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This is
Restek LC

Restek has been perfecting the art and science of liquid chromatography (LC) for more than a quarter-century. Over that time, the burdens
placed on LC systems and analysts have changed dramatically, especially with the adoption and explosive growth of LC-MS/MS in modern
analytical laboratories. With each passing year, there is a higher demand for chromatography consumables to be reliable, to generate
reproducible data, and to retain and resolve greater numbers of more difficult compounds. The employee-owners of Restek pride
ourselves on being experts in chromatography, and we use our experience to help analysts like you solve the challenges you face on a daily

basis in this rapidly shifting landscape.

Our state-of-the-art, high-quality lines of LC columns—Raptor, Force, and Roc—with industry-leading stationary phases have been
designed and built to address the needs of not only today’s markets, but also tomorrow’s. Extensive testing, competitor benchmarking,
and strict QC systems ensure that all of our columns will consistently produce the results you must have time and time again, now and
in the future. We also offer instrument replacement parts that meet or even exceed the original manufacturer’s performance. And, as it
has been since the beginning, Restek is proud to be an independent company, and we will support every LC you have, regardless of who

made it.

Whether you are in a high-throughput analytical laboratory with crushing deadlines and a rising backlog or in a research and
development organization with a tight budget and towering goals, Restek is the partner you need to make your LC work flow.

We invite you to look through this highlighted selection of Restek LC columns and accessories. For more LC products, as well as GC,

sample preparation, and more, be sure to visit www.restek.com

The Employee-Owners of Restek
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Fast, Personalized, and
Thorough Answers

Restek’s highly diverse Technical
Service team collectively represents
hundreds of years of hands-on
chromatography experience and
specializes in providing information
about Restek products, applications,
instrument troubleshooting, method
development, and more. For answers
to your most challenging technical
questions, just send us an email!

Customers Inside the U.S.
support@restek.com

Customers Outside the U.S.
Contact your local Restek
representative or email
support@restek.com
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Rugged, Reproducible Columns from
Restek Make Your LC Work Flow

Ren ptor

LC Columns

%> FORCE

PERFORMANCE LC COLUMNS

Roc

HPLC Columns
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Overview: SPP, or “core-shell,” columns designed specifically to accelerate your analyses while
maintaining reproducibility and ruggedness.

Ideal for: High-throughput LC-MS/MS.
Instruments supported:

» Agilent 1260 & 1200 RRLC
» Waters ACQUITY Arc
« Shimadzu Nexera XR (UFLCXR) & i-Series (LC-2040)

See page: 6. Learn more: www.restek.com/raptor

Overview: Premium, long-lasting, and reproducible columns for HPLC and UHPLG; fully scalable
from 1.8 umto 3 umto 5 um.

Ideal for: Scaling methods between HPLC and UHPLC.

Instruments supported:

= Agilent 1290
« Waters ACQUITY H&l Class
« Shimadzu Nexera X2

See page: 48. Learn more: www.restek.com/force

Overview: Solid and dependable columns made for exceptional value and traditional HPLC use,
particularly with USP methods.

Ideal for: Compendia or routine, low-pressure use.

Instruments supported:

» Agilent 1100 & 1200
« Waters Alliance
« Shimadzu Prominence & i-Series (LC-2030)

See page: 58. Learn more: www.restek.com/roc

/
Other LC Columns Available from Restek

Ultra LC Columns: Specialty phases and prep columns.

Viva LC Columns: Large porosity columns for biomolecule analysis.

Allure LC Columns: High-surface area silica and specialty phases.
Featuring Allure Acrylamide Columns on page 64.

Pinnacle DB LC Columns: Standard-phase UHPLC columns.

Pinnacle Il PAH Columns: Specialty phase for analysis of polycyclic aromatic hydrocarbons (PAHs).

Find them all at www.restek.com/LC
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LC Stationary Phases with the Selectivity for
Your Challenging and Complex Separations

Whether your application calls for a straight-up C18 or for something with a little
more “punch” like the time-tested and industry-first Restek Biphenyl, we have
the phases you need. Huge analyte panels, isobars, isomers, structurally similar
compounds, matrix interferences, and more—with Restek phases, you'll make
quick work of any application. Heres a look at some of our most popular phases.
Flip through this book for more.

CH,

Time-Tested Restek Biphenyl Phase:

W
) )~ Si-0-

" C'H! The established choice for bioanalytical testing since 2005.

See pages: 11, 53.
290 o Reliably Versatile Restek FluoroPhenyl Phase:
4 Wcsl;_o- Get the power of HILIC and RP modes in one LC column.
66 ’ See pages: 21, 55.
& Acid-Resistant Restek ARC-18 Phase:
W\N\/\N\/\’SS'_'(" Ahead of the curve for large, multiclass lists by mass spec.
See page: 16.
S General-Purpose Restek C18 Phase:
V\/\/\/\/\/\/\/\/?""' Traditional end-capped C18 ideal for general-purpose use.
™35 See pages: 27, 54, 62.
s o Rugged, MS-Friendly Restek HILIC-Si Phase:
Nos Simplify the switch to HILIC on both HPLC and UHPLC systems.
See page: 31.

Qo Matrix-Resolving Restek EtG/EtS Phase:
Separate analytes from interferences in a fast, 4-minute
dilute-and-shoot method.

See page: 38.
Bsio Hybrid Retention Restek Polar X Phase:

Reliably analyze a broad range of polar analytes.
See pages: 44 to 46

Protect the Most Expensive Consumable
in Your Chromatographic Assay with Restek
LC Guards

EXP Direct Connect Holder &

Guard Column Cartridges:

For 3 and 5 um Force & 1.8 um, 2.7 and 5 pm
Raptor LC Columns

See pages: 14, 20, 26, 30, 37, 56.

UltraShield UHPLC PreColumn Filters: 4
For 1.8 um Force & Raptor LC Columns

See pages: 14, 20, 26, 30, 40, 56.

Roc LC Guard Column Holder & Cart | T
For Roc LC Columns r'—

- Jug
m-— -

RESTEK

See page: 62.

Trident LC Column Protection System:
For Ultra, Viva, Allure Acrylamide, and
Pinnacle DB LC Columns

See page: 92.

