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The primary advantages of zirconia over either
silica- or polymer-based particles is its extreme

chemical and thermal stability and its unique chromato-
graphic selectivity. Silica-based particles will typically
exhibit short lifetimes if used at pH values less than 2 or
greater than 8 with inorganic buffers. Polymer-based par-
ticles can shrink or swell as a function of mobile phase
organic content or ionic strength. Additionally, polymer-
based particles exhibit relatively low efficiencies. Zirco-
nia supports exhibit excellent stability over the entire pH
range of 1-14 and temperatures up to 200°C (pH 1-13
and temperatures up to 150°C for polymer-coated zirco-
nia), very high mechanical strength, and high efficien-
cies (150,000 plates/m for toluene). The extreme stability
of zirconia columns results in a very long column lifetime.
This translates to the ability to run the columns under a
much wider range of chromatographic conditions, often
enabling difficult separations, and reduced cost per analysis.
Discovery Zr-PBD and Zr-PS are polybutadiene- and poly-
styrene-coated zirconia particles that operate as reversed-
phase HPLC (RP-HPLC) materials. For non-ionic
analytes, the chromatographic selectivity of the Zr-PBD
and Zr-PS is similar to C18 and phenyl silica based col-
umns, respectively. For ionic compounds, there are sec-
ondary interactions (ion-exchange), which can be used to
fine-tune the selectivity. This ion-exchange character, in
conjunction with hydrophobic retention, gives the ana-
lyst additional means to optimize a separation not present
with typical silica-based reversed phases. Because of the
extreme chemical stability, these secondary interactions
can be eliminated, if desired, by utilizing a mobile phase
with a pH greater than the pKa of the analytes, for bases,
or less than the pKa of the analytes, for acids. Under these
circumstances, the retention is based solely on the hydro-
phobicity of the analytes. Additionally, the high thermal
stability of these phases allows the analyst to take advan-
tage of the greater efficiencies and speed of analysis at
higher temperatures. Figures A and B are typical separa-
tions performed on Discovery Zr-PBD and Zr-PS. Note the
elevated pH of the mobile phase.
Discovery Zr-Carbon comprises zirconia particles coated
with a permanent, thin layer of elemental carbon. The
resulting material yields performance characteristics very
different from silica-based reversed phases. The carbon

surface allows geometric isomer separations
not attainable by reversed-phase or bonded
normal-phase columns. Additionally, Dis-
covery Zr-Carbon is a good choice when you
need more retention or significantly differ-
ent selectivity than silica-based C18 phase.
Figure C shows the separation of
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Figure A. Tricyclic Antidepressants on
Discovery Zr-PBD

Column: Discovery Zr-PBD, 15cm x 4.6mm, 3µm
Cat. No.: 65718-U

Mobile Phase: 20mM potassium phosphate (pH 12.0):CH3CN,
(40:60)

Flow Rate: 0.5mL/min
Temp.: 35°C

Det.: 254nm
Inj.: 1µL

1. Nordoxepin,
250µg/mL

2. Nortriptyline,
250µg/mL

3. Imipramine,
150µg/mL

4. Amitriptyline,
250µg/mL

Figure B. Fluoxetines of Discovery Zr-PS
Column: Discovery Zr-PS, 7.5cm x 4.6mm, 3µm
Cat. No.: 65741-U

Mobile Phase: 25mM potassium phosphate
(pH 12.0):CH3CN, (70:30)

Flow Rate: 1mL/min
Temp.: 35°C

Det.: 230nm
Concentration: 50µg/mL each

Inj.: 10µL

1. Norfluoxetine
2. Fluoxetine

Figure C. Ethylbenzene and p-Xylene
on Discovery Zr-Carbon

Column: Discovery Zr-Carbon, 15cm x 4.6mm, 3µm
Cat. No.: 65730-U

Mobile Phase: H2O:CH3CN, (20:80 )
Flow Rate: 0.5mL/min

Temp.: 60°C
Det.: 254nm
Inj.: 10µL

1. Ethylbenzene,
700µg/mL

2. p-Xylene,
1000µg/mL
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All literature mentioned in
this issue can be obtained
from the website, sigma-
aldrich.com/TheReporter,
by completing the Literature
Request section on the reply
card, or by calling our
Technical Service Dept.

