
INFLUENCE OF THE MOLECULAR STRUCTURE OF AROMATIC HYDRO- 
CARBONS ON THEIR ADSORPTKITY ON SILICA GEL 

The Squid-solid ckromato-gaphy of aromatic hydrocarbons was studied ou 
the system s&a &-n-per&me and retention indices for 113 aromatics are presented. 
The sngssted procedure enabIes one to calculate the elution volumes of parent poty- 
nuclear aromatic kydrocarbo;rs and to predict the a&or&vi&s of afkyiaromatic 

hydrocarbons 2nd napkthenoaromatic hydrocarbons. The resuhs for dipkenyl- 
alkanes, diphenyk&enes and polypkenyis and the effect of bridging metkyIene groups 
show the complexity of this piobfem. 

3Xs study was an extension of previous work’-; on the effect of the molec- 
ular structure of aromatic hydrocarbons on their adsorptivity. ~Most of the previous 
results were ob’ained on aiumina; alkylnaphthalenes and afkylpkenanthrenes were 
also studied on sihca gef3. The results indicated that in addition to alumina, silica geef 
can a&o be used with advantage for the preparation and identification of aroma&z 
hydrocarbons, bearing in-mind the spechic properties and different type of adsorption 
process on diea gd cOrnpared ~6th that on alrrmk12~. 

The adsorption chromatography of aromatic hydrocarbons on silica get 2nd 
the interpretation of the retention data have received less attention tkan those for 
akunina. Tke detailed measurement of the retention data of various types of aromatic 
hydrocarbons woufd heip to extend the presently incompfete knowledge in this area. 

In this work, the retention data of I I3 aromatic hydrocarbons of various struc- 
trtraf tJIpes were measured; the results were expressed as retention indicesr, from which 
gene& condusions about the acisorption behaviour of the various aromatic hydro- 
carbons were drawn. 

Silica gel GT (Reeve Angel, London, Great Britain) was used in the form of 



irregutrlar particks of average particle size E I %~rn. The column was filled by the sErr_q 
~ackidg ‘kctique with bronofo_rin-arboq tetracchlorkie. The activity of the adsor- 
kent is Zpp~ent from the vaIines of the capacity factors, K, for selected standards 
(Table I). 

DiStiZJ& tZ-p3ltZRe, driied by percof2tion though 2 cohmln of silica gel, was 

used as the efuent. Its purity was checked by W spectrophotometry. 

A thick-walfed glass cokrnq 75 cm x 0.22 cm I.D. was used with an eluegt 
iiow-rate of 33 mI/h and an operating pressure of 30 atm. 

Defector 
X diEerendal Uv monitor (Waters &s~c., Miiford, Mass., i-ISA.), opera&g 

at a waveiengtb of 2% nm wirh a ceSI of optical path length I cm and ccl volume 8 
jLI was used. 

Dfocedure 2. 

The efutiorz volumes of solutes were measured simu&meousIy with the duGon 
vohzmes of standards mnzene, nqhthrr’tene, phenanthrene and berzzo(&mtEzracenef 
and retention indices, 1, were caku2ated 8s described previo=Iy’, irr accordance witir 
the equation 

:og f= = fog F, f 
Iog R, - log R, 

; tog R,+x - log R, 

where x n and n+ E represent the so&&e and :he lower and higher standards, respec- 
tivefy, akd the R values are the corresponding corrected retention vokmes (observed 
retention volume minus the bed free voiu-me)). The standards were assigned the foltow- 
ing retestion indices: Benzene 19, =apbthalene 100, phenarrthrene 1000 and benzo(a)- 
antbracene f0,NE. In this work sofufes witi high retention Indices (log 1, > 6) were 
used, and iz was therefore decided C,O add to the ronp of rtaandards btrrro@)chrysene, 
wbic’rr has I = fOf),N@, thus enablin g the sIight dZFerences in adsorbent activity 
caased by variztions in the waler content of the ehent to be eliminated. 

For pzrent cztzmxxferrsed aronatic hydrocarbons (Table f), there is a linear 
dependence of log ion the number ofaromaticcarbon atoms. ~oadensatiart ofanocher 
aromatic ring (four aromatic carborr 2toms) OEE to 2 parent aromatic hydrocarbon is 
accompanied by an increment 4 Iog I = i .O, and for one aromatic carbon atom tie 
increment is 4 log I= 0.25. 

