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Abstract

Polar embedded phases have become increasingly popular in liquid chromatography (LC) analysis. These phases can produce diverse
chromatographic selectivities as a result of their differing base silica, the type of polar embedded group (i.e. amide, urea, carbamate, ether
or sulphonamide moieties) and the length of the alkyl ligand. Four column characterization protocols, using differing test probes, have been
used to characterize 18 of these phases together with 17 alkyl phases (some of which contained novel polar endcapping, i.e. amino), which
have been evaluated using principal component analysis (PCA). PCA provided graphical comparisons of the differences/similarities between
these phases and between their corresponding C-alkyl, amino endcapped and enhanced polar selectivity phases.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction charge residing on the carbamate moiety) which results
in repulsion of the protonated bases away from the silica
The number and diversity of commercially available surface.

reversed phase liquid chromatography (RPLC) stationary (ii) Differing separation selectivities may be exhibited com-
phases that contain a polar embedded (PEG) functionality pared to standard {g or Cg phases, this is especially

has increased dramatica[ll]. relevant when mixtures of bases, acids and neutrals are
Their popularity within the chromatographic fraternity is analysed2—4,9-12] This is due to the possible repul-
due to their: sion or attraction of bases and acids due to electrostatic

N d Ksh fbasi | it of thei interactions between the phase and the analytes. In ad-
(i) Improved peak shape of basic analytes as aresult of their dition, PEG phases have been observed to possess en-

dec_:reased interacFion with the phase’s silanol groups, hanced retention of phenolic compounds (i.e. hydrogen
which may be attributed to thg pha;es silanol groups donors) as a result of their hydrogen bonding capacity
preferentially hydrogen bonding with the embedded [13].

fL:nctllcona!g?/ mhstead of thfe r?asm inalyt%—?]. I_t IS _(iii) Decreased hydrophobic character as a result of the in-
also teasivle that some o t ese phases contain a postk- corporation of a polar functionality into the alkyl ligand
tive charge (i.e. residual amino functionality or a positive [2-4]

(iv) Increased wettability of these phases affords the op-
portunity to use them in conjunction with high aque-
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2. Experimental

Spacer (=== Polar groupr==  Alkyl chain

2.1. Chemicals and reagents

All solvents used were of at least HPLC grade supplied by

Eolararanp: = Zl"lz;?i'r ‘;ar:g:;'l’ziﬁél:rea’ suiphonamide; Romil (Cambridgeshire, UK) except for the water, which was
Spacer = Typically propy! ligand provided by a Milli-Q-plus 185 ultra pure water system (Mol-
Alkyl chain = C8toC18 sheim, France). Test analytes and mobile phase chemicals

were supplied by Sigma—Aldrich (Dorset, UK) and Fisher
Fig. 1. Schematic representation of a typical polar embedded phase.  Scjentific (Leicestershire, UK).

The Tanaka column characterization procedure was
being driven out of the pores due to surface tension Performed as reported previougii]. This protocol was ad-
effects—producing “phase collapse or chain folding” if ditionally amended to assess for phenolic selectivity by the in-
the flow/pressure is too lofil4,15] Hence, the phases ~corporation of benzyl alcohol (0.3 mg/mlin methanol-water,
are favoured for the RP analysis of very polar analytes 1:1, V/v) into the ion exchange capacity testing.

requiring 100% aqueous mobile phase conditions. The structure of the test analytes is giverfig. 2
Acid mixture 1 (modified from the Watef&3] and Lay-

The structure of the polar embedded phases (PEG) is typ-nes [2] published work) consisted of equal volumes of
ified in the schematic diagram shown kig. 1, where the 4-hydroxybenzoic acid, sorbic acid, benzoic acid, 2-hydroxy-
spacer grouping is usually a propyl moiety between the silica benzoic acidfrans-cinnamic acid, 3-phenylpropionic acid,
surface and the polar grouping. The latter can be quite di- phenol, propyl paraben (all at 0.3 mg/ml in methanol-water
verse in chemical functionality (i.e. amide, carbamate, urea, 3:7, v/v) and dimethylphthalate (0.3 mg/ml in methanol-
sulphonamide, alkyl ether, phenyl ether moieties). The C- water, 1:1, v/v).
alkyl ligand, which provides the lipophilic character to the
phase, can vary in chain length frong © Cys.

Traditionally, the nitrogen containing PEG phases were
prepared from pre-formed aminopropyl silifg6—18] For @ ©\ \©\
example, theN-acylaminopropyl bonded phases, more com-
monly known as the amide type PEG phases, are produced o
from the reaction of the appropriate aminopropyl silica with

a suitable acid chloridg.6]. This is known as a two-step syn- \© HO
thesis (i.e. silica> aminopropyl silica—~ PEG phase), and as \©
a consequence of steric hindrance, complete acylation is im- p

possible. Therefore, a large and varied amount of unreacted
amino groups will be present on the phase, which generates
potential anionic exchange sitEk9]. More recently, nitro- ©\/\ ()\A ©\/OH
gen containing PEG phases have been made using a one-ste COH ZcoH
synthesis which bonds the pre-formed PEG containing sily-
lating ligands directly onto the base silica, thus eliminating o
the presence of anionic sitgs20]. N _ AN _CH,
Unfortunately, not all manufacturers are willing to di- COH ©\
vulge the functionality, bonding technology and composi- S ChHy SO
tion of their commercially available stationary phase column © BSA
chemistries. The PEG functionality and the bonding technol- DMmP
ogy employed in their preparation will, undoubtedly, result in @\/
the production of nominally similar type phases possessing NH, ©\/\/ ©\/\/\
wildly differing chromatographic properties. B
The paper describes the use of the chemometric tool BB
principal component analysis (PCA) in order to assess

the chromatographic similarity/dissimilarity of a range of O O 2 /
commercially available PEG phases and compares them to Y N>
their C-alkyl analogues and to a range of “Aqua” and amino O ‘O N NG
. g . (@]
endcapped phases. The chromatographic classification Q O I
O T C

protocols of Neud8], Tanaka[21,22] and Layne[2] have
been used together with a newly developed testing routine
to discriminate between these types of phases. Fig. 2. Structure, code for the test analytes.
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Acid mixture 2: equal volumes of toluene (0.3mg/ml alkylbenzenes differentiated by one methylene group is
in methanol-water, 1:1, v/v/), benzylalcohol (0.3mg/ml in dependent on the ligand density.
methanol-water 1/4, v/v), phenol and benzene sulphonic acid

(both 0.3 mg/ml in water). 2.4.3. Shape selectivityr/o

Retention factor ratio between triphenylene (T) and
2.1.1. Preparation of phosphoric acid/potassium o-terphenyl (O) /o =kt/ko. This descriptor is a measure
dihydrogenphosphate buffer, pH 2.5 and 50 mM ionic of the shape selectivity, which is influenced by the spacing
strength of the ligands and probably also the shape/functionality of

Phosphoric acid (2.414 g, 85%) and potassium dihydro- the silylating reagent.
genphosphate (6.273 g) was dissolved in 800 ml of water and

subsequently and made up to 1000 ml with water. 2.4.4. Hydrogen bonding capacityc/p
Retention factor ratio between caffeine (C) and phenol (P),

ac/p=Kcl/kp. This descriptor is a measure of the number of

2.2. Instrumentation
available silanol groups and the degree of endcapping.

HPLC separations were performed on an Agilent Tech- 2 4.5. Total cati h . H76
nologies 1100 liquid chromatograph with ChemStation v. < 'I.'h. ota c_atlo?-exc an_gebcapacm;ggp I. : B) and
9.03 LC software (Agilent Technologies, Cheadle, Cheshire) € retention factor ratio between benzylamine (B) an

equipped with Agilent column/solvent selection valves. p_henol,ozB/.p.pH 7.6=ka/kp. This is an estimate of the total
silanol activity.

