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SUMMARY 

Derivatives of such related substances as cytosine, uracil, thymine, 6-methyl- 
uracil, S-ethyluracil; 5-propyluracil, 5-isopropyluracil, kyclopropyluracil, 5-allyl- 
uracil, 5,6_trimethyleneuracil, 6-cyclopropyluraci1, 5-cyclobutyluracil and 5-k&- 
butyluracil have been separated on a column of Spheron P-300. Retention on the 
column was found to depend on the size of the non-polar part of the molecule. The 
chromatographic hehaviour is analyzed according to the theory of solvophobic chro- 
matosaphy. 

INTRODUCTION 

Nucleic acid components can be separated by gas-liquid chromatography1-3, 

thin-layer or paper chromatography’*5 or ion-exchange chromatography6-“, for 
which high separation efficiency has been achieved with pellicular supports10-12. The 
separation of purine and pyrimidine bases and of nucleosides on pclyacrylamide gel 
has recently been reported=, and it was assumed that the separation was mainly based 
on hydrophobic and ionic interactions between the separated substances and the poly- 
acrylamide matrix of Bio-Gel P-2. Reversed-phase chromatography of nucleosides 
and their bases has also been recently reported14. 

In this paper, we describe the separation, on Spherono, of a series of pyrimidine 
derivatives having aliphatic or &cyclic substituents of different sizes in position 5 or 
6. Spheron is a macro-porous copolymer of 2-hydroxyethyl methacrylate with ethane- 
dial dimethylacryIate; it has a-high exclusion limit, a large specific surface and suf- 
ficient rigidity for use in HPLC 15.16. The material has been used so far for the gel 
permeation chromatopphy of polydextransr7, proteir#Jg and viruses20, for the af- 
finity chromatography of enzymes21 and the sorption chromatography of some nat- 
ural macrombleculeslg. The internal surface of the material is- highly polar, owing 
to the large number of hydroxyl groups, the gel swells in water, in solutions of low 
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ionic strength it interacts only slightly with proteinP, which are not denatured on 
its surface and retain their activity”. .- - However, the high content of the cross-linking 
(less polar) ethanediol methacrylate, and the copoIymer backbone (which has the 
character of an aliphatic hydrocarbon), can cause solvophobic interactions in highly 
polar media and the retention of compounds having lipophilic groups. This phenom- 
enon was studied during the separation of our test cornpounds, i-e_, water-soluble 
derivatives of uracil with non-polar hydrocarbon residues of various sizes. The struc- 
ture of the hydrophobic regions of Spheron apparently differs from that of other 
materials commonly used in reversed-phase liquid chromatography, but the results 
can be analyzed on the basis of energy interactions during solvophobic cbromato- 
graphy (Horvath et aZ.23. 

EXPERIMENTAL 

Chemicals 
All the reagents used were of analytical grade and obtained from Lachema 

(Bmo, Czechoslovakia). Ethanediol (analytical grade) was from Reanal (Budapest, 
Hungary) and Dextran T2000 from Pharmacia (Uppsala, Sweden). 

Chromatographic support 
The Spheron P-300 was a product of Lachema Brno, (Czechoslovakia) and the 

20-40-km wet-sieve fraction was used. The sorbent was extracted and the content 
of carboxyl-groups was decreased from an apparent 30 pequiv./g in the reaction with 
diazomethane to below the sensitivity of the analytical method’5. The material had 
an exclusion limit at a mol. wt. of 500,OQO for polydextran, and its specific internal 
surface area was 85 m2/g; the maximum size of particles was 40 pm and the number- 
average diameter was 27pm. The size-distribution curves of the particles and of the 
pores (measured by mercury porosimetry), the equilibrium adsorption values (BET 
method), the solvent-regain column permeability and some other parameters have 
been reported’s. 

Apparatus for liquid chromatography 
The chromatographic system consisted of a double pump with sapphire 

plungers (Proportional mini-pump 68005) connected to a 75-4 sample-injection loop, 
a precision-bore glass column (400 x 6.36 mm I.D.) with adjustable ends and a 
thermostatically controlled water jacket, and a spectrophotometer (type DVD, 245 
run) equipped with a lO-,ul flow-through cell; all these components were produced by 
the Development Workshops of the Czechoslovak Academy of Sciences_ Alternatively, 
a refractive index detector (Knauer 2050) or a conductivity detector (30-4 LEU3 
532lB) in combination with a RadeIkis conductometer OK 102/l could be used. 

