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Influence of the stationary and mobile phase composition in
ideal chromatographic systems on the log & values in column
chromatography. I. ODS/methanol-water system
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On the basis of the literature data it was established that in the case of ODS col-
umn chromatography with methanol as modifier the value log x/x; (where x, and x; de-
note methanol mole fractions in the stationary and the mobile phase, respecitvely) is a
linear function of the corresponding Bosch’s P, parameter as well as of the log k value
of'the investigated substances. It was also found that the phase equilibrium in the system
ODS/methanol-water is in accordance with the Everett’s equation for ideal systems (K=
10.88). Finally, a linear relationship between the log x,/x; values and the volume fraction
of methanol (¢) was found in the range of 0.5—1.0, which corresponds to the linear part
of the function log &k = f(p), established experimentally by other authors.

Keywords: Cqg liquid chromatography, stationary phase composition, mobile phase
composition, capacity factors, P,,N parameter, log  pair linearity rule, proportionality
rule, RPP scale.

INTRODUCTION

In studying the behaviour of a great number of different compounds by col-
umn chromatography on ODS with methanol and acetonitrile as modifiers, Bosch
et al.! concluded that these compounds have a common P,N scale for each modi-
fier, i.e., that the log k values of the examined compounds are a linear function of the
corresponding PN values. The complete physicochemical meaning of this param-
eter is according to the authors difficult to establish. It is partially related to the ET
(30) polarity parameter (20—100 % v/v of methanol), and partially to the log £ values
of the investigated substances.

On the other hand, applying the Ry (or log k) pair linearity rule and the Pro-
portionality rule2~# to the log & values obtained in the described systems for several
groups of compounds, we established the existence of acommon RPP scale with re-
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spect to which the log & values, with few exceptions, are a good linear function.>
The RPP scale is related to the average log k values obtained for a group of the in-
vestigated substances. In both cases the individual properties of the substances af-
fect only the slope and intercept of the straight lines obtained in such a way.

Finally, in a recently published paper, Nasuto et al.® claimed that the change
in the mobile phase composition leads to a change in the column packing. To show
how such a change affects the log k values of the examined aromatic hydrocarbons
they determined, inter alia, the functional dependence of methanol mole fraction in
the surface phase (xg) vs. its mole fraction in the mobile phase (x1) on silica gel Si
100 ODS. Thereby it was found that the log &k values were not a linear function of ei-
ther the xg or x1 values, although in the last case two linear regions with different
slopes were observed.

On the basis of the above, we assumed that the xg and x| values are essential
characteristics of the stationary and mobile phase, respectively, and therefore log
xs/x1 could be a linear function of the log & values, that can be defined as log k£ =
mg/m| (Where mg and m designate the mass of the substance being separated in the
stationary and mobile phase, respectively).” If such a hypothesis were to be correct
and to have a broad significance in the investigated system, a linear dependence be-
tween log x¢/x1 and P, N should be expected. The verification of this is the subject of
this paper.

RESULTS AND DISCUSSION

As the first step, for each x value the corresponding log x¢/x1 and Pp,N values
were calculated (the log x¢/x| values were calculated on the basis of the xsand x; val-
ues given in the Nasuto’s ef al. diagram® and the P,,N values were calculated by
means of Eq. (13) given in the Bosch’s et al. paper,! with preliminary conversion of
the x; values into volume fractions). The results of these calculations are given in
Table I.

TABLE 1. Comparative review of the x1, log xs/x1 and PmN values

X 0.025 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
log x/x;  0.938 0.865 0.727 0.554 0.435 0340 0.259 0.192 0.136 0.0859 0.0436
PN 0.929 0.866 0.757 0.590 0.469 0377 0.305 0.247 0.200 _0.159 0.125

It was established using linear regression analysis that the log xs/x| values
over the whole region examined (x; =0.025—0.9) represent a very good linear func-
tion of the PN values (Fig. 1), proved by the regression data obtained:

log xs/x1 =1.0912 PN — 0.0824 (1)
(n=11,r=0.9996, s = 8.93x1073).

