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Abstract. The retention time of 23 barbituric acid derivatives was determined on an narrow-bore porous 
graphitized carbon (PGC) column employing water-dioxane mixtures as mobile phases. The retention fac-
tor (k), theoretical plate number (N), and asymmetry factor (AF) were computed for each analyte in each 
mobile phase. Quantitative structure-retention relationship (QSRR) calculations using stepwise regression 
analysis (SRA) demonstrated the binding of analytes to the surface of PGC stationary phase is influenced 
by electrostatic interaction and sterical correspondence between the stationary phase and the various sub-
structures of barbituric acid derivatives. (doi: 10.5562/cca1639) 

Keywords: barbiturates, porous graphitized carbon, quantitative structure-retention relationship 

 
INTRODUCTION 

Barbituric acid derivatives show a high variety of biolo- 
gical activities. Thus, it has been recently reported that 
they can trigger transient local amnesia,1 inhibit reverse 
transcription-PCR,2 cause brain and body temperature 
homeostasis,3 influence the electrooxidation of 4-me-
thylcatechol 4and are metabolised by N-glucosidation.5 

Because of their marked significance in human 
and veterinary health care a considerable number of 
chromatographic methods has been developed and suc-
cessfully applied for their separation and quantitative 
determination in various complex matrices. 

A direct immersion solid-phase microextraction 
coupled to gas chromatography-mass spectrometry was 
employed for the simultaneous determination of barbitu-
rates in human biological fluid6 Other various HPLC 
technologies have also been used for the analysis of 
barbiturates.7,8 The optimal separation conditions of 
barbiturates in capillary electrochromatography,9 in 
micellar liquid chromatography,10 biopartitioning micel-
lar chromatography,11 and in microemulsion electroki-
netic chromatography12 has been studied in detail. 

Quantitative Structure-Retention Relationship 
(QSRR) studies have been frequently used in each field 
of chromatographic research to find the theoretical 
background of separation phenomena, to facilitate the 

optimisation of concrete separation problems and to 
define the physicochemical and/or physical processes 
responsible for the retention characteristics of a ho-
mogenous or non-homogenous set of analytes.  

Linear and multiple linear regression analyses 
have been extensively used in QSRR calculations to 
find the relationship between one dependent (generally 
a retention parameter) and one or more independent 
variables (generally molecular characteristics of the 
analytes). These linear QSRR methods have been re-
cently employed in chromatography for the investiga-
tion of the molecular mechanism of separation,13 for  
the classification of modern stationary phases,14 for 
structure-retention relationship study in HPLC15 and in 
GC,16,17 and for the elucidation of the correlation  
between retention and biological activity.18 Stepwise 
regression analysis (SRA) is an up-to-date version  
of multivariate linear regression analysis. In the tradi-
tional multivariate regression analysis, the presence  
of independent variables that exert no significant influ-
ence on the dependent variable decreases the signifi-
cance level of the independent variables that signifi-
cantly influence the dependent variable. SRA over-
comes this difficulty by automatically eliminating from 
the selected equation the insignificant independent  
variables enhancing in this manner the information 
power of the calculation.19 
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The aim of the study was the measurement of the 
retention parameters (retention factor, theoretical plate 
number and asymmetry factor) of a set of barbiturates 
on a narrow bore PGC column in water-dioxane mobile 
phases, the assessment of the simultaneous impact of 
organic modifier and physicochemical parameters of 
analytes on the retention characteristics applying step-
wise regression analysis (SRA) and the comparison of 
the results with those previously obtained using another 
set of barbituric acid derivatives as model compounds.20 
 
EXPERIMENTAL 

Chemicals 

Dioxane of HPLC quality was purchased from Romil 
Ltd. (Cambridge, UK). The use of dioxane as organic 
modifier was motivated by the fact that the separation 

parameters of dioxane differ considerable on the retention 
characteristics of other frequently employed organic 
modifiers (methanol, acetone, acetonitrile, etc.). The 
application of dioxane may result in different separation 
characteristics of the system. The application of 48–35 % 
(v/v) dioxane concentrations were applied because the 
barbiturate derivatives show measurable retention times 
in these binary mobile phases. The chemical structures of 
barbituric acid derivatives are listed in Table 1. 
 