2.3. Liquid chromatography 2.4.6. Acidic cation-exchange capacityp pH 2.7

ALl 20 col | f th . bi The retention factor ratio between benzylamine and phe-
h t least i Cr? l:jmr? Vo l;]mr(]as OI the appropnate mo |.e nol, ag/p pH 2.7 =kg/kp. This is a measure of the acidic ac-
phase were flushed through the column prior to commencmgtivity of the silanol groups.

the testing. All columns were new as supplied by the manu-
facturer/supplier. The columns characterized in this study are, 5 acid mixtures 1 and 2
shown inTable 1
The chromatographic conditions for the Tanaka HPLC 2.5.1. Phenolic selectivityp/omp, ap/aa, P/

characterization of the phases were as reported previously Retention factor ratio between phenol and dimethylphtha-

[21]. late (DMP),ap/pmp=kp/kpmp (this test is analogous to that

Acid mixtures 1 and 2 were chromatographed using a mo- of but - :
. " . yl paraben and dipropylphthalate as described by Neue
bile phase composition of 5mM phosphate buffer pH 2.5in al.[23]), phenol and benzyl alcohol (BAYp/ga = kp/kea

methanol-water (35:65 and 65:35, v/v, for acid mixtures 1 and phenol and toluene (T = kp/kr;. These are mea-

and2, respectively). Forexample, to prepare 1000 ml of 35:56 sures of the enhanced retention of phenol compared to non-
(v/v) mobile phase—100 ml of 50 mM buffer was mixed with phenolic analytes

550 ml of water and 350 ml of methanol.

The first disturbance of the baseline on the injection of
methanol was used as dead time marker. For acid mix-
tures 1 and 2, a 1l injection volume and a 1 ml/min flow
rate have been employed (for column dimensions other than
150 mmx 4.6 mm i.d. the injection volume and flow rate
have been scaled appropriately). The analytes typically eluted A
within 60 min for allptﬁe {'Dests. Y YIS PIEEY 2.5.3. Hydrophilicityasari

The different chromatographic parameters used in the
characterization procedures are briefly described below:

2.5.2. Hydrophobicityypp/p

Retention factor ratio between propyl paraben (PP) and
phenol,app/p=kppkp. The difference in the retention of the
two analytes corresponds tagropyl ester moiety.

Retention factor ratio between benzyl alcohol and toluene,
apaT = kpa/kT). Thisis ameasure of the polarity of the phase.

2.5.4. Shape/steric selectivityza/Hc, aBN/S

2.4. Tanaka protocol Retention factor ratio between cinnamic acid (CA)
and 3-phenylpropionic acid (HCwcamc =kcalknc and
2.4.1. Retention factor for n-pentylbenzenss k benzoic acid (BN) and sorbic acid (3)sn/s = kan/ks. This
Reflects the surface area and surface coverage (ligand dengescriptor is a measure of the shape selectivity, which is
sity). influenced by the spacing of the ligands and probably also

the shape/functionality of the silylating reagent.
2.4.2. Hydrophobicity or hydrophobic selectividggH,
Retention factor ratio betweemnpentylbenzene (PB) and  2.5.5. Anion-exchange capacity/en, Co/p ¢BSA/TI
n-butylbenzene (BB)qch, = kpe/ksg. This is a measure of Retention factor ratio between 2-hydroxybenzoic aeid (
the surface coverage of the phase as the selectivity betweerand benzoic acidy,sn =Ks/ksn; 2-hydroxybenzoic acid



Table 1

Columns characterized and manufacturers details

Columnno. Column Supplier/producer  Linker silica toType of polar Ligand length Comments Pore size (nm)  Surface
polar group embedded group coverage
(wmol/m@)
1 XTerra MSG Waters Ltd. N/A None e Trifunctional bonding + endcapped, 124 2.35
12% C load
2 XTerra RP8 Waters Ltd. Propyl Carbamate g C Monofunctional bonding + endcapped, 125 241
13.5% C load
3 Prism RP ThermoElectron Not specified Urea 12C Endcapped, 12% C load 10 3.1
4 BetaMax Acid ThermoElectron Not specified Not specified Long alkyl chain Endcapped, 15% C load 6
5 Polaris Gg A Varian Not specified Not specified Unknownd® Polar endcapped 18
6 Polaris Amide Gg Varian Not specified Amide Amide {g Polar endcapped 18
7 MetaSil Basic Varian N/A None Short chain alkyl groups Monomeric bonding 10
8 Synergi Polar-RP Phenomenex Not specified Phenyl ether g C Polar endcapping,11% C load 8 3.15
9 Symmetry G Waters Ltd. N/A None e Endcapped, 11.7% C load 10
10 Symmetry Shield RP8 Waters Ltd. Propyl Carbamate g C Endcapped, 15% C load 10 3.29
11 HyPURITY G ThermoElectron N/A None > Endcapped, 8% C load 18
12 HyPURITY Advance ThermoElectron Propyl Not specified g C Not endcapped, 10% C load 18
13 ZorbaxSB Gg Agilent Tech. N/A None @g + di-isobutyl side Monomeric bonding + uncapped, 10% C 8 2.98
groups on silyating group load
14 Zorbax Bonus RP Agilent Tech. Propyl Amide 14C Bulky steric protecting groups, triple 8 2.1
endcapped, 10% C load
15 Nucleosil Gg HD Macherey-Nagel N/A None {8 Endcapped, 20% C load 10
16 Nucleosil Nautilus &g Macherey-Nagel Not specified Not specified 18C Endcapped, 16% C load 10
17 Discovery Gg Supelco N/A None @8 Monofunctional bonding + endcapped 18 3
18 Discovery RP amidefg  Supelco Propyl Amide (7 Monofunctional bonding + endcapped 18 2.6
19 Purospher RP-18 Merck N/A None 18 Uncapped, 18% C load 8
20 Thermo BS535 ThermoElectron N/A None 18C Amino endcapped
21 Purospher RP-18e Merck N/A None 1C Endcapped 18%, C load 12
22 Symmetry Gg Waters Ltd. N/A None @8 Endcapped, 19.1% C load 10 3.09
23 Symmetry Shield RP18 Waters Ltd. Propyl Carbamate 18 C Endcapped, 15% C load 9 3.21
24 Polaris @ Ether Varian Not specified Ether gC 18
25 Polaris Gg Ether Varian Not specified Ether 1€ 18
26 HyPURITY Aquastar ThermoElectron N/A None 1< Polar endcapped
27 Atlantis dGg Waters Ltd. N/A None Gs Difunctionally bonded endcapped 12%10
C load
28 Suplex pKb Supelco Not specified Not specified Not specified 10
29 Lichropsher RP SelectB  Merck N/A None gC Endcapped, 12% C load 6 3.2
30 Supelcosil ABZ Supelco Propyl Amide 16 Polymeric bonding + endcapping with 12
methyl amide
31 Synergi Max RP Phenomenex N/A None 12C TMS endcapping, 17% C load 8 3.21
32 XTerra MSGg Waters Ltd. N/A None @8 Trifunctional bonding + endcapped, 125
15.5% C load
33 XTerra RP18 Waters Ltd. Propyl Carbamate 18C Monofunctional bonding + endcapped, 125
15% C load
34 HyPURITY Gg ThermoElectron N/A None o] Endcapped, 13% C load 18
35 Acclaim PAGg Dionex Propyl Sulphonamide Cis Monofunctional bonding, endcapped, 12

