R picr

LC Columns

Selectivity Accelerated

Separate a Wide Variety of
Polar Analytes with a Novel
Hybrid Stationary Phase

« No time-consuming derivatization or complex ion pairing.

« Switch between retention modes with simple mobile
phase changes and short equilibration times.
Ideal for increasing sensitivity and selectivity in LC-MS analyses.
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Simplify the Analysis of Polar Compounds

Analyzing polar compounds using liquid chromatography has historically been a challenge. Poor retention and peak shape, complex mobile
phases that may not be MS-friendly, long equilibration times, low sensitivity, and sample derivatization are all complications that reduce lab
efficiency and productivity. However, the development of a novel column that is specifically designed for the analysis of a broad range of
polar compounds allows scientists to avoid these problems by taking advantage of the true power of chromatography.

One of the most significant, yet least understood, aspects of method performance is the importance of using the proper stationary phase for
a particular separation. For the analysis of polar compounds, reversed-phase columns do not provide adequate retention without the use of
complex mobile phases or sample derivatization to compensate for the lack of effective interactions between the analytes and the column.
But, by matching analytes to a stationary phase that provides purpose-built resolving power, you can avoid complex sample preparation
procedures, save time and money, and reduce opportunities for error.

The Raptor Polar X stationary phase is specifically designed to selectively retain polar analytes through a balance of two retention
mechanisms. This unique hybrid phase is ideal for analyzing a wide variety of polar compounds, especially when coupled with mass
spectrometry. Simplify the analysis of polar compounds with the resolving power of Raptor Polar X columns from Restek.

Column Description

Pore Size:
90 A

Particle:
2.7 um superficially porous particle
(SPP or “core-shell” particle) silica

Surface Area:
130 m2/g

End-Cap:
Proprietary

Carbon Load:

Proprietary Properties:
lo,
- Excellent resolution and separation 2
. @] <

lNJ:P Phase Code: of a wide variety of polar compounds. 3 ’é_

« Combines HILIC and ion-exchange retention = a@%
Phase Category: mechanisms together in a single ligand. .
Proprietary - Broadly applicable for polar compound analysis SI

. spanning different industries and methods.

Ligand Type: o
Proprietary Switch to a Raptor Polar X when:

« You are analyzing neutral, acidic, basic, or permanently

Recommended Usage: charged polar compounds.
pH Range: 2.0-8.0

Maximum Temperature: 60 °C

« Performing LC-MS/MS analysis of polar compounds.

« You are struggling to retain or elute polar compounds
Maximum Pressure: 600 bar/8700 psi and considering ion chromatography.
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Greater Than the Sum of Its Parts

Recognizing that the retention mechanisms most commonly used to retain polar compounds are hydrophilic interaction chromatography
(HILIC) and ion-exchange approaches, Restek has developed a novel stationary phase chemistry that combines both modes on a single
ligand. Because this unique ligand is bound to superficially porous particles, Raptor Polar X columns both reliably retain and efficiently

separate a broad range of polar analytes.

Typical application-specific columns favor one retention mode over another, and gains made in the retention of one type of polar compound
come at the expense of the performance for others. In contrast, with the Raptor Polar X column’s patent-pending phase chemistry, two
independent retention mechanisms are available for use, which provides truly balanced and flexible retention (Figure 1). Simple changes

to mobile phase conditions allow analysts to switch between modes and selectively tune retention for the compounds of interest without

needing long equilibration times before use or between samples.

Figure 1: The Raptor Polar X column can quickly and easily be switched between polar retention modes by simple
changes in mobile phase conditions, providing an unprecedented ability to retain and separate a wide variety of polar
compounds, even in the same analysis.
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How It Works: Switching Retention Modes

When using a mobile phase with a relatively high percentage of acetonitrile to water, a layer of water is formed at the surface of the silica into
which polar compounds can partition. Partitioning into the water layer results in effective interactions between polar analytes and the ligand
bound to the silica surface (Figure 2). The novel Raptor Polar X ligand chemistry makes this technique even easier, allowing for faster-than-

ever column equilibration and re-equilibration. This means new columns are ready for use quickly, and sample throughput increases because

less re-equilibration time is required between samples.

