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StiMMARY 

The chromatographic behaviour of some aromatic hydrocarbons has been 
studied on columns of Zipax ,Permaphase ODS in water-methanol mixed solvents. 
The increase in retention with the number of aromatic rings in a molecule is .noted. 
A simple relation between k' (measure of retention) and empirical.formulae for un- 
substituted polynuclear aromatic hydrocarbons is suggested. The substitution of alkyl 
side chains on to an aromatic nucleus causes a further increase in retention. Compari- 
sons show that aliphatic carbon atoms are more effective at increasing retention than 
their aromatic counterparts. Chromatographic retention of alkylbenzenes can be 
related to the number of carbon atoms in the aliphatic chain. These relation- 
shipstogether with that linking mobile phase composition to retention might be used 
to give an approximate idea of, the k’ value of an aromatic hydrocarbon given, its 
structure. 

The carbon content of unsubstituted polynuclear aromatic hydrocarbons could 
be estimated from their positions in these reversed-phase chromatograms. Further- 
more;given the identity of the aromatic nucleus of an aralkyl hydrocarbon, the extent 
of aliphatic substitution could also be estimated. Such structural assignments,can be 
reinforced by spectroscopic examination of the separated fractions. 

INTtiODUCTION 

Liquid chromatography (LC) has been widely-used for the separation of aro- 
matic hydrocarbon compounds:The liquid-solid mode has predominated using either 
alumina1-5 or silicas-’ for column packing materials, either on an analytica124*6 or 
prepazative1*s*7 scale. However, useful results have,also been obtained using Sephadex .’ 
LH-208eg or conventional normal phase liquid-liquid chromatographic systems’!Jl; 
In all of ,these cases the type of separation obtained is similar. Compounds are re- 
tained’,iccording to the’ extent of their aromatic nuclei. The presence of alkyl side 
chains seems to cause a greater deviation from the behaviour of the: parent corn-- 
potinds,‘on~siljca;gel than on .alumina foralkylbenzenes4: With both typesof packing 
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the presence of alkyl side chains tends to cause a diminution in retention, although 
this is not universally ~0’~. 

The LC of unsubstituted aromatic hydrocarbons in the reversed-phase mode 
gives a similar result to normal-phase work Is. Compounds with larger numbers of 
aromatic rings elute later than those with fewer. Wowever, in normal-phase LC re- 
tention depends largely on the interaction between the aromatic n-electrons and polar 
functional groups in the stationary medium. Reversed-phase chromatography of 
these compounds is more dependent on their limiting solubility in the polar mobile 
phase. Thus it might be anticipated that the addition of an aliphatic side chain to an 
aromatic hydrocarbon might result in a large reduction in its solubility in a polar 
carrier solvent, but only a small perturbation to the Ic-electron system. This should 
result in increasing retention with increasing alkylation of aromatic hydrocarbons in 
reversed-phase chromatography. This type of selectivity contrasts sharply with the 
insensitivity to alkyl substituents shown by norm&phase liquid chromatography of 
such compounds. 

EXPERIMENTAL 

The apparatus used in this work was a Varian V-4100 high-pressure liquid 
chromatograph with, in series, differential refractive index (RI) and ultraviolet (UV) 
absorption detectors. Columns were I50 cm lengths of I .9 mm J.D. stainless-steel 
tubing, Prior to packing the columns, their interiors were cleaned by washing with a 
series of solvents: acetone, benzene, isopropanol, distilled water, nitric acid (SOa/,), 
distilled water and acetone. The latter was removed by a stream of air and the col- 
umns dry-packed. During this procedure the packing material was added slowly and 
continuously while the column, in a vertical position, was rotated about its vertical 
axis. Vibrations were applied to the side of the column with a Burgess Vibro-tool. 
The packing material used was Zipax Permaphase ODS (DuPont Instruments). 
When packed the columns were bent into a square configuration so that they could 
be housed in the thermostatted water-bath as the column was maintained at 60”. 