+ether linkage

17% C load

ST-T (5002) 880T V UBorewoiyd '/ uossialed d ‘Aquan3a “o'IN
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and or 4-hydroxybenzoic aci@), oo/, =Ko/k,, and benzene-  polar embedded and corresponding alkyl phases bonded
sulphonic acid (BSA) and toluenggsa/ti = kssal/kt|. These onto the same base silica were employed in the study, this
are measures of the anion exchange capacity of the phase asas achieved with XTerra, Polaris, Symmetry, HyPURITY,

shown by the increased retention of the acidic analytes. Zorbax, Nucleosil and Discovery materials.
A low ionic strength (i.e. 5mM P® pH 2.5 in
2.6. Software employed MeOH-water (35:65, v/v), 40C) containing mobile phase
was employed to exacerbate any ionic interactions that the
2.6.1. Principal component analysis stationary phase may have with the anionic analytes.

PCA was performed using Simca-P 8.1 software (Umet-  The selectivity factorsa) for the following analyte pairs
rics, Sweden). In order to give all variables the same impor- were calculatedycaHc, @BN/S, X6/BN: %s/p, CPIDMP; XPP/P
tance, the variables were “auto scaled”, i.e. the average wagseeTable 9. An apn/s vValue of 1 was obtained for all the
subtracted from each variable and each variable was dividedalkyl phases evaluated, whereas, without exception, all the

by its standard deviation. PEG phases generated agn,s value >1. In addition, the
acaHc value for the PEG phases was always greater than
2.6.2. log D and pK predictions that for their corresponding C-alkyl analogues. Larggn,

Predictions of i and log D were calculated using Ad- o4/, values were indicative of nitrogen containing PEG
vanced Chemistry Development software programme versionphases that possessed amino functionality on the phase;
6.0 (Toronto, Canada). the most plausible explanation for this would be that these

phases had been synthesed using a two-stage procedure.
See Fig. 3A-D for a comparison of two manufacturers
3. Results and discussion polar embedded phases against their C-alkyl analogues
bonded onto the same base silica. The Advance material
3.1. Column characterization parameters

In contrast to standard;g phases (for example see ref-

erences[21-23,31-35], there have been limited studies mau P o
into the characterization and comparison of polar embedded #®° P
phase$2,8,13,24] It has been previously reported that acidic ‘5‘; S,BN e CA
probes, such as maleic acid, 2-hydroxybenzoic acid and 5- U\
ethylpyridinedicarboxlic acid, can highlight differences in o
hydrogen bonding capacity and/or any secondary interactions (A) © 2 4 6 8 min
arising fromionic interactions with the phg2e4,16,25] The
Waters selectivity factor for butyl paraben/dipropyl phthalate f;{;‘j S,p
when plotted against the retention factor of acenaphthene has ;5 P CA 5
been shown to discriminate between classical alkyl phases 1o BN ¢
and those incorporating polar groupiri@$. It is postulated 50 A\
that the enhanced retention of phenolic analytes such as butyl(é) - - ; - - _
paraben (i.e. an H-bonding donor) may be attributed to the m
interaction of the phenolic proton and the highly polarized
carbonyl oxygen of the polar embedded amide, urea and car- o P N
bamate groupingfgt,13]. @
We have utilized a modified column characterization pro- 2 BN he CA
tocol based on that described by Lay#g the Waters group 20 S
[8] and Tanaka21,22] to characterize 18 commercially o W
available PEG phases which contain a diverse range of polar () 2 4 6 8 10 12 14 min
functionality/alkyl chain lengths, 13 corresponding standard
C-alkyl phases and four polar endcapped phases. A p o
60
3.2. Acid mixture 1 §§ s BN HC CA
20
Selected parameters from the chromatographic protocols o

of Neue [4,8,20,23]and Layne[2] were performed on  (P) 2 4 6 8 10 12 14 min

24 differing stationary phases including 15 containing _ , o _
Fig. 3. Representative chromatograms of the acid mixture 1 using the phases:

polar embedded groups (i.e. amide, urea, phenyl ether \y. oiriTy ¢y (B) HyPURITY Advance; (C) Symmetry& (D) Sym-
sulphonamide and carbamate moieties), and nine standarghetry RP8 Shield. Sefeig. 2for peak assignments and Sectfor chro-

