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~I-EROM. 6275 

ADSORPTION ELUTION CHROMr1TOGRAPHY 01; NITROGEN-CONTAINING 

HETEROCYCLE3 ON ALUIlIINA 

The adsorption energies of three acidic and live basic nitrogen-contairlillg 
l~etcrocycles on almninas with surfncc pH vnlucs of 4, 7.5 and 10 iverc mcnsured. 
Mixtures of 10% diethyl ether and IO “//o methvlene chloride wit11 ?a-pentane were used 
for elution. The calculated values of the adiorption energies of the basic nitrogen 
compounds depend on the adsorbent surface p1-I and show the advantage of using 
acidic alumina for the separation of nitrogen bases from aromatic hydrocarbons. 
It was observed that the use of diethyl ether as an elucnt considerably lessens the 
effect of the acidic surface of tlic adsorbent on basic substances. 

INTRODUCTION 

The separation of aromatic hydrocarbons by adsorption elution chromatography 
on alumina has been described in earlier comn~unicationsl~~. Natural mistures of 
aromatic hydrocarbons (oil distillates, tar fractions) usually contain a certain amount 
of nitrogen-containing compounds. In most instances, nitrogen-containing lietero- 
cycles are adsorbed on alumina more firmly than hydrocarbons with four aromatic 
rings, The retention volumes of a number of nitrogen-containing heterocyclcs and 
of polycyclic aromatics are, however, very similar. The 5’” and A 8 parameters, charac- 
terizing the adsorption properties of a molecule (see below), correspond approsi- 
mat&y to the values that are valid for polycyclic aromatics3v4. Polycyclic aromatics 
and nitrogen-containing heterocycles may interfere with each other in those instances 
when the specific properties of the hetcrocyclic molecules cannot assert themselves. 

Nitrogen-containing heterocyclic substances are usually weakly acidic or basic, 
which can be quantitatively cspressed by the negative logarithm of their dissociation 
constant, the pK, value 496, These properties can bc utilized to improve the separation 
of aromatic hydrocarbons and heterocyclcs. The adsorption energy of a substance 
which has acidic or basic character depends, among other factors, on the pH of the 
surface of the adsorbent used and on the PK,~ value of the substance. If an adsorbent 
with a non-neutral surface (PI-I $7) is used for separating a mixture of nitrogen-contain- 
ing compounds and hydrocarbons, an improved separation of a certain type of 
nitrogen-containing substance from the hydrocarbon fraction may result, depending 
on the p1-I of the adsorbent used. The success of this separation depends, however, 
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on the basicity or acidity of the nitrogen-containing compound, since, in the case of a 
substance with a very low dissociation constant, the acid-base interactions cannot 
operate. Moreover, among polycyclic aromatics, tetracene and pentacene are marked 
by liigli retention volumes, so that in most instances they interfere with nitrogen- 
containing heterocycles. 

The present paper deals with the adsorption elution ‘chromatography of several 
nitrogen-containing heterocycles, using three kinds of alumina that differ in their 
surface pH values. 

Alumina, Woelm Eschwcge, was used, in acidic, neutral and basic forms. Prior 
to use, the aclsorbents were deactivated by addition of 6% (w/w) of water, 

Colaanzlts m. 

Columns of lengths 36,24 and 12 in ., I.D. 4 mm, were obtained from Pye Unicam 
Ltd., Great Britain. The columns contained IX. 12, S.5 and 4.5 g of adsorbent, respec- 
tively. The amounts of substances introduced were 0.5-1 mg. The eluent flow-rate was 
Go ml/h. A guard column containing active silica gel was placed before the column 
during clutions with +pentane. 

Detector 

An SPSooB UV spectroplrotometer (Pye Unicam) with a flow-through quartz 
cell, path length z mm, and dead volume 0.2 ml, was used. The wavelengths range 
of 240 to 2Gg urn were cllosen for the detection. 

pz-Pentane was used only for testing the adsorbents. The nitrogen-containing 
compounds were eluted either with a mixture of 10% of diethyl ether in m-pentane 
or with 10% of methylene chloride in It-pentane. All the solvents used were dried and 
distilled. The eluent purity was checked with the UV spectrophotometer. 

The A” ab values reported later in Table II are free from the effect of removing 
water. The precision and reproducibility of the results were checked by two methods. 
Firstly, no more than four samples were injected into the column. Secondly, the 
first injected sample was introduced again as the last one. The procedure was repeated 
by injecting samples in a different order. 

I-IANDLING OF RESULTS 

From the elution measurements, the equivalent retention volume, R”, defined 
as the retention volume of the substance from the dry column (ml) divided by the 
weight of adsorbent (g), was calculated. 