Since tle log k values obtained in ODS column chromatography are linear
function of the PN parameter, which has been confirmed by a great number of
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compounds over the entire concentration range of methanol in the mobile phase
(0100 % v/v),! it should be expected that our parameter log xs/x| (named system
parameter, SP, because it contains the mole fractions of methanol in both phases) is
also in linear correlation with the log & values of the examined substances. In order
to confirm this we chose the log k values determined for some aromatic hydrocar-
bons by Nasuto et al.,% as well as those for phenol and some of its derivatives and
nitrobenzene obtained by Bosch et al.! The results obtained are given in Table I
and Figs. 2 and 3. They confirm a good linear dependence of the function: log k =
f(log x¢/x1) for all the examined compounds, over a wide range of log x¢/x| values
(from 0.044 til1 0.864). The only exception is the point x; = 0.1 for benzene which is
considerably lower than the expected regression value.

On the basis of the above, it can be concluded that the SP values for a series of
x1,as givenin Table I, actually represent a system scale with respect to which the log
k values of the examined substances are a linear function.

The obtained scale is evidently the consequence of the found dependence xg =
f(x1), which is in full accordance with the corresponding ideal phase system equilib-
rium:

(methanol) + (water)g = (methanol)g + (water)
For such an equilibrium, the following Everett equation® can be applied:
xg/x1 = K/x1(K-1) + 1 2)

(K denotes the equilibrium constant). By rearrangement of this equation the
following relationship is obtained:

(1) =K+ 1-K 3)
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of the linear function log & =
f(log x4/x;) for the compo-
10 J unds having the same num-
: bers as in Table II.

which gives rise to the linear correlation (xl)_l = f(xs)_1 . Using the x; and x4 values
obtained by Nasuto et al. 6q very good correlation (»=0.9999, n=11) was found and
the corresponding K value, obtained from the slope and intercept of the regression
line, amounted to 10.88+0.05. By taking the logarithm of Eq. (2) and substituting K
for 10.88, anew equation is obtained, which enables the calculation of SP on the ba-
sis of the corresponding x; values:

SP = log xs/x1 = log [K/x1(K=1)+1] =1log 10.88/9.88 x1 + 1 4)

Using linear regression analysis, the following correlation between the exper-
imental SP parameters and those calculated by means of Eq. (4) was obtained:
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Fig. 3. Graphical presentation of the linear function log £ = f(log xs/x1) for the compounds having
the same numbers as in Table II.

(SP)calc = 1.0032 (SP)exp + 0.0017 5)

(n=11,r=0.9999, s = 427x107)

On the basis of the regression data obtained (the slope has the value very close
to 1 and the intercept very close to zero), it can be concluded that the experimental
and theoretical SP parameters are in good agreement.

As is known, in RPLC on ODS with methanol-water as the mobile phase, the
function log k= (@) is used for various investigations in the methanol volume frac-
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tion () range in which this correlation is very close to linearity.% !0 For this reason
it is of interest to consider the functional correlation SP = f().

TABLE II. Regression data of the linear function log £ = f(log xs/x1)

Conc. range (log
X/x; range)*

0.2-0.9 mole fr.
(0.044-0.554)

