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SUMMARY

The selectivity of 63 compounds on 14 ODS packings for reversed-phase high-
performance liquid chromatography has been studied. Plots of logarithmic retention
factors, log k', measured on column pairs with the same mobile phase, are used to
compare the energetics of retention and to study the similarity of the retention mech-
anisms on all the possible pairs of packings. To discuss the specific properties of the
packings, a new criterion of the similarity of retention mechanism is proposed. The
chi-squared (yx?) distance can be used to describe the deviation from proportionality
between the capacity factors measured on the column pairs. Correspondence factor
analysis (CFA) gives access to the y? distance in the reduced space of the main factors
affecting solute selectivity. Additionally, the relative importance of the ‘““hydropho-
bic”” and non-hydrophobic effects can be estimated. The extracted factors allow the
a;y parameters to be recreated, i.e., the ratio of the Gibbs free energy for the jth and
J'th phase pair.

INTRODUCTION

The differences that exist among commercially available packing materials for
reversed-phase high-performance liquid chromatography (RP-HPLC) are of con-
siderable interest from both a theoretical and practical point of view. The effect of
the length of the bonded alkyl chain on solute selectivity has been studied extensive-
ly'=13, but remains a subject of discussion. Significant differences have been shown
among columns which have the same bonded functional groups!4~2!. The chromato-
graphic differences observed between similarly prepared columns are due to differ-
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ences in the characteristics of the silica material used as a support and in the technique
used to form the bonded phase. The surface coverage’-22:23, carbon loading24, end-
capping?5-2%, surface area®%27-28, pore size and pore volume?? are variables that
directly affect retention and selectivity. Other parameters that can affect the chro-
matographic behaviour of solutes include the particle shape?® and size3°, the size
distribution3?, the presence of trace elements in the silica matrix32-33 and the surface
pH!4. The differences among monomeric and polymeric C;g phases prepared on a
variety of silica substrate materials have also been reported?7.34.35,

However, there is little general agreement on the relative importance of the
above-mentioned factors. Our systematic study dealing with factor analysis®*® and
experiment design in HPLC?*7*! prompted us to re-examine the main trends in the
influence of packing properties on the solute selectivity under conditions of solvo-
phobic chromatography. Correspondence factor analysis (CFA)3¢743 was applied to
extract the main factors influencing solute selectivity and to estimate their relative
importance.

To grasp the broader generalizations that can be applied to the classification
of different commercially available packings, with respect to differences in selectivity,
a large set of structurally diverse compounds was used as a probe. Fourteen ODS
RP-HPLC packings are taken into consideration. The conclusions are based on the
chromatographic behaviour of two series of compounds: one including the sixteen
compounds most often proposed for testing RP-HPLC packing materials, and an-
other including 47 chalcones (X—C¢H,—CH = CH-CO-C¢H4~Y) diversely substitut-
ed.

THEORETICAL

The aim of the study was to grasp the differences between the studied station-
ary phases as revealed by the use of a judicious set of compounds. Therefore it is
advisable to employ the same constant mobile phase composition for all the systems
and to compare the stationary phases j and j’ on the basis of differences in the Gibbs
free energy, AG”, for the binding of the chromatographed samples, i and . Such a
difference in free energy of two samples i and i’ analysed successively on two sta-
tionary phases j and /' can be expressed as:

1,

A(4G%);y = AG°; — AG°; = — RTInafs + RT In ofy = RTln%; 1)

This difference influences the dependence

AG°; — AG*;

RT @

In k’ij = In k’ij' + In lpj — In lﬁj' —

where k';; is the capacity factor of the ith solute in the jth chromatographic system,
afy = kij/ki; and ¥; = ny/n,, is the ratio of the number of moles, n, of the mobile
(m) and stationary (s) phases in the jth chromatographic system. So the difference in
free energy, 4(4G");y, of samples analysed on two stationary phases j and j' can
involve one of the three following cases:
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AGoj = AGOJ‘/ then In k'ij = In k’,‘j' + In l//j — In l//j/ (3)
= ajy AGej' then In k'l’j = ajy In k’ij' + In (/Ij — ajy In d/j' (4)