NEW PRODUCTS
Discovery Zr
Unique retention and selectivity for HPLC method development at pH and temperature extremes.
Expand your method development options with the new Discovery Zr phases.  Because they are based on zirconia
particle chemistry, Discovery Zr phases are stable from pH 1 to 14 and up to 100°C in conventional hardware, and
higher in special hardware.  Discovery Zr combines the power of pH to alter selectivity and the power of temperature
to decrease analysis time to give better and faster separations.
Discovery Zr-Carbon
Carbon-clad zirconia for separations geometric isomers and diastereomers and enhanced retention of polar compounds.
Discovery Zr-CarbonC18
Octadecyl-modified carbon-clad zirconia for universal separations of acids, bases, and neutrals with very different selectivity relative
to C18-silica.
Discovery Zr-PBD
Polybutadiene-modified zirconia particles give separations most similar to C18-silica for non-ionic compounds, but with benefits of
high pH and temperature stability. Unique selectivity compared to C18 for ionic compounds.
Discovery Zr-PS
Polystyrene modified zirconia particles are ideal for separations of hydrophobic compounds and amines.

Description Cat. No.
Discovery Zr-Carbon
3 micron
5cm x 2.1mm 65725-U
7.5cm x 2.1mm 65726-U
15cm x 2.1mm 65727-U
5cm x 4.6mm 65728-U
7.5cm x 4.6mm 65729-U
15cm x 4.6mm 65730-U
1cm x 2.1mm Supelguard Cartridge Kit 65821-U
1cm x 4mm Supelguard Cartridge Kit 65823-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65822-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65824-U
5 micron
5cm x 2.1mm 65731-U
15cm x 2.1mm 65732-U
5cm x 4.6mm 65734-U
15cm x 4.6mm 65735-U
1cm x 2.1mm Supelguard Cartridge Kit 65826-U
1cm x 4mm Supelguard Cartridge Kit 65828-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65827-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65829-U

Discovery Zr-CarbonC18
3 micron
5cm x 2.1mm 65701-U
7.5cm x 2.1mm 65702-U
15cm x 2.1mm 65703-U
5cm x 4.6mm 65704-U
7.5cm x 4.6mm 65705-U
15cm x 4.6mm 65706-U
1cm x 2.1mm Supelguard Cartridge Kit 65801-U
1cm x 4mm Supelguard Cartridge Kit 65803-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65802-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65804-U
5 micron
5cm x 2.1mm 65707-U
15cm x 2.1mm 65708-U
5cm x 4.6mm 65710-U
15cm x 4.6mm 65711-U
1cm x 2.1mm Supelguard Cartridge Kit 65805-U
1cm x 4mm Supelguard Cartridge Kit 65807-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65806-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65808-U

Description Cat. No.
Discovery Zr-PBD
3 micron
5cm x 2.1mm 65713-U
7.5cm x 2.1mm 65714-U
15cm x 2.1mm 65715-U
5cm x 4.6mm 65716-U
7.5cm x 4.6mm 65717-U
15cm x 4.6mm 65718-U
1cm x 2.1mm Supelguard Cartridge Kit 65811-U
1cm x 4mm Supelguard Cartridge Kit 65813-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65812-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65814-U
5 micron
5cm x 2.1mm 65719-U
15cm x 2.1mm 65720-U
5cm x 4.6mm 65722-U
15cm x 4.6mm 65723-U
25cm x 4.6mm 65724-U
1cm x 2.1mm Supelguard Cartridge Kit 65815-U
1cm x 4mm Supelguard Cartridge Kit 65817-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65816-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65818-U

Discovery Zr-PS
3 micron
5cm x 2.1mm 65737-U
7.5cm x 2.1mm 65738-U
15cm x 2.1mm 65739-U
5cm x 4.6mm 65740-U
7.5cm x 4.6mm 65741-U
15cm x 4.6mm 65742-U
1cm x 2.1mm Supelguard Cartridge Kit 65841-U
1cm x 4mm Supelguard Cartridge Kit 65843-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65842-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65844-U
5 micron
5cm x 2.1mm 65743-U
15cm x 2.1mm 65744-U
5cm x 4.6mm 65746-U
15cm x 4.6mm 65747-U
25cm x 4.6mm 65748-U
1cm x 2.1mm Supelguard Cartridge Kit 65845-U
1cm x 4mm Supelguard Cartridge Kit 65847-U
1cm x 2.1mm Supelguard Cartridges, pk. of 2 65846-U
1cm x 4mm Supelguard Cartridges, pk. of 2 65848-U
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NEW APPLICATIONS