2 Naphthalene 0.5632 4.5980 0.9998 1.63 8 ditto
0.3-0.9 mole fr.

No. Compound ~Inter. Slope r sx102 n

1 Benzene 0.7003 3.3401 0.9988 291 8

3 Anbracene 03016 56664 09995 252 7 odd o
4 Phenanthrene 03262 55941 09992 315 7 ditto

5 Pyrene 01212 56736 09997 154 6 ?6‘.‘()74?49%?:5 fr.
6 Chrysene 0.0424 65257 09997 226 6 ditto

7 Phenol 02892 18966 09992 206 9 %gazgf/(‘;gg‘;)
8  4Nitrophenol 03128 23125 09992 251 9 ditto

9 3Nitrophenol 03084 23834 09997 159 9 ditto

10 2-Methylphenol 02574 24541 09998 133 9 ditto

11 2-Chlorphenol 03065  2.6207 09994 247 9 ditto

12 24-Dinitrophenol ~ 03452 2.5489 09998 139 9 ditto

13 2Nitrophenol  0.1574 24785 09998 135 9 ditto

14 3-Chlorphenol 02529 28219 0998 406 9 ditto

15 Nitrobenzene 0.1038 2.4382 0.9992 2.65 9 __ditto

*The log xs/x1 values for the compounds 7—15 were calculated from the corresponding P values! us-
ing the regression Eq. (1)

By differentiation of Eq. (4), as well as of the equation used for the calculation
of'the @ from x: @ = Ax/x1 (A4-1) + 1 with respect to x| and combining both deriva-
tives, the following equation is obtained:

d(SP)/dg = — 0.434 K '(1-x1+Ax1)2/A(x; K+1) ©)

(K’ =(K-1)=9.88, 4 = 2.2457).
From Fig. 4 (the right scale) it is clear that the differential quotient d(SP)/d¢
changes when ¢ changes, but these changes are relatively so small over the interval
0.5—1.0 that the function SP =1{(¢) can be considered almost linear over this interval

(Fig. 4 the left scale). By the application of linear regression analysis to this interval
one obtains:

SP=-0.8552¢ + 0.8546
(r=-0.99998; n=11; s = 8.96x10™%).

(7
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A similar ¢ range over which it is possible to apply the function log £ = f(¢)
was also found experimentally by Harnisch et al.® and Jandera.10 This means that
this relation can be used to determine the straight line intercept (i.e., the log £ value
for @ = 0) when relatively great extrapolations are needed, for example during, ex-
amination of the congenerity of compounds, as well as lipophilicity determinations
of examined substances. Because of this it is quite clear that the SP scale has an ad-
vantage over the earlier described ¢ scale.%-10

U3BOJ

YTHULAJ CACTABA CTAIIMOHAPHE U MOBUJ/IHE ®A3E Y UIIEAJIHUM
XPOMATOI'PAOCKHNM CUCTEMHUMA HA log s BPETHOCTHU ¥ XPOMATOI'PA®PHUIN HA
KOJIOHMU. I. CHUCTEM OJC/METAHOII-BOJJA

TOMHUCIIAB J. JABBUh, TOPTAHA BYYKOBUh u MUIIEHKO B. HhEJIATT
Xemujexu daxyattierti, Yrueepsuitieiti y Beozpaoy, . up. 158, 11001 Beozpad

Ha ocHoBy nuTepaTypHEX IofaTaKa YTBpheHo je ia y cllydajy XpoMaTorpaducama Ha
KOJIOHU Off oKTagenus — cusmka-resia (OJIC) MeTaHoIOM Kao MOJU(PUKATOPOM BPEIHOCTH
log xs/x1 (T1€ X5 ¥ X1 TIPEJICTABIBA]Y MOJICKE (hpaKIlije METAHOIA Y CTATIHOHAPHO] X MOGHITHO]
tasm) jecre nmHeapHa QyHKiMja ofrosapajyher Bomopor napamerpa P ka0 u log k
BPEAHOCTH M3yuaBaHMUX cyncraninu. Takobe je HabeHO fia je da3Ha paBHOTEXA Y CUCTEMY
OJIC/meraron-Bopa y ckiajy ca EBepeToBOM jeHaunHOM 3a upeainte cucreme (K =10,88).
Hajsan, nabena je nuHeapHa 3aBUCHOCT U3Meby log xs/X] B 3allpeMUHCKUX (PpaKiyja MeTa-
nosa (¢) y oncery 0,5-1,0, mrro oprosapa imHeapuoM jiesty dyukimje log k= f{¢), ekcnepu-
MeHTaIHO HabeHOoM Off cTpaHe IpYTruX ayTopa.

(Ipmvbeno 18. maja 2000)
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