Chromatographic Conditions 

The solutes were separately dissolved in the mobile 
phases at a concentration of 1.0 mg/ml and 0.5 μl was 
injected into the column. Determination of retention 
times was carried out with a Waters LC Module HPLC 
device with a variable volume injector and a Waters 746 
Data Modul integrator (Waters-Millipore Inc., Milford, 
Massachusetts, USA). Measurements were performed 

Table 1. Chemical structure of barbituric acid derivatives 

 

 

 

Compound No. R1 R2 R3 R4 X 
1 allyl 1-methylbutyl H H S 
2 ethyl 1,3-dimethylbutyl H H S 
3 ethyl phenyl H H O 
4 ethyl ethyl phenyl H O 
5 ethyl ethyl benzoyl H O 
6 ethyl ethyl benzoyl Benzoyl O 
7 ethyl ethyl p-Cl-benzoyl H O 
8 ethyl ethyl p-NO2-benzoyl H O 
9 ethyl ethyl p-NO2-benzoyl p-NO2-benzoyl O 

10 ethyl phenyl phenyl H O 
11 ethyl phenyl benzoyl methyl O 
12 ethyl phenyl p-NH2-benzoyl methyl O 
13 ethyl phenyl o-NO2-benzoyl methyl O 
14 ethyl phenyl p-NO2-benzoyl methyl O 
15 ethyl phenyl m-NO2-benzoyl methyl O 
16 ethyl ethyl p-NO2-benzoyl methyl O 
17 ethyl ethyl benzoyl H O 
18 methyl phenyl benzoyl H O 
19 methyl phenyl benzoyl methyl O 
20 methyl phenyl benzoyl H O 
21 ethyl methyl H H O 
22 ethyl ethyl propyl H O 
23 methyl methyl methyl H O 
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on a Hypersil Hypercarb PGC column (100 mm × 2.1 
mm I.D., particle size, 7 μm) (HYPERSIL, Runcorn, 
Cheshire). Analyses were carried out at room tempera-
ture (21±1°C) without thermostating the column. Wa-
ter-dioxane mixtures with dioxane volume fractions of 
52, 55, 57, 60, and 65 % (v/v) were used as mobile 
phases. The flow rate was in each instance 0.10 ml/min, 
analytes were detected at 240 nm. Each measurement 
was performed in triplicate and the retention factor (k), 
the theoretical plate number (N) and asymmetry factor 
(AF) were calculated separately for each barbituric acid 
derivative in each eluent system. The dead volume of 
the HPLC system was measured by three parallel injec-
tions on 0.1 % aqueous NaNO2. 
 
Stepwise Regression Analysis 

The simultaneous impact of the composition of mobile 
phase and the physicochemical characteristics of ana-
lytes of the retention parameters were assessed by SRA. 
SRA has been performed three times the dependent 
variables being the retention factor, theoretical plate 
number, and asymmetry factor of the 23 barbiturates 
determined at six different concentrations of orga- 
nic modifier (altogether 138 observations). The inde-
pendent variables were in each instance the actual vol-

ume fraction of dioxane in the mobile phase and the 
following physicochemical characteristics of analytes:  
π = Hansch-Fujita's substituent constants characterising 
hydrophobicity; H-Ac and H-Do = indicator variables 
for proton acceptor and proton donor properties, respec-
tively; M-RE = molar refractivity; F and R = Swain and 
Luton's electronic parameters characterizing the induc-
tive and resonance effects;  σ = Hammett's constant 
characterising the electron-withdrawing power of the 
substituents at meta and para+ortho positions; Es = 
Taft's constant characterising the steric effects of sub-
stituents; B1 and B4 = Sterimol width parameters deter-
mined by distance of substituents at their maximum 
point perpendicular to attachment. Physicochemical 
parameters were calculated according to the additivity 
rule from the fragmental constants. Fragmental con-
stants are physicochemical parameters characterising 
simple molecular substructures without taking into con-
sideration the possible intramolecular interactions 
among the substructures in the molecule. 

The selection of this set of physicochemical pa-
rameters was motivated by the fact that they previously 
found application in QSRR studies. Thus, M-RE for the 
assessment of the relationship between structure and 
retention of solutes on polybutadiene-coated alumina 
stationary phase,21 for the study of the impact of lipo-
philicity and polarity parameters in HPLC,22 and diverse 
electronic and steric parameters for QSRR studies in 
both GC,23,24 and HPLC.25  

The number of accepted independent variables 
was not limited, the limit of acceptance was set to 95 % 
significance level. The inclusion of the concentration of 
organic modifier into the set of independent variables 
consisting of physicochemical parameters of solutes was 
motivated by the following considerations: it has been 
previously proved that barbituric acid derivatives dis-
play regular retention behaviour on PGC stationary 
phase (their retention decreases monotonously with 
increasing amount of organic modifier in the eluent 
system). Moreover, it can be supposed that the retention 
of this class of solutes depends not only on the dioxane 
concentration but also on their physicochemical charac-
teristics. Therefore, their common inclusion in the cal-
culation as independent variables is justified. This pro-
cedure makes possible the determination and compari-
son of the relative impact of dioxane concentration and 
those of physicochemical parameters of analytes on the 
retention. 

