecucfgyoontn’butions 
oftbescgroupsin rr_alEcaws The Ganctional group*s energy coWiiution in the series 
of mctamcrs decnascs with the migration of the sulphur atom along the chain. This 
caabe~y~~mthedatainTableIV,which~thevahresofthedifferencc 
betwem the fke energiH of sohltion for thiatridecane me&mers andthiatridecan+2 
It~besten~TabkIvthat,whenthe~phptatommoves~~position2, 
Le.. at R-5 to position 7, at K= 7,thepMialmokrfi#~ofsohxtiou 
dsreases by 234 Caymok with Apieion M and by 308 cat/mole with PEGlOOO. 
From this, the impor&nt conclusion is M&red that one can use additive equations 
simrlattoeQn.20ontyfor~~~~series.In~~the~tribution 
of a fimctionai group, A@, it is necssary to indiaxte its position in the mokcuk. 

ThccWgyoontn’bation0fthefimcttonatgro~~~asthat0fthc 
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