SPP or FPP?

Superficially porous particles (SPP) are becoming
increasingly popular for providing faster, more
efficient analyses without UHPLC pressures. And
when speed is your goal, Restek recommends the
Raptor line of LC columns (www.restek.com/raptor).

However, retention is often just as important to
sharpen peaks and increase sensitivity for mass
spec, and when that is the case, fully porous particle
(FPP) Force LC columns (www.restek.com/force)
are ready to be put to work.

Either way, Restek has a high-performing,
reliable LC column for you.

Force C18 1.8 um

Sharper peaks

Peaks SIR (m/z)
Daidzin 4112
Genistin 4332

Fwne

Daidzein 255.1
Genistein 2711
~— L\ k

Raptor C182.7 um

Less retention

LC_FFO570

Columns Force C18 1.8 ym, 50 x 2.1 mm (cat# 9634252), max pressure =
500 bar and Raptor C18 2.7 um, 50 x 2.1 mm (cat# 9304A52), max pres-
sure =225 bar, Temp.: 50 °C; Sample Custom mix, Diluent: Water, Conc.:
500 ng/mL, Inj. Vol.: 2 pL; Mobile Phase A: Water + 0.1% formic acid, B:
Acetonitrile + 0.1% formic acid; Gradient (%B): 0.00 min (15%), 1.50 min
(95%), 1.51 min (15%), 3.00 min (15%); Flow: 0.6 mL/min; Detector: MS;
Interface: ESI+; Instrument: UHPLC.

www.restek.com
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Selectivity Accelerated

The speed of SPP with the resolution of USLC technology
for fast, efficient method development that delivers:

« Drastically faster analysis times.
« Substantially improved resolution.

+ Increased sample throughput with
existing instrumentation.

« Dependable reproducibility.

www.restek.com/raptor
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Raptor SPP LC Columns—The Dawn of an Era

The efficiency of superficially porous particles (commonly referred to as SPP or “core-shell” particles) has been proven to provide fast
separations with lower backpressures. This benefit helps customers achieve faster separations with their existing HPLC instruments. Coupled
with small-particle technology, SPP particles also provide an efficiency boost to those running UHPLC when compared to fully porous
particles. SPP particles feature a solid, impermeable core enveloped by a thin, porous layer of silica that decreases the diffusion path and
reduces peak dispersion. As a result, they offer significantly higher efficiency than traditional fully porous particles of similar dimensions.
Core-shell particles changed LC, but they were only the beginning....

A New Species Has Evolved

Restek is proud to announce that SPP core-shell technology has evolved with the introduction of Raptor LC columns. Although column
efficiency, which is boosted with superficially porous particles, considerably accelerates analysis time, it has little effect on resolution (i.e.,
peak separation). Selectivity, on the other hand, has a substantial impact on resolution, but shows minimal improvement in analysis times.
Raptor LC columns bond rugged 1.8, 2.7, and 5 pum superficially porous particles with ResteK’s unique Ultra Selective Liquid
Chromatography (USLC) phases to offer chromatographers the best of both worlds.

By being the first to combine the speed of SPP with the resolution of highly selective USLC technology, Raptor LC columns provide analysts
with the most powerful tools available for fast and efficient method development. And, because they are from Restek, Raptor LC columns are
backed by the manufacturing and quality systems you've come to trust along with the best Plus 1 service in the industry. Choose them for all
of your valued assays to experience Selectivity Accelerated.

Figure 1: Only Raptor LC columns offer the higher efficiency of a superficially porous particle plus the improved resolution of
USLC phases.
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Fully porous particles with typical Ordinary superficially porous particles (SPP) Only Raptor LC columns with highly
stationary phases show longer with typical stationary phases show shorter selective USLC stationary phases show
retention times and less resolution. retention times than fully porous particles, shorter retention times and greater
but still exhibit less resolution. resolution.

Experience Selectivity Accelerated. Put Raptor LC columns and guards
to the test today on your most challenging workflows.

L~
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Evolutionary Chromatography

It is only possible to fully utilize the efficiency of superficially porous particle technology when it is united with the power of USLC
selectivity. With Raptor columns, you can speed up method development and enhance sample throughput. Using 2.7 and 5 um columns,
traditional HPLC instruments gain significant efficiency and selectivity improvements without the need to upgrade, and Raptor 1.8 yum LC
columns can evolve UHPLC workflows by providing a one-two efticiency punch: superficially porous shells on small-core particles.

« Run faster and avoid lengthy gradient adjustments.

« Separate isobaric and hard-to-resolve compounds with ease.

« Avoid eluting compounds near the void volume and limit ion suppression.

« Skip the complex mobile phases and multiple method modifications.

Raptor Family of LC Phases

USP Phase
Code

Stationary
Phase
Category

Ligand Type

Particle Size

Pore Size
Surface Area

Carbon Load

End-Cap

pH Range
Maximum
Temperature

Maximum
Pressure

Biphenyl

CH,—Si—CH,
o

L1

Phenyl

Biphenyl

1.8 ym, 2.7 ym, or
5 pm superficially
porous particle

(SPP or “core-shell”

particle) silica

90A

125 m?/g (1.8 ym),
130 m?/g (2.7 pm),
or 100 m?/g (5 pm)

% (1.8 pym),
% (2.7 pm),
5% (5 um)

yes
15-8.0
80°C

1034 bar/15,000
psi* (1.8 um),
600 bar/8700 psi
(2.7pm);

400 bar/5800 psi
(5¢m)

ARC-18

Si

L1

C18, octadecylsilane

Sterically protected
C18

1.8 ym, 2.7 pm, or
5 pm superficially
porous particle

(SPP or “core-shell”

particle) silica

90A

125 m?/g (1.8 pm),
130 m?/g (2.7 pm),
or 100 m?/g (5 ym)

% (1.8 pym),
% (2.7 pm),
5% (5 um)

no
1.0-8.0
80°C

1034 bar/15,000
psi* (1.8 ym),
600 bar/8700 psi
(2.7pm);

400 bar/5800 psi
(5 pm)