The theoretical calculation of the equivalent retention volumes in adsorption 
chromatography is, according to SNYDER 3, described by eqn, z for a given adsorbent : 

log R” = log V, -I- a(S” - soA,) -I- A.,, (1) 

J. CkYO~mlOgY., 74 (1972) 51-57 
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where V/a is the surface volume of the adsorbent, a is the activity of the adsorbent, 
So is the adsorption activity of the sample, A, is the molecular area of the adsorbed 
molecule, go is the solvent strength parameter and A @as ‘is a complex term including 
the secondary efFects of adsorbent, solvent and the adsorbed sample molecule. 

As the A.., factor is dilkult to express, let us suppose that the effects of the 
adsorbent surface and the pKn of the substance measured arc implicitly included in 
the change, AQ”,, of the adsorption energy, So: 

SoM = So -I- AQol (2) 
The S”af value can be calculated from the measured equivalent retention 

volume of the substance with jz-pcntane, the e0 value of whicll is defined as zero, or, 
if a mixture of two solvents is used for elution, the solvent strength, cab, is calculated 
from eqn. 3: 

e ab 
= 8 

a 
-I- log (Iv,, - IOa”b(sb - Qi- I - iv,,) 

691~ 
(3) 

where en is the strength of solvent A, ~b is the strength of solvent B, ?Vb is the mole 
fraction of solvent B in the binary mixture and 711, is the cffectivc area of the adsorbed 
solvent I3 molecule. 

The adsorption energy is calculated from the equivalent retention volume, 
Ronb, with a misture of solvents A and 13: 

so&f = log ROa,, - log J-5 + 8 ,A 

a ill’ s (4) 

The characteristic values of the adsorbents, a and log Va, required for calcula- 
tion of SO&J were obtained for all the adsorbents by measuring the equivalent retention 
volumes for naphthalcne, pllenanthrene and benzo [nlpyrene with gt-pentane (Table I). 
The cab values were calculated for the adsorbents and eluents used according to eqn. 3. 

Basic IO 0.504 --I ,975) 0.142” 0.152 
0.100” 

a Vnlucs for non-l~yclrocarbon samples. 
b Vczlucs for hyclrocaxbon samples. 

J. ChYOWZdO~P., 74 (1972) 51-57 
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RESUL-ES AND DISCUSSION 

The results obtained from the adsorption chromatography of nitrogen-con- 
taining heterocyclic substances on alumina adsorbents with different surface pH and 
using t&o kinds of eluents, i.e., ?t-pentane with 10% of diethyl ether and gz-pentane 
with ~0% of methylene chloride, are summarized in Table II. As an example of the 
separation of aromatic hydrocarbons and nitrogen-containing heterocycles, the 
values for two hydrocarbons, benzo[n].pyrene and coronene, are also tabulated. The 

4 5 6 7 8 G IO n 
PN 

4 5 6 7 8 9 70 11 4.0 4.5 so 5.5 -Fe 

PW PKa 

Fig. I. Dcpcndcncc of adsorption cncrgies of basic nitrogen compounds on the PI-I of the aclsorbcnt 
surface. I = Isoquinolinc; 2 = quinoline; 3 = acricline; 4 = 7,Sbcnzoquinolinc, Elucnt: N- 
pcntane-r 0 o/o of mcthylcnc chloride. 

Fig. 2. Dcpendcncc of adsorption energies of non-basic nitrogen compounds on the PI-I of the 
adsorbent surfacc. I = Cslrbszolc; 2 = ind,ole; 3 
chloride. 

= pyrrolc. Eluent : a-pcntsnc-10 0/O of rnctlrylene 

Fig. 3. Excess adsorption cncrgics of basic cornpouncls on acidic alumina. I = Elucnt, wpcntanc- 
10% of mcthylcnc chloride ; 2 = Elucnt, n-pentanc-xo”/o dicthyl ether. 

results in Table II are given in terms of equivalent retention volumes, Roab. Free 
adsorption energies, S”, areas of adsorbed substance molecules, As, and the pKLc 
values taken from the literature3-6, are also tabulated. By using the characteristic 
values of the adsorbents, a and Va, and the solvent strength values, 6ab, from Table I, 
the corresponding S ow values for the nitrogen-containing substances measured were 
calculated by eqn. 4. Some of the S ofif values obtained in this way are plotted against 

J. Chromatog~.. 74 (1972) 51-57 
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the pH values of the adsorbents used in Figs. I and 2. In Fig. 3, the values dS”n_~, 
i.e., the difference between the SOM values on acidic and basic alumina, are plotted 
against the pK& value of the corresponding nitrogen-containing base. From Table II, 
it follows that, by using acidic and neutral alumina, good separation of hydrocarbons 
and nitrogen-containing heterocycles can be achieved with the two eluents used. 
Further, it can be seen that interference between coronene and 7,8_benzoquinoline 
occurs on basic alumina. It is expected that this interference would be even more 
pronounced with other weakly basic substances. 