Stop flow injection of samples was facilitated by installing a three-way valve 
(Noke Selectomite) between the injector and the pump. This enabled the column to 
be depressurised while full column pressure was maintained at the pump, which was 
stopped. On reconnecting the pump to the column, the former being simultaneously 
re-started, the pressure rose rapidly to its equilibrium value. 

The solvent system comprised various mixtures of methanol and water, both 
of which were distilled before use. Degassing was accomplished by boiling before intro- 
duction to the pump. 

RESULTS AND DISCUSSION 

To compare the retention of the compoundsstudied, Ic’values (chromatographic 
capacity factors) are quoted, such that: 

v, = Vcl(1 + w (1) 

where V, and V0 are the elution volumes of the compound concerned and that of an 
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TABLE I 
k’ VALUES FOR SOME AROMATIC WYDROCARBONS ON ZJPAX ODS 
Solvent, methanol-water (7:3); temperature, GO’. z&xwi . . .- 

No. of k’ Log k’ 
carbon atoms 

-----._-- ____ ._..__ -__ __.._..._.... 
Bcnzenc 0.09 -1.05 
Naphthalcnc 

I”0 
0.23 -0.64 

Diphenyl 12 0.34 -0.47 
Plrenanthrcnc 14 0.55 -0.26 
Anthracene :“G 0.67 -0.17 
Fluoranthenc 0.89 - 0.05 
Pyrcne 0.94 -0.03 
Chryscnc :: K 0.24 
Naphthaccne :: 0.23 
Pcrylenc 2:75 0.44 
3,4-Bcnzopyrcne 20 3.10 0.49 

-- 

log k’ 

0.4 - 0.2 - 

0.0 - 

-0.6 - 

-126 t I I J 
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Carbon number 

Fig. 1. Plot of lob k’ against carbon number for unsubstituted aromatic hydrocarbons chronrato- 
graphed on Zipax ODS. Solvent, methanol-wntcr (7:3); tcmpcraturc, 60”. 

unretained component, respectively. The latter was taken to be the elution volume of 
methanol. The k’ values of some unsubstituted aromatic hydrocarbons are shown in 
Table J. It was thought that an attempt should be made to relate the structure of these 
compounds to their chromatographic behaviour. The simple solution of plotting log 
k’ against carbon number (Fig. I) gave a surprisingly good straight-line fit with the 
experimental data such That 

logk’=a+bC (2) 
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where C is the number of carbon atoms in an aromatic hydrocarbon and k’ is its 
chromatographic capacity factor, Q = -- 1.74 f. 0.04 and b = 0.109 f 0.003. 

Prediction of the Ic’ value of an aromatic hydrocarbon using this column/sol- 
vent system, Zipax ODS/methanol-water (7: 3), given the carbon number of the com- 
pound, seems possible. 

Schmit et aC.*3 have suggested that under the conditions described in this work 
a linear relation exists between log k’ and the percentage of organic modifier in the 
carrier solvent. Combination of this finding with a linear log /c’-carbon number re- 
lationship in a fixed solvent suggests that an exponentially increasing solvent gradient 
should give rise to an elution pattern for unsubstituted aromatic hydrocarbons which 
is linear in carbon number. Furthermore the prediction of the liquid chromatographic 
properties, on Zipax ODS, of a whole range of aromatic hydrocarbons on the basis 
of a minimum of experimental work should be possible. The testing of these assertions 
for a range of solvent systems is necessary to show how widely these ideas are appli- 
cable. It is of interest to note that linear plots of log I? against solvent composition 
have also been found on Zipax ODS for chlorinated bcnzenes, alkyl anthraquinones 
and phthalate esters 13, and to speculate whether structure-retention relationships 
can be framed for these compounds also. 