Chromatographic procedure 
_ The columns were packed by the slurry technique, with a suspension in 20% 

ammonium sulphate solution at a flow-rate of 600 ml/h; the bed dimensions were 
always 240 x 6.36 mm. The inter-particle porosity= was determined with use of a 
5% aqueous solution of Dextran T2UCl0, then the porosity with 0.5 M potassium 
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chloride at different flow-rates and with refractive index as well as conductivity de- 
tection. 1 

All the derivatives to be chromatographed were dissolved in water .and ad- 
mitted through a 759.41 sample loop into the equilibrated chromatographic system. 
The amounts of the individual substances applied to the column are shown in Table 
I; other data for each series of separations are indicated in the appropriate table or 
figure. Usually, the individual compounds were applied in mixtures of four well- 
separated compounds, each mixture containing 5-cyclobutyluracil. A typical chro- 
matogram is shown in Fig. 1. 

TABLE I 

STRUCTURES OF URACIL DERIVATIVES, AND ELUTION VOLUMES AT VARIOUS TEMPERA- 
TURES 
Except where otherwise stated, conditions wet-c as for Fig. 1, but the linear carrier velocity was 0.532 cm/xc. 
The compounds have the following structures: 

COIlZ- Compound Substituent Amount Eiution vol. (ml) at 

X Y 
applied - 
to column 20’ 40” 60” 60”’ 80” No. 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 

2 
XII 

XIII 

Cytosine 
Uracil 
Thymine 
6-Metbyluracil 
S-Ethyluracil 
S-Propyluracil 
5-isopropyluracil 
5-Cyclopropyluracil 
5-Allyluracil 
.5,6-Trimethyleneuracil 
6Xyclopropyluracil . 
5-Cyclobutyhtracil 
5-tert_-Butyluracil 

- - 1.5 
H H 1.5 
CHa . H 2.5 
H CHJ 2.5 
CzH, H 1.5 
GH7 

(CH&CH H” ::5’ 
C,H, H 2.5 
CH,:CH - CHI H 2.5 
See formula 1.5 
H CsHs 2.5 
GH, H 1.5 
(C&)JC H 2.5 

8.00 7.90 7.50 6.80 . 
8.20 8.00 7.90 7.40 6.14 

10.80 9.70 9.10 8.70 7.40 
10.10 9.25 8.70 8.13 
14.5 13.65 11.3 11.15 9.22 
22.6 20.4 16.6 16.4 12.43 
22.0 19.8 15.9 15.8 
18.1 15.25 12.9 12.8 
19.1 15.95 13.0 12.8 
14.6 13%) 11.7 11.8 
16.9 14.3 11.8 12.3 
37.0 30.0 23.0 23.0 16.3 
46.7 38.8 29.7 25.7 20.5 

l Phosphate buffer solution (0.05 &f); linear carrier velocity 0.178 cmjsec. 

Properties of the chromatogruphed substances 

Cytosine (I), uracil (II), thymine (III) and 6methyluracil (IV) were obtained 
from Lachema. Other derivatives, synthesised by known procedures, were: S-ethyl- 
uracil (V) and 5propyluracil (VI) 2*; 5isopropylmacil (VII) and 5-tert.-butyluracil 
(XIII)=, S-cyclopropyluracil (VIII) and 6-cyclopropyluracil (XI)26, 5-allyluracil (IX)“, 
5,6_trimethyleneuracil (X)= and Scyclobutyluracil (XII)zg. 

The solubilities of the compounds in the eluents were determined by stirring 
for 60 h with the eluent at 25” and centrifugation, the absorbance of the supematant 
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Fk 1. Separation of uracil (II), thymine (III), Sethyluracil (V), 5-propyluracil (VI), S-cyclobutyl- 
uracil (XII) and 5-tert.-butyluracil (XIII) on a column (240 mm x 6.36 mm) of Spheron P-300. 
Linear carrier velocity. O-035 cm/set: 80”; eluent, O-G78 M boric acid, -0.011 M sodium tetraborate 
(pH 8.66); sample, 75 ~1. 

liquid being measured with an Opton II PMQ spectrophotometer at 254 nm. The 
polarities of the eluents were determined from the charge-transfer bands in the 
visible spectrum, using the betaine form of l-(2-methacryloyloxyethyl)-4-[2-(3-ethoxy- 
4-hydroxyphenyl)vinyl]pyridineJO in a double-beam Specord UV-VIS spectro- 
photometer_ 

RESULTS AND DISCUSSION 

Chromatography of alkylpyrimidine derivatives 
Solvophobic chromatography of compounds I-XIII was carried out on a 