RP-HPLC Analysis of Paraquat and
Diquat Without Ion-Pairing
Paraquat and diquat are quaternary amines in the
bipyridylium class of herbicides.
The determination of paraquat and diquat is usually per-
formed by ion-pair HPLC. Baseline resolution is not typi-
cally obtained and quantitation is performed spectrally.
Although it is an accepted practice (US EPA Method
549.2), errors may arise because incomplete chromato-
graphic resolution allows for significant error due to the
fact that there is a small, but significant, absorbance from
both compounds at the recommended wavelengths for
quantitation. Therefore, an ideal HPLC method for the
determination of these herbicides would allow for baseline
resolution of the two species, with the use of a simple
mobile phase (isocratic, binary, no ion-pairing reagents).
Figure G is a chromatogram showing the separation of
paraquat and diquat on a Discovery Zr-PS column, without
the use of ion-pairing reagents. Note the excellent reten-
tion, efficiencies, peak shapes, and resolution of the com-
pounds. Figure H is a chromatogram showing the separa-
tion of the compounds on a typical C18 column without
the use of ion-pairing reagents. The compounds coelute,
are not significantly retained, and tail excessively.
Even with the use of ion-pairing reagents, quantitation
of paraquat and diquat on silica-based reversed phase
columns is not ideal because the typically poor peak
shapes and resolution fall short of good chromatogra-
phy. The use of Discovery Zr-PS will allow the chro-
matographer to confidently perform the determination
of paraquat and diquat, utilizing an easy and robust
HPLC method.

 For more information, request T102931 and T402075.

ganic. The actual pH will change after addition
of the organic, but there is no good method for
reliable measurement of pH after such addition.
This will ensure good lab practice.

5. All buffer solutions should be filtered before use.
This removes particulates that may be in the wa-
ter or introduced by the solid buffer when dis-
solved. A hydrophilic 0.45µm filter is recom-
mended. Filtration should be a last step before use
as is or before mixing with organic.

6. Pre-check buffer solubility with the highest
amount of organic modifier to be used. The buffer
cation effects solubility with sodium salts being
the least soluble.

7. 25mM is a  reasonable starting concentration.
Most inorganic buffers are more soluble in metha-
nol than acetonitrile or THF.

 For more information, request T401012 and T102931.

Buffers are commonly used with Discovery Zr columns
when charged analytes are being separated, much as buff-
ers would be used with silica based columns. With this in
mind, we thought it would be beneficial to review a few
practical points on buffer preparation and use.

1. Good buffer to use with Discovery Zr are strong
Lewis Bases (fluoride phosphate, citrate, sulfate
acetate).

2. In preparing the buffer, dissolve the solid in ~95% of
the final volume desired. After the solution is adjusted
to the pH desired, bring the solution to volume.

3. Always calibrate the pH meter either at the final
adjusted pH (the final adjusted pH must match the
pH of a standard) or calibrate the pH meter at val-
ues above and below the final adjusted pH. A mea-
surement will not be reliable outside the range for
which the meter was calibrated.

4. For consistent results, pH adjustments to the aque-
ous solution should be made before addition of or-

Figure G. Paraquat and Diquat on Discovery Zr-PS
Column: Discovery Zr-PS, 7.5cm x 4.6mm, 3µm
Cat. No.: 65741-U

Mobile Phase: 25mM H3PO4, 25mM NH4F
(pH 8.0 with NH4OH):CH3CN, (50:50)

Flow Rate: 3mL/min (2610psi)
Temp.: 65°C

Det.: 290nm
Concentration: 50µg/mL each

Inj.: 10µL

Figure H. Paraquat and Diquat on a C18
Column: C18-silica, 15cm x 4.6mm, 3µm

Mobile Phase: 25mM H3PO4 (pH 7.0 with
NH4OH):CH3CN, (95:5)

Flow Rate: 1mL/min (2590psi)
Temp.: 35°C

Det.: 290nm
Concentration: 50µg/mL each

Inj.: 10µL
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Figure F. Separation of Alkaloids at 65°C
Column: Discovery Zr-PBD, 15cm x 4.6mm, 5µm
Cat. No.: 65718-U

Mobile Phase: 25mM potassium phosphate (pH 12.0):CH3CN (90:10)
Det.: 220nm

Concentration: 50µg/mL each
Inj.: 10µL

Temp.: 65°C
Flow Rate: 2.35mL/min (2060psi) 1. Codeine

2. Strychnine
3. Papaverine
4. Quinine
5. Quinidine

CASE
STUDY

Why Use Elevated Temperature?