alkyl phases (sedables 1 and 2. Where possible, the  matographic conditions.
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Table 2
Column characterization results using the acid mixtures 1, 2, the Tanaka protocol plus Tanaka partial modification
Column no. Column Acid mixture 1 Acid mixture 2
QCAHC ABN/S Qo/BN Uolp apP/DMP appP/P ABSA/TI OP/BA ap ABA/TI
1 XTerra MSG 1.27 1.00 076 301 0.30 a7 000 1.00 0.17 0.17
2 XTerra RP8 1.48 1.18 .Q01 168 0.55 71 —0.01 1.45 0.27 0.19
3 Prism RP 1.65 1.25 .a7 1075 0.54 960 250 1.29 0.28 0.22
4 BetaMax Acid 1.89 1.54 15 1740 0.70 790 954 1.40 0.34 0.24
5 Polaris Gg A 1.30 1.01 110 424 0.38 1071 000 1.28 0.15 0.12
6 Polaris Amide Gg 1.67 1.40 1179 3691 0.67 931 239 1.50 0.23 0.15
7 MetaSil Basic 1.35 1.08 .a5 332 0.36 879 003 1.00 0.23 0.23
8 Synergi Polar-RP 1.35 1.07 ) 237 0.20 872 —0.01 1.00 0.25 0.25
9 Symmetry @ 1.18 1.05 108 497 0.38 931 016 1.00 0.18 0.18
10 Symmetry Shield RP8 1.43 1.19 .13 205 0.54 a7 008 1.39 0.28 0.20
11 HyPURITY G 1.21 1.00 B0 380 0.37 917 000 1.00 0.19 0.19
12 HyPURITY Advance 1.80 1.30 .25 685 0.76 698 381 1.44 0.50 0.35
13 Zorbax SB Gg 1.29 0.97 079 351 0.27 1127 —-0.01 1.00 0.12 0.12
14 Zorbax Bonus RP 1.73 1.34 20 1693 0.53 1108 117 1.33 0.27 0.20
15 Nucleosil Gg HD 1.23 1.00 079 390 0.33 1087 000 1.00 0.12 0.12
16 Nucleosil Nautilus &g 1.56 1.26 248 460 0.64 1003 048 1.44 0.27 0.19
17 Discovery Gg 1.25 1.00 81 376 0.34 1064 000 1.00 0.13 0.13
18 Discovery RP amide {g 1.44 1.16 176 355 0.62 A1 014 1.45 0.26 0.18
19 Purospher RP-18 3.04 1.00 0.13 0.13
20 Thermo BS535 13.35 1.00 0.20 0.20
21 Purospher RP-18e 0.01 1.00 0.10 0.10
22 Symmetry Gg 0.06 1.00 0.12 0.12
23 Symmetry Shield RP18 1.39 1.15 .35 320 0.55 891 012 141 0.21 0.15
24 Polaris @ Ether 0.00 1.00 0.25 0.25
25 Polaris Gg Ether 0.00 1.00 0.14 0.14
26 HyPURITY Aquastar —-0.01 1.00 0.17 0.17
27 Atlantis dGg 0.00 1.00 0.15 0.15
28 Suplex pKb
29 Lichropsher RP Select B .@ 1.00 0.24 0.24
30 Supelcosil ABZ 1.52 1.14 .14 455 0.65 805
31 Synergi Max RP 1.24 1.00 .&b 396 0.30 1099
32 XTerra MS18 1.27 1.00 .82 366 0.31 1126
33 XTerra RP18 1.47 1.19 .a4 218 0.50 949
34 HyPURITY Gg
35 Acclaim PA Gg 1.46 1.2 191 454 0.47 866 011 1.45 0.21 0.15
Column no. Column Tanaka column characterisation protocol
ks oCH, aT/o acp agpatpH 7.6 app atpH 2.7
1 XTerraMS G 1.15 1.30 0.87 0.42 0.33 .10
2 XTerra RP8 1.10 1.26 1.73 0.30 0.17 .0D
3 Prism RP 2.54 1.33 1.66 0.38 0.59 .00
4 Beta Max Acid 2.84 1.33 2.04 0.29 0.55 —0.03
5 Polaris Gg A 3.20 1.44 1.85 0.34 0.33 .01
6 Polaris Amide Gg 2.87 1.43 2.43 0.20 0.15 —0.02
7 MetaSil Basic 2.03 1.32 1.25 0.32 0.29 .09
8 Synergi Polar-RP 1.18 1.22 1.35 2.53 1.00 140
9 Symmetry @ 3.47 1.38 0.95 0.39 0.40 .ap
10 Symmetry Shield RP8 2.30 1.32 1.87 0.27 0.19 .040
11 HyPURITY G 1.59 1.35 1.00 0.34 0.30 oI
12 HyPURITY Advance 1.13 1.00 1.59 0.39 0.80 1®
13 Zorbax SB Gg 6.00 1.49 1.20 0.65 1.46 .IB
14 Zorbax Bonus RP 1.74 1.43 1.60 0.31 0.30 .040
15 Nucleosil Gg HD 6.04 1.48 1.54 0.40 0.47 .10
16 Nucleosil Nautilus g 3.37 1.40 1.98 0.33 0.48 @
17 Discovery Gg 3.32 1.48 1.51 0.39 0.28 .10
18 Discovery RP amide {g 1.65 1.35 1.81 0.49 0.44 1B
19 Purospher RP-18 4.78 1.44 1.93 0.72 1.29 -0.07
20 Thermo BS535 1.35 1.36 2.71 0.67 0.86 —0.07
21 Purospher RP-18e 6.51 1.48 1.75 0.46 0.34 .080

22 Symmetry @g 6.51 1.46 1.49 0.41 0.68 .
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Table 2 Continued)

Column no. Column Tanaka column characterisation protocol
ke ®CH, aT/o ocp appatpH 7.6 app at pH 2.7
23 Symmetry Shield RP18 4.66 141 2.22 0.27 0.20 .040
24 Polaris @ Ether 0.82 1.29 1.49 0.50 0.56 Rl
25 Polaris Gg Ether 2.98 145 1.63 0.46 0.38 .10
26 HyPURITY Aquastar 1.32 1.39 2.65 1.25 2.66 A13®
27 Atlantis dGg 3.74 1.45 1.23 0.61 0.56 ok
28 Suplex pKb 1.24 1.35 2.84 0.34 0.29 .00
29 Lichropsher RP Select B 2.76 1.32 1.21 0.66 1.40 .140
30 Supelcosil ABZ 3.14 1.37 2.23 0.24 0.20 .08
31 Synergi Max RP 4.91 1.44 1.15 0.33 0.32 .08
32 XTerra MS 18 3.52 1.42 1.26 0.42 0.35 .10
33 XTerra RP 18 2.38 1.29 1.83 0.33 0.20 .00
34 HyPURITY Gg 3.20 1.47 1.60 0.37 0.29 .10
35 Acclaim PA Gg 4.16 1.40 2.71 0.34 0.27 ™
Columnno.  Column Modified partial Tanaka tesfing
appatpH7.6 appa atpH7.6 oappaatpH7.6 oagpatpH2.7 oappaatpH2.7 appaatpH?2.7

1 XTerraMS G

2 XTerra RP8 0.13 0.18 1.45 0.07 0.10 1.46

3 Prism RP 0.58 0.78 1.33 0.00 0.00 1.34

4 BetaMax Acid 0.36 0.53 1.47 —0.04 —0.06 1.46

5 Polaris Gg A

6 Polaris Amide Gg 0.18 0.26 1.49 0.00 0.00 151

7 MetaSil Basic

8 Synergi Polar-RP

9 Symmetry @
10 Symmetry Shield RP8
11 HyPURITY G
12 HyPURITY Advance 0.36 0.54 1.50 —0.06 —0.10 1.52
13 Zorbax SB Gg
14 Zorbax Bonus RP
15 Nucleosil Gg HD 0.39 0.39 1.00 0.11 0.11 1.00
16 Nucleosil Nautilus &g 0.52 0.78 1.50 0.04 0.06 1.53
17 Discovery Gg 0.39 0.39 0.98 0.11 0.11 1.00
18 Discovery RP amidefg  0.26 0.36 1.42 0.06 0.09 1.44
19 Purospher RP-18
20 Thermo BS535 0.86 0.93 1.08 —0.07 —0.07 1.08
21 Purospher RP-18e
22 Symmetry Gg 0.43 0.42 0.98 0.05 0.05 1.00
23 Symmetry Shield RP18 0.24 0.32 1.36 0.03 0.04 141
24 Polaris @ Ether
25 Polaris Gg Ether 0.56 0.60 1.07 0.16 0.17 1.08
26 HyPURITY Aguastar 2.08 1.89 0.91 0.12 0.13 1.13
27 Atlantis dGg 0.40 0.38 0.94 0.12 0.12 0.96
28 Suplex pKb
29 Lichropsher RP Select B
30 Supelcosil ABZ
31 Synergi Max RP
32 XTerra MS18
33 XTerra RP18
34 HyPURITY Gg 0.37 0.37 1.00 0.11 0.11 1.00
35 Acclaim PA Gg 0.27 0.37 1.38 0.04 0.06 1.42

a Where possible the same column was used for the modified Tanaka as used in the standard protocol. Differenggsrigsthies are attributed to differing
batches of columns or as an “ageing” of the columns.

has been reported to be an amide-based po]ar embedded It can be concluded that the PC1-PC2 model for the 24
group [13]' however it is not speciﬁed by ThermoElectron disparate phases describes over 90% oftheirchromatographic
as such, whereas the Symmetry RP ShiejdpOssesses a  Variability (seeFig. 4A and B). The PC1-PC2 score plot
carbamate polar group formed by a single stage bonding highlights that these phases can be categorised into four sub-
[4,20]. groups (seéig. 4A).
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 —— the Supelco phases are prepared via a two-step synthesis
, 6\ [26], however, any residual unreacted amino function-
of A - ality is minimised by a further acylation step involv-
ing their reaction with a small acylating reagent (i.e.