Spheron P-300 column. The separated substances are polar, owing to the pyrimidine 
ring,‘and they are water-soluble. Hydrocarbon substituents in positions 5 and 6 alter 
the hydrophobicity, so that the compounds are retained on the column by hydrophobic 
interactions with the packing and can thus be separated; this is indicated by the elution 

volumes shown in Table I at 20”, NY, 60” and 80”. 
The corresponding dependence of In Kn (the distribution coefficient) on l/T is 

shown in Fig. 2. 
The lowest elution volume was found for cytosine (I), and the next lowest for 

uracil (II). Substitution of the hydrogen atom in position 5 or 6 of uracil prolongs 
the elution time according to the size of the hydrocarbon residue. For uracilderivatives 
with a three-carbon substituent in position 5 (compounds VI-IX), the elution volume 
at all temperatures increased in the order: cyclopropyl, allyl, isopropyl, propyl. 
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i. is a proportionality factor defined as Y,,& = d-v, (v. being the molecular Volume of 
the solute and v,,~ that of-the solute-l&and c;Omplex); a, is the ptilarizability.of the 
solute; &‘&~,,, and LIF,,,, are the differences in the energy association for van der 
Waals interactions in the gaseous state and the differencein energy of the van der 
Waals interactions between solute and solvent, respectively; pS is the static dipole 
moment of the solute; N is the Avogadro number; K’ is the energy required for the 
formation of a cavity; V is the moIar volume of the solvent; y is the surface tension 
of the solvent; dA is the contact surface area; PO is atmospheric pressure; R is the 
gas constant; T is absolute temperature; and D is a function of the static dielectric 
constant E: 

o= 2(&--I) 
2s t_ 1 (5) 

The uracil derivkives studied are closely related, differing in the hydrocarbon 
substituents, which are not particularly large in comparison with the size of the whole 
molecule. Thus, the volumes occupied by the individual derivatives are similar. The 
first term in eqn. 1 expresses the contribution of the van der Waals interactions, the 
energy required for cavity formation and an entropy factor; this first term for closely 
related solutes with commensurable mokcular dimensions may be considered as 
constant (Horvtith er aLzz). The second term includes the dipole moment, the molec- 
ular volume, the polarizability of the solute and volume changes on binding; it, too, 
may be considered as constant in this context. The distribution factor is then a func- 
tion of the size of the interacting solute surface and of the surface tension of the elution 
medium_ Fig. 3 shows the dependence (at 20,60 and 80”) of In KD on the surface area 

Fig. 3. Dependence of sclute retention (expressed as In &) on non-polar surface area (A)- Experi- 
mental conditions as in Table I. The valtie of A was calculated for the individual compounds on the 
basis of the contributions of the non-polar hydrocarbon substituents and the non-polar ptis of the 
uracil ring (see ref. 32), with n.0 correction for “crowding”. -. 
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of the non-polar -groups for uracil derivatives with aliphatic substituents.;&e non- 
polar surface area for each compound was calculated from the group surface incre- 
ments (see ref. 32) due to contributions from the hydrocarbon residues of the sub- 
stituents and to the uracil ring. As the hydrocarbon substituents were short, no correc- 
tion was made for “crowding”. The dependence of In KD on the non-polar surface 
area in Fig. 3 is linear, and the lines for 20,60 and 80” are almost identical in slope. 
This rectilinear relationship is not obtained for uracil derivatives with alicyclic 
substituents, e.g., S-cyclopropyluracil (VIII), 6-cyclopropyluracil (XI) and S-cyclo- 
butyluracil (XII). These derivatives have lower &, values than have derivatives with 
aliphatic substituents with the same number of carbon atoms. However, their elution 
volumes and corresponding values of KD are higher than would be expected from the 
dependence of In KD on the size of the non-polar surface. This is apparently due to the 
fact that the values of the non-polar hydrocarbon surface areas for cyclic substituents 
were calculated as the sum of the increments due to -CH and --CH? groups derived 
for aliphatic derivatives: consequently, the true non-polar surface area df these sub- 
stituents is larger, and the contact area for alicyclic substituents with the same hydro- 
carbon surface area is greater, than that of the corresponding aliphatic derivative_ It 
is of interest to note that the slopes of the lines in Fig. 3 are almost identical. 