AN
Q
|

where a;; is a factor of proportionality

AG®; not proportional to 4G°; then no linear dependence exists between In k’;; and
In k'ij’ (5)

Thus, investigation of the relationship In k';; vs. In k’; can furnish information
concerning the difference in the retention energetics, expressed as 4(4G°);; =
AG®; — AG’;, and allows the retention mechanism on the jth stationary phase to be
classified as: homoenergetic (the same) if AG®; = AG°; (eqn. 3), homeoenergetic (sim-
ilar) if AG®; = a;;4G"; (eqn. 4) or heteroenergetic (different) if 4G°; # a;; AG; (eqn.
5), according to Melander et al.13.

In terms of solubility parameters**, A(AG");; for the two compounds i and /'
having an equal volume (v; = v;) can be given in the form

A(AG°);; = 2 vi (6 — 6) (8; — y) (6)

where § is the solubility parameter, defined as \/ — E/v where E is the cohesive energy
required to transfer 1 mol of a substance from the ideal gas to its liquid state; v is the
molar volume of the liquid.

The specific properties of the individual stationary phases can be elucidated
with the help of the multicomponent solubility parameter model**#¢, applied to
liquid chromatography by Schoenmakers et al.**, which assumes that

52 = 62d + 520 + 2(Sind 5d + 2 5a6b (7)

where d, o, ind, a and b denote the dispersive, orientation, induction and the acid-
base interactions, respectively. Then, for the jth and j'th systems with the same mobile
phase:

A(AG);r = 2 v [(Bar — 84i) (Baj — Oaj) + (o — o) (Boj — Boy) +
(Bair — 04i) (Oina j — Oind j) T+ (Oina # — Oina i) (0aj — Baj) +
(Oair — 0ai) (Bo; — Oby) + (Boir — Obi) (2 — 0aj)] ®

So, the difference A4(4G");; depends simultaneously on the properties of the com-
pounds and of the stationary phases. The differences in the individual parameters &
of the stationary phases will be more visible if the corresponding parameters é of the
chromatographed compounds differ strongly.

Factor analysis is used for a deeper insight into the “true” complexity of factors
influencing 4(4G°);;. Furthermore, this data processing technique helps to distinguish
the parameters which depend upon the characteristics of the stationary phases and
those which depend upon the nature of the solutes.

In our study, correspondence factor analysis seems particularly useful as the
chi-squared (y2) distance is used to describe the deviation from proportionality be-
tween rows and columns of the data matrix, elements of which are the capacity
factors of the compounds on the stationary phases considered.
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EXPERIMENTAL

Reagents

The chalcones and test compounds considered are listed in Table I. The mobile
phase consisted of HPLC-grade methanol (E. Merck, Darmstadt, F.R.G.) and of
Millipore purified water.

Chromatographic procedure

Prior to the measurements, the columns were washed with the methanol-water
(7:3) mobile phase until a constant value was obtained for the retention of the com-
pounds. Sample solutions (2 mg per 25 ml) were prepared in dichloromethane (chal-
cones), or in methanol (test compounds). All data points were collected by averaging
three reproducible separations. The mobile phase and 1 ul of 103 M sodium nitrate,

TABLE 1

CHALCONES AND TEST COMPOUNDS MOST OFTEN USED TO CHARACTERIZE HPLC
PACKINGS

Me = methyl; Et = ethyl; Pr = propyl; Bu = butyl.

E-s-cis chalcone Z-s-cis chalcone No. Test compound
X—C6H4—CH= CH—C—ﬁ‘GH‘r' Y X—C6H4'—CH = CH“C”‘—C5H4— Y