1 D CH3COCI).
a3 (iv) Group D consisted of phases such as Polaris Amige C
P

(column 6, amide), Zorbax Bonus (column 14, amide),
Prism RP (column 3, urea), BetaMax Acid (column 4,
not specified), HyPURITY Advance (column 12, be-
lieved to be an amide) and Nautiliugg>(column 16,
not specified) that possess a wide variability in their
chromatographic properties. The fact that they exhibit
------- — strong retention of 2-hydroxybenzoic acid compared to
o4 8 2 40 12 3 48 4-hydroxybenzoic acid or benzoic acid suggests that
PC1 Score plot (70.5%) these phases possess a high concentration of amino func-
tionality presumably as a result of a two-step bonding
technology.

PC2 Score plot (19.6%)

=

PP/P
0.601 The loading plot (se€ig. 4B) highlights that the group-
[ ings A-D (shown irFig. 4A) possess the following dominant
chromatographic properties:

0.701 4w

o0l (i) Group A: High hydrophobicity (positively correlated
I with the app/p parameter), low shape/steric, low phe-

nolic selectivity (negatively correlated with the amc,

&:107 agn/s andappvp parameters) and low anionic selectiv-

0.00 A ity (Iow ctoren andator,).

wanl W (i) Group B: Moderate hydrophobicity, correlations as ex-
- hibited for group A.

I J— (i) Group C: _Is Io_cated close to the origin highlightin_g that

080 o columns in this group do not correlate strongly with any

020 -010 000 010 020 030 040 050 of the parameters examined, i.e. they do not show a pro-

nounced selectivity in any of the parameters examined.

(iv) Group D: High anion exchange capacity (positively cor-

Fig. 4. PC1-PC2 plots for the acid mixture 1 evaluation: (A) score plot; (B) related with thew,/sn, oo/, parameters) moderate to

loading plot. high shape/steric and phenolic selectivity (positively

correlated with thexcamnc, @sn/is andappmp param-

) ) . ) . eters), low hydrophobicity (negatively correlated with
(i) Group A is a tight sub-grouping of phases containing theappjpparameter).

alkyl phases with & and above ligands. Surprisingly
this grouping contains the Polarig$A phase (column These findings relating to Group D are in agreement with
no. 5), which behaves more like agphase thana PEG  those of Neu§4,8,20,23] Layne[2] and Grunef27] who ob-
one as claimed by the manufacturer. served that certain acidic analytes (i.e. maleic acid when anal-
(i) Group B is a cluster of gor equivalent phases [i.e. the ysed at pH 2.5 and 2-hydroxybenzoic acid at pH 3) exhibited
mixed alkyl phase MetaSil Basic (column 7) and the enhanced retention on phases such as the Polaris Amide C
Synergi Polar RP which contains a phenyl ether moiety The presence of a residual positive charge on these phases
(column 8)]. is supported by the fact that they yield excellent peak shape
(iiiy Group Cisagrouping of polarembedded phases many of and low retention of protonated basic analytes as a result of
which are known to be produced via a one-step bonding ionic repulsiorf21]. As stated previously, the anion exchange
technology (i.e. Symmetry RP18, RP8 (columns 23 and functionality of the polar embedded phases may arise as a di-
10, respectively) and XTerra RP18 and RP8 (columns rect consequence of incomplete acylation of the aminopropyl
33 and 2, respectively) Shield phases from Waters). silica of the phases prepared by the two-stage reaction.
The other PEG phases in this cluster include the two  The nitrogenous PEG phases (i.e. amide, urea, carbamate
amide phases from Supelco—-Discovery RP Amide C and sulphonamide phases) examined in this study exhibited
and Supelcosil ABZ (columns 18 and 30, respectively) enhanced retention of phenolic analytes as previously shown
and the Acclaim PA &g (column 35), which contains a  [23], in comparison, the ether-based PEG did not exhibit this
sulphonamide and alkyl ether linkage. It is known that phenolic selectivity.

PC2 Loading plot (19.6%)

(B) PC1 Loading plot (70.5%)
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The PC1-PC2 loading ploF{g. 4B) also showed that findings of Mendez et a[28] who showed that the Symme-
the chromatographic parametersaqc and agn/s corre- try C18 material possessed anion exchange sites as a result
lated suggesting that they measured the same shape/steriof basic residues on the phase which arose from the bond-
chromatographic property of the phase (to be discusseding process—this may partially explain why the Symmetry
later). The anion exchange parameigssn, anda,y, also Cg and Gg phases exhibit such good peak shape for basic
showed a moderate correlation. At the mobile phase pH of analytes (ionic repulsion) see refereiftk
2.5 (measured in the aqueous portion), it was assumed that
all the acids would be in their unionized form, except for 2- 3.3. Acid mixture 2
hydroxybenzoic acid (g, = 3, approximately 24% ionized at
pH 2.5). The latter analyte displayed considerable difference  In order to compliment the previous tests and to rapidly
in retentivity depending on the stationary phase (the sameassess the phenolic selectivity and anionic exchange capacity
affect was noted with the other acids on increasing the mo- of a wide range of structurally dissimilar polar embedded
bile phase to pH 3.5 and 4.5 and that the retention was as gphases, enhanced polar selectivity phases (often quoted has
function of the phosphate concentration) suggesting the en-being polar endcapped) and to discriminate them from their
hanced retention was attributed to electrostatic interactionscorresponding alkyl analogues bonded onto the same base
of the ionized acids with a positive charge on the phase. silica a new column characterization protocol was developed

The difference between a polar embedded phase and arthat utilized the analytes benzene sulphonic acid, toluene,
alkyl phase bonded onto the same base silica can be clearlyphenol and benzylalcohol (s&&g. 2).
seen in the PCA contribution plot (séé. 5A and B) which Thirty-one columns including 16 PEG, 9 alkyl, 2 Aqua
shows that the PEG phases are less retentive (i.exjew phases with enhanced polar selectivity and 2 amino end-
and possess more shape/steric @€anc andagn/s) and cappped phases were characterized (Emde 2. A low
phenolic ¢p/pvp) Selectivity and, in the case of the HyPU- ionic strength phosphate buffer (5mM PQH 2.5 in
RITY Advance (seé-ig. 5A), a high anion-exchange capac- MeOH-water, 65:35) was employed to maximise any ionic
ity (high assn andoyy,). IN comparison, the contribution  interactions of the stationary phase with the anionic analytes.
plots for the Symmetry Shield RP8 and the Symmetgy C The selectivity factor of the fully ionized benzene sul-
(seeFig. 5B) exhibited the same differences as for the Hy- phonic acid with the neutral marker toluengsam was
PURITY material except that the Symmetry Shield RP8 did shown to be a good indicator of the phase’s degree of anionic
not possess a lower retentivity—this was anomalous to all character (i.e. the concentration of residual amino functional-
other PEG/alkyl column pairings. In addition, the Symmetry ity). Theagsa/m value was <0.02 for the alkyl phases whereas
Cg appeared to possess more anionic exchange capacity thafor the PEG phases the value varied from 0 to 9.5 depend-
the corresponding Shield material, which is prepared from a ing on the residual amino functionality of the phase. The
one-step reactiof]. This is exactly in line with the recent  nitrogenous PEG phases prepared from a single step reac-