On the assumption that the first two terms of eqn. 1 are constant, the slope of 
the graph of In KD against dA should decrease with increasing temperature; for 20”, 
it should be about 1.4 times its value at 80”. The dependence of surface tension on 
temperature may be expressed by a modification33 of the E&v& equation. 

y = 96.13 - 2.749. lo-’ T - 1.871. IO--’ Tz 

If the surface tension of water is introduced into the third term of eqn. 1 from 
eqn. 6, we obtain the following equation, which clearly shows the dependence of the 
slope on temperature: 

lnKD=K’+ -$- (96.13 - l/T - 2.749.1O-2 - 1.871- lo-' T) 

where K’ is the sum of the first and second constant terms in eqn. 1. Comparison of 
the results in Fig. 3 and eqn. 7 shows the considerable difference between theoretical 
and experimental values. The slope of the dependence of In Ko on d A in Fig. 3 changes 
little with temperature between 20 and SO”, the lines in Fig. 3 being almost parallel. 
Similarly, the value of the slope of this dependence does not correspond to the value 
calculated from eqn. 1. The values of the slopes in FI,. .= 3, and that estimated from the 
data of Horv5tb ei al.=, are only about 33 o? of the value calculated from eqn. 1. This 
can be accounted for by the fact that the non-polar contact surface area represents 
only part of the total non-polar surfa&; a definite conclusion would require more 
data for several homologous series and for different sorbents. 

The observed dependence of In KD on the size of the interacting non-polar 
part of the surface of the compounds chromatographed wa? linear for all the aliphatic 
derivatives, i.e., with substituents of up to four carbon atoms. According to the com- 
positionof the sorbent, one can assume that the size of the non-polar-interacting part 
of the column material is relatively small. Hence one can expect deviations from the 
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linear dependence of In -KD on dA for compounds with larger residues, as the inter- 
acting hydrophobic surface cannot be greater than these residues. The assumption 
that the interacting regions of the sorbent are relatively small in comparison with the 
large molecules is important from the point of view of interaction with-proteins, and 
their denaturation; this question is at present being studied. 

Table I shows that all the 6-substituted derivatives are eluted earlier and have 
lower Ke values than the analogous derivatives substituted in position 5, but the dif- 
ferences are not great. It can be assumed that all the parameters of eqn. 1 associated 
with molecular volume, cavity formation, contact area during solvophobic binding, 
surface tension and entropy change are equal for both the 5 and t&substituted 
derivatives. Differences in the elution volu.mes and Krr values can thus be attributed 
to the second term of eqn. 1. The 5- and Qsubstituted derivatives differ in the values 
of their static dipole moments; uracil (and especially cytosine) differ fundamentally 
not only in the dipole-moment value but also in its orientation. Table II shows the 
values of the dipole moment, and its orientation, calculated by the CND0/2 method 
for cytosine (I), uracil (II), thymine (III) and 6-methyluracil (1v)y. 

TABLE II 

VALUES OF DIPOLE MOMENTS AND THEIR x AND y COMPONENTS 

Cotnpoand Dipoie mom&t (debye units) l Orientation of dipole moments 

Total x Y 

Cystosine 8-34 -8-05 -2.18 
Uracil 5.06 -3-17 
Thymine 4.84 -3.16 
6-Methyltiracil 5.70 -3.66 

a; JJ i _x 

H 

* Computed by the CNDO/S method=. 

A brief study was made of the effect of pH on Ke values and the efficiency of 
separation; the results agreed with the above assumptions. Most of the experiments 
were carried out in a borate buffer of pH 8.66, and the results were compared with 
tho& obtained at pH 6-67 in a phosphate buffer at 60” (see Table I)_ The KD values 
and the efficiency of separation were relatively unaffected by the change in pH. On 
decreasing the pH, the elution times of cytosine and uracil were decreased (the com- 
pounds have low &, values). With those derivatives possessing a small hydrophobic 
surface, a change in one of the other factors affecting their retention will be more 
pronounced than with derivatives possessing a greater non-polar surfa= area. A 
decrease in pH of 2 units represents for most of the derivatives a large change in their 
ionization and hence a change in the size and orientation of the dipole-moment; there 
is also a small change in molecular size. 

During chromatography of purine and pyrimidine bases and nucleosides on 
polyacrylamide gel, Khymr3 noted considerable effects due to pH, pre-treatment of 
the column and the type of buffer used; we observed none of these effects. For pH 8.66, 
we used a borate buffer, which is essential for efficient separation of pmine and pyrim- 
idine bases, and of nucleosides, on polyacrylamide gel ; the pH 6.67 buffer was phos- 
phate, which has similar conductivity. 
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Eflect of temperature 

The slope of the graph of In K, on the interacting hydrophobic area as affected 
by temperature has already been discussed in part. In the range 20 to go”, the elution 
volumes and KD values decrease with increasing temperature (see Table I and Fig. 2); 
this means that the over-all enthalpy is negative. The dependence of in &, on l/T is 
slightly curvilinear, but from 20 to 60”, it is well approximated by a straight line. 
Greater curviiinearity was found only for the 5-etby1, Ipropyl, Iisopropyl and 5,6- 
trimethylene derivatives of uracil (V, VI, VII and X, respectively). 