Et w2s found that ffie following equ&ion Is vafid for the measrrred set of cata- 
condensed aromatic bydroczbons : 

jog I = 0.25 EC,, - 0.5 

where nCAR is the nitmber of art3maric carbon atoms in the molecule. 

(21 



ADSORETEVEY OF AROMATX HYDROCARBONS ON SUJCA GEL fl0 

TABLE f 
-ON INDICES OF CATACONDENSED AROMx4TK HYDROCARBONS 

‘fie retention data for pericondensed aromatic bydracarbons showed that 
czrbon atoms that belong to three aromatic rings (so-called peri-carbon atoms) have 
a kmer adsorptfvity than the other aromatic carbon atoms. Et was found that the ap- 
propriate increment for one peri-czrbon atom is Lf log 1= 0.05, while the increment 
for the remaining aromatic carbon atoms is the same 25 for catacondensed aromatic 
hydrocarbons, Le., d log i= 0.25 for one aromatic carbon atom (Table 11). 

RETEivTTON ZNDECES OF PERICO~~Eh’SED AROMATIC ?XYDROCARBOXS 

3.061 
3.423 
4.111 

4.f76 
4.2e-t 
4_4LS 
4.312. 
4.3&. 
4.447 
4.301 
5.045 
ma 
5.097 

The retemion indices of pericondensed aromatic hydrocarbons are c&uIared 
according to the followiog equation: 

log i = 0.25 d,, - a.2 d,, - 0.5 c3 -_ . . 
where XC,, is tie total number of aromatic carbon atoms and nC,, is the number of 
peri-carben atoms in the molecrrle. 



The results in TabEes I and 11 were compared with those obtained by other 
~orker&~. 1~ all ins+~~~ces It was found that ihzre were no changes in the order OF 
eltrtion of solutes and, where pnbEished data permitted the calcuMiaa of retention 
indice~‘*~, good agreemest was obtained. The diEerenccs in the retention indices of 
benzof&yrene arid benzo(ee)pyrene are in accordance with the rest&s pubIkE& by 

StruberP. These differences indicate that therz ar2 also s&c ioteractions &S affect 
the separation of isomers. 

In accordance with the rescks reported previousIy3, an increase in the retention 

Index was found to be caused only by substitution by a metbyf or ethyl group, sub- 

stitution by a propyl group having virttualiy 30 efkct 0~1 the retention index (Table 

KU). On iengthening the alkyd group further, the retention index tends EO decrease, by 

an amount proportional to the ir,crease in the number of carbon atoms in the aII@ 
group. Or; siEZc.a ge!, in contrast to alizmica, substitution by an isopropyl group or 

higher groups branched at the o-car?~on atom was found to wuse ITO s&c bindra~ce 
to adsorption, so that branching of the a&yl group has virtually no efkt OE the re- 

tention indices of alkykromatic hydrocarbons. The effect of the met&l groups is 

additive, Le., when the riumber of grotrps increases the retention index increases 
proportionately. Thes2 findings can be gene-raked to alI aikylaromatic hydrocarbons, 
aIt5ough it cannot be excluded that with e&n% of higher elucio= strea,@~ the efFecE 

of alkyiation might be partly suppressed. 

in the adsorption of alL;ylaromatic hydrocarbons on ahunina, it was observed 

that the individuat positions in the mole&e of an aromatic hydrocarbon were not 
equivalent”. A simik efkct, akho~gh to a lesser extent, was also observed on silica 

geeI, where the methyl&ion of naphthaierre in the Qsoskion enhances the retention 
index more than +Jlat in the l-position ; similarly, Merences were found beEween I- 
methyl- and Cmethylpyrene. Unlike aIumin a, where the contribution of the metbyl- 

atioE of benzene to the retention index is low, OEL sitica gel this increment is the highest 

CA Iog I= 0.30) among alf the sirbs+knces measured. Further, the group Z-methyl- 
naphthalene, I-met~ylpEenanfJrrene, 2-methyfphenantbhrene and %methy!phenan- 
th:eerze fobflows with a mezzo contribution of rl fog I = 0.25. 