o o
No. X-Y No. XY
1 H-CF, 26 H-CF;3 48 Nitrobenzene
2 H-tert.-Bu 27 H-tert.-Bu 49 Naphthalene
3 H-iso-Pr 28 H-iso-Pr 50 Phenanthrene
4 H-H 29 H-H 51 Methy! benzoate
5 F-H 30 F-H 52 Biphenyl
6 H-F 31 H-F 53 Diethyl phthalate
7 H-Et 32 H-Et 54 Anthracene
8 H-Me 33 H-Me 55 p-Cresol
9 F-Me 34 F-Me 56 2-Phenylethanol
10 F-F 35 F-F 57 Benzophenone
11 MeO-Me 36 MeO-Me 58 Benzyl alcohol
12 Me-MeO 37 Me-MeO 59 3-Phenylpropanol
13 F-MeO 38 F-MeO 60 4-Phenylbutanol
14 H-NO, 39 H-NO, 61 6-Phenylhexanol
15 F-NO, 40 F-NO, 62 9-Phenylnonanol
16 NO,-Me 41 NO,-Me 63 a-Nitronaphthalene
17 NO,-H 42 NO,-H
18 MeO-MeO 43 MeO-MeO
19 MeO-NO, 44 NO,-F
20 NO;-F 45 NO,-MeO
21 NO;-MeO 46 NO,-NO;
22 NO;-NO; 47 H-OH
23 NH,-H
24 H-OH

25 NMe,-NO,
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detected at 210 nm, were used to determine the dead time, ¢o, for each column. The
capacity factor, k', was calculated from the solute retention time, tg, according to

k' = (tr — lo)/to.

Instruments and columns

The HPLC equipment included the following components: a Bruker LC-31
pump, a Rheodyne Model 7125 injection valve, a Schoeffel Model SF 770 spectro-
photometer set at 300 nm (chalcones) or 254 nm (test compounds) and a Shimadzu
C-RIB data processor.

The commercially available columns or columns prepared in our laboratory
by slurry-packing at 6000 p.s.i. with carbon tetrachloride, followed by methanol, are
presented in Table II.

Data processing

A set of “abstract” factors affecting the selectivity in RP-HPLC systems was
extracted by CFA42.43. To determine the number of factors in a data matrix, i.e.,
the primary set of eigenvectors, the imbedder error function (IE)*” and the factor
indicator function (INF)*” were used. It was found that six main factors emerge from
principal component analysis*?, and that five factors ought to be considered in the
CFA results*3. To transform the abstract CFA factors into chemically significant
ones, “target testing”4” was applied.

RESULTS AND DISCUSSION

The capacity factors, k’, of the investigated compounds in fourteen RP-HPLC
systems with the same methanol-water mobile phase and different ODS stationary

TABLE II
COMMERCIALLY AVAILABLE PACKINGS

No. Column packing* Dimension Supplier
(mm x mm)

1 RSIL C,¢ LL* 90 x 4 Alltech

2 RSIL C,3 HL* 90 x 4 Alltech

3 Partisil ODS* 9 x 4 Whatman

4 Partisil ODS 2* 90 x 4 Whatman

5 Partisit ODS 3* 90 x 4 Whatman

6 Spherisorb ODS-2* 90 x 4 Phase Separations
7 uBondapak C,g* 9 x 4 Waters

8 Hypersil C, 90 x 4 Shandon

9 Spherosil XOA 600 C,g* 90 x 4 Prolabo

10 Nucleosil C,g* 90 x 4 Macherey-Nagel
11 Nova Pak C,s 100 x 5 Waters

12 Resolve C,g Radial Pak 100 x 8 Waters

13 uBondapak C,3 Radial Pak 100 x 8 Waters

14 Zorbax ODS 150 x 4.6 Du Pont

* Packed in our laboratory.
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TABLE III

THE CAPACITY FACTORS, k', OF THE 63 COMPOUNDS SEPARATED IN THE 14 CHROMATOGRAPHIC
SYSTEMS WITH METHANOL-WATER (7:3, v/v) AS MOBILE PHASE

Solute Chromatographic system

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 6.58 20.05 2.84 1940 11.05 1391 1040 10.40 2296 1486 1546 1248 16.69 27.14

