ZirChrom Newsletter vol. #3
Vol.# 3- “Improving the Selectivity and Peak Shape of Basic Analytes”
Welcome to the third issue of ZirChrom’s electronic newsletter!

This newsletter issues approximately every 6 weeks and will address both general topics of interest to all
chromatographers and specific features and benefits of ZirChrom’s family of ultra-stable zirconia-based
HPLC phases. All issues discuss practical topics to help you improve your productivity and understanding
of chromatography.

This issue is devoted to the unique benefits of using the chemical differences between zirconia and silica-
based RPLC media to optimize selectivity and peak shapes of basic pharmaceuticals.

Type-A, Type-B and Type-Z Stationary Phases for HPLC----What’s the Difference?

The earliest silica phases used for HPLC, now called “Type-A” phases, contained hundreds parts per
million of metal contaminants, which increased the Bronsted acidity of a significant fraction of the surface
silanols. It is not possible to derivatize more than 40-50% of the 8 micromol/m? of silanol sites even by
extensive end-capping. As a consequence, when the residual silanol sites are in the ionized state (SiO’),
they can interact with positively charged analytes such as basic pharmaceuticals. These strong sites,
although few in number, cause a significant amount of retention and selectivity of basic analytes, but also
very commonly cause peak tailing and wide peaks. Very importantly, due to the presence of the metal
contaminants, these effects persist even at very low pH (<3).

Over the past decade, the purity of the silica substrate has been vastly improved (to only a few parts per
million of metal impurities). Today’s silicas are so different that they constitute a completely new material
(so-called “Type-B” phases). These improvements in purity and bonding greatly benefit the peak shape of
many analytes, but also cause many end-capped, monofunctional (non polar embedded) ODS reversed
phase columns based on Type-B silica to become rather similar in terms of selectivity. This data is
completely consistent with John Dolan’s recent statement in LCGC (Ref. 1) concerning conventional ODS
phases: “Generally, you can gain little by changing from one manufacturer’'s column to another’s while
keeping stationary phase type constant”.

Zirconia-based RPLC media (such as ZirChrom PBD and PS) are inherently chemically very different
from silica media in terms of their retention and selectivity for basic analytes. Although the retention on
PBD and PS zirconia phases correlates very well with retention on ODS silica phases for non-ionizable
polar and non-polar analytes, there are great differences in retention, and selectivity of basic molecules
due to the chemical differences between silica and

zirconia-based phases. In general, basic 91 Rt=os2s

molecules are more retained on zirconia than on Std. Dev. = 0.565 .
silica phases and in contrast more hydrophobic
(less polar, nonionic) analytes are more retained
on silica-based phases. As a consequence, the
correlation between retention factors on Type-B
silica phases and PBD or PS zirconia (“Type-Z”)
phases is almost non-existent for basic analytes.
Elution sequences are quite different.
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It follows that two drugs that nearly coelute on

typical Type-B silica phases will typically be

separated on PBD or PS zirconia phases and vice -10
versa. Thus PBD or PS zirconia and silica phases

are highly complementary - the yin and the yang —
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soto Speak for the SeParation of basic analytes. If Figure 1: Plot of log k’ vs log k’ for 11 antidepressant drugs
two analytes are poorly separated on a Type B on a leading ODS phase and ZirChrom®-PBD. This is known
silica phase in accord with John Dolan’s statement as a k-k plot. When two phases are very similar in selectivity

R? will be close to 1.0, the standard deviation will be small,

it makes more sense to try a zirconia-based phase and all the data will fall close to the line.

than another Type B silica phase, since most of



these phases are similar (see
Figure 2). Ref. 2 provides an
excellent example of the
tremendous changes in
selectivity observed when one
changes from a silica-based
reversed phase to a zirconia-
based reversed phase
column.

Because of this very strong
difference in selectivity one of
the situations in which we
very strongly recommend that
you give a ZirChrom PBD or
PS column atryisin
establishing a “stability
indicating assay”. It is very
important in such assays that
all possible peaks even very
small peaks (<0.1% of the
active drug) be resolved. This
inherently requires checking
the separation with several
columns of maximally different
selectivity.