FluoroPhenyl

LFJ
6 6

(FJ (FJ

CH,—Si—CH,
o

L43

Pentafluorophenyl
propyl

Fluorophenyl
1.8 ym, 2.7 pm, or

5 um superficially
porous particle

(SPP or “core-shell”

particle) silica

90A

125 m?/g (1.8 pm),
130 m?/g (2.7 ym),
or 100 m?/g (5 pm)

4% (1.8 pm),
4% (2.7 pm),
3% (5 pm)

no
2.0-8.0
80°C

1034 bar/15,000
psi* (1.8 ym),
600 bar/8700 psi
(2.7pm);

400 bar/5800 psi
(5 pm)

Cc18

Si
™S o TMS

L1

C18, octadecylsilane

End-capped C18

1.8 ym, 2.7 ym, or
5 pm superficially
porous particle

(SPP or “core-shell”

particle) silica

94

125 m?/g (1.8 pm),
130 m?/g (2.7 pm),
or 100 m?/g (5 pm)

9% (1.8 pm),
% (2.7 pm),
5% (5 pm)

yes
2.0-8.0
80°C

1034 bar/15,000
psi* (1.8 ym),
600 bar/8700 psi
(2.7pm);

400 bar/5800 psi
(5 pm)

* For maximum lifetime, recommended maximum pressure for 1.8 pm particles is 830 bar/12,000 psi.

RESTEK
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HILIC-Si

OH
Si

oo0oO0

L3

bare silica

none

2.7 pm superficially
porous particle

(SPP or “core-shell”

particle) silica

9A
130 m?/g (2.7 pm)

no
2.0-8.0
80°C

600 bar/8700 psi
(2.7pm)

EtG/EtS

Si

n/a

Proprietary

Proprietary

2.7 pm superficially
porous particle

(SPP or “core-shell”

particle) silica

9A
130 m?/g (2.7 pm)

Proprietary

Proprietary
2.0-8.0
80°C

600 bar/8700 psi
(2.7pm)

Polar X

wiLic
ey>d

P
%

n/a

Proprietary

Proprietary

2.7 pm superficially
porous particle
(SPP or “core-shell”
particle) silica

90A
130 m?/g (2.7 pm)

Proprietary

Proprietary
2.0-8.0
60°C

600 bar/8700 psi
(2.7pm)



Dissecting Raptor LC Columns

A closer look at a new species

Adaptive Traits: Raptor LC Column

Restek’s dedicated R&D group studied every aspect of superficially porous particles (commonly referred to as SPP or “core-shell” parti-
cles) to develop the bonding chemistries that are best suited to both the SPP construction and our highly selective USLC phases. But
we didn't stop there. In addition to implementing a new, proprietary column-packing technique, we upgraded our LC column hard-
ware. By looking at not only the particles, but also the packing and hardware, we have made sure that you will get repeatable, rugged
performance from each and every Raptor LC column.

Rugged Label

Clearly identifies both flow
direction and column; resists
solvents and tearing to last as long
as your column does.

Specially Selected Frits

Precision control over particle size allows
the largest possible frit size, which prevents
clogging, increases column lifetimes, and
helps maintain optimal pressures.

SUWINIET 7
aopdny

o Raptor SPP Particles

Proprietary Column-Packing Technique A Range of Robust Particles
Accelerate traditional HPLC with 2.7 and 5 um

particles; boost UHPLC with 1.8 um.

Provides greater pressure stability and achieves higher
linear velocities without sacrificing efficiency or lifetime;
columns hold up under the rigors of UHPLC injection cycles. Narrow Silica Distribution

Ensures high efficiency and consistent flows.

Updated Bonding and QC
Guarantee retention time stability, run to run
and column to column.

L~
RESTEK www.restek.com/LC
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Natural Protection

Raptor EXP Guard Column— for All Raptor Columns

Regardless of its performance, lifespan, or frit size, the LC column is the most expensive consumable used for your chromatographic assay.
To help protect your investment and further extend the life of our already-rugged Raptor LC columns, we have mated our new superficially
porous particles with patented guard column hardware developed by Optimize Technologies. Great with any Raptor column to get ultimate
protection from particulates and matrix contamination, especially when using dilute-and-shoot or other minimal sample preparation
techniques.

Patented Titanium Hybrid Ferrules Free-Turn Architecture Auto-Adjusting Connection
Can be installed repeatedly without compro- Allows you to change cartridges without Provides ZDV (zero dead volume)
mising high-pressure seal. breaking inlet/outlet fluid connections— connection to any 10-32 female port.

and without tools.

Flexible Design O Unidirectional Raptor Cartridge
Replace nut with longer or even tool-
free options (below) to best suit your In-Tandem‘ Developme.nt
needs. Made to pair perfectly with Raptor LC columns.
Superior Packing Technique
Withstands 1034 bar (UHPLC)/600 bar (2.7 um)/400 bar (5 pm)
operating pressures.
See page 76 for EXP fittings. Restek Quality
See pages 14, 20, 26, 30, 37, and 50 for Backed by the manufacturing and QC systems you trust.

Raptor guard column cartridges.

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.

UltraShield UHPLC PreColumn Filter — for 1.8 um Raptor Columns

Pair 1.8 um Raptor columns with an UltraShield filter instead of a guard cartridge to minimize
extra column volume and maximize UHPLC sample throughput when using SPE, SLE, or other
extensive sample preparations. They offer economical protection against microparticles with a
negligible effect on column performance, and they are leak tight to 15,000 psi (1034 bar). Better
yet, an UltraShield filter won't contribute to system backpressure band broadening.