Figure 2: The rapid formation of a water layer at the silica surface allows a wide range of polar analytes to partition
between the acetonitrile in the mobile phase and the water layer. This partitioning, along with interactions with the sta-
tionary phase, defines the HILIC retention mechanism.

Acidic, Neutral, and
Basic Polar Analytes

Silica Surface
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Exchange
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For smaller polar compounds, these high-percentage acetonitrile conditions generate strong interactions between the analytes and the
stationary phase, leading to excellent retention of small, highly polar, charged compounds. To fine-tune retention, simply increase the amount
of water in the mobile phase. This will draw the charged, polar compounds into the mobile phase, effectively eluting them. When moving to a
higher percent water mobile phase, the distinct HILIC partitioning retention will diminish and the stationary phase’s ion-exchange characteris-

tics will become the dominant retention mechanism (Figure 3).
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Figure 3: Under mobile phase conditions with higher water content, ion-exchange mechanisms take over as the domi-
nant mode of retention for the analysis of polar compounds.
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Retention Mode Switching: An Example

To illustrate these principles in action, Figure 4 demonstrates how two different types of polar compounds interact with the stationary phase,
and how their responses are affected by simple mobile phase changes. In this example, we analyzed two water-soluble vitamins: vitamin B3
(niacin), which is an organic acid, and vitamin B1 (thiamine), which has a permanent positive charge.

In the top chromatogram, a highly organic mobile phase was used, which is favorable to HILIC separations. Using the Raptor Polar X column
under these conditions, a water layer quickly forms on the surface of the silica particles. This allows polar compounds to partition from

the acetonitrile layer into the water layer
where they can also interact with the silica
surface and the stationary phase. In this
way, polar compounds are retained through
hydrophilic interactions with the stationary
phase and are still eluted under highly
organic mobile phase conditions. This is very
favorable for LC-MS/MS analysis because

of the improved desolvation and increased
ionization efficiency.

The bottom chromatogram highlights the
chromatographic changes that are seen
when the retention mechanism is switched
by moving to a mobile phase with a higher
percentage of water. As we move further
away from ideal HILIC conditions, both
vitamin B1 and vitamin B3 are less retained.
This is because as the percentage of water
in the mobile phase increases, conditions
shift away from HILIC retention and toward
the ion exchange retention characteristics
of the phase. The elution order also changes
because vitamin B1 is less retained than
vitamin B3 under ion-exchange conditions.

Figure 4: Simple changes to easy-to-prepare, MS-friendly mobile phases can
emphasize or deemphasize the different retention mechanisms available with
the novel Raptor Polar X phase chemistry.
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Column: Raptor Polar X (cat.# 9311A52); Dimensions: 50 mm x 2.1 mm ID, Particle Size: 2.7 ym; Temp.: 30 °C; Sample: Diluent: 0.1% Formic acid
in acetonitrile; Mobile Phase: Flow: 0.5 mL/min; Detector: LC-MS/MS; lon Source: Electrospray; lon Mode: ESI+; Instrument: HPLC; Notes:
Mobile phase A: Water, 5 mM ammonium formate, 0.1% formic acid; Mobile phase B: Acetonitrile, 0.1% formic acid; Top chromatogram: 95% B,
10 min run, 2 pL injection (100 ppm B3, 0.01 ppm B1); Bottom chromatogram: 60% B, 5 min run, 0.5 pL injection (100 ppm B3, 0.1 ppm B1).
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Well-Balanced Hybrid Retention Lets You Analyze
More Compounds with a Single Method

It is common for columns to specialize: to focus on a single type of interaction to the exclusion of others. This approach works well when the
target analytes all share the same characteristics; however, polar compounds vary widely in their chemical traits. For the analysis of polar
compounds, a specialized approach to column selection often means having to use multiple methods with different columns or conditions
for each type of compound. As shown in the following examples, the hybrid phase chemistry of Raptor Polar X columns is a better alternative
because the multimode retention profile allows a wide variety of target analytes to be analyzed in the same method.