Increasing the temperature of a separation increases the effi-
ciency and speed of a separation in three ways:
1. diffusivity increases, thereby decreasing the resistance to

mobile phase mass transfer
2. sorption kinetics are accelerated
3. mobile phase viscosity is reduced, allowing higher flow rates
The primary requirement of utilizing elevated temperatures is
the stability of the stationary phase. To simplify the expected
effect of temperature, it is desirable to employ a mobile phase
with a pH greater than the pKa of the analyte (for basic com-
pounds) to eliminate ion exchange effects that may compli-
cate the separation by creating a significant change in selec-
tivity with a variation in temperature. Typical silica-based
HPLC packings will quickly deteriorate at elevated tempera-
tures, particularly at the elevated pH values necessary to be
above the pKa of most basic pharmaceutical compounds. Dis-
covery Zr-PBD exhibits the necessary thermal and chemical
stability to operate at elevated temperatures and extreme pH.
Figures E and F show a separation of alkaloids at two different
temperatures and flow rates, while maintaining a constant pres-
sure. Alkaloids are naturally occurring bases with complex
multi-ring structures. They are often difficult candidates for
RP-HPLC separation, since they are prone to polar and ionic,
in addition to hydrophobic, interactions. By performing the
separation at pH 12, ionic interactions can be eliminated. The
difficulty of this separation is to maintain adequate retention
(k’>2) and resolution of codeine and strychnine, while allow-
ing for timely isocratic elution and resolution of papaverine,
quinine, and quinidine. Although the Discovery Zr-PBD col-
umn is stable to 100°C (150°C with custom hardware), a tem-
perature of 65°C was selected because it is attainable with
most column heaters.
Analysis time was reduced from 46 minutes to 12 minutes
with only a slight decrease in resolution.

 For more information, request T102931 and T402075.

Figure E. Separation of Alkaloids at 30°C
Column: Discovery Zr-PBD, 15cm x 4.6mm, 5µm
Cat. No.: 65718-U

Mobile Phase: 25mM potassium phosphate (pH 12.0):CH3CN, (90:10)
Det.: 220nm

Concentration: 50µg/mL each
Inj.: 10µL

Temp.: 30°C
Flow Rate: 1.5mL/min (2060psi)

1. Codeine
2. Strychnine
3. Papaverine
4. Quinine
5. Quinidine
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ethylbenzene and p-xylene on Discovery Zr-Carbon. These
compounds have similar hydrophobicity and therefore co-
elute on C18-silica phases. However, they are resolved on
Discovery Zr-Carbon because it can distinguish between
molecules of the same hydrophobicity but different mo-
lecular shape.
Discovery Zr-CarbonC18 is made by covalently bonding
C18 ligands to the surface of the carbon-coated zirconia
particles of Discovery Zr-Carbon. Because the surface be-
low the C18 phase is carbon rather than silica, the reten-
tion and selectivity of Discovery Zr-CarbonC18 is quite
different from a C18 phase bonded to silica. Figure D shows
a fast separation of non-steroidal anti-inflammatory drugs
on Discovery Zr-CarbonC18.

 For more information, request T102931 and T402075.

Figure D. Fast Separation of Non-steroidal
Anti-inflammatory Drugs on Discovery Zr-CarbonC18

Column: Discovery Zr-CarbonC18, 15cm x 4.6mm, 3µm
Cat. No.: 65706-U

Mobile Phase: 50mM H3PO4 (pH 1.75):CH3CN, (50:50)
Concentration: 1000µg/mL each

Inj.: 1µL
Flow Rate: 4mL/min

Temp.: 80°C
Det.: 254nm 1. Ketoprofen

2. Ibuprofen
3. Naproxen
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