Porosity qty. cat.#
0.5 pm frit ea. 24995
0.5 pm frit 5-pk. 24996
0.5 pm frit 10-pk. 24997
0.2 pm frit ea. 25809
0.2 pm frit 5-pk. 25810
0.2 pm frit 10-pk. 25811

L~
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The Raptor Biphenyl Column—Fast, Rugged Raptor
Columns with Time-Tested Selectivity

With Raptor LC columns, Restek chemists became the first to combine the speed of 2.7 and 5 um superficially porous particles (also known

as SPP or “core-shell” particles) with the resolution of highly selective USLC technology, improving separations and speeding up analysis

times with standard HPLC instruments. Raptor then evolved to bring that same improved speed, efficiency, and selectivity to UHPLC
analyses by offering 1.8 um particle columns. Learn more about Raptor LC columns at www.restek.com/raptor

Our top priority when developing our SPP line was to create a version of our innovative Biphenyl. The industry-leading Biphenyl is Restek’s
most popular LC stationary phase because it is particularly adept at separating compounds that are hard to resolve or that elute early on C18
and other phenyl chemistries. As a result, the rugged Raptor Biphenyl column is extremely useful for fast separations in bioanalytical testing

applications such as drug and metabolite analyses, especially those that require a mass spectrometer (MS). Increasing retention of early-elut-

ing compounds can limit ionization suppression, and the heightened selectivity helps eliminate the need for complex mobile phases that are

not well suited for MS detection.

In 2005, Restek was the first to bring you the benefits of the Biphenyl ligand, and we have the experience to maximize the SPP performance

of this premier phenyl chemistry for today’s challenging workflows.

Column Description:

Stationary Phase Category:
Phenyl (L11)

Ligand Type:

Biphenyl

Particle:

1.8 um, 2.7 um, or 5 pm superficially
porous particle (SPP or “core-shell”
particle) silica

CH,—Si—CH,
fo) Pore Size:
90 A
Surface Area:
125 m%/g (1.8 um),
130 m%¥/g (2.7 um),
or 100 m?/g (5 um)

Column Interaction Profile:

Defining Solute Interactions:
« Polarizability
« Dispersion

Complementary Solute Interaction:
- Cation exchange

Recommended Usage:

pH Range: 1.5-8.0

Maximum Temperature: 80 °C

Maximum Pressure: 1034 bar/15,000 psi* (1.8 um),

600 bar/8700 psi (2.7 um); 400 bar/5800 psi (5 pm)

* For maximum lifetime, recommended maximum pressure for 1.8 um particles is
830 bar/12,000 psi.

Properties:

- Increased retention for dipolar, unsaturated, or conjugated solutes.

+ Enhanced selectivity when used with methanolic mobile phase.

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

Switch to a Biphenyl when:
+ You observe limited selectivity on a C18.
- You need to increase retention of hydrophilic aromatics.

Solute Retention Profile:

Hydrophobic

Dipolar

Acidic

Basic

0 2 4 6 8 10
Target Analyte Structures:

« Aromatic
- Dipolar

Target Analyte Functionalities:

« Hydrophilic aromatics

« Strong dipoles

« Lewis acids

- Dipolar, unsaturated, or conjugated compounds

« Fused-ring compounds with electron withdrawing groups

RESTEK
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The New Standard for Performance and Durability for SPP Core-Shell Columns

Pressure Stability:

One of the greatest advantages of an SPP column

is the ability to achieve fast, efficient separations by
operating at higher linear velocities than are possible
with a conventional fully porous particle column.
However, these higher velocities can also result in
higher backpressures. Raptor columns were designed
to handle the increased pressures needed to achieve
Selectivity Accelerated, and handle it far better than
other SPP columns on the market (Figure 2).

Reproducibility:

To help keep your productivity high and your lab
budget low, we know that Raptor Biphenyl columns
must produce exceptional selectivity and fast analysis
times not just once, but every time. Ruggedness and
repeatability are essential, which is why, from the silica
and the bonding technique to the packing process
and upgraded hardware, every decision that went into
creating this column was made to ensure superlative
reproducibility, from injection to injection (Figure 3)
and from lot to lot (Figure 4). We also adopted new
quality control (QC) specifications to guarantee the
retention time stability you need for worry-free MRM
analyses.

Figure 3: Even after hundreds of injections, a
Raptor Biphenyl column will provide consis-
tent, reliable data.

Injection 500

| —

Injection 1 L‘ L L
0.0 050  1.00 150 200 250 3.00 350 4,00
Time (min)
LC_CF0565
Peaks Column: Raptor Biphenyl (cat.# 9309A1E);
1. Cortisol Dimensions: 100 mm x 3.0 mm ID; Particle Size: 2.7
2. 11-Deoxycortisol pm; Pore Size: 90 A; Temp.: 30 °C; Sample: Diluent:
3. Estradiol initial mobile phase; Conc.: 50 ng/mL; Inj. Vol.: 5
4. Boldenone pL Mobile Phase: A: 0.1% formic acid in water, B:

0.1% formic acid in acetonitrile; Gradient (%B):
0.00 min (40%}, 3.00 min (80%), 3.01 min (£0%),
5.00 min (40%); Flow: 0.700 mL/min; Detector:
Waters Xevo TQ-S; lon Mode: ESI+; Instrument:
Waters.

5. Testosterone
6. Androstenedione
T. Progesterone

12  www.restek.com/LC
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Figure 2: At high pressures, competitor phenyl-hexyl columns
experience a quick and sharp drop-off in efficiency, but Raptor
Biphenyl columns are unaffected to at least 3000 injections.

% Efficiency vs # of Injections
Competitor 50 x 2.1 mm Phenyl-Hexyls @ 600 bar/8,700 psi
1.100

1.000 s

L J

0.900 | - A

0.800

|

0.700
0.600
0.500 4+———F—

0.400 ¢

0 1000 2000

=@ Competitor C 5PP 2.7 um

Biphenyl 2.7 um Phenyl-Hexyl 120 A

3000

. Competitor A SPP 2.7 pm
Phenyl-Hexyl 20 A

mn you

Figure 4: From one lot to the next, every Raptor Biphenyl colu
purchase will perform the same.
Lot #1
B AA_AJ k J
N L W
T .
A MUK k L Lot #4
Lot #5
00 o5 100 150 200 25 300 350 400
Time (min)
LC_CF0562

See Figure 3 for compound list and conditions.
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Clinically Proven to Optimize Your Bioanalytical Workflows

For over a decade, the Restek Biphenyl has been the column of choice for clinical testing because of its ability to provide highly retentive,
selective, and rugged reversed-phase separations of drugs and metabolites. By bringing the speed of SPP to the Biphenyl family, the
Raptor Biphenyl provides clinical labs with an even faster option for a wide variety of clinical assays.