QuPPe-Inspired List of Polar Contaminants

The European Quick Polar Pesticides (QuPPe) method includes a range of polar analytes from anionic polar herbicides, such as glyphosate
and related compounds, to a variety of oxychloro contaminants, including chlorate and perchlorate. As shown in Figure 5, the Raptor Polar
X column retains and quickly separates this diverse mix with the last compound eluting around 10.5 minutes and a total run time of only
13 minutes. This separation is performed with simple unbuffered mobile phases, acidified with 0.5% formic acid to reduce peak broadening
and tailing. The method demonstrated in Figure 5 was also able to separate compounds that have similar mass fragments, like AMPA from
N-acetyl AMPA and fosetyl aluminum from phosphonic acid and phosphoric acid (a commonly observed matrix component and source of
interference).

Figure 5: In this analysis of polar compounds, a diverse group of analytes can all be successfully separated in a single run
with the uniquely balanced retention characteristics of the Raptor Polar X column.

Peaks t, Conc. Precursor Product Product Product Precursor Product
(min) (ng/mL) lon lon1 lon2 lon3 2 lon2

1. Aminomethylphosphonic acid (AMPA) 0.805 200 110.1 79.1 63.1 811 - -

2. Bialophos 0.847 100 322.2 88.2 216.1 134.2 - -

3. Perchlorate 2.593 5 101.0 84.95 - - 98.9 83
4. Glufosinate 3376 200 180.2 85.2 95.1 - - -

5. 3-(Methylphophinico) propionic acid (MPPA) 4.076 100 151.0 63.0 107.1 1332 - -

6. Trifluoracetic acid (TFA) 4.423 20 113.0 69.1 19.1 - - -

1. 2-Hydroxyethane phosphonic acid (HEPA) ~ 4.969 100 125.1 79.0 95.0 63 -

8. Difluoroacetic acid (DFA) 5.018 200 95.0 511 - - - -

9. Chlorate 5542 100 85.0 69.0 - - 83.0 67.1
10. Ethephon 5.564 200 1431 1072 - - -

11. Glyphosate 6.113 200 168.1 63.1 79.1 - - -
12. Bromide 6423 2000 809 809 - - 9.0 9.0 B3
13. Bromate 6.771 600 129.0 113 - - 127 1111
14. N-acetyl AMPA 6.932 200 152.1 110.1 62.9 - - -
15. Fosetyl aluminum 1175 80 109.1 810 63.0 78.9 -
16. Phosphonic acid 8275 500 811 62.9 - - -

17. N-acetyl glufosinate 9.980 200 222.2 136.1 1341 59.0 -

Time (min)
LC_FS0546

Column: Raptor Polar X (cat.# 9311A32); Dimensions: 30 mm x 2.1 mm ID, Particle Size: 2.7 ym; Pore Size: 90 A; Temp.: 35 °C; Sample: Diluent: Water; Inj. Vol.: 1 uL; Mobile Phase: A: Water, 0.5% formic acid; B: Acetoni-
trile, 0.5% formic acid; Gradient (%B): 0.00 min (65% B), 5.0 min (10% B), 11.5 min (10% B), 11.51 min (65% B), 13 min (65% B); Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI-; Mode: MRM; Instrument: UHPLC.

In addition to the Restek-developed method shown in Figure 5, Raptor Polar X analytical and guard columns were independently evaluated
and included in the QuPPe method itself [1]. They are used in a method for the detection of a wide variety of polar pesticide by LC-MS/MS in
negative ESI mode.
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Underivatized
Amino Acids

Amino acids are a diverse group

of very polar compounds that

are commonly analyzed with
reversed-phase or ion-exchange
chromatography using pre- or
post-column derivatization. Direct
analysis of underivatized amino
acids is challenging due to limited
retention and poor chromato-
graphic performance. However,
underivatized amino acids with
nonpolar, polar, positively charged,
and negatively charged side chains
are all retained and easily separated
in one method on a Raptor Polar X
column. Figure 6 shows the analysis
of 21 amino acids, including a
taurine supplement, in a liquid
baby formula matrix using a simple
protein precipitation and direct
analysis of the resulting extract.