2 12.80 5401 4.87 4646 2552 3479 22.14 2455 5849 3399 4051 28.86 33.07 65.19

3 10.10 36.57 4.08 33.72 1838 24.29 1621 17.55 41.93 2527 2722 21.71 26.12 47.02

4 425 898 208 967 536 646 531 486 1251 873 682 708 8.04 1191

5 408 8.65 2.01 915 525 6.09 522 467 11.71 812 6.55 668 8.10 11.62

6 425 9.61 2.08 998 575 689 568 520 1279 879 728 729 869 13.04

7 7.92 2313 339 2375 1266 16.64 11.65 12.07 30.63 18.66 17.97 16.00 17.24 31.79

8 597 1477 273 1581 836 10.57 7.92 7.77 20.55 13.09 1l1.16 11.01 11.64 20.55

9 562 1413 257 1458 823 993 792 733 1871 1235 1041 1038 1228 21.19
10 402 9.61 1.95 930 563 6.53 568 501 11.83 821 672 677 8.73 1243
11 7.19 1603 3.12 1897 885 1149 878 798 2591 1547 11.16 12.62 14.00 24.14
12 740 17.15 320 2029 936 1205 9.19 848 2693 1595 1261 1325 14.65 23.33
13 483 977 229 11.15 577 651 587 491 1431 956 672 769 861 13.33
14 428 9.13 207 9.86 530 6.53 546 495 1296 847 659 7.1 8.73 1325
s 399 903 1.70 886 525 6.04 551 475 [1.36 801 666 645 863 12.23
16 531 11.53 241 1226 6.80 825 696 603 1669 10.69 853 9.11 1091 17.66
17 3.83 722 191 7.87 442 498 462 385 1033 727 537 595 727 1023
18 5.80 11.22 273 1359 6.16 7.12 633 515 18.13 1147 7.18 897 939 14.67
19 513 11.25 276 1193 580 703 6.10 523 1569 994 729 839 911 1465
20 381 772 184 793 479 533 498 419 1021 7.18 568 596 8.00 11.45
21 464 825 225 963 497 540 524 4.17 13.06 864 557 705 842 1195
22 364 846 1.75 744 442 479 487 395 1019 676 554 548 725 10.52
23 253 327 145 344 201 170 207 162 416 372 169 287 317 3.29
24 262 465 145 404 275 262 289 240 486 433 262 303 444 452
25 8.02 17.08 343 2030 816 1144 9.5 806 27.38 1645 10.53 1581 14.73 23.73
26 443 1295 209 1221 7.51 88% 696 7.04 1383 969 984 793 10.83 17.08
27 820 3339 339 2796 1679 21.60 1442 16.16 33.36 20.83 2522 17.63 21.30 40.16
28 6.51 2262 284 2038 1210 15.00 10.55 11.54 23.80 1549 16.97 13.15 16.84 28.51
29 280 580 1.51 589 373 410 365 333 716 547 444 447 543 147
30 3.04 649 1.61 6.58 4.07 458 401 369 806 598 489 494 6.10 8.51
31 287 624 1.52 6.26 398 441 387 359 1756 569 472 464 580 823
32 5.03 1416 234 1438 835 1009 7.62 7.88 17.39 1147 1095 946 11.05 18.90
33 3.73 889 1.89 898 548 630 516 501 1096 7.78 6.77 6.46 747 12.06
34 402 1005 200 994 6.07 7.10 580 553 1219 867 728 724 885 14.77
35 3.3 7.16 l1.62 7.04 426 4838 424 391 85 630 491 510 640 9.06
36 456 10.62 2.19 11.32 621 757 6.07 565 1453 9.67 763 781 943 1560
37 432 984 212 1048 594 679 574 523 1286 901 731 7.18 885 1290
38 335 671 1.75 719 419 451 424 362 876 653 462 523 614 890
39 298 599 1.59 6.36 369 420 377 341 783 575 425 455 580 836
40 334 687 1.51 727 4.01 458 415 372 889 667 483 503 639 9.05
41 391 772 1.97 838 475 545 487 423 1063 775 544 627 743 1144
42 292 505 1.59 5.59 321 347 342 283 699 544 358 438 519 693
43 364 7.6 1.90 7.84 427 462 434 362 98 709 477 547 634 9.19
44 3.07 536 1.65 6.03 338 3.66 353 303 741 570 363 446 545 7.66
45 331 539 1.79 626 342 351 365 291 793 6.09 347 480 564 744

46 325 581 L.75 621 3.07 323 337 275 7.89 587 344 425 489 698
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TABLE III (continued)