Fig. 4 shows the dependence of the enthalpy change (AH) and the entropy 
change. (AS) of the binding of the uracil derivatives to the sorbent on the size of their 
hydrophobic area. The enthalpy change is always negative; initially, its absolute value 
increases with the size of the hydrophobic surface (for the 5-propyl derivatives and 
those with larger area, it does not change much further)_ The entropy change, AS, is 
also negative and its absolute vaIue for the binding to the sorbent increases with the 
size of the non-poIar area, being maximal for the propyl and ally1 derivatives; it then 
begins to decrease as the hydrophobic surface area increases. 

I 

-AH 
Ckcal/moU 

-2 

I 
LO 

A CA21 
80 

Fig. 4. Dependence of change in binding erzthalpy (&f) and entropy (.dS) for the sorption of com- 
pounds on the non-polar surface area (A). Experimental conditions as in Table I. 

The positive slope of the graph of in KD against l/T agrees with general 
experience in soIvophobic chromatography and with the conclusions of Horvrith 
et al.=. The conclusions from chromatographic experiments, however, are the opposite 
of those obtained in studies of Iow-moIecuIar substances, e.g., natural amino acids, 
or short-chain aliphatic alcohols in organic solvents and water. For amino acids with 
an aliphatic chain, there is a negative enthalpy change for transfer from-a non-polar 
medium to water, and for aromatic amino acids -there is practically no change_ The 
enthalpy change is overcome by the large decrease in entropy, which is attributable 
to the more organized structure of water near the soIute moIecuIe35. For aIiphatic 
alcohols with more than four carbon atoms, the effect of the hydroxyl group is 
negligibie, more than two-thirds of the free energy being derived from the enthalpy 
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term, (in contrast to the predominant role of entropy for shorter alcoholsS). The total 
free energy of transfer of alcohol to water is positive, and the enthalpy for C, to C, 
alcohols is negative, the lowest value being for the C, and C, compounds (for alcohols 
larger-than C& it is positive). Our results show that the enthalpy does not change 
greatly with the size of the substituent, similar values of enthalpy being derived from 
the data of Horvath ez aLzz_ Differences in the chromatographic behaviour of struc- 
turally -related derivatives differing in the hydrophobic surface area are caused by 
differences in the entropy term. A more thorough interpretation of the differences 

-between solute-pure solvent systems and chromatographic systems would require 
extension of the data to more hydrophobic substances and to thermodynamic changes 
accompanying the transfer of stationary phase to the solvent. 

l@ect of the elution agent 
So far, we have discussed the effects of two factors (the solute and the tempera- 

ture) on the behaviour of uracil derivatives during solvophobic chromatography. 
Another.important factor, which is difficult to define, is the character of the eluent. 

The elution power of the eluent during adsorption chromatography is usually 
described by the solubility paramete?‘, which is defined as the square root of the 
cohesive energy density for the solvent and can be resolved into several components 
according to the type of energy interactions3’. The agreement between experimental 
chromatographic data and values predicted from solubility parameters has not been 
highly satisfactory. A similar approach to the analysis of the theory of solvophobic 
chromatography was used by Horvdth ef al.“. For the eluents methanol-water and 
acetonitrile-water, these workers computed the dependence of the entropy of mixing, 
the van der Waals term, the electrostatic term and the surface tension on the sol- 
vent composition derived from eqn. 1. The values of interaction energy associated 
with interactions of the type charge dipole-induced dipole, i.e., those expressed 
by the electrostatic and the van der Waals term in eqn. 1 (ref. 22), changed little 
with solvent composition. In the present work, we obtained somewhat different 
results. We correlated the change of In KD for such derivatives as Sethyluracil (V), 
5-propyluracil (VI), 5-cyclobutyluracil (XII) and 5-tert.-butyluracil (XIII) with the 
change in the value of the semi-empirical polarity parameter for different eluents, 
from one of high salt content (10 % of ammonium sulphate) up to 42 % ethanediol. 
The semi-empirical solvent polarity parameter, which was introduced by Kosowet?, 
is based on the energy ET (in kcal/mole)-of the charge-transfer bands in the UV spectra 
of chromophores with a large dipole moment: 

where h is the Plan&s constant, f,,_ is the frequency at the maximum of the charge- 
transfer band and a,,_ is the wavelength of the maximum (in A). 