Rugged Pain Panels from Urine in Under 3.5 Minutes

Pain panels can be difficult to optimize and reproduce due to the limited selectivity of C18 and phenyl-hexyl phases, but not on the Raptor
Biphenyl. Complete your pain panel analysis with a 5-minute cycle time and complete isobaric resolution using Raptor Biphenyl columns
(Figure 5). Popular competitor columns offer tailing peaks, longer run times, and coelutions; the Raptor Biphenyl exhibits the selectivity and
performance needed for this critical analysis.

Figure 5: Raptor Biphenyl columns offer pain panel analyses with complete isobaric resolution in under 5 minutes!

XIC of isobars

Excellent
separation
of isobaric

compounds.
I .

1.0 15 2.0 2.5 3.0 35
Time (min)

Analytes separated from
early-eluting matrix.

Peaks t, (min) Precursorion Production1 Production2
1. Morphine* 134 286.2 152.3 165.3
2. Oxymorphone 140 3021 2213 198.2
3. Hydromorphone* 1.52 286.1 1853 128.2
4, Amphetamine 1.62 136.0 913 119.2
5. Methamphetamine 1.84 150.0 91.2 1193
6. Codeine* 191 300.2 165.4 153.2
7. Oxycodone 2.02 316.1 2413 256.4
8. Hydrocodone* 2.06 300.1 199.3 1283
9. Norbuprenorphine 2.59 4141 83.4 101.0
10. Meprobamate 2.61 219.0 158.4 972
11. Fentanyl 2.70 3312 188.4 105.2
12. Buprenorphine 2.710 468.3 396.4 4145
13. Flurazepam 2.73 388.2 315.2 2883
14. Sufentanil 2.11 3812 2385 1113
15. Methadone 2.86 310.2 2653 105.3
16. Carisoprodol 2.81 261.2 176.3 158.1
17. Lorazepam 3.03 321.0 215.4 303.1
18. Diazepam 331 285.1 193.2 1539

*An extracted ion chromatogram (XIC) of the isobars is presented in the inset.

Column: Raptor Biphenyl (cat.# 9309A5E); Dimensions: 50 mm x 3.0 mm ID; Particle
Size: 2.7 pm; Pore Size: 90 A; Temp.: 30 °C; Sample: Diluent: urine:mobile phase A:mobile
phase B (17:76:7); Conc.: 10-100 ng/mL; Inj. Vol.: 10 L Mobile Phase: A: 0.1% formic
acid in water, B: 0.1% formic acid in methanol; Gradient (%B): 0.00 min (10%), 1.50 min
(45%), 2.50 min (100%), 3.70 min (100%), 3.71 min (10%) 5.00 min (10%); Flow: 0.6
mL/min; Detector: AB SCIEX API 4000 MS/MS; lon Source: TurbolonSpray; lon Mode:
ESI+; Instrument: AP| LC-MS/MS; Notes: Lorazepam was prepared at 100 ng/mL; all
other analytes are 10 ng/mL.

Human Urine Matrix
Components
[& N Alk\_ "
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Poor resolution
and peak shape
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compounds.
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Column: Competitor B SPP C18; Dimensions: 50 mm x 4.6 mm ID; Particle Size: 2.6 pm; Pore Size: 100 A;
Temp.: 22 °C; Sample: Diluent: urine:mobile phase A:mobile phase B (17:76:7); Conc.: 10-100 ng/mL; Inj. Vol.:
10 pL Mobile Phase: A: 10 mM ammonium formate in water, B: 0.1% formic acid in methanol; Gradient (%B):
0.00 min (5%), &.00 min (100%), 5.00 min (100%), 5.10 min (5%), 7.00 min (5%); Flow: 0.6 mL/min; De-
tector: AB SCIEX API 4000 MS/MS; lon Source: TurbolonSpray; lon Mode: ESI+; Instrument: API LC-MS/MS;
Notes: Lorazepam was prepared at 100 ng/mL; all other analytes are 10 ng/mL. Note: Column and conditions
used were specifically recommended or published by the manufacturer for this assay.

RESTEK

10 15 20 25
Time (min) LC_CFO578
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LC_CFO577

Column: Competitor B SPP C18; Dimensions: 50 mm x 3.0 mm ID; Particle Size: 2.6 um; Pore Size: 100 A;
Temp.: 25 °C; Sample: Diluent: urine:mobile phase A:mobile phase B (17:76:7); Conc.: 10-100 ng/mL; Inj. Vol.:
10 pL Mobile Phase: A: 10 mM ammonium formate in water, B: 0.1% formic acid in methanol; Gradient (%B):
0.00 min (5%), 3.00 min (100%), &.00 min (100%), &.10 min (5%), 5.00 min (5%); Flow: 0.5 mL/min; De-
tector: AB SCIEX API 4000 MS/MS; lon Source: TurbolonSpray; lon Mode: ESI+; Instrument: AP| LC-MS/MS;
Notes: Lorazepam was prepared at 100 ng/mL; all other analytes are 10 ng/mL. Note: Column and conditions
used were specifically recommended or published by the manufacturer for this assay.

www.restek.com/LC 13



Accelerated Performance and Time-Tested
Biphenyl Selectivity for Clinical Diagnostic,
Pain, Pharma, and Environmental Labs

Raptor Biphenyl LC Columns (USP L11)

ID Length qty. cat.#
1.8 pm Particles
30 mm ea. 9309232
21mm 50 mm ea. 9309252
100 mm ea. 9309212
150 mm ea. 9309262
30mm 50 mm ea. 930925E
100 mm ea. 930921E
2.7 pm Particles
30 mm ea. 9309A32
21mm 50 mm ea. 9309A52
100 mm ea. 9309A12
150 mm ea. 9309A62
30 mm ea. 9309A3E
3.0mm 50 mm ea. 9309A5E
100 mm ea. 9309A1E
150 mm ea. 9309A6E
30 mm ea. 9309A35
L6mm 50 mm ea. 9309A55
100 mm ea. 9309A15
150 mm ea. 9309A65
5 pm Particles
50 mm ea. 9309552
2.1mm 100 mm ea. 9309512
150 mm ea. 9309562
30 mm ea. 930953E
3.0mm 50 mm ea. 930955E
100 mm ea. 930951E
150 mm ea. 930956E
50 mm ea. 9309555
L6mm 100 mm ea. 9309515
150 mm ea. 9309565
250 mm ea. 9309575

EXP Reusable Fittings for HPLC & UHPLC

for 10-32 fittings and %s" tubing

Effortlessly achieve 8700+ psi HPLC seals by hand! (Wrench
tighten to 20,000+ psi.) Hybrid titanium/PEEK seal can be

installed repeatedly without compromising your seal.