The results show disagreement between the calculated Gab values (Table I) 
and the actual solvent strength found during the determination of equivalent reten- 
tion volumes, XocL~ (Table II). While the calculation suggests that the solvent strength 
of the mixture pentane-Io o/0 of methylene chloride is in all instances higher than that 
of the mixture qt-pentane-10% of diethyl ether, the experiment showed the opposite, 
even if a higher solvent strength of diethyl ether for substances other than hydro- 
carbons was assumed in the calculation of Eati (ref. 6). Certain differences between 
calculated and observed gab values for 10% methylene chloride can be explained 
by the uncertainty in the a values. The differences insub values for 10% diethyl ether 
cad be partially explained by eluent localization. 

, ,.’ The results show that the use of the mixture n-pentane-methylene chloride 
and of acidic alumina as an adsorbent is advantageous for separating nitrogen-con- 
taining basic substances and aromatic hydrocarbons. While the adsorption energy 
increase, AS”A_B, is I-Z units when using the mixture ?t-pentane-methylene chloride, 
this increase is, on average, 0.8 unit less for the n-pentane-diethyl ether eluent. For 
weakly acidic nitrogen-containing substances (pyrrole, indole and carbazole), no 
dependence was found on the surface pH of the adsorbent. It is probable that the p& 
values of these substances are so low that there is no acid-base interaction. The effect 
of the surface pH of the adsorbent is proved unambiguously for basic nitrogen-con- 
taining substances. The increased adsorption energy on acidic alumina is due to 
acid-base interactions between the lone pair of electrons on the nitrogen atom and 
the positive charge concentrated on the aluminium atoms of the adsorbent. A closer 
study of this interaction would require a more precise determination of the character 
of the acidic centres on the alumina surface. 

Prom a comparison of the results obtained by elution with mixtures of diethyl 
ether and methylene chloride with s-pentane (Table II), substantial differences in 
the effects of the surface pW on the adsorption energy (or log Roab) are evident. 
The explanation of this follows from a correlation of the structures of both of the 
solvents with the properties of the adsorbent surface. Comparing the two eluents used 
(diethyl ether and methylene chloride), a symmetrical electron cloud around the 
chlorine atoms can be assumed,’ while the oxygen atom has two lone pairs of electrons. 
Alumina belongs to the group of polar adsorbents with very complex surfaces, con- 
taining both acidic and basic, centres. KMZLEV~ distinguishes between adsorbents 
with so-called positive and negative surface fields. For an adsorbent with a positive 
field, an interaction with electron donors occurs (n-electrons, lone pairs of electrons). 
Therefore, the assumption is substantiated that lone pairs of electrons will be more 
easily polarizable and diethyl ether, as an electron donor, will occupy the acidic 
centres of the adsorbent. As there is simultaneously an acid-base interaction of the 
surface with nitrogen-,containing bcasic substances on the acidic centres, it can :be 

J. Chromatogv., 74 (1972) 51-57 
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stated that the use of diethyl ether as an eluent suppresses to a considerable extent 
this interaction and decreases the effect of the pW of the adsorbent surface. This is a 
typical example of eluent-adsorbent interaction, which was noted earlier by SNWDER~ 

as an ether anomaly. In the present case, the connection of this interaction with the 
acidity of the alumina was definitely proved. This ether effect will take place even in 
adsorption of relatively strong bases (e.g., pyridine). Comparing the results in Table II, 
it is necessary to consider the different parameters of the individual adsorbents. 
For pyridine, the X”,r, values for the 10% diethyl ether mixture are approximately 
the same for acidic and basic alumina, while for the 10% methylene chloride mixture 
a large difference is observed. This depends on the pl<~, value, Lo., a solute of low pz<b 
decreases the effect of the acidic surface of alumina when using the 10% methylene 
chloride mixture as solvent. When methylene chloride is used as an eluent, the total 
adsorption energy of nitrogen-containing bases on alumina is the sum of the physical 
adsorption energy and an energy accompanying the charge transfer in the interaction 
of the n-electrons of nitrogen with the acidic centres of the adsorbent. The magnitude 
of the energy liberated during a charge-transfer interaction is directly proportional to 
the pll;, of the adsorbed base and inversely proportional to the pH of the adsorbent 
surface (Fig. 3). The results obtained show that the surface pH effect cannot be 
neglected when eluents occupying the acidic centres of alumina are used. 
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