QSRS calculations generally apply the retention 
time, retention factor or the logarithm of retention factor 
as dependent variables. Interestingly, the number of 
studies dealing with the elucidation of the quantitative 
relationship between other retention parameters such as 
theoretical plate number and asymmetry factor is supris-
ingly low. 

Table 2. Parameters of significant relationships between the 
retention parameters and physicochemical characteristics of  
barbituric acid derivatives 

Parameter Equation 1 Equation 2 Equation 3 
a 28.29 23549 0.813 
b1 –0.36 –29251 0.550 
sb1 0.14 10841 0.20 
s2 15.36 – –0.288 
sb2 2.03 – 0.05 
b3 –22.85 – 0.148 
sb3 6.16 – 0,03 

b'1 (%) 18.39 – 6.27 
b'2 (%) 54.79 – 44.95 
b'3 (%) 26.82 – 48.78 
r2 (%) 40.65 5.08 20.47 
fcalc. 30.65 7.28 11.49 
f95% 2.68 3.92 2.68 

Results of stepwise regression analysis. For symbols see origi-
nal manuscript. (n = 138; C is the concentration of dioxane in 
the mobile phase, vol. %). 

k = a + b1·C + b2·F + b3·R (1) 

N = a + b1·R  (2) 

AF = a + b1·R + b2·B1 + b3·B4 (3) 
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Software for SRA was purchased from Com-
pudrug Ltd. (Budapest, Hungary). 
 
RESULTS AND DISCUSSION 

As excepted barbituric acid derivatives exposed regular 
retention behaviour on PGC column their retention 
time: their retention time were decreasing with increas-
ing volume fraction of organic modifier in the mobile 
phase. The high differences among the retention times 
of barbiturates indicate that these solutes can be easily 
separated on narrow-bore PGC column. The fact that 
the other calculated retention characteristics (asymmetry 
factor and theoretical plate number) showed also 
marked deviations between the analytes justifies their 
inclusion in the QSRR computations. 

Significant linear correlations were found between 
the retention parameters and physicochemical character-
istic of barbiturates. The parameters of the significant 
equations are compiled in Table 2. The significance 
level was over 95 % in each instance demonstrating that 
the physicochemical parameters included in the QSRR 
calculations exert a considerable influence on the reten-
tion behaviour of barbiturates (compare calculated and 
tabulated F values). However, the ratio of variance 
explained was relatively low (see r (%) values). This 
finding can be tentatively explained by the supposition 
that other physicochemical characteristics not included 
in the QSRR computations may also exert a significant 
influence on the retention of this class of analytes. Ac-
cording to the results of SRA the retention factor and 
asymmetry factor depended on more than one inde-
pendent variables (see Equations 1 and 3). The linear 
dependence of the retention factor on the volume raction 
of organic modifier proves again the regular retention 
behaviour of barbituric acid derivatives on PGC column. 
The significant impact of electronic parameters F and  
R on the retention factor suggests that the interaction 
between the active centres of the stationary phase and 
the polar substructures of barbiturates is mainly of elec-
trostatic. Interestingly, the normalised slope values (path 
coefficients b'i values) indicate that the impact of elec-
tronic parameters on the retention is stronger than that 
of the volume fraction of organic modifier. Similarly to 
the retention factor these two chromatographic parame-
ters (theoretical plate number and asymmetry factor) 
also depend significantly on the electronic parameter R. 
This finding suggests again that electrostatic interac-
tions between the analytes and stationary phase play a 
considerable role in the binding of barbituric acid de-
rivatives to the PGC surface. The concentration of diox-
ane does not influence significantly the N and AF val-
ues indicating that these two retention parameters are 
not modified by the concentration of organic modifier in 
the mobile phase. The significant impact of sterical 

parameters on the asymmetry factor (see Equation 3) 
can be explained by the supposition that the ring of 
barbiturates bind to the hexagonal graphitic substruc-
tures on the PGC surface modifying peak symmetry. 

The results of the present QSRR computations are 
markedly different from those obtained by using differ-
ent set of barbituric acid derivatives.20 This discrepancy 
draws the attention to the fact that the selection of ana-
lytes with identical basic structures but different sub-
stituents may influence the results of QSRR calcula-
tions. It also suggests that the extrapolation of results 
obtained with one set of analytes can not be automati-
cally transferred to other set of analytes of identical 
basic structure characteristics. 
 
CONCLUSIONS 

The results illustrated that SRA can be successfully 
applied for the assessment of the correlation between 
the retention characteristics of barbiturates on a narrow-
bore PGC column and their physicochemical parame-
ters. Calculations demonstrated the influence of electro-
static interactions and sterical correspondence between 
the analytes and the surface of stationary phase on the 
retention factor, theoretical plate number and asymme-
try factor. The comparison of results with other ones 
obtained by employing other set of barbituric acid de-
rivatives indicated the marked effect of the character of 
substituents on the results of QSRR calculations 
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