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Retention parameters and eluent composition in thin-layer and high-perfor- 
mance liquid chromatography of aromatic nitro <ompounds in reversed- 
phase systems 
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(Received September 15th. 1980) 

It has been emphasized by several authcns’-5 that the systematic use of gradient 
elution chromatography depends on the formulation of quantitative relationships 
between the solute retention and the composition of the eluent. For the so-called 
reversed-phase liquid-solid- systems (aquoorganic eluent-silanized siiica) this rela- 
tionship is given by the simple semiempirical formula 

where a and b are constants and c is the concentration of th? modifier (methanol, 
acetonitrile, etc.) in the eluent, expressed usually in volume fractions (or volume per 
cent). This relationship, reported first for analogous liquid-liquid partition sys- 
tems6* has been confirmed by a large number of studies (e.g., refs. 7-34 in ref. 1) 
althouih for some solute-solvent systems deviations from linearity have been reported 
(e.g., refs. 2, 9). Melander, and co-workersg*rO utilized the formula to investigate the 
relationship between the hydrophobic properties of alkylbenzenes and their chromato- 
graphic parameters, and discussed the application of the method in quantitative 
structure-activity relationships (QSAR) of biologically active solutes”_ 

On the other hand, the comparison of retention data from thin-layer (TLC) 
and high-performance liquid chromatography (HPLC), has been investigated mainly 
for normal phase systems I2 - the comparison is of practical interest owing to the poten- , 
tial use of TLC as a pilot technique for the optimization of HPLC, including pre- 
parative separations. 

In the present work the retention behaviour of aromatic nitro compounds on 
thin layers of methyl- and octadecylsilica (RP-2 and RP-IS) was compared with 
column HPLC data obtained for octadecylsilica. Mixtures of water and methanol 
were used as eluents of good separation selectivity3*13*1i. 

EXPERIMENTAL 

Thin-layer chromatography of nitro compounds (Table r) was carried out 
using 10 x 10 cm gIass plates with a 0.25-mm layer of silanized silica (RP-2) and 
HPTLC plates of RP-18 silica (E. Merck, Darmstadt, G.F.R.). One-microlitre samples 
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of 0.1 0k solutions of solutes in methanol were spotted 1 cm from the edge and the 
plates immersed in a O&cm layer of the eluent (60% methanol for RP-2 plates and 
80% methanol for RP-18 plates). The chromatograms were eluted to a distance of 
9 cm. The nitro compounds were visible as yellow spots or were localized under UV 
light. 

Column HPLC was carried out using a liquid chromatograph’ with 200-ml 
syringe pump, 5-,ul sample injection valve, steel column (250 x 4 mm I.D.) packed 
with lo-pm LiChrosorb RP-18 (E. Merck) and 2%nm UV detector. The flow-rate 
was 0.6-l .2 cm3 min-’ depending on the hydrophobicity of the compounds. The column 
dead volume was determined using an aqueous solution of potassium bichromate. 

RESULTS AND DISCUSSION 

The chromatographic results (HPLC) are represented as plots of log k’ vs. 
percentage methanol (Fig. 1), which are linear for almost the whole concentration 
range investigated and spread fanwise owing to increased selectivity at higher water 
contents in the eluent15, especially for less polar solutes. The selectivity, d log k’, can be 
directly estimated from the plots (log a = log k: - log k:). 

Comparison of the retention of nitro-, 1 +dinitro- and 1,3,5_trinitrobenzene 
shows that the A log k’ (NO=) value is not constant, being smaller for the third nitro 
group. This is presumably due to the fact that the mesomeric effect (-M) decreases 
with :he number of nitro groups already present in the benzene molecule so that these 
compounds cannot be considered as a homologous serie9. 

For nitro derivatives of naphthalene and biphenyl the A log k’(NOJ values are 
also differentiated. As usual, the larger size of the non-polar part of naphthalene and 
biphenyl in comparison to benzene derivatives causes stronger retention, expecially at 
higher water contents. 