Fig, 2 shows the chromatogram obtained from a mixture of aromatic hydro- 
carbons. Peak A corresponded to the elution volume of phenanthrene. It was neces- 
sary to discover the identities of B, C and D. Larger-scale separations were carried 
out and the individual fractions were collected. Concentration of these separated 
components was greatly facilitated by solvent extraction from the aqueous methanolic 
phase into a relatively small volume of isooctane. After UV spectra had been obtained, 
these solutions were evaporated down in “Reactivials*’ (Pierce Chemical Co.) prior 
to mass spectroscopic examination. This suggested that A, B, C and D were, respec- 
tively, phenanthrene (or anthracene) and mono-, di- and trimethyl-substituted phen- 
anthrenes (or anthracenes). The UV spectra ruled out the possibility of anthracenes 
in favour of phenanthrenes. 

Fig. 2. Scpslration of phenanthrenc (A) and methyl- (B), dimctlryl- (C) and trimethylphcnanthrcncs 
CD) on Zipnx ODS. Solvent, methanol-water (6:4); temperature, GO”. 

The point of chromatographic interest in this analysis was that the addition of 
alkyl substituents to an aromatic hydrocarbon did cause increased retention in re- 
versed-phase liquid chromatography. This was presumably because of increased 
insolubility-in the mobile phase. To test this finding further it was decided to examine 
some other alkylated aromatic hydrocarbons. Table I1 shows the measurements which 
were made. In every case it is seen that increased alkylation leads to increased reten- 
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TABLE II 
k’ VALUES OF SOME ALKYL-SUBSTITUTED AROMATIC HYDROCARBONS ON ZIPAX 
ODS 
Solvent, methanol-water (7:3); temperature, 60”. 

Comporrrrd 

Tolucnc 
Ethylbcnzcnc 
Isopropylbcnzcnc 
n-Butylbcnzenc 
Durcnc 
1,3-Diisopropylbcnzcne 
Diisopropyltolucnc 
1,4-Di-lcvl.-butylbcnzcnc 
1,3,5Triisopropylbcnzcnc 
1,2,4.5-Tctraisopropylbcnzcnc 
I-Iexacthylbcnzcnc 
2-Mcthylnaphthalcnc 
2-Isopropylnaphthalcnc 
Z,dDi-lerr.-butylnaphthalcnc 
Fluorcnc 
2-Mcthylfluorenc 
Methylphcnanthrenc 
Dimcthylphenanthrcnc 
Trimcthylphcnanthrcnc 
1 -Methyl-7-isopropylphcnanthrcnc 
1,3-Dimcthylpyrcnc 

No. p/ 
alipliatic carbom 

k’ LOK k’ 

3 
4 
4 
6 
7 
8 

1; 
12 
1 
3 
8 

a 

1 

: 
2 

0.17 -0.77 
0.23 -0.64 
0.24 - 0.62 
0.41 -0.39 
0.44 -0.36 
0.54 -0.27 
0.76 -0.12 
0.98 -0.01 
1.19 0.17 
2.03 0.31 
2.06 0.31 
0.32 -0.49 
0.57 -0.24 
2.52 0.40 
0.44 -0.36 
0.71 -0.15 
0.8 I -0.09 
1.22 0.09 
1.74 0.24 
2.41 0.38 
2.52 0.40 

tion. Some examples of separations which illustrate this point are shown in Figs. 3 
and 4. 

Attempts to quantify this increase in retention with increasing proportions of 
alkyl side chains resulted in plotting log lc’ against the number of carbon atoms in 
alkyl substituents for the benzene, naphthalene and phenanthrene derivatives studied 
(Fig. 5). It is to be noted that mono- and poly-substituted compounds were included. 
The straight-line plots of the form 

log Ic’ = A + BC’ (3) 

where C’ is the total number of alkyl carbons, showed increasing values of B as the 
aromatic nucleus increased in size (see Table III). 