Ultrashort- to
Long-Chain PFAS

The last illustration of the Raptor
Polar X column’s ability to
maximize method productivity is
an application that paves a path
for future testing. Current LC-MS/
MS methods for per- and polyfluo-
roalkyl substances (PFAS) analysis
are focused on short-chain (C4-C6),
long-chain (C8 and up), and
alternative compounds and do not
include emerging ultrashort-chain
(C2 and C3) compounds. Typical
reversed-phase methods for PFAS
analysis do not have sufficient
retention for ultrashort-chain PFAS;
whereas, other methods based on
anionic exchange often have too
much retention, resulting in poor
chromatographic performance.
Because of the balanced retention
mechanisms found in the Raptor
Polar X column, ultrashort-chain
PFAS and long chain PFAS can all
be analyzed in a single 5-minute
isocratic run (Figure 7).

Figure 6: Compounds with various polarities, such as these amino acids, can all be
analyzed using the same method on a Raptor Polar X column.
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Column: Raptor Polar X (cat.# 9311A12); Dimensions: 100 mm x 2.1 mm D, Particle Size: 2.7 pm; Temp.: 30 °C; Sample: Diluent: 20:80 Water:acetonitrile,
0.01 N HCL; Conc.: Endogenous amino acids; Inj. Vol.: 5 uL; Mobile Phase: A: Water, 0.5% formic acid; B: 9:1 Acetonitrile:20 mM ammonium formate in
water (pH 3.0) (The ammonium formate concentration is 20 mM relative to the total volume of mobile phase B. See preparation notes for instructions on
diluting a 200 mM aqueous starting solution.); Gradient (%B): 0.00 min (88% B), 3.50 min (88% B), 8.00 min (30% B), 8.01 min (88% B), 10.0 min (88% B);
Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI+; Mode: MRM; Instrument: UHPLC; Notes: For sample prep details, enter LC_FFO579 in the search at
discover.restek.com.

Figure 7: Ultrashort-chain, legacy, and alternative PFAS analyzed with a single method
on the novel Raptor Polar X stationary phase.
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Column: Raptor Polar X (cat.# 9311A52); Dimensions: 50 mm x 2.1 mm ID, Particle Size: 2.7 um; Temp.: 40 °C; Sample: Diluent: 50:50 Water:methanol;
Conc.: 400 ng/L; Inj. Vol.: 10 pL; Mobile Phase: A: Water, 10 mM ammonium formate, 0.05% formic acid; B: 60:40 Acetonitrile:methanol, 0.05% formic
acid; Gradient (%B): 0.00 min (85% B),8.00 min (85% B); Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI-; Mode: MRM; Instrument: UHPLC. Notes: To
achieve more stable and robust performance with Polar X columns, the recommended LC conditions have changed from those that were used here. The new
recommended conditions are an aqueous mobile phase (mobile phase A) consisting of 5 mM or 10 mM ammonium formate with 0.1% formic acid in water
and an organic mobile phase (mobile phase B) of 100% acetonitrile. Higher ammonium formate concentrations will result in reduced analyte retention.
Therefore, laboratories can optimize retention by adjusting both the ammonium formate concentration and the flow rate to best meet their analytical re-
quirements. In addition, it is recommended that labs evaluate different isocratic conditions by varying the amount of mobile phase B between 70% and 85%
acetonitrile. This approach can help labs identify the most suitable separation conditions for their specific target analytes and sample matrices of interest.
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A Novel Stationary Phase Built on the Time-Tested
Foundation of Raptor Quality

The Raptor Polar X has been designed, manufactured, and tested to the same exacting standards that have made Raptor columns
synonymous with quality. Whether it's robust injection-to-injection performance when analyzing real-world samples in challenging matrices
like spinach (Figure 8) or reliable column-to-column performance when it is eventually time to replace the column (Figure 9), you can count
on Raptor brand quality. In addition, the single ligand approach to the Raptor Polar X column’s hybrid retention functionality helps ensure
that each column is made uniformly and can withstand even aggressive conditions such as large volume water injections without loss of

stationary phase.