Weaker retention of 2-chloronitrobenzene in comparison to the para isomer 
(Fig. lb) is presumably due to the smaller conjugation effect in the former caused by 
steric repulsion betwees the two dipoles and increased polarity (dipole moment). The 
introduction of a second nitro group into the para position of 2-chloronitrobenzene 
further weakens the retention, and this effect is augmented when chlorine is substituted 
by fluorine. On the other hand, introduction of one or two methyl groups !~lt_o nitro- 
benzene increases the hydrophobic properties and thus prolongs the retention times. 

Owing to the formation of an intramolecular hydrogen bond, 2-nitrophenol 
(Fig. lc) is slightly more hydrophobic than its isomers and is thus more strongly 
retained; a similar effect is observed for 2-nitroaniline (Fig. lb) in comparison to its 
nzefa and para isomers (Fig. lc). Generally, for polar compounds having donor- 
acceptor properties (nitrophenols, nitroanilines, nitrobenzaldehydes) the interactions 
with the mobile phase, expecially hydrogen bonding, largely compensate the hydro- 
phobic interactions with the RP adsorbent so that their retention is weak. 

To determine quantitative relations between HPLC and TLC data, log k 
values (HPLC) were plotted against Rgl values (TLC)_ Owing to the limited wettability 
of RP adsorbents by aqueous solutions, 80% methanol was used as eluent for RP-18 

* Produced by Institute of Physical Chemistry of the Polish Academy of Sciences, Warsaw, 
Poland. 
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Fig. 1. log k’ values of nitro compounds plotted against concentration (voIume per cent) 
methanol in the eluent. Active solid: octadecylsika. Notation of solutes as in Table I. 
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plates; 60% methanol for RP-2 plates gave an appropriate range of I?,- values (0.2- 
0.8) for most solutes. 

The sequence of solutes on RI’-18 HPTLC plates and for HPLC using LiChro- 
sorb RP-18 was found to be identical (Fig. 2); however, for RP-2 plates there were 
some changes in the sequence (Fi 50. 3). The regression equations for the correlations 
are : 

101~ km = 0.93 RnrcIs, t_ 0.13 (r = 0.992) 
lo,0 k,, + 1.35 R.,f(z, -j- 0.64 (t = 0.930) 

R ,,r(18) = 0.94 R.u<z, + 0.09 (r = 0.900) 

Thus for identical adsorbents the correlation of TLC and HPLC retention data of 
nitro compounds is very good in spite of differences in the properties of the solutes and 
the limited accuracy of the TLC technique: a minor shift of the straight line relative to 
the origin of the coordinates is presumably due to differences in the phase ratios 
(%dS : Vo). The spread of the points is considerably greater for comparison of TLC data 
for the system RP-2-60 % methanol and HPLC data (RP-18-80 % methanol), although 
for homoIogues the correlation was quite good _ ‘* Moreover, the higher slope of the 
plot (Fig. 3) shows that the RP-18 system is generally more selective, althou,oh for 
individual pairs of solutes the RP-2 system may be more selective’9. The effect of 
brush length on selectivity is also seen from the third equation which shows the only 
partial analogy of TLC data for RP-2 and RP-18 systems. 

Fig. 2. log k’ values of nitro compounds (HPLC) plotted against TLC data. Chromatographic 
system: octadecyIsilica-SO% methanol. Identification of solutes as in Table I. 

Fig. 3. log k’ values of nitro compounds obtained For the system octadecylsiiica-60% methanol 
plotted against TLC R.,, vaIues for the system silanized silica @P-2)-60% methanol. 
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The correlations indicate that approximate optimization of eluents for HPLC 

can be carried out even using the less expensive and more wettable RP-2 sorbent, at 

least as far as the range of k’ values is concerned. The use of the same adsorbent in 
pilot TLC experiments and HPLC secures much better correlation, permitting also 
preliminary determination of programs for gradient elution. 
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