An increment of d log I = 0.17 is contributed by the methyl group in the set 
i-aethylnaphtha!ene, Sme’rhylphenanthrene and l-methylpyrene. In other instances 
thz contribution by t&e methy; group is 3 log i = 0. IO, which Is insig~~ifiant from the 
point of view of separation from the parent aromatic system. En connection with the 

non-equivaIence of th2 positions in an aromatic hydrocarbon, it shorrld ‘be mentioned 
that in arytatioa of aromatic hydrocarbons by a phenyf grorrp, the order of incre- 
ments for the phenyI group is the same as that for the methyl group, Le., !%phenyf- 
ar&raceoe < L-phenylzaphthaiene -==I ZphenyEnaphthaIerre -=c biphenyk 

The measurements show that :he problem of the adsorption of akylzromatic 
hydroczrboas on silica get is very compkated and, in additioil, the results are &ected 

by the activity of the geel and tb2 eluent used_ As a general indication, increments af 
L5 log i = 0.15 per one metbyl or ethyl group and zero for a propyE group give a 
me&l guide. 



In most &tames, the retentim indices of cycfoalIcyIaromatic hydrocarbons 
correspond weli with those for aroma& hydrocarbons methyfated in the positions 
where the cyclane ring is attached (Table XV); for instance, +&e retention index of 
I ,2,3,4_te~ahydroan~ne corresponds well with that of 2,3-dimethyInaphthaiene. 
Deviations from this ruIe occur when the s&ucture of the cycfoalkylarom&c hydra- 
carbon invokes methy’lene bridges joining two benzene rings and these bridges are 
not or&o to each other, e.,o., 9! IO-dihydrophenanthrezrene and 4,5,9,1@tetrahydropy- 
rene. 1n such instances the partiafty hydrogerrated molec:uIe wssesses a h&her re- 
tention kdex than that of the parent non-hydrogenated aroma& hydrocarbon. When 
the benzene rings are joined by two afiphaiic chains in the orttro position (9,fO- 

Tcfueoe 
o-XYkE 
m-XYiene 
p-XyIene 
1,2~,5-~e~met~yib~e~~ 

Pentam&y!kie~ne 
%xxnetkylkenzene 
I-&fetkyln2phtkAene 
I-Etkylnapktkaiene 
I-n-Fropylnapktka!ene 
I-n-Pentyfnrpktkdene 
I-Isopropyinaphthaiene 
I-(3-FentJll)naphtkiene 
2-MetkyLoaphthzfene 
2-Etkylnapkthaiene 
1,2-Dimdhylnapkthdeee 
2,3-DimetkylnapktkaIene 
I .tDirnetkylncrpktkdene 
1,5-Dimefkyinaptr~aiene 
2-Metky!zatkrxene 
9-MeffiyIsrdr2cen.e 
S-h~etkytphenamhrene 
9-EtiyIptienanthrrne 
9-n-PmpylpIienw&reiuene 
9-l;-PentylphenzEne 
9-1.5opropy~pkena.etkrene 
Q-(3-Pentyt)pheerulthrene 
I -Methyiphenadhrene 
2-Methyipheriithrene 
3-MetkyIpkenis&xrene 
3,6_Dime&yiphezxantreze 
f-_MethyIpbzne 
4-Metiyfpyrene 
4-MetkyIckrysene 
2-n-Octyltriphenyiene 
3-n-HexyI_peryIene 

1.301 0.301 
1.580 0.580 
1.431 0.43 I 
I.400 0.4OQ 
I-9:0 0.930 
2.355 1.?55 
2.505 I.505 
2.170 0.170 
2.I79 0.179 
2.029 0.023 
I.949 -0.051 
2.130 0.130 
2.029 0.029 
2.250 0.250 
-.- ‘f0 3 O.ZfO 
2.455 0.455 
1.498 0.4998 
2.279 0.279 
2.322 0.322 
2.973 0.019 
3.020 0.066 
3.179 O.li9 
3.170 0.170 
2.091 -0.009 
2.869 -0.I31 
3.0x 0.029 
3.929 -0.07I 
3.2 60 0.260 
3.255 0.255 
x?# 0.240 
3d22 0.422 
3.230 0.169 
3.124 0.063 
4.097 0.097 
3.857 -i?.iS~ 
4.04f -0.163 