-The extent of solvation of the ground and of the excited states of the chromo- 
phores used for solvent-polarity measurements has not been yet studied theoretically 
in detail, in contrast to the charge-transfer bands in the spectra of someinorganic 
anicns3’. Fro-m the analogy with the charge-transfer band properties, one can assume 
*a considerable role of interactions of the type charge dipole-induced dipole between 
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the solute and the salvation medium on the value of ET_ This is LonCmed by the fact 
that the semi-empirical polarity parameter was successfully -&n-elated with a number 
of solvate-sensitive processeP, e.g., the rates of reactions taking place via important 
polar or charge intermediates. Hdwever, if one compares the course of the dependence 
of ET on the composition of the solvent for the system methanol-water (and for other 
system3’) one sees it to he very different from the depcndenccs calculated from eqn. 1 
for the electrostatic and van der Waals terms 22_ The course of this dependence of In 
KD on ET (Fig. 5) is reminiscent of the calculated dependence of the total value on the 
solvent composition, which includes all the contributions; this probIem will require 
further detailed investigation_ We attempted to compare the contributions of the 
above-mentioned interactions to the total values of the solubility parameters for 
various solvents3’ with their & values, but the results were not satisfactory. 

I I 

56 
I I 

60 62 
ET Ckcal/moll 

Fig. 5. Dependence of solute retention (expressed as In KD) on soIvent polarity (ET) For S-ethyluracil 
(V), Epropyluracil (VI), S-cyclobutyluracil (XII) and S-tert.-butyluracil (XIII). Eluent u, 10% ammo- 
nium sulphate solution in 0.078 M boric acid-O.01 1 M sodium tetraborate; eluent b, 0.078 M boric 
acid-O.01 1 Msodium tetraborate; eluents c and d, as eluent b, but with 20 and 42% of ethylene glycol 
added, respectively_ Linear carrier velocity, 0.532 cm/see; 60”; column as in Fig. 1. ET values 
determined: eluent a 61.53, b 60.83, c 60.04, d 58.04 kcal/mol. 

To express solvophobic interactions with the sorhent we used another empirical 
approach. Tanford3’ derived the following equation for the free energy change (.4F) 
associated with the transfer of 1 mole of amino acid from ethanol (a non-polar me- 
dium) to water: 

dF=RTln F (9) 
Hz0 

de= ME,OH and MHz0 are the solubilities of the amino acid in ethanol and water, 
respectively. If the same procedure is used for expressing the energy change associated 



Fig. 6 shows the dependence of Kn for 5-propyluracil (VI), S-cyclobutyluracil 
(XII) and 5-terr.-butyluracil (XIII) on the solubility of the individual derivatives in 
the eluent (M ,1,,,,3; four eluents were studied. Fig. 6 shows that the value of MGCl, 
which expresses the capacity of the gel phase for solute, is constant but different for 
each of the derivatives studied (8.9 m&Z for VI, 1.9 mM for XII and 2.3 rn& for XIII). 
Differences between the individual derivatives are probably attributable to different 
molecular dimensions. 

2 L 6 

lh-Qfuent dOA3 [l/m01 1 

Fig. 6. Dependence of solute retention (express& as KD) for S-propyluracil (VI), S~yclobutyluracil 
(XII) and Etert--butyluracil (XIII) on solubility (Me,,, ) in different elution agents. Conditions as in 
Fig. 5. _ _ 

Separation eftciqzcy 
The dependence of the efficiency of separation on ten&erature for some 

derivativk is shown in Fig. 7 ;_ the HETP decreases sometihat with increasing tem- 
perature. Table II!-shows the -values of ~HETP for all the derivatives studied, and its - 
dependeuce _on the carrier velocity at 609 The dependence of the reduced .HETP on 
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HETP 
I-mm1 

Fig. 7. Dependence of HETP on temperature. Conditions as in Table I. Linear carrier velocity 0.523 
cmlsec_ 

TABLE III 

DEPENDENCE OF HETP VALUES (mm) ON LINEAR CARRIER VELOCITY AT 60” 

Conditions as in Table I. 

compoumi Linear carrier velocity (cm@) 