Solute Chromatographic system

! 2 3 4 5 6 7 8 9 10 11 12 13 14
47 1.73 289 1.04 236 186 165 196 1.62 273 270 166 204 295 279
48 1.58 215 1.03 216 158 1.56 175 144 270 265 147 245 269 295
49 308 798 1.72 746 441 556 369 439 893 6.78 6.61 622 6.10 11.68
50 6.68 2221 3.27 2238 10.20 1551 7.63 10.75 27.59 17.55 19.21 15.79 13.15 3395
51 L.76 270 1.12 267 199 18 196 168 327 3.2 203 280 301 376
52 438 1370 231 1247 1725 935 569 7.06 1483 10.50 11.96 9.75 9.68 20.66
53 1.86 285 1.18 273 220 186 212 1.76 321 321 216 267 337 379
54 740 26.17 3.58 2638 11.49 18.34 8.52 1235 3243 20.03 2250 18.77 14.73 40.20
55 1.19  1.51 0.81 141 122 101 133 107 167 187 110 155 200 179
56 122 142 084 144 116 0% 127 103 166 1.8 100 157 18 1.72
57 2.58 489 157 475 332 327 307 273 578 508 382 434 495 692
58 1.03 112 0.75 .10 095 076 109 0.85 130 151 078 134 1.59 1.29
59 149 193 0.98 201 152 128 1.55 131 230 237 147 191 236 245
60 191 279 120 293 205 1.83 199 180 331 322 219 247 315 3.63
61 356 696 202 726 447 440 393 394 799 685 599 509 6.61 973
62 11.64 3429 557 3543 18.13 20.62 1395 16.74 3799 27.13 33.73 21.13 2596 52.04
63 293 532 1.73 561 329 361 3.13 294 6.66 587 391 4.67 507 748
phases are presented in Table III.
63

Based on the average capacity factor, k'; = Y  k';/63, the order of
i=1
“retention power” of the chromatographic systems is: Zorbax ODS > Spherosil
XOA Cyg > Partisil ODS 2 > RSIL C;3 HL > Nucleosil C,5 > pBondapak C,
Rp > Nova Pak C;3 > Resolve C;3 > Spherisorb ODS-2 > Partisil ODS 3 >
uBondapak C;g > Hypersil C,3 > RSIL C,5 LL > Partisil ODS.

According to the solvophobic theory, the differences in the retention behaviour
of a given sample, using the same eluent and the same alkyl ligand, are essentially
due to the different phase ratios. It is also known, from experimental practice, that
the differences in the silica material used as a support and the differences in the
technique used to form the bonded phase can affect not only solute retention but
also solute selectivity.

Plots of log k'y; versus log k'

A comparison of the separation mechanisms on the particular phase pair j and
J' can be made based on the relationship log k';; versus log k';;. The resulting cor-
relation coefficients, r, and the slope, a, for all pairs of the stationary phases, j and
J'» are listed in Table IV. The similarity of the separation mechanism is analysed in
terms of the following criterial3:

if r > 0.95and 0.90 < a < 1.10 the mechanism is homoenergetic (eqn. 3)
if r > 0.95 and a < 0.90 or ¢ > 1.10 the mechanism is homeoenergetic (eqn. 4)
if r < 0.95 the mechanism is heteroenergetic (eqn. 5)

From the r and a values in Table IV, it appears that in all chromatographic systems
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TABLE IV
COMPARISON OF THE RETENTION MECHANISMS FOR 91 PAIRS OF PACKINGS

Correlation coefficients, r, and slope, a, according to eqn. 2. @, Homoenergetic mechanism (» > 0.95, a
= 1.0 £ 0.1); A, homeoenergetic mechanism (r > 0.95, a < 0.9 or a > 1.10). Identification numbers of
the chromatographic systems as in Table II.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1r 098 099 098 098 098 098 097 099 099 097 099 099 0098
a 1.46 0.76 1.48 1.24 1.48 1.15 1.30 1.51 1.22 1.52 1.24 1.18 1.53