Mu2 
I.699 
2a?O 
I.875 
3079 
2.021 
2.x4 
I.914 
2.590 
2301 
2491 
1556 
2.74s 
2.857 
2.987 
EL54 
2.929 
3.371 
3.716 
3.064 
3.230 

dihydroantlxacene, I,2,4,5_diber?zoc~ctopentarre and 1,2,S,6_dibenzocqrcfaac~e~, 
the retention index rem&ins tie ssme as t&t of the non-hydragenzted aromatic hy- 
drocarbon and decreases with incre~ing distztrxe between the &a tin:s. This phenom- 
enaz will be discussed fmther. 

From the results, it is clear thrrt silica gel czn be utilized for the separation of 
tile hydrogenation products of zramatic hydrocarbons. This is ilhstrzted by Fig. 1, 
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which shows the separation of phenanthrene and 1,2,3,4,4a,9,fO,!Oa-octahydrophe- 
nanthrene. This !Xt~tLiatiOl3 is apparently in contradiction to other results’. 

.A benzene ring attached to an aromatic hydrocarbon by a single bond &creases 
the retention index by a value that depends on the type of hydrocarbon substituted 
and on the position of substiitution. For sitica gel, the results obaaised for the zdkyf- 
ation of benzene are in contrast wit’n those obtained on alumina, as mentioned in the 
section on &kyIaromatic hydrocarbons. En accordance with this observation is phenyl 
substitution in the benzene mofecule -the contributiorr of the second benzene ring in 
biphenyl is considerably higher than that which woutd correspond to six aromatic 
carbon atoms. The increase in the retention index accompanying the transition from 
biphenyl to terphenyls agrees well with the increment per one aromatic carbon atom 

for catacondensed aromatic hydrocarbons fil log i = 0.265). The planarity of the 
molecule has an effect, which suggests the posibility of electing a partial separation 
of a- and p-terphenyl. The increment of the retention index on ‘transition from nz- 
terphenyE to nr-quaterphenyl gives a value of d log f = 0.245 per one aromatic 
mbon atom, which again a_grees very well witk the value for catacondensed aromatic 
hydrocarbons. 

The retention indices of I- and 2-phenylnaphthalene are very djfferent, as re- 
ported pre~iously~. This can hardly be attributed to the non-planarity of rhe molecufe 
of I-phenyInaphthalene, because from the exampfe of O- and p-terphenyf it is clear 
that the ef&ct of non-planarity is Iow. It seems mare probable to assume non-equiv- 
alence of the positions of the parent aromatic hydrocarbon, which is substituted. 
The study of the behaviour of alkylaromatic hydrocarbons showed thaw, for exampte, 
alkyd substitution of naphthalene in the f-position always yiefds lower retention in- 
dices than the same al&i substitution in the 2-position. Similarly, it was found that 
on silica gel, methyl substitution of anthracene in the 9-position resuits in a much Iower 
increment lo the retention index than methyl substitution of naphthafene in the E- 
and ‘>-positions. In accordance with this observation it was found tkat phenyl sub- 
stitution of anthracene in the 9- arLd IO-positions leads to the lowest incremerzt in the 
retention index compared witk other solutes measured, as shown by the results in 
Tabfe 1’ . 

TABLE V 

INCREMENIS l-N RETEKTEON INDICES FOR PXENYL SUBSTETUi-XON 

Benzene + Biptenyl L9Z4 
Naphthdene --f Z-PhenylnaphthaIene 1.732 
Bipheny1 + p-‘ferphenyl 1_64G 
Biphenyi -+ m-Terphenyl 1.58i 
Biphenyt + u-Terphecyl I.538 
m-Terpheyt +- m-QuaterpheenyI 1.4773 
N@itbIene - I-Pbenylnaphthdene 1.415 
ikxhracene + 9-Phenytandracene I _Q57 
9-Phe&anthrxzne -+ 3.t&DiphenyIaothracne 1.109 