0.035 0.0718 0.178 0.178’ 0.271 0.416 0.523 

Cystosine 0.22 0.29 0.38 0.39 0.49 0.74 1.14 
Uracil 0.21 0.33 0.49 0.51 0.67 0.95 1.54 
Thymine 0.17 0.26 0.44 0.37 0.55 0.84 l-17 
6-Methyluracil 0.26 0.36 0.42 0.42 0.55 0.95 1.09 
5-Ethyluracil 0.19 0.26 0.38 0.33 0.49 0.77 1.02 
5-Propyluracil 0.24 0.28 0.43 0.39 0.55 0.80 0.96 
S-Isopropyluracil 0.20 0.29 0.37 0.37 0.49 0.73 0.97 
5-Cyclopropyluracil 0.22 0.28 0.45 0.35 0.53 0.75 0.98 
5-Aliylumcil 0.22 0.30 0.37 0.35 0.51 0.73 0.97 
5,6-Trimethyleneuracil 0.26 0.30 0.40 0.37 0.60 0.85 1.08 
6-Cyclopropyluracil 0.22 0.34 0.47 0.36 0.60 0.94 1.18 
5-Cyclobutyhuacil 0.21 0.32 0.40 0.37 0.49 0.67 0.91 
5-tert,Butyluracil 0.26 0.30 0.43 0.39 0.57 0.73 0.91 

* Phosphate buffer solution (0.05 M). 

Fig- 8. Dependence of reduced plate-height (Iz) on reduced carrier velocity (r=). Column as in Fig. 1; 
60°<elue+ 0.078 M boric acid-O.01 1 M sodium tetraborate (pH 8.66). 
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the reduced linear-flow velocity, v,, is shown in Fig. 8. As the plate height of the col- 
umn is proportional to the largest particle size within a given sieve fraction rather than 
to the average particle size-, the value of 40 pm was introduced into eqns. 11 and 12: 

h= &??TP 
4 

(II) 

v-d, 
vr=r (12) 

where dp is the particle diameter, D, the diffusion coefficient (lo-’ cm*/sec). The 
dependence of h on v, is flat, and the efficiency of the filling is relatively high in view 
of the particIe size_ 

The HETP values are also affected by extra-column contributions, one of the 
largest of which derives from applying the sample with a sample loop. For this 
reason, the separation under conditions shown in the experimental section, i.e., with 
the sample loop, was compared with separation of some of the compounds, viz., 
uracil (II), thymine (III), S-ethyluracil (V), 5-propyluracil (VI), S-cyclobutyhuacil 
(XII) and 5-tert.-butyluracil (XIII) achieved after applying 10~1 of a more concen- 
trated solution of the compounds directly in the centre of the top of a column of 
larger diameter; the separation is shown in Fig. 9. By eliminating the effect of sample 
application (and partly also the wall effect), the efficiency of the column was increased 
by a factor of 3.3 to 1.3 compared with the results shown in Table II. 

V 

VI 1 
I I I I 

LO 20 0 

TIME Cminl 

Fig_ 9. Separation of uracil (II), thymine (III), S-cthyfuracil (V), S-propylumcil (VI), Scyclobutyl- 
macil (XII) and S-tert_-butyluracil (XIII) on Spheron P-300 with direct sample injection (10~1) on to 
the top of the cohnnn. CoIumn, 270 mm x 8 mm; 20“; linear carrier velocity, 0.137 cm/set; eluent 
as in Fig. 8. 

CONCLUSIONS 

Derivatives of uracil with hydrocarboqsubstituents in positions 5 and 6 were 
chromatographed on Spheron P-300; their retention on the column was dependent 
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on the area of their hydrophobic s&faces. The linear dependence of In KD on the 
hydrophobic a&a was established for three temperatures. In contrast with the theory 
of solvophobic chromatography formulated by Horvgth et aLz2, we found that the 
slopes of the lines for different temperatures were identical. The dependence of the 
changes-in enthalpy and in entropy during binding to the chromatographic support 
on the area of the non-polar surface was also determined. The effect of changes in 
pH, ionic strength, buffer type and eluent on the retention of the compounds on the 
column was studied; retention was little affected by these factors. The distribution 
coefficients of some of the compounds in different eluents were correlated with the 
polarities of these eluents and with the solubilities of the chromatographed ccmpounds. 
The efficiency of the support in dependence on temperature and flow-rate has been 
determined. 