Description qty. cat.#
ea. 25937
10-pk. 25938

Intellectual Property: optimizetech.com/patents

EXP Hand-Tight Fitting (nut w/ferrule)

Experience Selectivity Accelerated.
Order the Raptor Biphenyl today at
www.restek.com/raptor

14 www.restek.com/LC

Raptor EXP Guard Cartridges—for All Raptor Columns

Unidirectional Raptor

Hand-Tight Fitting—
and-Tight Fitting EXP Guard Column Cartridge

No Tools Needed! Auto-adjusting

Titanium Hybrid Ferrule—

Holder Body ZDV Connections!

¥ 'ummi
Protect your investment, extend the life of our already-rugged LC columns, and change
guard column cartridges by hand without breaking fluid connections—no tools needed!
Great with any Raptor column to get ultimate protection from particulates and matrix
contamination, especially when using dilute-and-shoot or other minimal sample
preparation techniques.

EXP HOLI
PIMZE TEOH

EXP Direct Connect Holder

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 (1400 bar)

EXP In-Line Holder

Description qty. cat.#
EXP In-Line Holder for EXP Guard Cartridges (includes hex-head fittings & 2 ferrules) ea. 25751

Intellectual Property: optimizetech.com/patents

Raptor Biphenyl EXP Guard Column Cartridges

Particle Size Size qty. cat.#

UHPLC 5x2.1mm 3-pk. 930900252
UHPLC 5x3.0mm 3-pk. 9309U0253
2.7pm 5x2.1mm 3-pk. 9309A0252
2.7pm 5x3.0 mm 3-pk. 9309A0253
2.7pm 5x4.6 mm 3-pk. 9309A0250
5pm 5x2.1mm 3-pk. 930950252
5pm 5x3.0 mm 3-pk. 930950253
5pm 5x4.6 mm 3-pk. 930950250

Maximum cartridge pressure: 1034 bar/15,000 psi* (UHPLC), 600 bar/8700 psi (2.7 um); 400 bar/5800 psi (5 ym)
* For maximum lifetime, recommended maximum pressure for UHPLC particles is 830 bar/12,000 psi.

UltraShield UHPLC PreColumn Filter—for 1.8 um Raptor Columns

Pair 1.8 pum Raptor columns with an UltraShield filter instead of a guard cartridge to
protect against particulates, minimize extra column volume, and maximize UHPLC sample
throughput when using SPE, SLE, or other extensive sample preparations.

Porosity qty. cat.#

0.5 pm frit ea. 24995 r d

0.5 pm frit 5-pk. 24996 /
0.5 pm frit 10-pk. 24997 ;
0.2 pm frit ea. 25809

0.2 pm frit 5-pk. 25810 24995

0.2 pm frit 10-pk. 25811 &

RESTEK



Big Pain Assays Aren’t a Big Pain with the
Raptor Biphenyl LC Column

« 231 compounds, 40+ isobars, 10 drug classes, 22 ESI- compounds in 10 minutes with 1 column.
« A Raptor SPP LC column with time-tested Restek Biphenyl selectivity is the most versatile, multiclass-capable LC column available.
« Achieve excellent separation of critical isobars with no tailing peaks.

« Run fast and reliable high-throughput LC-MS/MS analyses with increased sensitivity using simple mobile phases.

The use of pain management drugs is steadily increasing. As a result, hospital and reference labs are seeing an increase in patient samples
that must be screened for a wide variety of pain management drugs to prevent drug abuse and to ensure patient safety and adherence to
their medication regimen. Therapeutic drug monitoring can be challenging due to the low cutoff levels, potential matrix interferences, and
isobaric drug compounds. To address these challenges, many drug testing facilities are turning to liquid chromatography coupled with mass
spectrometry (LC-MS/MS) for its increased speed, sensitivity, and specificity.

As shown in the analysis below, Restek’s Raptor Biphenyl column is ideal for developing successful LC-MS/MS pain medication screening
methodologies. With its exceptionally high retention and unique selectivity, 231 multiclass drug compounds and metabolites—including
over 40 isobars—can be analyzed in just 10 minutes. In addition, separate panels have been optimized on the Raptor Biphenyl

column specifically for opioids, antianxiety drugs, barbiturates, NSAIDs and analgesics, antidepressants, antiepileptics, antipsychotics,
hallucinogens, and stimulants for use during confirmation and quantitative analyses.

For more information, compound list, and conditions, visit www.restek.com/bigpain
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The Raptor ARC-18 Column—Ahead of the Curve for
Large, Multiclass Lists by Mass Spec

With Raptor LC columns, Restek chemists became the first to combine the speed of 2.7 and 5 um superficially porous particles (also known
as SPP or “core-shell” particles) with the resolution of highly selective USLC technology, improving separations and speeding up analysis
times with standard HPLC instruments. Raptor then evolved to bring that same improved speed, efficiency, and selectivity to UHPLC
analyses by offering 1.8 um particle columns. Learn more about Raptor LC columns at www.restek.com/raptor

The birth of Restek’s Raptor SPP LC column line began with the innovative Biphenyl phase, but it quickly grew to include a new Restek
phase: the ARC-18. Designed and intended specifically for use on LC-MS/MS systems, the Raptor ARC-18 column features a well-balanced
retention profile without the drawbacks of using an ordinary C18 in the harsh, acidic mobile phases needed for mass spectrometry (MS).
Even after extended use in these low-pH (< 2.0) conditions, the sterically protected ARC-18 offers consistent retention, peak shape, and
response for charged bases, neutral acids, small polar compounds, and more.