in tkis group of hydrocarbons, i&t& the ckange in 4 fog I between bipkenyl 
am. d&3kenylmetka~e is very remarkabE : tke imxeraerrt for ‘&e me’&yl group is 0.800, 
w’&ck is a kigker vakze Ekan tke contribrrtion of tkree aromatic carbon atoms. From 
the resuits in Tgble VI, it is obvions that further Iengtkening of the alipkaticckain is not 
accomptied l bi si,gnSca_n_r increments in the retention indices --the mean value per 
one methylene gorrp (except the first) is d Eog I= 0.12. It can therefore be concluded 
l &t in the noIecrrle of tipkenyi~methane the met&y1 grorrp contributes in an extra- 
ordinary way to the adsolrption on silica gel. 

Bipienyi 
C+TlXph5Ilyl 
mTerpheny1 
pTCFpknY1 
m-Quate,~henyi 

I-P~enyinaphthalene 
2-P~enylnaphthaleiie 
9-Pienykn:kxece 
9,10_Dipbeenylantbrzcetr;e 
Digheeoylmethfrane 
IA-Dipbenyybthane 
Z,2-Diphenytethsne 
1,4_Dij~htnvib~~ts1e 
l,&Di&ezytiexaoe 
1,4-Dibe~lbenzene 
1,2-Dibe~zqdber~ne 
TiiphenqZme:hace 
Tti~tycerie 
cis-Stilbene 

rrau-Stikene 
1 ,LDipbe~y~--I-trans.rrarrr;-l,d -Lb&~&n+ 

2.924 
4.462 
4.505 
4.558 
5.978 
3.415 
3.732 
4.021 
5.130 
3.724 
1. _L - 7-7 
3x43 
A.176 
4.304 
6.002 
5.532 
z.929 
5.204 
-... a).- J@t 
3.633 
d.328 

This view is aiso supported by a similar difference between the retention ir;- 
dices of SipheayIene and Errorene, where the intrcduction of a methyiene group leads 
to an imreSent afd 102 I = O_iC& The len_@heting of the &Lane chain in tke mofe- 
cult of 9,rO-dikydrophenanthreile yields ac increment off tog I = 0.1 I6 For tke sec- 
ond nethyfene group- The effect of the methylene bridges between ‘&e two benzene rings 
is obvious from Fig. 2, where dipke~yietkane and dipkenyfbutane are see:~z to be ad- 
sorbed muck more than the two stiibenes. 

Tke substitrrtion of the molecuIe of diphenytmetkane by be-1 iri the parch 
positio_n- Zeads to l,d-dibenqfbeazene. From a comparisoi-i with tke retention index 
of F-terpkenyl, +&e value of 4 Tog i = 0.717 for ezck of the netky’Eene groups is ob- 
tained. Tke lower increment conpared with dipkenylnetkase is due tir the bulkier 
muIecde, In accordance wirk ‘&e analogous effect observed in the group of poIy- 
pfrenyls. F~F I,2-&benzyZbenzzne, the increzxnt of 4 log Z = 0.53 per one znetkyleene 
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i 

Fig. 2. Separation of diplrenylalkanes, diphenylalkenes and po~ypknyls on sika gel. 

group folEows from the comparison with o-terphenyl. The Eower incremeet cm be 
attributed to the increased non-planarity of the mofecule 2nd also to steric hindrance 
of the methylene groups. It seems certain that a methyIene group between two aro- 

matic rings contributes to an extraordinary extent to the adsorption of aromatic 
hydrocarbons on silica gel. A very strong bond is probably formed by hydrogen bridges 
between the methylene group and the hydroxyl groups of the silica gef. An alternative 
point of view was suggested by Snyde?. For two aromatic rings wefl separated by 
an 2lkyI bridgeel there is an increment of localization ener,g which increases re_glarty 
with increasing separation of the two rings 2nd approaches a Iimiting value. En di- 
benzocyclanes, this extraordinary property of the methylene groups does not appear. 
?&is can be explained by the substitution of rhe two rings in their ortlro positions, 
which inhibits Ehe reson2nce effect between them. In the mo!ecufe of 4,5,9, la-tetrahy- 
dropyrene, where the two ethylene bridges fie in the r~eta position, the positive effect 
of the merhylene groups does occur, and the mean contribution for each of them is 
d Iog I = 0.30, which again is more than thzt which correspocds to an aromatic 
carbon atom. When the metbyleoe group In diphenylmethane is alkyrated by 2 methyt 
goup to give I,l-diphenyfethane, +&e retention index does not change; 2~ 2naIogous 

