
SUMMARY 

l%e retention order of o-, m- and p-isomers of polar substituted benzenes 
has been investigated on columns packed with silica gel with a hydroxylated surke, 
the elmrat being rr-hexme with difErent polar additions. The elution order is 
determined by the xature and position of the substituent groups, their Suence on 
the ekctron density distribution in the benzene ring, the possibility of the formation 
of intra-mofeculat and inter-mokcular hydrogen bonds and the orientation of 
adsorbate mokcuks relative to the adsorbent surface_ 

INTRODUCE’ION 

In gas-adsorption chromatography (GAC) OE polar adsorbents the additional 
non-specik inter-moIecuIar interaction of the hydrocarbon parts of molecuIe with 
the adsorbent considerably diminishes the difference in total adsorption energy of 
O-, m- andp-isomers of aromatic compounds. ThereXore, the sekctivity of such-well 
known polar adsorbents as porous silica with a hyd.roxyMed surf&a towards these 
isomers in GAC is usualIy lower than in Iiquid-adsorption chromatography (LAC), 
Adequate separation of these isomers in GAC is obtained only upon a further in- 
crease in the adsorbent specificity, for example when us&g such ion adsorbents as 
B&Q (ref. 1). When using non-p&r or weakly polar eIuen& LAC provides the 
separation of o-, m- and p-isomers of aromatic compounds even on suck a weakly 
spectic adsorbent as hydroxylated silica. The higher sekctivity towards these isomers 
in LAG compaed with GAC is caused by the fact that LAC separation is much more 
infiuenced by difEerences in specific inter-moIec&r interactions between p0Ia.r 
groups of the moIecuIe and polar groups or ions of the adsorbent24. The non-specik 
inter-moIec&r interaction of an adsorbent with methyl and methylene groups of 
beme detivSive+ is not as important as in GAC, because the moIecu!es of the 
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eluent (saturated hydLrocarbons) also contain these groups. However, inter-molecular 
interactions of methyl and methylene groups of benzene derivatives with similar 
groups of eluent molecules are of considerable importance. It has been shown5 that 
with mono-a-alkylbenzenes, beginning with ethylbenzene, the increase in ffie length 
of the n-alkyl substituent leads to a decrease in the retention on the hydroxylated 
surface of silica gel owing to the inter-moIecular interaction with the eluent (n- 
hexane). 

The LAC separation of isomers of substituted benzenes with polar groups in 
u-, nr- and ppositions on silica gel, eluted with saturated hydrocarbons containing 
some polar additions, is ensured by the diKerent abilities of the polar substituents 
to form hydrogen bonds with silanol surface groups, the electron density distribution 
in the benrzne nucleus of these molcculcs aud their orientation relative to the 
adsorbent surface. 

LAC has been used successfully for the separation of o-, m- and pisomers of 
alkylphenols and chlorophenols6*‘, methyl- and chloroanilines8.g and other isomersrOJr 
the aim being to rn&mizc adsorbent selectivity; the adsorbent was impregnated 
with cadmium and silver salts. 

In this work we studied the regularities of the order of retention of benzene 
derivatives with different substituents in the o-, m- and ppositions on the hydrox- 
ylatcd surface of silica gel when eluting with weakly polar eluents. 

A TSVET-304 liquid chromatograph equipped with a UV detector (254 nm) 
was used at room temperature for the measurements. Stainless-steel columns (length 
20 cm, LD. 4 mm) were packed with hydroxylatcd silica gel C-3 (with a spe&c 
surface area of 260 mz/g and a particle size of 10-15 pm) by the slurry packing 
method from chloroform. rr-Hexane+bloroform-isopropanol was used as the eluent. 
The retention of o-, m- and pisomers of benzene derivatives containing CH,, ter?_- 
C&H, Cl, Br, OH, COOCH,, Nl& and NO2 substituents was investigated. 

RESULTS AND DJSCUSSIOX 

At a small surface coverage adsorption from non-polar or weakly polar 
eluents on silica gel with a hydroxylated surface, and the corresponding retention 
voiumes, are determined mainly by specific intermolecular interactions and, if it is 
possible, by hydrogen bonding between polar groups of the adsorbed molecules and 
surface silanol groupti J1_ When separating alkyl-substituted Q-, m- and p-isomers of 
aromatic hydrocarbons (+R substituents) the order of elution of these isomers is 
influenced by the change in the electron density distribution in the benzene ring’, 

Tn the separation of o-, m- and pisomers with polar +R and -R sub- 
stituents three basic cases may be observed_ In the tirst case, both polar sub- 
stituents are similar type, in the o-position, they do not form strong intra-molecular 
bonds, or intra-molecular hydrogen bonds in parrcular (the polar substituents may 
be dif?erenf but it is important that they do not exhibit strong intra-molecular 
interactions in the o-position). In this case the dipole moment increases in the order 
p < m < O_ The same order would be expected in the retention of these isomers. 