For the rapid analysis of large, multiclass assays by LC-MS/MS, the acid-resistant Raptor ARC-18 truly is ahead of the curve.

Column Description:

Stationary Phase Category: Recommended Usage:
C18, octadecylsilane (L1) pH Range: 1.0-8.0
Ligand Type: Maximum Temperature: 80 °C
Sterically protected C18 Maximum Pressure: 1034 bar/15,000 psi* (1.8 pm),
Particle: 600 bar/8700 psi (2.7 um); 400 bar/5800 psi (5 um)
18 2' 7 5 ficiall * For maximum lifetime, recommended maximum pressure for 1.8 um
-6 MM, 2.7°4m, or > pum superficially particles is 830 bar/12,000 psi.
porous particle (SPP or “core-shell” .
Si particle) silica Properties:
X + Well-balanced retention profile.
(o] Pore Size: ) . .
90 A « Sterically protected to resist harsh, low-pH mobile phases.
« Ideal for use with sensitive detectors like mass spec.
Surface Area:
125 m?/g (1.8 um), Switch to an ARC-18 when:
130 m%/g (2.7 ym), « You are analyzing large, multiclass lists by LC-MS/MS.
or 100 m?/g (5 ym « You require strongly acidic (pH 1-3) mobile phases.
Column Interaction Profile: Solute Retention Profile:
Hydrophobic
Dipolar
Acidic
Basic
6 2 h 6 8 10

Target Analyte Structure:
+ Hydrocarbons

Defining Solute Interaction: Target Analyte Functionalities:
- Dispersion « Hydrophobic compounds

« Protonated bases
Complementary Solute Interactions:
- Hydrogen bonding
- Cation exchange

L~
16 www.restek.com/LC RESTEK



A Proprietary Bonded Phase Born for LC-MS/MS

The Raptor ARC-18 column was designed to stand up to even the harshest acidic MS conditions. It utilizes a proprietary bonding

procedure that arranges our sterically protected ligand to resist acid hydrolysis, which reduces phase degradation and bleed. This
cutting-edge column lets you increase ionization efficiency and boost sensitivity in your mass spec by using low-pH mobile phases—without
the fear of retention drift over time. ARC-18 columns maintain a stable retention profile (Figure 6) in mobile phases well under pH 2.0.

% loss of retention (k) vs. hours at pH 1

Time

Figure 6: Steric protection helps the Raptor ARC-18 column endure low-pH MS mobile phases without sacrificing retention.

Flow Rate: 0.6 mL/min
Temperature: 60 °C

MPA: 1% Trifluoroacetic Acid (ag.)
MPB: Acetonitrile

=g= Raptor ARC-18

= Competitor A FPF C18
—=— Competitor B FPPC18
~#— Competitor CFPP C18
s Competitor D SPP C18
— Competitor ESPP C18
—+— Competitor F SPP C18

%B
45
45
9

5
100
45
45

Agilent LCs: See page 68.

Waters ACQUITY LCs: See page 75. www.restek.com/LCacc
Waters Alliance LCs: See page 78.

Keep Your LC Work Flowing with Restek Maintenance Supplies

Restek is a 100% employee-owned company and the last major independent provider of chromatography supplies
in the industry. We proudly work with every analyst to keep any make or model of LC up and running its best, and
our line of 100% guaranteed LC instrument replacement parts meets and often exceeds the original instrument
manufacturer’s performance. For seals, valves, lamps, and many more OEM-equivalent supplies, simply find your LC
manufacturer below to get started.

Shimadzu LCs: See page 72. For other instruments, visit

%

RESTEK
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The Standard for Reproducibility for SPP Core-Shell Columns

To keep your productivity high and your lab

expenses low, Raptor ARC-18 columns must produce
exceptional selectivity and fast analysis times not just
once, but every time. Ruggedness and repeatability are
essential, which is why, from the silica and the bonding
technique to the packing process and upgraded
hardware, every decision that went into creating this
column was made to ensure superlative reproducibility,
from injection to injection (Figure 7) and from lot to
lot (Figure 8). We also adopted new quality control
(QC) specifications to guarantee the retention time
stability you need for worry-free analyses.

One of the greatest advantages of an SPP column is
the ability to operate at higher linear velocities without
losing efficiency as you would with a conventional
fully porous particle column. But, these higher
velocities can also generate higher backpressures that
rob you of performance. Like all Raptor columns, our
ARC-18 can handle increased pressures and handle
them longer than other manufacturers’ SPP columns,
to help you achieve Selectivity Accelerated while
offering outstanding reproducibility and maintaining
efficiency—even in aggressive MS conditions.

Figure 7: Even after hundreds of injections with a highly acidic
mobile phase like 0.2% formic acid, a Raptor ARC-18 column will
provide consistent, reliable data.

After 500 injections,
pesticide compounds
are well within narrow,
15-second MRM

windows!
_J__ Injection 500
NN A L Injection 1
0.00 050 100 150 200 250 3.00 350 4.00 450 500 550 6.00 6.50 T7.00
Time (min)
LC_FF0553

Column: Raptor ARC-18 (cat.# 9314A12); Dimensions: 100 mm x 2.1 mm ID; Particle Size: 2.7 ym; Temp.: 50 °C; Sample:
LC multiresidue pesticide standard #1 (cat.# 31972); Diluent: Water; Conc.: 20 ng/mL; Inj. Vol.: 5 uL; Mobile Phase: A:
Water + 2 mM ammonium formate + 0.2% formic acid, B: Methanol + 2 mM ammonium formate + 0.2% formic acid;
Gradient (%B): 0.00 min (5%), 2.00 min (60%), 4.00 min (75%), 6.00 min (100%), 7.00 (100%), 7.01 min (5%), 9.50
(5%); Flow: 0.4 mL/min; Detector: Waters Xevo TQ-S; lon Source: Waters Zspray ESI; lon Mode: ESI+; Mode: MRM;
Instrument: Waters ACQUITY UPLC I-Class.

Figure 8: From one lot to the next, every Raptor ARC-18 column you purchase will perform the same.
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Excellent lot-to-lot reproducibility
helps ensure longevity for critical
workflows.