REFERENCES 

1 J. MaeGee, AnaL Biochem., 14 (1966) 305. 
2 D. B. Lakiigs and C. W. Gehrke, f. Cfwomatogr., 62 (1971) 347. 
3 D. B. J_akings and C. Gehrke, CIiJJ. ChenJ., 18 (1972) 810. 
4 T. Munns, K. Podratz azd P. Katzman, Biochemisfryv 13 (1974) 4409_ 
5 K. Randerath and E. Randerath, Procedures in Nucleic Acid Res., 2 (1971) 796. 
6 P. R. Brown, S. Bobick and F. L. Hanley, J. ChrOJJJutOgr., 99 (1974) 587. 
7 M. Uziel, C. K. Koh and W. E. Cohn, AIJQL Biochem, 25 (1968) 77. 
8 B. E. Bonnelycke, IS. Dus and S. L. Miller, AIJQL Biochem., 27 (1969) 262. 
9 D. B_ Lakings, T. P. Waalkes and J. E. Mroehek, J. Chromarogr., 116 (1976) 53. 

10 J. Kirkland, J. Cfwomatogr. Sci., 8 (1970) 72. 
11 D. R. Gere, in J. J. Kirkland (Editor), Modern Practice of Liquid Clrromatograpf~y, Wiley-Inter- 

science, New York, London, Sydney, Toronto, 1971, p_ 341. 
12 C. Horvath and S. R. Lipsky, Anal. Chem., 41 (1969) 1227. 
13 J. X. Khym, Anat. Biocfzem., 71 (1976) 231. 
14 R. A. Hartwick and P. R. Brown, f. C/rromarogr_, 126 (1976) 679. 
15 0. Mike& P. strop and J. coupek, in preparation. 
16 J. JanBk, J. coupek, M. Krejei, 0. MikeS and J. Turkoh in Z. Deyl, K. Macek and J. Janak 

(Editors), Liquid Colunm Chromatography, Elsevier, Amsterdam, Oxford, New York, 1975, p. 187. 
17 J. Coupek, M. Kiiv&ov& and S. Pokomy, J. Pofym. Sci., PO~YJJJ. SynJp., 42 (1973) 185. 
18 M. Vondtika, M. SudHch and M. Ml&dek, J. Chromarogr_, 116 (1976) 457. 
19 R. Vyt%ek, J. coupek, K. Macek, M. Adam and Z. Deyl, J. C/Jromarogr_, 119 (1976) 549. 
20 K. Motycka, A. JandovB, M. Kfftikoti, J. coupek and J. Pezlarov& Acza Viral., 20 (1976) 53. 
21 J. Turkov5, K. BIzSGI, 0. VaIentov& J. Coupek and A. SeifertovB, Biochim. Biophys. Acta, 427 

(1976) 586. 
22 C. Ho&& W. Melander and I. Molnti, J. Cfwomatogr., 125 (1976) 129. 
23 J. C. Giddings, Dynamics of Cfuomafograpfzy, M. Dekker Inc., New York, 1965. 
24 M. Muraoka, A. Takada and T. Ueda, Chem. PiJurtJJ. Bull., 18 (1970) 261. 
25 M. Draminski and B. Fiszer, Rocm. Chem., 43 (1969) 499. 
26 I_ F3ah&k and J. FarkaS. Collect_ Czech. Chem. Communn., 41 (1976) 311. 
27 H. J. Minnemeyer, J. A. Eager, J. F_ Holland and H. Tieekelmann, J. Org. Chem., 26 (1961) 4425. 
28 Es Fras. M. Dramins ki and B. Fiszer, Roczn. Chenr., 48 (1974) 971. 
29 I. Ba&&lc and J. Farkas, Collect. Czech. ChenJ. CommmJ., in press. 
30 P. strop. F_ M&S and J_ K5lal, J. Phys- Chem.. 80 (1976) 694, 702. 
31 C. Tanford, 3. Amer. Chem. Sot., 84 (1962) 4240. 
32 A. Bondi, .L Phys. Chem., 68 (1964) 441. 
33 A. B. K. Penn and E. T. Chang, Bull. Chungking bst. Znd. Res., Minist. Econ:/%irs, 17 (1948) 1; 

CA., 44 (1950) 51Wg. 
,q Z. Havlas, personal communication_ 



35 w. Kg-, Advan. Protein Res., 14 (1959) l. 
36 L. Benjamin, 1. Phys- Chem., 68 (1964) 3575. 
37 R. Tijssen, H. A. H. Billet and P. J. Schoenmakers, J. Chronr&ogr_, 122 (197%) 185, 
38 E. M. Kosower, J. Amer. Chem. Sot. 80 (1958) 3253. 
39 M. J. Blandamer and M. F. Fox, Chem. Rev.; 70 (1970) 59. 
40 J. J. Kirkland, J. Chromutogr. Sk, 10 (1972) 129. 