In the second case, both substituents are also polar, identical or not identical 
and in the *position strong, intra-molecular interactions come into play. Therefore, 
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the o-isomers of such cumpounds should be retained ks than the m- and p-isomers. 
Their dipole moments depend on the e&&on-donating or electron-accepting character 
of the substituent groups which infiuence the electron density in the benzene ring. For 
most of the investigated compounds falling into this group, the dipole moments 
follow the order o -C m < p. However, in addition to the electron density distribu- 
tion, the orientation of the molecule relative to a particular surface and also the 
infEuence of the eluent must ‘be considered. 

In the third case, one substituent is polar and the other is non-polar (alkyl 
group). The contribution of the non-polar substituent itself to the retention volume 
in LC is negligible, but a + R substituent increases the electron density in the benzene 
ring. However, this effect is smaller than the infiuence of strong inter-molecular 
interactions between the substituent polar group of the moIecule and surface silanol 
groups. Therefore, an increase in retention may be expected in the sequence 
o < m < p, i.e., in the order of decrease in the shielding of polar group with alkyl 
substituent. 

Retention volumes of isomers of 16 benzene derivatives were measured in 
order to establish the retention regularities of such Q-, IIZ- and p-isomers on silica gel 
with a hydroxylated surface uable I). An increase in the capacity ratio, K,, for 
silica gel columns with increase in dipole moment is observed for most of the benzene 
derivatives investigated. With dioxybenzenes and toIuidines a decrease in K, is 
observed with the increase in dipole moment, corresponding to the elution order 
p < m -c o. It should be noted, however, that the molecular dipole moment does not 
represent the total capacity of the molecule to engage in specific interactions with the 
adsorbent. 

When the substituent polar groups do not form intra-rr.olecular bonds, the 
isomers are generally retained in the order p < m < a This order corresponds to 
the increase in the total dipole moment of the molecule and to the probability that 
both polar groups interact with the hydroxyl groups of the silica gel surface. 

Fig. 1 shows the chromatqorams of o-, m- and p-isomers of dimethyl 
phthalate, methyl nitrobenzoate and xylene. All of these isomers are retained in the 
order p < m < o because in this instance no strong intra-molecular bonds are formed 
between the substituent groups. Therefore, o-isomers are the most retained as their 
dipole moments are the highest and they cau take the most advantageous position 
relative to the hydroxyl groups on the silica gel surface. 

Fig. 2 shows the chromatograms of nitroauiline, nitrophenol, bromophenol 
and dihydroxybenzene isomers. The order of retention of these compounds is 
p < m c p, which it is opposite to that of the isomers of the first group. In this 
instaoce o-isomers are the least retained as the inter-molecular interaction of their 
polar groups with the silanol groups of the adsorbent surface are weakened by 
in&a-molecular hydrogen bonds between closely positioned substituent groups 
(NH, _ _ -NO,; OH _ . -NO,; OH.. Br; OH _ _ -OH). 

Fig. 3 shows chromato,=s of isomers of rert.-butylphenol, nitrotoluene and 
cresol. The substituent groups in the molecules of these compounds do not form 
strong intra-molecular bonds. However, the retention order o < m < p in this in- 
stance is the same as for molecules in which both substituent groups are polar. This 
retention order is explained by the fact that in these instances the polar group is 
shielded by methyl or rert.-butyl groups, the effect b-&g most notable when two 
cert.-butyl groups are in the a-position relative to the hydroxyl group. 
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Fii 1. Chromatogrun of isomers (elution order p < m < o) on silica get with a hydroxyIated sur- 
faoe. (a) and (k) fzokmm 20 cm x 4 mm I-D., silica gel C-3, particIe size 10-15 m eluent n-hexan- 
chlorafam (!?O:lO), flow-rate 1.2 cmf/min; (c) cokmm 30 cm x 4 mm LD.. silica geel KCC4, particle 
bre S-8 ccn, dllcnt f&came, flow-rate 3.7 cm3imin [data in (c) fmm ref. 51. 

a 



2x0 

OSfldM 0 5 0 0 5 D&-l 

Fz_ 3_ Chmtiogram of isomers (eiution order o c m < p) on silica gei C-3 with a hydmxy!atccl 
srfaa, pzticIe size 10-15 pm, column 20 cm x 4 mm I.D. (a) Eluent n-h-e, flow-rate 2 cm’/ 
min; (b) eIuent n-hexane&omfo rm-isopmparzol (785!Oz2). flow-rate 1 cmQnin; (c) ekent fr- 
k~orofor pmpasiol(75:20:5), fI ow--rate 2 cn?/min. 

Hence it has been shown that the order of retention of O-, m- and pisomers 
with different functional groups is influenced by several factors such as the nature of 
the substituents, their probabIe intra-molecular interaction in the u-position, their 
imluence on the electron density distribution in the benzene ring (4-R and -R 
substituents) and steric hindrance (caused by non-polar substituents in the o-position) 
to the formation of strong specifk inter-molecular interactions between a polar sub- 
stituent of the molecu?e and the silanol group of the adsorbent surface. ihe regular- 
ities obtained for the order of retention of O-, m- and p-isomers help in predicting the 
retention order for isomers of many sitilar compounds, taking into account the 
character of the substituent groups, their mutual influence @o&bilk- of intra- 
molecular bond formation) and thei; specific inter-molecular interaction with the 
polar adsorbent with a favourable orientation. 
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