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Application of the Log k pair linearity rule and Proportionality
rule to the RPP mobile phase scales estimation on diol-silica
column
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By the application of the Log & pair linearity rule and the Proportionality rule to
the previously published log & values for 27 compounds, obtained on diol-silica columns
with acetonitrile, methanol and tetrahydrofuran as modifiers, the existence of common
RPP scales was established. The obtained correlation coefficients of the linear function
log k= f(RPP) were better than 0.9900 for 26 compounds in the first, 21 in the second
and 20 in the third case. In addition, in the case of the two first modifiers a linear correla-
tion between the obtained RPP values and mol % of modifier in the mobile phase was
found. On the basis of this, the following simple linear function: log £ = f(mol % of mod-
ifier) was proposed as a criterion for log k£ values judgement in practical work. A linear
correlation was also established between intercept and slope of the function, in spite of
the fact that the investigated compounds essentially differ in their descriptors.

Keywords: column chromatography, diol-silica sorbent, log £ pair linearity rule, propo-
rtinality rule, RPP scale.

INTRODUCTION

On the basis of the previously described Ry (or log k) pair linearity rule and
Proportionality rule,!=3 in our latest paper# a new variant of these methods was pro-
posed by which, on the basis of the average log & values, it is possible to establish if
there is a common RPP scale of solvents for one group of the examined compounds
being separated by the same series of solvents; if it is established by this method it
can also be estimated. The method was ilustrated by literature data obtained on C1g
columns by means of solvents containing methanol or acetonitrile as modifiers and
various aqueous phases. In most cases a good linear dependence was established
between the experimentally determined log k& values of the examined substances
and the obtained RPP values [correlation coefficients () were 0.9980-0.9990].
Continuing these investigations, we wanted to ascertain if this method could also be
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applied to log £ values obtained on other sorbents, which, in the case of a positive re-
sult, would prove the wider applicability of the described method. In addition, we
wanted to examine if the Log & pair linearity rule and the Proportionality rule could
be used for a simpler estimation of log £ values, compared to the procedure based on
the Solvatation parameter model.”

RESULTS AND DISCUSSION

As the first succesive sorbent, diol-silica sorbent (=Si (CH3);OCH,CH
(OH)CH;0OH) was chosen. In the examinations, capacity factors data of 27 com-
pounds (Table I) given in the literature were used and the corresponding modifiers
were acetonitrile (ACN), methanol (MeOH), tetrahydrofuran (THF) and pro-
pane-2-ol (IPA), the content of which in water was in the range from 1-50 % v/v. In
the course of the examinations, the capacity factors were obtained the purpose of
which was to prove the validity of the Solvatation parameter model in interpreting
the retention processes in reverse-phase (RP) liquid chromatography by means of
the following equation:

log k= c + mVy/100 + rRy + smoH + ao,H + HB,H

(1)

In the above equation Vy, R», noH, apH and BoH represent solute descriptors,
the values ¢, m, 7, s, a and b represent the corresponding system constants that de-
pend on the sorbent used, the nature of the modifier and its concentration (% v/v).
The main significance of this model is that it provides an interpretation of the reten-
tion properties under RP chromatographic conditions, which would not be possible
by other means. However, its great disadvantage is the great number of solute
descriptors and system constants necessary for the calculation of the log k values us-
ing Eq. (1). While the solute descriptors for a great number of compounds can be
found in the literature, the system constants must be determined from the experi-
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Fig. 1. The straight lines obtained by the Log & pair linearity rule used on the basis of the Propor-
tionality rule for the estimation of the corresponding RPP scale.
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mentally obtained log & values of the examined substances with different known
solute descriptors, obtained on a given sorbent for various contents of each modifier
in the solvent mixture, using multiple linear regression analysis.