Buffer and pH Differences:

Standard Deviation

Figure 2: Plot of the standard deviation of a k-k plot for various silica-based ODS
columns using 7 antihistamine drugs. The standard deviations plotted on the vertical
axis are for plots similar to Figure 1. The smaller the s.d. is the less selectivity
difference that will be observed between the two phases. Clearly, the ZirChrom®-PBD
phase shows very different selectivity when compared to any pair of leading silica

At pHs above the pKa of silica-based phases, the retention of amines increases as the pH is raised. The
exact opposite phenomenon (see Figure 3) is observed with PBD and PS zirconia-based RPLC media,
due to the fundamental differences in the retention mechanism. Consequently, the effect of a change in
pH or a change in buffer type (e.g. acetate to phosphate) is almost always quite different when using
zirconia and silica-based phases. Many of the interesting effects of buffer type and concentration hinted
at here are described in detail in Ref. 3 below. This offers significant opportunities for adjusting selectivity
on PBD or PS zirconia when the same variable fails to produce a good separation on a silica-based
phase. An example of how buffer type can affect the selectivity of a separation of pharmaceutical
molecules on ZirChrom’s PBD-zirconia phase is shown in Figure 4.

45.00 1
——Lidozaine
40.00 —8— Norpseudoaphedrine
E 2500 Tryptamine
"-: Martryptyline
3 230,00 —— Amitrypiyling
o
& o500 A
't .
S 2000
=
$ 15007
o 10.00 ]
5.00 -—__\___R_r____
0. - T . - — == .
1] 2 4 -3 g 10 12 14

Mobhile phase pH

LC Conditionshiobile phas e, premi<ed 20070 ACNS2OmM phos phate at indicated pH; Flowe rate, 1.0 mlmin.; Temperature,
SDOC; Injection wolume, 5 ul; Detection at254 nm; Column, ZirC hrom- PBL; Column dimension, 30 mm < 4.6 mm.

Figure 3: The retention of basic molecules on ZirChrom®-PBD is a strong function of pH. As the pH increases above their pKa, the analytes
become neutral and the electrostatic contributions to retention are eliminated, thus overall decreasing the retention of these analytes.
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Figure 4: This figure shows a rather complex separation on ZirChrom®-PBD. Analytes 3 to 7 are basic drugs that are positively charged at pH
7.5, while 1 and 2 are acidic with a pKa of 4.9, and are deprotonated at this pH. When analyzed in acetate, 1 and 2 were eluted as very broad
peaks with substantial retentions due to their interactions with the zirconia surface. When separated in a phosphate buffer, 1 and 2 lost all
retention because they were repelled from the stationary phase due to the high surface negative charge density in the presence of phosphate.
However, in the presence of fluoride, the interaction with zirconia is minimized and 1 and 2 were not totally repelled due to the lower surface
charge density of the fluoride-zirconia surface. The basic analytes are also more retained due to the negative charge of the surface. Of the three
buffers, in this case fluoride gives the best balance of electrostatic/hydrophobic retention for an excellent separation.

We typically recommend that chromatographers start method development in the neutral pH region (6 <
pH < 8) with a 10-20 mM ammonium phosphate buffer at 40°C at a flow rate of 1-2 ml/min. However, due
to their extraordinary inherent stability of ZirChrom’s PBD or PS RPLC columns can be operated
indefinitely at low (< 2) and high pH (> 10) and at temperatures much above ambient (up to 150°C). We
have yet to see any amine which does not give excellent peak shape at pH 12 in an ammonium
phosphate or tetramethyl ammonium hydroxide buffer on PBD or PS zirconia phases. Our RPLC media
can be used at very low pH with trifluoroacetic acid under LC-MS compatible conditions, but retention of
very basic analytes tends to be low. Clearly, ZirChrom'’s columns offer the chromatographer a very wide
scope for optimization of selectivity and resolution.

TIP: We strongly suggest you check out our free Buffer Wizard tool for doing all the tedious calculations
involved in preparing a buffer.

Loadability:

It is well known that the loadability of amines on typical ODS phases is considerably lower than that of
nonpolar, non-ionized solutes. Again, the retention mechanism is so different on PBD or PS zirconia-
based phases that the opposite is true. In fact ZirChrom’s PBD or PS phases typically show greater
loadability of basic solutes than do typical ODS phases. This can greatly benefit the analysis of trace
impurities in basic drugs and the isolation of such impurities for identification purposes.

Want More Information?

The above is a very brief overview hitting on only a few of the important benefits resulting from the
chemical differences between silica and zirconia-based RPLC media. For more information on how to
rapidly develop a separation by utilizing these differences please request a free copy of our Method
Development Guide for New Users by email to support@zirchrom.com or FAX to 763-421-2319. We have
also developed a slideshow on method development using ZirChrom’s RPLC phases. This slideshow can
be downloaded at http://www.zirchrom.com/pdf/2002md.pdf
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