tion (i.e. XTerra RP, columns 2 and 33; Symmetry Shield RP,

1.40 columns 10 and 23 and the Acclaim PA, column 35) and the
100 | non-nitrogenous PEG phases (i.e. Synergi Polar RP, column
1.00 8 and Polaris ether phases, columns 24 and 25) all generated
0.80 | low asam values. Phases such as the BetaMax Acid (col-
0.60 | umn 4), Advance (column 12) and Zorbax Bonus RP (column
0.40 T § 14) gave highugsa/m values indicating considerable amino
0.20 — 3 functionality possibly as a result of the incomplete acyla-
UO0IT=258 ' ‘ ' e tion step in the two-stage reaction. The phenol/benzyl alcohol
e I z a s g selectivity factor ¢p/ga) demonstrated the phase’s phenolic
'((]f)o L *® i i % 2 character (i.eap/pa> 1.2 highlighted phenolic selectivity)
0.60 F whereas the phenol/toluene selectivity factas/{|) was far

" less discriminating. The selectivity between the two neutral
0501 markers benzylalcohol and toluenesfTi) highlighted the
] phase’s hydrophilicity.
0.30 PC1-PC2forthe dataset (Sexble 2andFig. 6) explained
0.20 f over 80% of the variation; the standard alkyl, non-nitrogenous
010l PEG and nitrogenous PEG phases which possessed a low an-
Bk E—— ionic character lay on a straightline in the direction of the PC1

r parameters—hydrophilicitgga/T, ap/m. The hydrophilic-
0107 ity parameterxga|, as expected, was inversely correlated

B -
€ (r?=10.80,n=29) to the Tanaka hydrophobicity terwag,.

Fig. 5. Contribution plots: (A) HyPURITY Advance vs. HyPURITYsC Columns that lay on the line showed varying degrees of hy-
(B) Symmetry RP8 Shield vs. Symmetryg C drophobicity, i.e. those on the left as typified by the Purospher
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% BsamI mAU
BA,P
rd
Tl
1 BSA
(A) 5 10 15 20 25 min
BSA| BAP
ABATI
%pm ] Tl
(Blo 2 4 6 8 min
“pBA
; BA,P
4 3 2 1 0 1 2 3 4 rd
PC1 (60.2%) Tl BSA
Fig. 6. Combined score and loading PC1-PC2 plots for the acid mixture 2 (Co 5 10 15 20 25 min

evaluation.
Fig. 7. Representative chromatograms of the acid mixture 2 using the phases:
(A) Purospher RP18; (B) Purospher RP18e; (C) experimental amino end-

RP-18e phase (column no. 21) possessed low hydrophilicity capped phase Thermo BS535

whereas those on the right typified by the Polaris ether C

(column no. 24) possessed high hydrophilicity. It was inter- . .
esting to note that the ether-based polar embedded groupéjemlc groups, stationary phase manufacturers such as Ther-

(i.e. Synergi Polar-RP, column 8; Polariggand G ether moElectron, Merck, Phenomenex, Macherey Nagel, Dionex
pha;se)é columns 24 e’md 25) beiwaved more like a standar nd end users to assess and characterize stationary phases.

alkyl phase in that they failed to exhibit any phenolic selec- he combined result; of the testing de_scrlbed n this pa-
tivity or anionic exchange capacity. The PEG phases pos- per were correlated with the results obtained previously for

sessing a low anionic character and high phenolic selectivity 'dﬁgstg:salviéfg%Tgégthe?fzilﬁzg;g}/:er; iﬂ?ror%r\'/?;ﬁ:;ewub_
were located in sub-group A (s€&dg. 6). There was a wide P 9 P yp

variation in chromatographic properties (i.e. hydrophilicity, lished protocol (se@ables 1 and P The PC1-PC2 of this

henolic selectivity and anionic character) of the remainin dataset is shown iRig. 8A and B. The PC1-PC2 model de-

P y . ; 9 scribes nearly 70% of the chromatographic variability of the
polar embedded phases (i.e. BetaMax Acid and Advance, e

) . data. The PC1-PC2 score plot highlights that the 20 columns
columns 4 and 12, respectively) and the amino endcappedcan be categorized into four well-defined sub sets as de-
phase (Purospher RP18, column 19). The enhanced polar Seécribed inFig 8A. The loading plots (se€ig. 88) show
lectivity phases such as HyPURITY Aquastar and the Atlantis that the roSI in s are cate o?izrzed b theirgfollowin chro-
dCig (columns 26 and 27, respectively) did not exhibit any grouping 9 y 9

enhanced phenolic selectivity. In contrast to the Purospherm":ltograIOhIC properties:

RP-18e phase (column 21), which lay on thg _straight line, (i) Group A standard @ phases plus the Polaris;£A

anion-exchange capacity (icsari value of 3.04 compared activity, low shape/steric, low phenolic selectivity and
to 0.01 for the RP18e material). This was presumably due to low anion exchange capacity. The manufacturers of the
the fact that the Purospher RP-18 phase possesses an amino  polaris Gg A phase (column 5) claim that it is a po-
endcapping10,23]seefig. 7A and B. In order to verify this, lar embedded phase, however, our results suggest that it
an experimental € phase with a high degree of endcapping may only contain a limited degree of amide functional-
with an amino functionality was examined (Thermo BS535, ity as it possesses a slightly higher steric and phenolic

column 20). The phase was located in the polar embedded  selectivity than for standard;gphases.

region of the PCA score plot (ségg. €) and chromatograph-  (jiy Group B standard gphases plus the phenyl ether phase
ically showed a high anionic exchange capacity as expected (Synergi Polar-RP, column 8) and the mixed alkyl phase

but no enhanced phenolic retention (§ég: 7C). (MetaSil Basic, column 7) are characterized by moderate
hydrophobicity, higher silanol activity, low shape/steric,
3.4. Correlation of the combined Layne/Neue and the low phenolic selectivity and low anion-exchange capac-
new anion-exchange/phenolic selectivity protocol with ity.
the Tanaka protocol (iii) Group C, containing the polar embedded phases with
low anion exchange capacity, is characterized by a mod-
The Tanaka characterization protod@?] is a well- erate hydrophobicity, high shape/steric and high pheno-

established approach that has been favoured by many aca- lic selectivity.
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Fig. 8. PC1-PC2 plots for acid mixtures 1 and 2 and the Tanaka column Fig. 9. PC1-PC3 plots for acid mixtures 1 and 2 and the Tanaka column
characterization protocols: (A) score plot; (B) loading plot. characterization protocols: (A) score plot; (B) loading plot.

