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Outline

» Comparison of Silicaand Zirconia Stationary Phases.

» Chromatography of Basic Analyteson ODS and PBD-
Zr0O,:
=Comparison based on amitriptyline and acenaphthene.
=Comparison based on 17 basic drugs.

» Conclusions:
»Use of asmall number of probesis not reliable for column ranking.

*ODS and PBD-ZrO, have very different selectivity for basic drugs.



Mixed-M ode Separation on ODS
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»Bonded C,g Chains—Reversed-Phase (RP) Moleties
»lonized Silanol Groups — lon-Exchange (IEX) Sites
SO: X+ A= SOA" + X*

A*: analyte cation, X*: counterion



Mixed-M ode Separ ation on PBD-ZrO,

Adsorbed AT A+
Lewis base O-f

» PBD Coating — Reversed-Phase (RP) Moieties

» Lewis Base Anions — lon-Exchange (IEX) Sites
Zr-L- Xt + At = Zr-L A" + X
Z2r-O. Xt + At = Zr-O:A* + X*

A*: analyte cation, X*: counterion, L-: adsorbed Lewis base anion.



Silanol Activity Ranking of Stationary Phases

Silanol Activity of Different ODS Columns *

Very Low Ace(ACE)
Inertsil ODS3 (INER)

Low Zorba>.< Eclipse (EC)
Zorbax Extend (EX) <:> PBD-ZrO,

Moderate Zorba>; Rx (RX)
Zorbax SB (SB)
Alltima (ALLT)

> 50 phases

* Adapted from Mac-Mod Analytical, Inc. “ Column Comparison Guide’, based
on plate count of amitriptyline



Characteristics of ODSand PBD-ZrO, Columns

Column Designation Surface Area | PoreSize | Carbon Content
(m?/g) (A) (%o wiw)

ACE ACE 300 100 15.5
Zorbax Eclipse EC 186 80 10

Inertsil ODS-3 INER 436 95 14.7
Zorbax Extend EX 179 80 10
Alltima ALLT 350 100 16
Zorbax SB B 180 80 10
Zorbax RX RX 172 80 10
PBD-Zr0, PBD 11.2 500 2.5

v'PBD-ZrO, phase has much less surface area and lower carbon content
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Comparison of Different Phases Based on |on-
Exchange and Hydrophobic I nteractions

Column | K, | Ka N,, |Rank1|As,, |[Rank 2 k', /k', |Rank 3
PBD 5.16| 0.88 | 52,600 1 1090 3 5.89 8
ACE 1.90 | 3.76 | 50,700 2 1099| 1 0.51 2

EC 2.32 | 4.21 | 49,600 3 1081 5 0.55 3
INER 3.02 | 5.46 | 37,500 4 1095 2 0.55 4
EX 2.07 | 4.38 | 35,600 5 |067| 6 0.47 1
ALLT 4.51|5.26 | 33,700 6 (025 8 0.86 6
SB 3.2 | 3.25| 28,300 7 [113| 4 0.99 7
RX 2.97 |1 4.09 | 11,000 8 (031 7 0.73 5

© am: amitriptyline; ac: acenaphthene; N: plate count; As. asymmetry factor
80/20 MeOH/25mM ammonium phosphate buffer, pH 6, temperature ambient (about 28 °C), 1.0 mI/min

v'Ranking ordersaredifferent using different methods 7



Solutes--Antidepressants
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Chlordiazepoxide (4.8) Desipramine (10.4) Nortriptyline (9.7) Doxepin (8.9) Imipramine (9.5)

g ()
O LI ~
1] ~
o) O N S N N
I (
o)
\ N N/ _\—OH O

Cl

Thiothixene (7.7, 7.9)  Amitriptyline (9.4) Thioridazine (9.5) Hydroxyzine (2.0, 7.1)

Y sa el
™

(U

OH

@ A
Perphenazine (3.7, 7.8)

Buclizine



Solutes--Antihistamines

Methapyrilene
(3.7, 8.9)

Br

\

N
J/ ~N

Brompheniramine

(9.8, 3.6)

@m Eﬁ
Thenyldiamine
(8.9, 3.9

SRS
o B

Tripelennamine Triprolidine
(4.2, 8.7) (6.6)

Pyrilamine
(4.0, 8.9)



Comparison of Selectivity via Relative Retention
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Condition: 72 % MeOH for antidepresants, 60% MeOH for antihistamine, 25 mM phosphate, pH=6.0, 35 °C, 1 mL/moln

vPBD-ZrO, isvery different.



Comparison of Normalized Plate Count

Solute per meter | ACE | EC | INER| EX SB | ALLT | RX PBD
solute median 57,300 | 56,000 | 42,400 40,550 | 33,300 18,900 | 9,900 | 51,300

nortriptyline | 26,700 | 1.00 | 1.67 | 0.88] 0.99 | 1.01| 0.39 | 0.50] 2.12
desipramine 34050 | 149 | 134|072 086|114 | 0.38]0.30] 1.60
doxepin 34800 | 1.41| 140 1.05| 095|096 056/ 0.40| 1.04
thenyldiamine | 35650 | 1.48 | 145 | 125|0.75[059] 053] 0.13] 1.58
thiothixene 36,400 | 140|140 0098] 111|093 065]0.19] 1.02
thioridazine 36600 | 141 | 149|105 093]095|019]0.13] 1.29
imipramine 30000 | 144|142 101]092]099]046]0.30] 132
amitriptyline | 39900 [ 1.44 | 139] 104|096 070 033|025] 1.29
methapyrilene | 42450 | 1.33 | 1.33 | 1.04| 0.77 | 0.68| 0.96 | 0.08] 1.35
triprolidine 43500 | 1.32[1.33]097|103[0.19]025[0.03] 113
pyrilamine 44350 | 1.35| 1.34 | 097 1.03[0.48] 0.40[ 0.09] 1.18
tripdennamine | 45400 | 1.37 | 1.35 | 1.01| 0.99 [0.43| 0.34] 0.10] 1.24
brompheniramind 46,100 | 1.26 | 1.21 | 0.89| 0.94 [ 0.13| 115 [ 0.02] 1.06
perphenazine | 48750 | 1.33| 129 |0.95] 1.05| 1.07| 081 ] 0.77] 0.31
chlordiazepoxide] 59,750 | 1.04 | 1.14 | 0.81]| 0.95 | 1.07 | 0.96 | 1.04| 0.66
hydroxyzine 62450 | 1.03| 097|112 082]1.38 136 |084] 0.70
budizine 85400 | 1.11| 110 0.85] 1.01 | 1.04| 0.93] 0.99| 0.67

N bEl ow I\Isol utemedian

v'No universal trend in plate count among the columnsinvolved inthe present 44
study is observed. Column performance is very solute dependent.

(median for that solute on 8 columns); best N for that solute.



Retention Factor vs. Plate Count
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v'Very little relationship between k’ and N



Conclusions

v' Basic analytes generally undergo RP/I EX mixed-mode
retention mechanism on PBD-ZrO, and ODS phases

v' Basic solute separ ations are both condition and solute
dependent. Column ranking based on one or two probesis not
reliable.

v Dramatically different selectivity on PBD-ZrO,and ODS
phases

v" Nouniversal trend in plate count among the studied columnsis
observed. Column performanceisvery solute dependent
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