TABLE L List of compounds used

I group II group Control group
1. Naphthalene 10. Anisole 19. p-Cresol
2. Benzene 11. Acetophenone 20. 2-Chlorophenol
3. Propylbenzene 12. Nitrobenzene 21. 1-Naphthol
4. Chlorobenzene 13. Ethyl phenyl ketone 22. 4-Phenylphenol
5. Bromobenzene 14. Methyl benzoate 23. Benzyl alcohol
6. 1.2-Dichlorobenzene 15. Hexane-2-one 24. 2-Phenylethanol
7. 1.2-Dibromobenzene 16. Octane-2-one 25. 2-Nitroaniline
8. Benzaldehyde 17. Phenol 26. Benzamide
9. Benzonitrile 18. m-Cresol 27. Acetanilide

The previously mentioned 27 compound with various solute descriptors con-
sidered in the Solvatation parameter model were divided into 3 groups (Table I), re-
gardless of these parameters. On the basis of the first and second group, the mean
values (log k)1 and (log k),, respectively, were calculated, to check the validity of
Log & pair linearity rule and to estimate the RPP parameters. The third group of the
compounds was used to see if the obtained RPP parameters were applicable to some
other compoundst as well.

TABLE II. Parameters of the linear equation (log k)1 = f(log k)2, as well as the estimated mobile phase
RPP parameters. (log k)1 are average log £ values of the first and (log k)2 of the second group of com-
pounds from Table I

Modi- RPP* for vol % of modifier in water
Inter.  Slope

fier Cor. coef. (r) 50 40 30 20 10 5 1
ACN 0.2537 1.1599 0.9985 000 032 052 069 083 092 1.00

MeOH 0.2872 1.0025 0.9928 0.00 025 049 068 080 090 1.00
THF 0.2547 1.3135 0.9963 0.00 0.29 0.55 0.82 0.93 0.95 1.00
IPA  0.2573 1.2301 0.9938

*In the system modifier/water. RPP values are the relative point position on the given regression

straight line (Fig. 1). **Because of the fact that the average log & values for 20, 10, 5 and 1 % v/v of
modifier only slightly differ (Fig. 1)

Figure 1 shows that the Log £ pair linearity rule is also valid in this case. Due
to the fact that in the case of IPA the mean log & values for 20, 10, 5 and 1 % v/v of the
modifiers differ slightly, the corresponding RPP scale was not determined. The cor-
responding regression data and the calculated RPP scales for the other modifiers are
shown in Table II. It can be seen from this Table that considerably lower r values
were obtained than in the case of the earlier examined C1g column,* when better
than 0.9980 values were obtained, but nevertheless good enough for an RPP scale to
be satisfactorily calculated.
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Fig. 2. Functional dependence between mol % of modifier in the mobile phase and RPP values
found for all the modifiers examined, as well as the dependence of the RPP values and mobile
phase polarity parameter PmN for MeOH and ACN.

The r values of the linear function log & = f(RPP) obtained for all 27 com-
pounds with all three above mentioned modifiers are shown in Table III. The best
results are obtained with ACN, where in 26 cases the obtained  was better than
0.9900. Worse results were obtained with MeOH, when in only 21 cases was r
better than 0.9900. There are various reasons for the lower  values of 6 compounds
(footnote of Table III), which indicates that in these cases the error in not system-
atic. Finally, when THF was used in only 20 cases was r better than 0.9900, so these
results may be considered as the poorest, because in 4 cases with 20 % v/v of modi-
fier there was an upwards deviation from the straight line, which indicates that these
compounds have another, much better RPP scale ( was better than 0.9978). It is im-
portant to point out that in spite of the fact that only group I and II group compounds
(i.e., the first 18 compounds) were used for the determination of the RPP scales,
these scales led to no worse results in the control group of the compounds (Nos.
19-27), although the solute descriptors of all 27 compounds differ considerably
among themselves.

Since in similar investigations on C;g columns with ACN and MeOH as mod-
ifiers a very good correlation between the obtained RPP values and Bosch’s mobile
phase polarity parameters PmN was found,6 this dependence was also investigated
for the diol-silica column and the obtained results are shown in Fig. 2. It can be seen
that this correlation is not linear but that in the cases with ACN and MeOH as modi-
fiers there is a comparatively good linear correlation between RPP values and mol
% of modifier in the mobile phase, the r values being —0.9970 and —0.9981, respec-
tively. Only in the case of THF is a clear discontinuity from the obtained straight
line visible at the point corresponding to 20 % v/v of THF.

As RPP values have to be determined, and the mol % of modifier is easy to
calculate, the correlation data of the linear function:

log k = p(mol % of modifier) + ¢ 2)
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for ACN and MeOH are presented in Tables IV and V, respectively, for all 27 com-
pounds. The slope of the straight line in Eq. (2) can be defined as the change in the
log k value which is brought about by a unit change of the mol % of modifier and the
intercept is equal to the log £ value that would be obtained with pure water.