Column: Raptor ARC-18 (cat.# 9314A12); Dimensions: 100 mm x 2.1 mm ID; Particle
Size: 2.7 um; Temp.: 50 °C; Sample: LC multiresidue pesticide standard #1

(cat.# 31972); Diluent: Water; Conc.: 20 ng/mL; Inj. Vol.: 5 pL; Mobile Phase: A: Water
+2 mM ammonium formate + 0.2% formic acid, B: Methanol + 2 mM ammonium
formate + 0.2% formic acid; Max Pressure: 525 bar; Gradient (%B): 0.00 min (5%),
2.00 min (60%), &.00 min (75%), 6.00 min (100%), 7.00 (100%), 7.01 min (5%), 9.50
(5%); Flow: 0.4 mL/min; Detector: Waters Xevo TQ-S; lon Source: Waters Zspray ESI;
lon Mode: ESI+; Mode: MRM; Instrument: Waters ACQUITY UPLC I-Class.



Speed Up Challenging Analyses with Simple Mobile Phases and Methods

From food safety to bioanalytical work, whether you use traditional HPLC or UHPLC instruments, we're all looking to simplify setup
while still getting reliable, reproducible data. Instead of wasting time and resources—and making your job harder in the process—you
can greatly improve your productivity by selecting a better column for your existing instrumentation. By switching to a Raptor ARC-18
column for your LC-MS/MS analyses, you can increase your sample throughput and make your job easier by maintaining, or even
improving, your data quality using simple mobile phases and method conditions on your existing instrumentation. Put the ARC-18 to
work in your lab today to experience Selectivity Accelerated!

Cannabinoids Analysis Across Methods and Instruments

Whether your lab is performing cost-effective, low-solvent analyses or fast UHPLC for high-throughput, use Raptor ARC-18 columns to
fully resolve 16 common cannabinoids across cannabis methods (Figure 9). Because of its compatibility with MS-friendly mobile phases,
these UV methods can also be easily transferred to your mass spectrometer. And, since ARC-18 is a Raptor column, it will hold up to
extended use without losing selectivity or performance.

Figure 9: All four potency methods produce excellent results—demonstrating ARC-18's versatility.

Method 1 Method 2 Method 3 Method 4
Column dimensions 150 x 4.6 mm, 2.7pm 150 x 3mm, 2.7pm 150x2.1mm, 2.7pm 100 x3 mm, 1.8 ym
Flow 1.5 mL/min 1mL/min 0.4 mL/min 1mL/min
Injection volume 5uL 2L 2L 1L
Run time* 9min 6 min 10 min & min
Use/benefits Standard HPLC Fast HPLC Solvent saver Fast UHPLC

Method 1
Conc.
1 Peaks t, (min) (pg/mL)
1 5 " 1. Cannabidivarinic acid (CBDVA) 1.897 50
2. Cannabidivarin (CBDV) 2121 50
3. Cannabidiolic acid (CBDA) 2.685 50
4. Cannabigerolic acid (CBGA) 2.860 50
5. Cannabigerol (CBG) 3.047 50
6. Cannabidiol (CBD) 3.211 50
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10.00 7. Tetrahydrocannabivarin (THCV) 3.412 50
8. Tetrahydrocannabivarinic acid (THCVA) ~ 4.416 50
9. Cannabinol (CBN) 4794 50
10. Cannabinolic acid (CBNA) 5.661 50
Method 2 11 A9-Tetrahydrocannabinol (A9-THC) 6,064 50
“ 12. A8-Tetrahydrocannabinol (A8-THC) 6.275 50
5 13. Cannabicyclol (CBL) 1.228 50
3 16 14. Cannabichromene (CBC) 7634 50
15. Tetrahydrocannabinolic acid A (THCA-A)  7.973 50
16. Cannabichromenic acid (CBCA) 8.992 50
Retention times are for top chromatogram (Method 1).
450 5.00 5.50 6.00
Column
Method 3 Temp.: 30°C
Sample
Diluent: 25:75 Water:acetonitrile

Mobile Phase  Water, 5 mM ammonium formate, 0.1% formic
acid:Acetonitrile, 0.1% formic acid (25:75)

Flow: 0.4-1.5 mL/min

Detector UV/Vis @ 228 nm

Instrument HPLC

0.00 0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 750

Method 4
i
15
B 16
*Run times shown are for optimized conditions. When extra-column
volume is increased, as in the experiments described here, run times
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 may be extended to elute all compounds.
Time (min)
LC_FF0589
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For Consistent Retention, Peak Shape, and
Response with Mass Spec, Grab the Column
that Thrives in Low pH Conditions

Raptor ARC-18 LC Columns

ID Length qty. cat.#
1.8 pm Particles
30 mm ea. 9314232
21 mm 50 mm ea. 9314252
100 mm ea. 9314212
150 mm ea. 9314262
30mm 50 mm ea. 931425E
100 mm ea. 931421E
2.7 pm Particles
30 mm ea. 9314A32
21 mm 50 mm ea. 9314A52
100 mm ea. 9314A12
150 mm ea. 9314A62
30 mm ea. 9314A3E
30mm 50 mm ea. 9314A5E
100 mm ea. 9314A1E
150 mm ea. 9314A6E
30 mm ea. 9314A35
46 mm 50 mm ea. 9314A55
100 mm ea. 9314A15
150 mm ea. 9314A65
5 pm Particles
50 mm ea. 9314552
2.1mm 100 mm ea. 9314512
150 mm ea. 9314562
30 mm ea. 931453E
30mm 50 mm ea. 931455E
100 mm ea. 931451E
150 mm ea. 931456E
50 mm ea. 9314555
L6mm 100 mm ea. 9314515
150 mm ea. 9314565
250 mm ea. 9314575

EXP Reusable Fittings for HPLC & UHPLC

for 10-32 fittings and %s" tubing

Effortlessly achieve 8700+ psi HPLC seals by hand! (Wrench
tighten to 20,000+ psi.) Hybrid titanium/PEEK seal can be

installed repeatedly without compromising your seal.

Description qty. cat.#
ea.