Fig. 3. Separation .of pyrenc from 1,3-dimcthylpyrcnc on Zipax ODS. Solvent, methanol-water 
(7:3); temperature, 60”. I = Pyrcnc; 2 = 1,3-dimcthylpyrcno. 
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log k’ 

Solvent 
-1*0/z- Ib li 2 4 

Alkyl chain carbon number 

Fig. 4. Separation of benzene, cumcne, diisopropylbenzenc and diisopropyltolucnc on Zipax ODS 
Solvent. methanol-water (G5:35); temperature, 60”, I = Benzcnc: 2 = cumcnc; 3 = diisopropyl- 
benzene; 4 - diisopropyltolucnc. 

Fig. 5. Plot of log k’ against alkyl side chain carbon number for alkylbcnzcncs (0). naphthalcnes 
(x) and phcnanthrcncs (0) chromatographcd on Zipax ODS. Solvent, methanol-water (7:3); 
tempcraturc, 60’. 

TABLE III 

GRADIENT AND INTERCEPT VALUES OBTAINED FROM LEAST SQUARES FLTS OF 
LOG k’ AGAINST ALKYL CARBON NUMBER FOR ARALKYL HYDROCARBONS SUCH 
THAT LOG k’ = A + BC . . 
C’ is the alkyl side chain carbon number. 

Aromatic nttclcr~s A B 

Bcnzenc 
Naphthalcnc 
Phenanthrcnc 

-0.83 +0.100 
-0.63 -to.129 
-0,25 +o.lGl 

Decreasing the methanol content of the mobile phase increased retention. This 
was found to be more marked for compounds bearing alkyl substituents than for those 
which were unsubstituted (see Table IV). For example in methanol-water (7:3) un- 
substituted anthracene elutes after 1,3-diisopropylbenzene. This order is reversed in 
methanol-water (G:4). An illustration of discrimination between varying degrees of 
unsaturation in hydrocarbons using reversed-phase chromatography has been made 
by Schmit14. 
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TABLEIV 

coMPARk30~ OF DEPENDENCE OF RETENTION 0N SOLVENT COMPOSITION BE- 
TWEEN ALKYLATED AND NON-ALKYLATED AROMATIC HYDROCARBONS ON 
ZIPAX ODS 
Tcmpcraturc. GO”. 

- -_--_ --- 
Cor?lporrrrd k’ value 

Mctlratrol-water Metlrarrol-water 
(7:3) (6:4) 

I .3-Diisopropylbenzcnc 0.54 3.63 
Anthraccnc 0.67 2.82 
2-lsopropylnaphthalcnc OS7 3.03 
Phenantlwcnc 0.55 2.42 
2-Mcthylnaphthalcne 0.32 I .45 
Diphcnyl 0.34 1.19 

__-______ ----. - 

CONCLUSIONS 

Reversed-phase LC of aromatic hydrocarbons on Zipax Permaphase ODS 
with aqueous methanol mobile phases provides separations in which the position in 
the chromatogram of a particular compound can be predicted from a knowledge of its 
empirical formula. Retention of alkyl-substituted aromatic hydrocarbons is depen- 
dent both on the aromatic and aliphatic carbon contents of the molecule. A route is 
suggested to a more complete analysis of aromatic hydrocarbons in terms of aromatic 
ring types and of alkyl substituents. Initially an aromatic class separation is required, 
on a silica or alumina column. It has been suggested that the latter might be less 
affected by the presence of alkyl substituents *. Rechromatographing these fractions 
by reversed-phase chromatography should reveal the extent of alkylation within these 
classes. Jdentification of the components eluting from the reversed-phase column can 
be achieved up to a point using a combination of off-line mass and UV spectroscopy. 
Problems remain, of deciding on response factors for quantitative work if UV de- 
tectors are used. Clearly a more satisfactory detection system is desirable. 

The behaviour of aromatic hydrocarbons with dissimilar ring structures but 
the same carbon content, e.g. phenanthrene/anthracene, perylene/3,4-benzopyrene, 
remains obscure. It would also be of interest, bearing in mind the limited number 
of compounds examined to date, to know whether eqn. 3 (relating retention to the 
extent of alkyl side chains) can be extended to aromatic systems other than those shown 
in Table III (benzenes, naphthalenes and phenanthrenes). 
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