Figure 8: Excellent peak shape and retention time stability after hundreds of injections of a spinach extract demonstrate
the robust performance of Raptor Polar X columns for the analysis of polar compounds.
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Conc. Precursor Product Product Product
Peaks t, (min) (ng/mL) lon lon1 lon2 lon3
1. AMPA 0.888 100 110.10 79.05 63.10 81.10
2. Glufosinate 3343 100 180.20 85.15 95.10
3. Glyphosate 5.927 100 168.10 63.05 79.05

Column: Raptor Polar X (cat.# 9311A32); Dimensions: 30 mm x 2.1 mm ID, Particle Size: 2.7 ym; Pore Size: 90 A; Guard Column: Raptor Polar X guard column cartridge 5 mm, 2.1 mm ID, 2.7 ym (cat.# 9311A0252) Temp.:
35°C; Sample: Spinach extract; Inj. Vol.: 2 pL; Mobile Phase: A: Water, 0.5% formic acid; B: Acetonitrile, 0.5% formic acid; Gradient (%B): 0.00 min (65% B), 5.0 min (10% B), 6.5 min (10% B), 6.51 min (65% B), 8 min
(65% B); Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI-; Mode: MRM; Instrument: UHPLC; Notes: Frozen spinach was added to a Blixer processor with dry ice (3:1-4:1 ratio) and then ground into a very fine pow-
der. The homogenate was placed into the freezer inmediately. A 5.0 gram sample of the spinach powder was weighed into a 50 mL centrifuge tube (cat.# 25846). According to the QuPPe method (Quick Polar Pesticides
Method), 5.0 mL of methanol with 1.0% formic acid was added into the centrifuge tube. The tube was shaken by hand for 1 min and then by a mechanical shaker vigorously for 5 min. After centrifuging for 10 min at
4200 rpm, the supernatant was filtered through a 0.22 pm filter (cat.# 23984). The final extract was fortified with the AMPA, glufosinate and glyphosate at a final concentration of 100 ng/mL.
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Figure 9: Raptor Polar X columns provide reliable lot-to-lot reproducibility.
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Time (min)
LC_FS0543_LC_FSO5k44_LC_FSO545
Conc.  Precursor  Product Product Product
Peaks (ng/mL) lon lon1l lon2 lon3
1. AMPA 100 110.10 79.05 63.10 81.10
2. Glufosinate 100 180.20 85.15 95.10 -
3. Glyphosate 100 168.10 63.05 79.05 -

Column: Raptor Polar X (cat.# 9311A32); Dimensions: 30 mm x 2.1 mm ID, Particle Size: 2.7 ym; Pore Size: 90 A; Temp.: 35 °C; Sample: Diluent: Water; Inj. Vol.: 5 uL; Mobile Phase: A: Water, 0.5% formic acid; B: Acetoni-
trile, 0.5% formic acid; Gradient (%B): 0.00 min (65% B), 5.0 min (10% B), 6.5 min (10% B), 6.51 min (65% B), 8 min (65% B); Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI-; Mode: MRM; Instrument: UHPLC.
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Raptor Polar X Columns:
Revolutionizing the LC Analysis of Polar Compounds

Poor retention, low response, complex sample preparation procedures...the analysis of polar compounds historically has posed challenges to
both data quality and lab productivity. Now, Raptor Polar X columns—with their novel phase chemistry that blends HILIC and ion-exchange
retention on a single ligand—significantly simplify the analysis of these difficult and varied compounds. And, by bonding that unique ligand
to superficially porous particles (SPP), Restek has created a phase that retains and efficiently separates a wide variety of polar compounds.
The synergy created by these features results in an unparalleled ability to analyze a wide variety of polar compounds, providing a powerful,
productive, and versatile tool for LC scientists across many industries.