TABLEIIL Correlation coetficients (r) of the linear function: log k= f(RPP)+. Ordinal numbers desig-
nate the compounds in Table [

No. ACN MeOH THF
1 0.9974 0.9967 0.9945
2 0.9930 0.9789%** 0.9693%**
3 0.9985 0.9940 0.9952
4 0.9991 0.9921 0.9957
5 0.9987 0.9880%** 0.9978
6 0.9987 0.9918 0.9970
7 0.9953 0.9977 0.9949
8 0.9977 0.9977 0.9953
9 0.9987 0.9829%** 0.9973
10 0.9986 0.9982 0.9993
11 0.9941 0.9940 0.9830%
12 0.9986 0.9881* 0.9968
13 0.9958 0.9937 0.9855*
14 0.9988 0.9992 0.9954
15 0.9951 0.9657%** 0.9753%#*
16 0.9984 0.9914 0.9987
17 0.9971 0.9893* 0.9861%
18 0.9975 0.9956 0.9968
19 0.9988 0.9944 0.9968
20 0.9998 0.9958 0.9992
21 0.9961 0.9981 0.9949
22 0.9949 0.9989 0.9888*
23 0.9917 0.9955 0.9929
24 0.9971 0.9939 0.9961
25 0.9989 0.9978 0.9999
26 0.9889* 0.9983 0.9781*
27 0.9981 0.9971 0.9931

*In the case when  values are worse than 0.9900 the examined function was graphically presented to es-
tablish the cause of low correlation, the following was found: *The staight line breaks at the fourth point
with increasing slope; **The dependence is not linear; ***The first point (50 % v/v) is very high;
###+The last point (1 % v/v) is very high; *The points are irregularly dispersed around the regression line

As can be seen from Table IV, out of the 27 examined compounds, in 23 cases
r values (for n = 7) better than 0.9900 were obtained. Leaving out the experimental
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point which deviates mostly from the regression straight line, » values better than
0.9900 were also obtained with the compounds Nos. 2, 15, 23 and 26.

TABLE IV. Regression data of the linear function: log k= p(mol % ACN)+g. Sorbent: diol-silican="7
if it is not differently cited

Compound No. from Table | q - —r
1 1.0974 0.0779 0.9978
2 0.2697 0.0422 0.9890
0.2382 0.0361 0.9947 (without 50 % v/v, n = 6)
3 0.9240 0.0723 0.9986
4 0.6433 0.0583 0.9976
5 0.7294 0.0625 0.9990
6 0.9647 0.0707 0.9995
7 1.2193 0.0805 0.9967
8 0.3320 0.0504 0.9923
9 0.3528 0.0510 0.9943
10 0.4140 0.0529 0.9949
11 0.4299 0.0560 0.9901
12 0.4400 0.0546 0.9941
13 0.6007 0.0629 0.9924
14 0.5317 0.0629 0.9959
15 0.1353 0.0431 0.9886
0.0922 0.0406 0.9921 (without 1 % v/v, n = 6)
16 0.4784 0.0579 0.9950
17 0.1315 0.0403 0.9931
18 0.3311 0.0509 0.9929
19 0.3229 0.0495 0.9952
20 0.4840 0.0564 0.9970
21 1.0103 0.0787 0.9957
22 1.1997 0.0905 0.9953
23 0.0421 0.0359 0.9840
0.0090 0.0295 0.9933 (without 50 % v/v, n = 6)
24 0.1324 0.0403 0.9929
25 0.5000 0.0554 0.9968
26 0.1379 0.0367 0.9862
0.0869 0.0339 0.9962 (without 1 % v/v, n = 6)
27 0.1973 0.0420 0.9948

As can be seen from Table V, out of the 27 examined compounds, in 21 cases
values (for n = 7) better than 0.9900 were obtained. Leaving out the point which
mostly deviates from the regression straight line, the » values for the compounds
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Nos. 5, 9 and 15 were also better than 0.9900, while this value was almost reached
for compound number 12. The remaining two compounds (Nos. 2 and 17), in spite
of'a comparatively low dispersion of points around the regression straight line, have
considerably lower r values (n="7), probably due to the small slope of the regression
lines. Namely, it is known that in such cases low 7 values are obtained, which has
been discussed by some other authors as well.®’