(iv) Group D contains polar embedded phases of widely dif- |ighted further differentiation of the phases ($&g. 9A and
fering chromatographic properties but all possess high B). The third PC contributed to 10% of the variability of
anion-exchange capacity and high shape/steric and highthe data. The standard alkyl phases with more silanol activ-
phenolic selectivity. ity, such as the Zorbax SB1g and the Synergi Polar-RP

The loading plot Fig. 88) highlighted that the follow- (columns 13 and 8) could be grouped together (Gro'up E) as
ing chromatographic parameters are correlated with onef‘hese possessed hlgher totgl_snanollhydrogen bonding activ-
another—the hydrophobicity parametesp kps andacr, ity. A group of low silanol activity alkyl phases were clustered
are positively correlated to one another and, as expected 09¢ther (Group F). The polar embedded phases could be sep-
negatively correlated to the hydrophilicity parametesgT arated into two groupings, those possessing low (columns
andap/i. The silanol/hydrogen bonding capacity parame- 18, 23, 30, 10, 16 and 2) and high anion-exchange capacmes
tersag/p at pH 2.7,ac/p, andagp at pH 7.6 were positively (columns_ 4,6,12, _3 and 14) (Groups G and H, respe_:ctlvely).
correlated as previously showW@1]. The new shape/steric '€ loading plotkig. 9B) showed the same correlations as
selectivity parameterscamc andagns correlated but did ~ ©OPserved in the PC1-PC2 pl6iig. 88).
not correlate to the Tanaka shape/steric selectivity parame-
tersat/o. The phenolic selectivity parametexs,pmp and 3.5. Phenolic selectivity using a modified Tanaka
ap/sa Were observed to be correlated to one another. The an-protocol
ionic exchange capacity parameteggsn, apsaT andag/,
showed moderate correlation to each other. Due to the enhanced phenolic retention on nitrogenous

Since the PC1-PC2 score plot only explained 69% of the containing polar embedded phases the Tanaka column char-
variation, the PC1-PC3 plots were constructed and high- acterization parametesgsp at pH 2.7, ac/p andag/p at pH
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7.6, which use phenol as their neutral marker, may be inap- [ sHyPURITY Aquastar
propriate for this class of phase. In order to assess this, 17  af
phases consisting of 10 polar embedded phases (i.e. carba g
mate, urea, amide, ether and sulphonamide moieties), four & 2|
standard @g phases, two “Aqua” phases and the experimen- < |
tal amino endcapped phase were chromatographed using thega
neutral marker benzylalcohol in addition to phenol. The re-
sults can be seen ifable 2

The enhanced phenolic selectivity of the nitrogenous I
containing PEG phases such as the carbamate, amide, = |

Thermo BS535

PC2 Score

sulphonamide and urea-based phases could be easily detecte Allants dCre

from their ap/ga parameter at either pH 2.6 or 7.6 which -3t

gave values >1.3. In comparison, no separation of phenol . S E
and benzylalcohol was observed on standaygifDases (i.e. 5 4 3 2 4 0 1 2 3 4 5
apa = 1) using these chromatographic conditions. The more (a) PC1 Score plot (55.8%)

diverse amino endcapped, the two Aqua phases andihe C
ether, in contrast, exhibited marginal separation of the two ;-

components (i.expiga= 14 0.1). : ﬂ % gy @ PH7.6
The PC1-PC2 model for the 17 phases describes over 86% i g @ PH7.9
of the chromatographic variability within these phases (see g 050]
Fig. 10A and B). The score ploHig. 10A) clearly highlighted S 0.40
two distinct groupings. Group A containing the standagg C E sl
phases (plus the g ether, Atlantis dgs “Aqua” phase) and & —
Group B containing the experimental amino endcapped phase £ %2°] “opa @ PH7.6
Thermo BS535 and the polar embedded phases, which pos- & o.10f %res @ pHZT|
sess a nitrogen atom in the polar moiety. There is a striking & .00 " 1)
difference between the two “so-called” Aqua phases; from & ol /
the loadings plot the HYPURITY Aquastar phase possesses B
a significantly higher silanol activity at pH 7.6 comparedto 020 fr;‘ss;* o g: ot
the Atlantis dGg phase (se€ig. 104). 0.30[GD

The fact that the original Tanaka silanol capacity pa-
rametersagp at both pH 2.7 and 7.6 correlated with the
new benzylamine/benzylalcohol paramedgysa confirms
the Va“d'tY C?f using the former parameters (s&g. 1(B). Fig. 10. PC1-PC2 plots for the modified Tanaka column characterization
However, it is strongly recommended that the Tanaka test protocols: (A) score plot; (B) loading plot.
protocol should be modified to incorporate benzylalcohol
in the benzylamine/phenol test mixture in order to assessdividing thek values of the steric probes by thealue of the

-0.50 -0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50
PC1 Loading plot (55.8%)

phenolic selectivity in the future. hydrophobic marker-s-pentylbenzene: it can be seen from
Table 3that it is the retention of the triphenylene analyte that
3.6. Steric/shape selectivity parameters increases rather than that efterphenyl in the case of the

polar embedded phases (as can be seen when one compares

The worthiness of various probes in order to assessthe atpg and ag/pg values). Thext/pg value of the alkyl
steric/shape selectivity in RP chromatography has been muchphases ranged from 0.88 to 1.54 whereas the value for the
debated21,29] The probes that are used in the Tanaka pro- PEG phases ranged from 1.58 to 2.71. This implies that the
tocol differ in their degree of planarity, i.e. the triphenylene insertion of a polar embedded group increases the “slot size”
is much more planar than the puckereterphenyl molecule  so that a greater portion of the triphenylene molecules can
and as such, it has been suggested that triphenylene can slotiaccess the phase, whereas, the increase in size is not great
between the alkyl chains whereas with the puckered analyteenough to significantly alter the retention of heerphenyl
this is less likely. Hence, triphenylene has a greater affinity molecules. This is reflected in the effect of temperature on
for the G g phase and elutes later tharterphenyl. We have  the at/o value for Symmetry g and the Symmetry Shield
previously[21] shown that the:r/o value is larger for the ni- ~ RP8 materials (sefeig. 11). Lower temperatures were found
trogen containing polar embedded groupg ¢ value >1.8) to promote enhanced selectivity in the case of the polar em-
compared to their corresponding alkyl phasegd value bedded phase whereas no obvious improvement in selectivity
<1.5). If we compare the retention of triphenylene and was noted for the standarg hase. At lower temperatures,
terphenyl by correcting for the column’s hydrophobicity (as the phase would be more rigid and hence it would exhibit a
the polar embedded phases are inherently less retentive) bygreater shape/steric selectivity supporting the use of temper-
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Table 3
The Tanaka steric/shape retention and selectivity factors corrected for the phase hydrophobicity
Column no. Column kpB kT ko OT/PB oO/PB RatiQxT/pB/ao/pB
15 Nucleosil Gg HD 6.04 7.72 5.01 1.28 0.83 1.54
16 Nucleosil Gg Nautilis 3.37 6.24 3.16 1.85 0.94 1.97

9 Symmetry g 3.47 2.77 2.93 0.80 0.84 0.95
10 Symmetry Shield RP8 2.30 4.16 2.23 1.81 0.97 1.87
24 Polaris @ ether 0.82 1.23 0.83 1.50 1.01 1.48
25 Polaris Gg ether 2.98 4.36 2.68 1.46 0.90 1.63