2 A 0.97 099 1.00 1.00  0.99 1.00 099 099 099 099 099 099
0.50 1.00 0.85 1.01 0.78 0.89 1.01 0.82 1.05 0.83 0.80 1.04

3 A A 098 096 096 096 096 098 099 096 098 097 097
1.90 1.60 1.90 1.46 1.66 1.94 1.57 1.96 1.60 1.50 1.97

4 4 © A 099 099 099 099 1.00 1.00 099 099 099 099
0.84 1.01 0.77 0.88 1.02  0.82 1.04 084 0.79 1.04

5 A A A A 1.00 0.99 1.00 098 099 099 099 1.00 0.99
1.19 091 1.04 1.18 0.96 1.23 098 093 1.22

6 A A A [ ) A 0.99 1.00 099 099 099 099 099 1.00
0.76 0.88 099 0.80 1.03 082 0.78 1.03

7A A A A o A 099 099 099 098 098 1.00 098
1.13 1.29 1.04 1.32 1.06 1.02 1.32

S A A A A ® A A 098 099 100 099 099 099
1.12 091 1.17 093 0.89 1.17

94 @ A @ A [ ) A A 1.00 098 099 099 099
0.80 1.01 082 077 1.02

10A A A A ° A ) ® A 098 1.00 099 099
1.26 1.02 096 1.27

11 A4 @ A [ ] A [ A A [ ) A 099 099 0.99
0.79 075 099

2A A A A ® A () ) A ® A 099 0.99
0.94 1.24

3A A A A o A ° A A ) A ® 0.99
1.30

4A @ A @€ A @ A A O A o A &

the separation mechanism is homo- or homeoenergetic. For 27 of the 91 possible
pairs of stationary phases, the selectivity is the same (@ = 1.00 £ 0.10). Even for the
systems differing in retention power (see, e.g., the capacity factors of solutes separated
on Nova Pak C;5 and Zorbax ODS), the selectivity is the same. The greatest differ-
ences in selectivity are observed for Partisil ODS relative to the remaining phases,
e.g., the slope a for Partisil ODS 2 vs. Partisil ODS equals 1.90 and for Nova Pak
C,s vs. Partisil ODS is 1.96.

Nevertheless, despite its interest, such a comparison of the retention mecha-
nism does not give details about the specific properties of particular phases or com-
pounds. So, even if the correlation coefficients of the plots of log k';; versus log k'
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are very high, the selectivity of, for example, the naphthalene (n) and ¢-nitronaphtha-
lene (nn) test compounds (see Table V) cannot be predicted with the a;; parameters.

The specificity of the packings could be discussed in terms of the deviations
from proportionality between log k';; and log k';; for the particular compounds and
for all the possible phase pairs. However, to do so, one must consider the hyperspace
of phases and compounds. To reduce this space, without loss of information, factor
analysis is required.

Correspondence factor analysis

From the set of ““abstract” factors, extracted by CFA, and from IE function,
we can determine and delete the eigenvectors, which are composed of pure error, and
choose the five remaining ones, which belong to the true primary set and reflect the
real complexity of the data space. The first five main axes contribute 67.96, 16.71,
8.54, 2.42 and 2.27%, respectively to the total cluster inertia. The projections of the
stationary phases and compounds onto the plane defined by the two main axes of
inertia are presented in Fig. 1 and the coordinates of the phases on the five main axes
are listed in Table VI. The factors which emerge from CFA are only “abstract™ ones
because they have no real physical or chemical meaning. To convert them into mean-
ingful factors, the target procedure*’ is necessary.

Using a stepwise procedure it was found that only the axis 1 correlates well
with the “hydrophobicity” of compounds and that introduction of the remaining
axes does not improve this correlation. The “hydrophobicity” parameters were taken
as a sum of Rekker’s hydrophobic fragmental constants*®, f, which were obtained
from octanol-water partition data for a large series of benzene derivatives

TABLE V

THE SLOPES OF LOG kj; VERSUS LOG ki; PLOTS FOR 63 COMPOUNDS, a;;(63), AND FOR
NAPHTHALENE (n) AND NITRONAPHTHALENE (nn), a;;(n, nn)

J = Zorbax ODS stationary phase.

Chromatographic ajy (63) a;p (n, nn)
system*, j
1 0.65 0.10
2 0.96 0.92
3 0.51 —0.02
4 0.96 0.64
5 0.82 0.66
6 0.97 0.97
7 0.76 0.37
8 0.85 0.90
9 0.98 0.66
10 0.79 0.33
11 1.01 1.18
12 0.81 0.64
13 0.77 0.41

* The identification numbers are as in Table II.