TABLE V. Regression data of the linear function: log £=p(mol % MeOH)+q. Sorbent: diol-silica n="7
if it is not differently cited

Compound No. from Table | q - —r
1 1.2952 0.0342 0.9980
2 0.2944 0.0128 0.9758
3 0.9531 0.0242 0.9941
4 0.6986 0.0192 0.9931
5 0.7973 0.0211 0.9894
0.8177 0.0220 0.9916 (without 1 % v/v, n=6)
6 1.0910 0.0273 0.9937
7 1.3842 0.0346 0.9987
8 0.4681 0.0228 0.9934
9 0.4551 0.0175 0.9799
0.4765 0.0207  0.9937 (without 50 % v/v, n = 6)
10 0.4963 0.0190 0.9940
11 0.6433 0.0285 0.9907
12 0.6340 0.0236 0.9817
0.5915 0.0216 0.9898 (without 1 % v/v, n=6)
13 0.8392 0.0324 0.9912
14 0.7173 0.0260 0.9990
15 0.3002 0.0247 0.9584
0.2284 0.0209 0.9942 (without 1 % v/v, n=6)
16 0.5867 0.0235 0.9940
17 0.1779 0.0144 0.9879
18 0.4081 0.0190 0.9944
19 0.4044 0.0187 0.9912
20 0.6162 0.0240 0.9954
21 1.1962 0.0342 0.9965
22 1.4535 0.0410 0.9990
23 0.0749 0.0137 0.9904
24 0.1934 0.0151 0.9912
25 0.6624 0.0234 0.9937
26 0.2929 0.0240 0.9991

27 0.3339 0.0222 0.9952
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Fig. 3. Depencence between the intercept and the slope of the linear function: log & = f(mol % of
modifier). The data are taken from Tables IV and V. In the cases when 7 values for n = 7 were lower
than 0.9900 the values for n = 6 were taken.

Although Eq. (1) characterizes the retention (log & values) on the basis of the
Solvation parameter model, and Eq. (2) is empirical, both equations are of practical
interest, because in some cases the obtained experimental capacity factors are in
better agreement with those calculated by Eq. (1), and in the other cases with those
obtained by Eq. (2) (Table VI).

TABLE VI. A comparative review of the experimental and calculated capacity factors for some com-
pounds: 1) Experimentally found values; 2) The values calculated by Equation (1) (system constants
for 50 % v/v for ACN are unknown); 3) The values calculated by Equation (2) with the parameters p
and g from Tables IV and V. Mol % of modifiers were calculated according to the Equation: (mol %)'1 =
A% V/V)'1 +0.01(1-4), where 4 in the case of MeOH is 2.2475 and of ACN 2.9352

% v/v of modifier in the mobile phase

Compound

50 40 30 20 10 5 1
Benzyl MeOH 1) 044 058 076 088 093 112  1.19
alcohol

2) 0.42 0.57 0.79 0.99 1.18 1.51 1.91

3) 0.45 0.58 0.72 0.87 1.02 1.11 1.17

ACN 1) 0.11 0.29 0.44 0.60 0.74 0.87 1.09

2) - 0.28 0.41 0.59 0.76 0.94 1.43

3) - 0.29 0.43 0.60 0.80 0.91 1.02

1-Naphthol ~MeOH 1 1.31 2.70 4.73 7.33 9.49 13.48  14.97
2) 1.23 2.34 3.89 6.21 7.97 10.56  12.67

3) 1.39 2.59 4.45 7.14 10.84  13.12  15.17
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% v/v of modifier in the mobile phase