7 MetaSil Basic 2.03 241 1.93 1.19 0.95 1.25

6 Polaris Amide Gg 2.87 6.17 2.54 2.15 0.89 2.43

5 Polaris Gg A 3.20 5.11 2.76 1.60 0.86 1.85

1 XTerra MSG 1.15 0.98 1.12 0.85 0.97 0.88

2 XTerra RP8 1.10 2.04 1.18 1.85 1.07 1.73
33 XTerra RP18 2.38 4.62 2.52 1.94 1.06 1.83
35 Acclaim PA C16 4.16 13.02 4.81 3.13 1.16 2.71

8 Synergi Polar RP 1.18 2.55 1.88 2.16 1.59 1.36
31 Synergi Max RP 4.91 4.85 4.20 0.99 0.86 1.15
11 HyPURITY G 1.59 1.34 1.34 0.84 0.84 1.00
34 HyPURITY Gg 3.06 4.07 2.57 1.33 0.84 1.58
32 XTerra MSGg 3.52 3.55 2.83 1.01 0.80 1.25
14 Zorbax Bonus RP 1.74 4.19 2.62 2.41 1.51 1.60
23 Symmetry Shield RP18 4.66 9.74 4.38 2.09 0.94 2.22
18 Discovery RP amide g 1.65 2.90 1.60 1.76 0.97 1.81
17 Discovery Gg 3.32 4.25 2.81 1.28 0.85 1.51

4 BetaMax Acid 2.84 6.02 2.95 212 1.04 2.04

3 Prism RP 2.54 4.13 2.48 1.63 0.98 1.67

ature as a significant operating variable in method optimi- was an excellent correlation betweegn/pmp andacapmp
sation. As previously observed for other shape/steric probes(r2 =0.99) andas/pmp and ancpmp (2= 0.93) selectivity
[30] the selectivity factor fokr-terphenyl and triphenylene  parameters.
(a1/0) failed to be highly correlated with the cinnamic acid From the three shape/steric parameters used in this study,
and 3-phenylpropionic acidrtanc) and benzoic acid and  the probes cinnamic acid, benzoic acid and triphenylene are
sorbic acid ¢sn/s) parameterr€ > 0.5). However, the latter
two tests were observed to be highly correlatedi(f.e.0.90)
with one another. Table 4
When one corrects the retention factor for cinnamic acid The acid mixtures_ 1 and 2 steric/shape selectivity factor corrected for the
. . . . . . ' phase hydrophobicity
3-phenylpropionic acid, benzoic acid and sorbic acid for the
hydrophobicity of the phase (i.e. divide thef the analyte gg'“m” Phase GC/DMP ZHC/DMP  *BN/DMP - S/DMP
by thek of the neutral marker dimethylphthalate) it is ap- —

parent that it is the analytes cinnamic and benzoic acid that Eg:g:g i‘ﬁqﬁje % é';i 2'33 2‘3 2'13
are retained longer on the polar embedded phases than o, Zorbax SBGs 140  1.09 057 058
the corresponding alkyl phases (Seble 4 and to a greater 14 Zorbax Bonus RP 317 1.83 1.44 1.07
extent than 3-phenylpropionic acid and sorbic acid. There 9 Symmetry G 161 137 0.71 0.68
10 Symmetry Shield RP8  1.94 1.35 0.88 0.74
00 7 MetaSil Basic 1.55 1.15 0.70 0.65
' 23 Symmetry Shield RP18 2.00 1.44 0.87 0.76
3 8004 1 XTerra MS8 127 1.00 0.58 0.58
3 5.00 2 XTerra RP8 181  1.23 0.83 0.70
E 4.001 30 Supelcosil LC-ABZ 241 159 1.05 0.93
° 3.00 / 32 XTerra MS18 152  1.19 0.61 0.61
v s ] M 33 XTerra RP18 187  1.27 0.82 0.69
& ﬁd};”: 8 Synergi Polar RP 0.93 0.69 0.36 0.34
1.001 A4 31 Synergi Max RP 1.44  1.16 0.58 0.58
0.00 . . ‘ ‘ . . 15 Nucleosil Gg HD 161  1.31 0.65 0.65
28 29 30 31 32 33 34 35 16 Nucleosil Gg Nautilius 2.66 ~ 1.70 1.21 0.95
1000/Temperature ('K) 17 Discovery Gg 1.65 1.31 0.66 0.66
18 Discovery Amide @5 2.30 1.59 1.02 0.88
Fig. 11. Retention factor vs. the reciprocal of temperature. Kllyk{ on E Eiggggz ,%dvance 1'252 " 1'1328 0'1623 0'1639
Symmetry RP8 Shield{{) ko on Symmetry @; (O) kr on Symmetry G; 3 Prism RP 2'54 1'54 1'17 0'94
(#) ko on Symmetry RP8 Shield®) «t/0 on Symmetry RP8 Shielda( 4 BetaMax Acid 4'12 2.18 2'02 1'32

aT/0 ON Symmetry @.
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Table 5

Molecular properties of the steric/shape selectivity probes

Molecule name Dipole moment (1) Molecule volume (2) Total surface area (3) logD at 2.5 (4)
Sorbic acid (S) 2.49 186.08 159.05 1.34

Benzoic acid (BN) 2.34 185.01 144.61 1.89
Phenylpropronic acid (HC) 3.15 252.55 189.73 1.84
Trans-cinnamic acid (CA) 3.13 235.13 181.59 2.39
o-Terphenyl (O) 1.25 409.68 270.27 5.30
Triphenylene (T) 0.99 392.26 241.73 5.90

Molecular descriptors (1-3) calculated using an AstraZeneca in-house programme. Descriptor 1: topical dipole moment; descriptors 2 and 3alan der W
radius-based volume and total surface area, respectively; Descriptor 4: log D at pH 2.5 calculated using ACD software.

retained to a greater extent compared to their counterpartsincorporation of amino endcapping by the stationary phase
3-phenylpropanoic acid, sorbic acid ameterphenyl on the  manufacturers or from residual traces of amino catalysts
polar embedded phases. A rationale for this chromatographictrapped within the matrix of the phase, this may account for
behaviour may lie in the fact that the latter probes possess athe excellent peak shape of these phases for the analysis of
larger total surface area and molecule volume than the for- basic analytes whereas peak symmetry may be poor for the
mer ones (se@able 5, i.e. the bigger the molecule, the more analysis of ionized acids.
difficulty it has in penetrating into the alkyl layer and hence it The PCA loading plots for the correlation of the column
will not be retained to the same extent as a smaller molecule.characterization protocols evaluated in this study have shown
Simple molecule modelling of the nitrogen containing phases that many of the parameters correlate with one another; there-
compared to a straight alkyl phase suggests that the formerfore it is possible to simplify the number of tests performed
phase possesses a much more open architecture in which then each column to fully characterize it. One such approach
smaller probes can penetrate, the elution order on the PEGwould be to standardise on the Tanaka protocol with the
phases mirrors closely the log D of the molecules at pH 2.5 addition of the following tests—anion exchange parameter
(seeTable § suggesting that the retention is primarily domi- (agsa/Ti), phenolic selectvitydp/sa) and possibly an extra
nated by partitioning rather than by an additional secondary shape/steric termugn/s). From this work, it is highly rec-
retention mechanism. ommended that this approach be adopted in future column
characterization protocols when diverse phases are being ex-
amined.
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