eKzct occurs with the pair ff uorene-9-methyhkorene. If diphenyfmethane is aryrated 
to triphenylmetbane, the retention index increases by d log I= 1.2. This implies 
that the v&e of the adsorption eneqg of the methine group in triplienyfmethane 
decreases to 65% of the adsorption ener,T of the methylene group in diphenyl- 
methane. 

The situation with triptycene, which has 2 high adsorption enera vaIue on 
sifica gel, is very interesting!. Tf triphenyIme”&ane is taken as reference, the increment 
for the second methine group, d fog I= 0.275, or the mean contribution yer each 



m&&e group, d tog i = 0.318, is obtained from the calcuf2tion. In the molecrsle of 
triptycene, t he capacity of the~metbine gronp to form hydrogen bonds is mu& greater 
thzn hz.t of the methylene garrps In 9,LO-dibydroantbracez~e, as tire: favourable stepic 
arrangemeEt of the triptycene molecule permits a reson2nce ef%ct to occur. From some 
of the rest&s in Tables VI and WI it cztn be concluded that oEe&ic carbons behveen 
two 2romzric systems contribute only slightly to the increase in the retention index 
(stibenes, ~benzozydooctatetraene), whereas outside the aromatic system the ole- 
Gnic carbons contribute to the same extent as aromatic carbons (aeenaphthyfeoe). 
However, this conclusion is based ma%y OR the conptisorr of the results for di- 
phenyl2lkanes and diphenyipolyolefins. In this instance, the flexibility of the linkage 
between two Riggs also probabEy h2s an effect, which is greater for an alkyd than 2 

polyvinyl lirrkage. 

FOF this group of compounds, silica gel gives better sep2~2ti01~ than alumina, 
While for aronatic 2nd Akykzomatic hydrocsbons the orders of the efnted com- 
poneEts on s&z2 gel and 051 alumina difCe:r orify very sli&tiy, with this group ofcom- 
pounds consider&le diKeFences were found. For example, the separation of biphenyl, 
I ,2-&phenyMhhae adn 1.4diphenylbutane fFI g. If, which f2iIed when &mina was 

applied, was swxessful OR &i&a ge! I- The elutiian order for 2 series of comporuzds is 
inverted, e.g., for the ptirs 9, EO-dihydroan~~a~ne~phe~~~met~a~e and bipheEmyI- 
ene-biphenyl, lvhich indicates potentialities for boa separation and identification 
FUrpOSeS. 

The rest&s showed that the problem of measwing &ire ehfon data of aromatic 
hydrocarbons on silica gel is very complex. From the imown erution vofumes of 
standards, the eirrtion vo!umes of fmdameirtal catacondensed and pericorLdensed 
aromatic hydrocarbons C.ZEL be calculated nli2bIy and those of alkylaromatic hydro- 
carbons c2r1 be estimated approximately. Compounds that contain praftinis or ole- 

fnie chains between xwo aromatic systems dispf2y deviatioos from the preceding 
group, but the resu&s ensbie the retention indices to be predicted. 

En comp2rison with alumIn of the same activity, the dif5erences bemeen the 
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ehxtion volumes of the vzriaus aromatic hydrocarbons on silica geei are found to be 
lower and, in addition, the difierent adsorption of catacondensed and pericondensed 
aromatic hydrocarbons makes the separation of real mixtures rather complicated. 
On the other hand, the ef5ciency of columns fiIied with f?ne-mesh silica geet can be 
very high, and by means of the sensitive detection of the components efuted good 
results cau be achieved during analyses of mixtures of aromatic hydrocarbons. 

It must be emphasized that &the results reported are valid on!y for the system of 
siIica gel and a paraE& or isoparafE& eluent, and that changes in the order of the 
elated components czn OCCLK~ when a more polar eluent is used. 