Compound
50 40 30 20 10 5 1
ACN 1) 011 039 092 199 463 789 1225
2) - 039 088 190 396 655  9.05
3) 0.10 035 1.02 247 529 744  9.62
1'26211;:'11‘:"‘ MeOH 1) 1.66 285 497 730 936 994  10.83
2) 1.64 287 441 635 730 851  9.09
3) 1.78 293 450 657 917 1068 11.99
ACN 1 0.15 046 1.4 250 471  7.00  9.46
2) - 043  1.11 234 427 583  7.73
3) 015 045 1.6 257 509 692 872
Cresol MeOH 1) 064 093 134 179 197 229 240
2) 062 092 135 169 183 219 229
3) 067 094 127 165 208 232 251
ACN 1) 009 030 054 086 130 161  2.10
2) - 031 056 092 131 162 207
3) 0.11 024 048 085 140 174 2.6
Anisol MeOH 1) 080 1.4 1.64 214 231 274  3.18
2) 081 122 174 231 270 326  3.87
3) 082 115 1.56 202 255 284 3.8
ACN 1 010 032 061 102 155 190 2.9
2) - 035 066 1.3 167 203  3.07
3) 012 027 054 100 166 209 249
Acetanilide MeOH 1) 047 065 093 124 158 189 231
2) 046 067 1.02 143 171 235 294
3) 045 067 095 129 170 192  2.11
ACN 1 013 029 046 068 1.00 128  1.77
2) - 027 044 071 105 136 220
3) 013 026 046 074 111 133 152

In spite of the fact that the 27 examined compounds differ considerably in
their solute descriptors, most of these compounds with both modifiers (MeOH and
ACN) surprisingly exhibit an approximate congenerity, because the functional de-
pendence (intercept x 10) = f(—slope x 100) does not deviate much from linearity

(Fig. 3). Thus, the following regression parameters were obtained:

For ACN (n=27)r=0.9740,5s=0.785, inter.
for MeOH (n =27) r = 0.8859, s = 1.765, inter. = —5.0887 and slope = 4.8637.

—7.8079 and slope 2.3003, and
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In order to illustrate the mentioned linearity the fact that the 7. value for n =
27 with a certainty of 99.9 % amounts to 0.597 could be cited.
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U3BOJ

ITPUMEHA TTPABHJIA IMHEAPHOCTH log xk IIAPOBA U ITPABUJIA
ITPOITOPIITMOHAJIHOCTH 3A OIIPELHUBAIBLE RPP CKAJIA MOGHUIIHUX ®PA3AY
XPOMATOI'PA®HNIN HA KOJIOHH ITUOJI-CUJIMKA I'EJTA

TOMHUCIIAB J. JAIBUh, TOPTAHA BYYKOBHWh* n MUJIEHKO b. hEJIAIT

Xemujcxu daxyatnienti, Yruueepsuitieini y Beozpaoy, . up. 158, 11001 Beozpad

ITprmenowm Ilpasuna nuaeaprocTH log & maposa u [Ipasmita MponopuIrOHAIHOCTH HA
nurepatypre log k BpegHOCTH jloOMjeHe 3a 27 jeluiberba Y KOJIOHM JHMOJI-CHIIMKaA Tejia
VTBPbHEHO je mocrojame 3ajeqHunukrx RPP ckana y ciyuajy MoouinHuX dasa Koje ¢y nopey
BOJle cafjpxKapajle Kao MOJU(UKATOPE aleTOHUTPHIL, METAHOI MU Tepaxuipodypat. [lo-
OHjeHy KopeJlallioHy KoerIujeHTH NuHeapHe dyHKnuje log k = f(RPP) ounu cy 60/bu of
0.9900 y mproM ciydajy kop 26, y ipyrom kopi 21, a y tpehem xopt 20 jequmbemsa. [Topey Tora,
KOJ] IpBa JiBa MOofU(UKaATOpa YTBpheHa ja nrnHeapHa 3aBucHOCT U3Meby Habenux RPP Bpef-
HOCTH ¥ MOJT % MopiucpukaTopa. M3 Tora je mpousanuia iuueapra pynkuuja: log k= f (Mo %
Mo uKaTOpa) NpeiokeHa 3a mporeHy log k BpeHOCTH ¥ npakTHYHOM pajy. Mameby
oficeuka n Harnba oBe (PyHKIMje HabeHa je IMHeapHa Kopenanuja 3a BehuHy HCIUTUBAHUX
jenumeba, Mako ce M3yuapaHa jefuiberha OUTHO PA3iIMKYjy 11O CBOjUM MTapaMeTpuMa Koju
KapaKTepUIlly BUXOBY CIOCOGHOCT 3a OCTBapUBarbe Pa3iHuUTUX MHTEpaKIUja ca CTalluo-
HapHOM (hazoM.

(Ipmubero 12. maja 2000)
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