262 J. R. CHRETIEN et al.

log P =) cfs
1

where P is the partition coefficient and c is a numerical factor indicating the influence
of a given fragment in the structure.

As the axis 1 reflects the differences in the “hydrophobicity” of the solutes, the
remaining axes could be considered as the factors responsible for the non-hydropho-
bic effects. The relative contributions of these effects can be estimated in the following

manner: the y? distance between two stationary phases, j and j’, in the multidimen-
sional space is defined*? as

K0S =k Y (Kiylk; — Kiplk k.
i=1

i=

where p and » are respectively the number of stationary phases and of compounds,
and

16.71
( a ) r 3

~

[}

%

]

[ J
° Partisil ODS 3 c
Nova Pak C“ F ® ® ®
® Partisil ODS
¢ Bondapak Cy Rp
® RSIL CxzHL
[ ]
Spherisorb ODS 2 67.96 %
® L axis |
Zorbax ODS [ ] : RSILC,LL-
Nucleosil Cy,
®
[ ] Resolve Cy
Partisil ODS 2
[ ]

Spherosil XOA Cys

Fig. 1.
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Fig. 1. CFA of the behaviour of 63 compounds on 14 ODS reversed-phase chromatographic systems.
Projection on the plane defined by the main axes of inertia 1 and 2: (a) of the 14 chromatographic systems;

(b) of the 63 compounds.

P
k,"= Z k'ij
j=1
k=% Ky
i=1

n 4
k = Z Z k';;
i=1 j=1

This distance between two stationary phases is a very useful measurement of the dif-
ferences in the solute selectivity on the jth and j'th phases. It reflects the deviation from
the proportionality between the capacity factors k’;; and k' of all 63 compounds.
If k’;; is proportional to k';;, then the selectivity on the jth and j'th phases is the same
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TABLE VI

THE COORDINATES OF THE 14 RP-HPLC SYSTEMS ON THE FIRST FIVE MAIN AXES OF
INERTIA AS DEDUCED FROM CFA

Chromatographic Coordinates
system™
Axis 1 Axis 2 Axis 3 Axis 4 Axis 5
1 0.208 —0.006 0.027 —0.002 0.019
2 —0.073 0.025 —0.021 0.024 0.022
3 0.307 0.044 0.099 0.029 0.014
4 —0.023 —0.044 —0.003 —0.008 0.018
5 0.022 0.064 —0.021 —0.001 0.001
6 —0.075 0.012 —0.027 0.024 —0.023
7 0.106 0.043 —0.063 —0.007 —0.007
8 —0.021 0.059 —0.011 0.017 —0.011
9 —0.009 —0.085 —0.027 —0.001 0.005
10 0.077 —0.019 0.022 0.002 0.006
11 —0.137 0.052 0.046 —0.009 0.020
12 0.052 —0.034 0.032 0.024 —0.029
13 0.089 0.041 —0.028 —0.032 —0.007
14 —0.083 —0.007 0.031 0.019 —0.019

* The identification numbers are as in Table II.

and y2 = 0. In addition, the y? distance does not depend on the absolute values of
the capacity factors. It does not reflect the differences in the “retention power” of
the jth and j'th phases, only the differences in the solute selectivity. In the constructed
space, the y? distance can be expressed as

X0 = (xj—x17) + (X25— X25)? + (X35— X35)% + (Xa5— Xa5)* + (x5;— X55)?

where x;; is the coordinate of the jth phase on the ith axis. Then, the relative contri-
bution of the “hydrophobic” effect to x2, denoted as a", is:

a = (x1j—xlj')2/X2(fJ’)

From the phase coordinates, listed in Table VI, one can easily estimate the a® param-
eters for each phase pair. These parameters for the pairs of packings which include
Zorbax ODS are presented in Table VII.