1. M. Anastassiades, A.-K. Wachtler, D. I. Kolberg, E. Eichhorn, H. Marks, A. Benkenstein, S. Zechmann; D. Mack, C. Wildgrube, A. Barth, 1. Sigalov, S. Gorlich, D. Dérk, G. Cerchia, Quick method for the
analysis of highly polar pesticides in food involving extraction with acidified methanol and LC - or ICMS/MS Measurement - . Food of Plant Origin (QuPPe-PO-Method)-Version 12 (published on
EURL-SRM website on July 23, 2021). https://www.eurl-pesticides.eu/docs/public/tmplt_article.asp?LablD=200&CntID=1115&Theme_ID=1&Pdf=False&Lang=EN

To Passivate or Not to Passivate?

Glyphosate can be difficult to analyze at trace levels because it chelates with
active metal sites in an LC system. Even though the Raptor Polar X column
contains a treated sample flow path and arrives in your lab ready for initial use,
metal components along the sample flow path through the LC instrument may
benefit from passivation. Whether or not passivation is required will depend

on the application and on your particular instrument setup, but for the analysis
of polar compounds that are known to chelate, such as glyphosate, Restek
recommends treating your system with LC passivation solution (cat.# 32475)
prior to running samples.

Learn more at www.restek.com
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Raptor Polar X LC Columns

o Reliably analyze a wide variety of polar analytes (acidic, basic, and neutral) without time-
consuming derivatization or complex ion pairing.

o Switch between HILIC and ion-exchange retention modes with simple mobile phase
changes and short equilibration times.

o 2.7 um Raptor core-shell particles provide the speed of SPP with greater efficiency and
capacity than 5 um particles.

o Ideal for increasing sensitivity and selectivity in LC-MS analyses.

ID Length qty. cat.#
2.7 pm Particles
30 mm ea. 9311A32
2.1mm 50 mm ea. 9311A52
100 mm ea. 9311A12

LC Passivation Solution

Methylenediphosphonic acid (Medronic Acid) (1984-15-2)

Description CAS # Conc. in Solvent cat.#
Methyler)edlghosphonlc acid 1984-15-2 1,760 pg/mL, Methanol (HPLC grade)/Water (50:50), 32475 (ea)
(Medronic Acid) 1mL/ampul

Raptor EXP Guard Column Cartridges and EXP Direct Connect Holder

To help protect your investment and further extend the life of our already-rugged LC
columns, Restek offers the patent-pending guard column hardware developed by Optimize
Technologies. A Restek LC guard cartridge in an EXP direct connect holder is the ultimate
in column protection, especially when using dilute-and-shoot or other limited sample
preparation techniques.

Description Particle Size Size qty. cat.#
Raptor Polar X EXP Guard Column Cartridge 2.7pm 5x2.1mm 3-pk. 9311A0252

Maximum cartridge pressure: 600 bar/8700 psi (2.7 ym)

Hybrid Ferrule U.S. Patent No. 8201854, EXP Holders U.S. Patent No. 8696902, EXP2 Wrench U.S. Patent No. D766055. Other U.S. and

Foreign Patents Pending. The EXP, Free-Turn, and the Opti- prefix are registered trademarks of Optimize Technologies, Inc.

Description qty. cat.#
EXP Direct Connect Holder for EXP Guard Cartridges (includes hex-head fitting & 2 ferrules) ea. 25808

Maximum holder pressure: 20,000 psi (1,400 bar)

Hybrid Ferrule U.S. Patent No. 8201854, EXP Holders U.S. Patent No. 8696902, EXP2 Wrench U.S. Patent No. D766055. Other U.S. and

Foreign Patents Pending. The EXP, Free-Turn, and the Opti- prefix are registered trademarks of Optimize Technologies, Inc.
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Learn more at www.restek.com

For information on Restek patents and trademarks, visit www.restek.com/patents-trademarks To unsubscribe from future Restek communications or to update your
preferences, visit www.restek.com/subscribe To update your status with an authorized Restek distributor or instrument channel partner, please contact them directly.
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