The greatest value of the y? distance is observed for the pair Zorbax ODS-
Partisil ODS and for the Zorbax ODS-RSIL C,3 LL ones, being 0.163 and 0.086
respectively. This means that the solute selectivity on these pairs differs to a high
degree. The relative contributions of the hydrophobic effect, a®, to the y2(j;/) distance
are 0.93 and 0.98, respectively, so the “hydrophobicity” of these packings is the main
factor influencing solute selectivity. The lowest x2 values are observed for the pairs
Zorbax ODS-Spherisorb ODS-2, Zorbax ODS-RSIL C,; 3 HL, Zorbax ODS-Partisil
ODS 2 and Zorbax ODS-Nova Pak C,s. This means that the solute selectivity on
these phases is very similar to that on Zorbax ODS.

The CFA results, based on the x? distance, indicate the similarity of the phase
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TABLE VII

1%(i, /) MEASUREMENT OF THE DIFFERENCES IN THE SOLUTE SELECTIVITY ON THE jth
AND j'th STATIONARY PHASES AND CORRESPONDING RELATIVE CONTRIBUTIONS, at,
OF THE HYDROPHOBIC EFFECT

j is the Zorbax ODS phase.

Chromatographic ¥} J) a
system*, j
1 0.086 0.98
2 0.007 0.01
3 0.163 0.93
4 0.008 0.47
5 0.019 0.56
6 0.006 0.01
7 0.047 0.75
8 0.011 0.34
9 0.016 0.35
10 0.027 0.95
11 0.008 0.35
12 0.021 0.87
13 0.036 0.83

* The identification numbers are as in Table II.

selectivity, reflect the true complexity of the data space, estimate the relative impor-
tance of the extracted factors and depict the compound and phase specificities. Ad-
ditionally, it is possible to recreate the a;; parameters. Let us define the k'; parameters
as:

. 14
k=Y k'y/14
i=1
Then the slope of the log k';; versus log k’; relationship, denoted as a;, can be ex-
pressed as a linear combination of the jth phase coordinates
a_j = 1.01 — 1.35 X1j — 0.83 X2j — 0.21 X3; — 0.42 Xaj + 0.28 X5j
where x,j, X2, X3j, Xaj and xs; are the jth phase coordinates on the ith axis (i = 1,

2, 3, 4, 5), respectively. The a;; parameters for the phase pair j and j are then equal
to

1.01—1.35 X1j — 0.83 X2 — 0.21 X3 — 0.42 Xaj + 0.28 Xsj
1.01—1.35 X157 — 0.83 X2j — 0.21 X3 — 0.42 Xaj + 0.28 Xsj

a;y = ajjlay =

Such a possibility is important from a physico-chemical point of view and is currently
being investigated in our laboratory. It underlines once more the interest of CFA.
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CONCLUSIONS

Plots of log k’;; values versus log k’;; values, obtained on two stationary phases,
Jj and j/, with the same mobile phase, can serve as a useful tool for comparing the
energetics of solute retention on different packings. Nevertheless, even if the statistical
criteria, proposed by Melander et al.!3 are fulfilled, and the separation mechanism
on the two phases is classified as homo- or homeoenergetic, deviations from pro-
portionality are observed for particular compounds, and these deviations ought to
be considered as the main source of infermation about the specific properties of the
packings.

The interest in this correspondence factor analysis (CFA) is to reduce the di-
mensions of the multidimensional space of packings and of compounds. CFA helps
to estimate the true complexity of the chromatographic data and the relative impor-
tance of the main factors affecting solute selectivity. By use of the y2 (') distance
as the measure of the differences in the solute selectivity, no information about the
phase specificity is lost.

From the CFA carried out for the 63 compounds separated on the 14 RP-
HPLC packings, it appears that five factors influence the solute selectivity on the
ODS packings of different origins. The first factor representing 68% of the infor-
mation content is the “hydrophobicity” of the phases, and the remaining ones are
the chemical and/or steric factors influencing solute selectivity. It is possible to esti-
mate the relative importance of the hydrophobic and the non-hydrophobic effects.

Using factor analysis of the retention behaviour of large series of compounds,
as a probe of the retention mechanism in RP-HPLC, work is underway in two com-
plementary directions: extension of the comparison of packings to polar, chemically
bonded phases; study of the selectivity of the compounds with the emphasis on spe-
cific interactions.
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